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NOMEN CLATURE

The prefix perfluoro is used before a name to denote that

the compound or the part of the compound following the prefix
is fully fluorinated.

A capital F in a ring denotes that the ring and all unmarked

substituents are fully fluorinated.

€eg. 0




ABSTRACT

The effect of substituents on carbon-hydrogen bond reactivity in
free radical addition to fluoroalkenes has been investigated. Ethers,
esters, amines, amides, and borates all gave free radical adducts, and
an order of reactivity has been compiled, This was explained by the
inductive electron withdrawing effects of substituents, The reactivity
of cyclic ethers and amlides has been discussed in terms of the stereo-
electronic effect,

The ease of hydrogen abstraction from the substrates was estimated
using a method based on the thermal decomposition of di-t-butyl peroxide.
A correlation between the ease of hydrogen abstraction and free-
radical reactivity was demonstrated,

Further reactions of the adducts has given good synthetic routes
to other functionally substituted fluorocarbons., Polyfluorinated acid
chlorides were obtained in good yields from the oxidative chlorination
of borate and alcohol adducts,

Remarkably high yields of perfluorinated ethers were produced from
thg high temperature cobalt trifluoride fluorination of ether adducts,
The best yields were obtained with cyclic ether and ethyl and propyl
dialkyi ether adducts using & reaction temperature of 440°¢, Methoxy
‘groups and,chlorine atoms in positions susceptible to elimination,were
less stable under these conditions. The structure of polyfluorinated
ethers isolated when using lower reaction temperatures indicate that the
first steps of fluorination occur adjacent to oxygen and via unsaturated
intermediates,

Chlorination of a methyl ether adduct gave attack at the most nucle-
ophilic site,while bromination gave attack at the position which gave

the most stable radical,

Attempts at the dehydrodimerization of adducts were unsuccessful.
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CHAPTER 1

PREPARATION OF POLYFLUOQOROETHERS

A, INTRODUCTION,

Fluorine containing organic compounds have many desirable properties
which makes them suitable for many diverse applications such as plastics,
anaesthetics, refrigerants, pesticides, surfactants, and Dblood
substitutes. A number of books have been published on the subject of

organofluorine compounds and their unique chemistry. [1,2,3,4,5,6

Also,
e wide range of methods have been developed for their synthesis, This
thesis will discuss the application of a synthetic strategy in which

a carbon hydrogen bond is used as a functional grbupvin order to
introduce functionality into & fully fluorinated compound., The reaction
that has been investigated is the free radical addition of a carbon
hydrogen bond to an alkene from both a synthetic and a mechanistic
standpoint. Also the reactivity of the products from such reactions

(7]

has been examined. Preliminary work in this field has been summarized.
Most of the products formed have been ethers so it has been valuable

- -0 -review the methods-that are avallable for -the synthesisvof highly
fluorinated ethérs, There aré three general methods available?

(a) fluorination of'thé hydrocarbon equivalent,

(b) joining together of two already fluorinated species, and

(¢) ring opening of fluorinated epoxides,

These methods will be discussed briefly.

B. FLUORINATION OF ETHERS AND RELATED COMPOUNDS.

1. ELECTROCHEMICAL FLUORINATION,
(el

The technique of electrochemical fluorination, developed by Simons,

has been applied extensively to }ggﬁgxhaustive fluorination of ethers,
IA/ oty




The process involves the electrolysis of the ether in a solution of
anhydrous hydrogen fluoride using a direct voltage of 5 to 6V, which
is not high enough to generate elemental fluorine, a current density

of 0.1 to 2.0Adm™2

, and a temperature of 0 to 20°C. The fluorinated
product is generated at the anode, which is usually nickel, while the
cathode may be nickel or steel. Metal fluoride salts may have to be
added to the electrolyte in order to make it conducting, however with
ethers this is not usually necessary due to the formation of onium
species, R20H+Hn-1Fn-° A recent reyiew on the electrochemical
fluorination of ethers is available.[%

a, Acyclic Ethers,

The electrochemical flgorination of dialkyl ethers gives low yields
of perfluorodialkyl ethers.[1ol The results obtained to date are
summarized in Table 1, There is extensive carbon oxygen bond fission
resultingrin the formation of acid fluorides and carbon carbon bond
fission which increases with the size of the alkyl groups. This means
that larger molecular weight ethers may not be made.by this route.
Polyethylene glycol ethers and acetates have been used but again low
yields of perfluoroethers were obtained., A study into the effects of
chlorine substituents shbwed that a chlorine on the alpha carbon of
the ether was readily removed during electrochemical fluorination

while a chlorine on the beta carbon was retained,

b, Cyclic Ethers.

Two approaches have been used to prepare perfluorocyclic ethers.
The first is the electrochemical fluorination of the hydrocarbon
counterpart of the desired perfluoroether, as shown in Table 2, In
general cyclic ethers give a much higher yield of the perfluorinated
ether than the equivalenf acyclic ether., The electrochemical fluorin-

ation of alpha substituted oxolanes shows that the higher the molecular



Table 1.

Electrochemical Fluorination of Acyclic Zthers,

Ether Product (% yield) Reference
(CnH2n+1)2O (Cn32n+1)20 [19]
n=1,2,3,4,5,6
(csz)zo (C2F5)20 (32) + CF,CCF (36) , [9]
(C4H9)20 (C4F9)20 (15) + C;F,COF (20) + [9]
C,F5COF (3) + CF,CCF

C.H 0C,H

n2n+ 177459 C F0ne19C,F g [9]

C4H90CH2CH20H

Et0CH,CH 00H,

EtQCHZ‘

CH3OCCl=CCl2

CCl3OCF20F012
(CH40CH,) , or

(CH3OCH2CH2)20

CH

3OCH20H2gCH3

n=5(14),6(10)

¢, F.CCF [10]

4797773

02F500F20F200F20F2002F5 (4) [10]

CF3OCF2CF012(I) + CFBOCFZCFZCl(II] [11]

(29) (15)
+CHF ,0CF ,CFC1, (10)
(1) (29) + (1I) (15) + (11
CF,C10CF,CFCL, }(39)
CF,COF + CF,0CF,CCF + | - [12]

CF0C,Fg + (C,Fg),0

CF 40CFy + CF,0CHF, + CF,HOCHF, * [13]
CFJ0CF,CF5 + (CF3CF2)2O +

CF3OCF20FZOCF3 + CF,CCF,CF CCFZCF3

3Fre2v2
+ \E/ + ({ F B + [:2:]
e




Table 1 - cont.

Ether Product (% yield) Reference
MeOCHZCHéﬁ—OCH3 FCH,0CFy + (CF4) CHF + [14]
(."FBOCH]?CZE‘3 + CF HOCF CF3 +
CF3OCF CH:E‘2 + (CF O)ZCF
CF3OCF CF CF3 O
Table 2,
Electrochemical Fluorination of Cyclic Ethers,
Ether Product (% yield) Reference
— —0
OI F ] [15]
O R O R,
4
R=H Rp=F(42) [15]
R=C_H
n2n+1 Re= C.For . 4 (16]
n=293’455 1’l=2,3,4,5 (41)
R=CH,0C H, ., Rg=CF,0C F, (17]
n=2,3,4,5,6,7 | n=2 (42), 3 (39), 4 (42)
l- (18)9 6 (9)9
R=CH,NET, Rg= CF,N(C,Fg), (16) [17]

R:CHZ—N 0

Re= CF,-N F p  (35)

(17]




Table 2 - cont.

Ether Product (% yield) Reference
R:CHZ-Nj > Ry= CFZ-Nf F > (18) [17]
R= CH,-Y WoHs|  Rp= OF,-N F }F3(3) [17]

CH, CFy
R= CH,C1 Rg= CF,C1 (5) [18]

O~_R 0 Re
| F
R= H R =F (35) [15]
R= an2n+1 Rf= CnF2n+1 [19]
nel,2,3,4,5 n=1 (28),2,3,4 (23),5 (18)
n=1 n=1 (28)+ F (3)+ [18]
CFy l 0 5\ CF 4
F (10)
C.F
C4FO CoFs (6) + \0 2¥'5
R= CH,C1 Re= CF,CL (1) [18]
- ..n. R Re.
0 0t 0 CF,R,
F + + (20]
; F 7
R=Et,Pr,Me, (23=30)
Bu,Amyl
CF, 0 Ry
@ + nC,FgOCE R
(2=11) (2-4)
[0] [0 +  CFGCH CF,0CF [21]
F Z < 3
0 0
(3) (14)
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Table 2 - cont,

Ether

Product (% yield)

Reference

[ j (21) +C,FCCF,CF QQPS (5)
+(02r )50 (10)

0
<::f::) (11) + [:Ei:]’ (7
(5) [:j%:] +

CF
O(ﬂ)*@ *

nC4F9002F5 (2)

Fluoropolymer

(22]

[18]

[23]




weight of the alkyl substituent the lower the yield of product, The
presence of an oxygen atom in the side chain does not affect the yield
of product, while a nitrogen atom greatly reduces the yield. The use
of an unsaturated compound or the presence of hydroxy groups appear
to be undesirable due to the deposition of polymeric films on the anode,
The addition of a depolarizer compound to the electrolyte, for example
ethyl acetate or methyl pentanoate, increases the yield of perfluoro-
oxolane from oxolane by preventing polymerisation.lzﬂ
The second approach is to use straight chain carboxylic acids, or
their derivatives, which cyclize upon electrochemical fluorination to
produce perfluoroethers. Much lower yields of perfluorocyclic ethers
are obtained by this route than by using the hydrocarbon ether direct,
particularly when using carboxylic acids, Table 3, Better yields are
obtained by using acid halides, alcohols, or halohydrins. Aldehydes
gave low ylelds of ethers and they were accompanied by the formation
of tarry products., The advantage of using substanées of this type is

that they are usually much more readily available than the hydrocarbon

ether, Better yields have been achieved by having a bromine atom on the

gamma carbon atom of the acid derivative.qu
0
electrochemical F
fluorination; ) : - + rn-03F7COF
CH4CH,CH,C0Cl — 24% 34%
BrCH,CH,CH,C0Cl — 36% 17%

27272

Also during the fluorination of octanoyl chloride the ratio of cyclic
ethers to acid fluoride by-product is inversly proporiional to the
concentration of the solute.tzg]

Recently the second approach has been extended to the synthesis

of bicyclic perfluoroethers., This is achieved by using substrates




Table 3.

Electrochemical Fluorination of Straight Chain

Carboxylic Acid Derivatives
Substrate Product (¢ yield) {Reference
CH4(CH,) CO,H CraoFo(ns2)® | [25]
n=4,5,6,7,8 mixture 5-znd 6-membered rings
0
n=3 < F 7 (7) [2¢]
n=4 cyclic ethers (13) [26]
/O
CnH2n+1Q<% nixture of perfluoro oxalanes
X=hslozen and oxznes (19-32)
n=3,4, {27¥
7 29
4 6
R
12 0O F
R-CHC? R3/<F§ (111) + B2 (17)+| [28,31]
1 Ny f 0 £ 0
(5-21) (2-7)
X=C1l or OMe
Ry=n-Fr,n-Bu,
n-rentyl,
i-ir . 8
R,o=Me,BEt n-fr R R
s L s N 210
FY (1) «r¥dme®  (v1)
0 f ~E
(2) (3-13)
Me ,CCCC1 0
] j or - NN
Me%CHCO‘Cl ; F Z (6) + (05’3)2Cl‘u0r [30]




Table 3 cont.

Substrate Froduct (¢ yield) Reference
R- CH (111)  (9-18) + (1V) (1-4) + [32,33]
R=n-Bu,n-Fentyl,
n-Hexyl, '
n-Cctyl 11
n:Heptyl R 0 R12 0 ‘
R=CH,=CHCH ,CH ,~ f-\(EiJr 2, £ .
R=CHECCH,CH, - -
o R
R=CH,—-CHCH ,CH - “f
: R i et (v11) (0-3) _
o, (V111) (0=1)
R=CH 3 CHCHOH L 0 0 }4
CH3 F F
% _ R15
R="BuCH,CH,- £
R=CH ,CH,CHCH, - (1%) (trace) (x) (0-8)
372 2
CH4CH,
R=EO(CH,) , - [ 34]
R=HO(CH,) 5~ [ 35)
(HOCH,CH,) ,X 0 [ 36]
X=S,C,NE,ke,llEt [Fj
>
¥=5,0,NF,NCF 5 ,NCFCF,
-RCHC {(111) (troce=6) + (1V) (0=-1) + [ 32,37]
R=n~Fr,n-Bu
n-Tentyl ’ (v11) (0-1) + (Vv111) (0-0.6)
n~Hexyl
n-Heptyl
CH,(CH,) CHGHCH.C] 0~ B¢ | 38]
3 2’n A F
n=172’3;4,5
sz F,C1_4n-perf1uoroalkyl

(12-19)
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containing a ring system in such a position that cyclization will
occur onto the ring. Examples that have been reported are listed in
Table 4, Increased yields of cyclized products are obtained by using
methyl ester rather than acid chloride derivatives, also by using
unsaturated ring substrates, It has been proposed that the formation
of resonance stabilized intermediate radicals (1) provides a driving

[9]

force for ring closure in these reactions,

OCH
_CH,C0,CH, /Y 3
P l
0

- ()

¢. Fluorine Substituted Substrates.

Electrochemical fluorination has been applied to the fluorination
of substrates which are already partially fluorinated., A nucleophilic
reaction between alcohols o polyols and tetrafluoroethene or hexafluoro-

propene result in the formation of polyfluoroalkylethérs which were then

fluorinated to produce the perfluorcalkyl ethero[45]
= MeCN
(HOCHz)ZCHOH + CFBCF CF2 —_— (CFBCFHCF200H2)ZCH(OCcmFHCFB)
Et N
3
electrochemical
fluorination

l

(03F7OCF2)20FOCBF7




Elect

~11-

Table 4.

rochemical Fluorination of Cyclic

Carboxylic Acid Derivatives

Substrate Froduct (% yield) Reference
g F ) 4]
cd.C” F +
2 N 0 0 OCF3
X=C1,0Me (7-19) (0-9)
a= C=C,X= Clie
b= C=C,X= OMe
o CFZCF3
y/
cu-c” F )-Re (40]
L ~OCH
CH20H3 3
R.=F(30) OCF,(10)
f 3
Re
RR 'cHCOR? F [41]
R1-H,C 1—qn-21kyl
R=cyclohexyl Rf=F,C1_4perfluoroalkyl
A %-cyclohexenyl
R2=OH,halogen,OMe
o L R,
0
cuc? F [42]
L N 0
R

X=0H,halogen,OMe
R=H,C1_4n-alkyl

Rf=F,C1_4perfluoroalkyl
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Table 4 cont.

Substrate Product (% yield) Reference
L Re
Chz?H-C\X F [43]
R -0
X=0H,halogen,CNMe Rp=F (22)
R=H, CH3 Rf=CF3 (13)
- ’/O F
CH,CH,CZy [ 44)
0
X=0H,halogen,Olie (12)
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A similar strategy has been used with phenols.[46]

' ' C.F

OH QCF2CFHCF3 F O ¥
+ ¢, DMF

36 ——— —_—>

Et N
3

OH OCFZCFHCF3 F OCBF7

Remarkably very high yields of perfluorcethers have been claimed from

the electrochemical fluorination of alpha substituted polyfluorophenyl deriv.
[47)

of oxolane which were prepared via Grignard reactions.

0 0 NPEE ‘C4F9
— Ty &

54%

0 \ 0
QCHzo @ Rf —_—— (EJ—CFZ—-O Rf

R = F (98%)
R

g = CFy (97%)

CH 30-@ —_— 0F30 (93%)

Also electrochemical fluorination has been used to provide the final

step in the preparation of a number of perfluoropolyethers.[48].
electrochemical
fluorination
F
F(CF(C 3)Con)nCHFCF3 — F(CF(CFB)CFZO)nCFZCF3

n=1,2,4 (77%, n = 1)
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2. DIRECT FLUORINATION.

The reaction of elemental fluorine with hydrocarbon substrates is

a very exothermic process, as illustrated in Scheme 1.[49]
Scheme 1
Step Reaction AH;98K(kcal/mol)
Initiation F2 _ 2F. +37.7
F2 + R=H ——3 Re + HF + Fe 43,9
Propagation R-H + F¢ —— Re + HF -33.8
Re + F2 _— RF + Te -69.1
Termination Re + Fo e RF -106,.8
R + Re —_— R-R ' -83.8
Feo v Fo d M —— F + M -371.7
Overall Reaction R-H + F2 _— RF + HF -102.9

Thereforedirect fluorination reactions have been very difficult to
control and usually result in extensive chain fragmentation. This was

partially overcome by early workers by diluting the fluorine with
[501

nitrogen and using heat sinks of gold or silver pellets. A recent

approach to this problem has been the development of a cryogenic reactor

by Lagow ahd co-workers.[49]

This method increases the proportion of
fluorine in the carrier gas gradually as the reaction proceeds ., The
eapparatus contains several reaction zones which are controlled at
temperatures from =190°C to +20°C, such that the temperature is
sufficiently low in each zone to condense the partially fluorinated

compounds to allow further fluorination.lSﬂ

A number of ether compounds
have been fluorinated by this technique to give perfluoroethers in
Yields comparable to those obtained by electrochemical fluorination,

Table 5. Solid polyethers have been subjected to this technique, first
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Table 5.

Direct Fluorination of Ethers.

Substrate Products (% yield) Reference
MeO(CH,) ,0lie CF30(0F2)2OCRF2 (59
R= H (25) F (21)
Et0(CH,) ,0Et CF3CF20(CF2)203F20F3 (18) [52]
[MeO(CHz)Z]ZO V CF3O(CF2)20(CF2)ZGCF3 (16) (52]
0 0
[j EF] + (CFy),C (58) + (53]
0 0
(39)
CFy0CH,CH,00F 4 (4)
0~CH, L=CF,
o, -d—oci, X —cx OF .0-C—CF SC-CF,  (10) [54
32T 31 "3
0~CH, C~CF
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at ambient temperatures to produce a perfluorinated polymer, then at

110°C using pure fluorine to promote fragmentation. Thus a large range

of perfluorinated ethers were obtained from poly(ethylene oxide),lss]

F2 / He
-éCHZCHZO)B > Rf' —{OCF2CF2}E- ORf"
(i) ambient.
(11) 110°%¢ Ro' = R.'" = CFy , n = 1 to 6
Rf' = CF3, Rf"= CZFS’ n=1 to 6
Rg' = Rg'' = C,Fp , n =1 to3
<4 [56]
from polymethylene oxide,
F2 / He
-éCHZO}E > COF2 + fluoroethers -
. [56]
and from polypropylene oxide.
F2 / He
CHé-—'CH 00— -5 Rf—O CF20F——O Rf
| (i) ambient |
CH n CF
(11) 110% 3 n
Rg = CFy, CyFfg , n-CyF,

Similarly an ethylene hexafluoroacetone copolymer was fluorinated to

give a series of branched perfluoropolyethers.[57]
CF ' CF
I 3\ F, / He |’
CHZCH2O-C ) CF20F20-—C
| (i) ambient(12days)
CF3/ CF
n (ii) 110°c(9days) 3/ n

Mixtures of fluorine and oxygen have been used to simultaneously
fluorinate and introduce oxygen functionality into compounds, including
p-dioxan.[ssl
0 F, /0, 0 0 u
Cr, COF
7772
—> 0o + F + F
CF, COF
0 0 0

2
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3. HIGH VALENCY METAL FLUORIDES,

The advantage of using metal fluorides rather than elemental
fluorine to fluorinate a hydrocarbon substrate may be seen by the
much lower heat of reaction for fluorination which results from the
endothermic nature of the reaction below.

2 CoF, ———3 2 CoF + F. MH = +52 kcal/mol

o
3 2 2 473
A current explanation of the mechanism of this type of fluorination
involves an initial oxidation of the substrate by the metal ion to a

[59]Scheme 2. A less favoured alternative is the

radical cation,
abstraction of a hydrogen atom. These steps are followed either by

the formation of unsaturated systems which are then fluorinated,[sglor
by the addition of a fluoride ion.[6O]

The exhaustive fluorination of ether materials by high valency

metal fluorides, and by cobalt trifluoride in particular, has frequently
been reported, Table 6. In all cases a complex mixture of polyfluor-
inated products were obtained., The presence of fluorine substituents

on the ether enables better yields of products to be formed and with
1eSs fragméﬁfafion, although this has not been developed into a route

to fully fluorinated ethers,
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Scheme?,

(59,60

Mechanism of Fluorination of Oxolane by iietal Fluorides,

+
{ § o { §
0 MM+ 0
+
ME, e -H
! Y

M= Co3+, MnST Ang Cet*
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Table 6.

Metal Fluoride Fluorination of Ethers and Derivatives.

Substrate Metal Fluoride Product (% yield) Ref.
(Temperature)
! o w DT TALT, 1]
Et,0 CoF 4(60-80°C) CFH,CFHOCFHCF i + b1
(CF,HCTH) 0 +
CF ,HCF ,OCFHCF ,H
0o
KCoF, (200°C) CH,CH,0CFHCF 1 1]
t) A 0 Y Tahi
EtOlle CoF4(60-80°C) CF,HCFHOCH;  + 61
CF HCFHOCH,F  +
CF,HCF HOCF,H +
CF ,HCF ,0CH,
0
KCoF , (200°C) CF ,HCFHCCH, (61]
0 < n
CF ,HCFHOCH, CoF4(114°C) CF,HCF,OCH,F  + k1]
CF  HCFHOCF ,H
0 0
¢ ) CoF 4(110°C) ( ?—‘_..E_‘nH8-n | [e9)
n=7 (4.2%),6 (17.1%)
5 (57.7%) y4 (6.9%)
0\cH 0
¢ 73 KCoF 4 (110°C) @FH [63]
n7-n
CHy 0 CH, RerON R
KCoF ,(110°C) £ 3]
4 F H

n - 6-n
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Table 6(Cont.)

Substrate Metal Fluoride Product (% yield) Ref.
(Temperature)
CoF,(100°C) and 0
[OJ oF 3 an O;—FnHS_n [64]
KCoF, (230°C , , 64
0 4 : n=7 (22%),6 (33.5%) (64
5 (27.5%) ,4 (2,65%)
0 o 0
( j KCoF ,(220°C) E }-FnH8_n (64]
S S
n=7’615’4
F, oy
L) CoF ,(140°C 6
0. .0 oF 5(1407C) 030 [62]
> RCr]
Ry Ry £ of
] ) n=0,1,2
R=R'=CF; CHF,
R=CF3ml.cr 01
CF ‘
////”“\COR /// 2\C<:CRf
(CF.,) “ CoF ,(110°C) (CF.,) | ¥ (66)
2’n 3 2'n
N CF | N5
v CF/
2 2
n=1,2, R=le Rf=polyfluoroalky1
n=3, R=le,Et,
CH,CF 5,
CH,CF ,CF JH
(0] .
CHF ,CF ,CHC10CHF, | CoF 4(155°C) - CHF ,CF ,CHFCCEF, (67)
CHFC1CF ,CH,0CH CoF 4 ) CF ,C10T ,CT ,0CH,F + [67)
(110-140° - e e
) CT,,C1CT ,CT,0CHE, *

3 T ATTT +
CEZCICF2ChFOuHT2

CHFClCF2CFHOCHF2
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Table 6(Cont.)

Ref. :

Substrate Metal Fluoride Froduct (% yield)
(Temperature)
0 y
oFCF, [cr(or )], | coPy (170%) | cFyoF,[or(cry)] ;oF) (69
Pho
Ph~0-Ph CoF 4 @-o -@ (32) [69)
- IO T 3 o) T ratn
CF yCFHOF,,CH,0CH,  CoF, (120°C) | CF,CFHCF,CH,OCF,H + [7]
CF {CFHCF ,CFHUCT ,H  +
CF ,CFHCF ,CFHOCFH,
H H
F CoF, (120°C) F [7)
CR,0CH, R R=CFHOCF,H,

CF2OCFZH
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4, HALOGEN EXCHANGE,

Halogen exchange may be used to prepare alpha-fluorcethers, with
the exception of those containing a methyl or monohalogenomethyl group
adjacent to the halogenated alpha-carbon atom, A variety of reagents
may be employed to effect this transformation,[7olAnhydrous hydrogen
fluoride normally requires vigorous conditions and a catalyst of

antimony(V) chloride.,

S : LN LGCF 82%  [71]
120-160°C 3

40-50atm, 3brs,
Much milder conditions afe needed for antimony fluorides. Antimony(III)
fluoride is similar in reactivity to hydrogen fluoride for halogen
exchange, The best activities are obtained by converting some or all
of the antimony to the pentavalent state by the addition of chlorine,
bromine, or antimony pentachloride. The relative reactivities of
antimony fluorides for halogen exchange have been arranged into a

[72]

series,

SbF. { (SbF

3 3

+ SbClB) { (SbF .

+ SbClS) ( Sbvr,Cl { SVbHF

3 3772

The high activity of the pentavalent antimony compounds.may be explained
by the ability of entimony to use d-orbitals to form highly stable

hexacoordinate halide complex intermediates,

C e N
Cl I a

- Lo

A few representative reactions of this type are given in Table 7.
Groups I and II metal fluorides are used to exchange one or two
halogen atoms with fluorine. Potassium fluoride has been used most

extensively, being a compromise between activity and availability.



Table 7.

Fluorination by Antimony Fluorides.

Substrate Reaction Conditions | Products (% yield) Ref.

CC1,CCH; SUF 5, reflux CF40CHy+ CCLF,0CKS (73]

CC1,CC1,0CH, | SBF,,reflux CCL,0F,0CH, (84) [74]
o)

(€C1,=CC1),0 SBF4/C1, 70-80°C | (CC1,CF,),0 [75]

[76]

012<07012 SPF4Cly 4559
15a2tm. 24hours

0 (67)
CF 7
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the
Within group I, fluoride. activity increases with the size of the
cation. The fluorinating efficiency of a number of fluorides was

determined during the preparation of ethers CClBCHFOR and CH2FOR, (R=

alkyl) from the corresponding alpha-chloroethers.[77]The descending

order of efficiency was HgF2 ) T1F » AgF ) KP,AlF, ) CrF,. Although in

3 3
general potassium fluoride will only replace single halogen atoms[78]

in an SN2 type process,

KF .
O(CH,CH0H), ' (FCH,CH,) 0 39%

0
125°C , 10hrs,
a double bond in a perhalogenocyclic ether results in vinylic

(ClCH2CH2)2O

displacement to produce a perfluoroether.[79]

o 0 0
12{ 7 012 KPP . FZS 7F2 »
Civ—/C1 ~? — 49%

N=metgylpyrrolidinone F F
195°°C

5. SULPHUR TETRAFLUORIDE FLUORINATION.

Sulphur tetrafluoride may be used to transform a carboxylic acid

group to trifluoromethyl, & carbonyl group to difluoromethylene, and

an hydroxy group to fluoride.[BO]Certain polycarboxylic acids cyclise
—to give.tetrafluoroethers.lgj]
SF, H%’_'“<é
HO,,CCH,,0CH,, CO,H —_— (CF30H2)20 + 0
35% H—F 14%
SF, F,
H02CCH20H(C02H)CH2002H —— cp3 0
20%
o

A similar reaction occurs with aromatic polycarboxylic acids.lsz]

Fluorination of polychloroacetic acids gave fluoroethers as by-products

in yields of 14 to 24%.[83]
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SF

RCOOH -————i——ﬁ RCF, - + (RCF,).,0
R = CHy , CH,CIL,
n
CHCL,, CCl,

Aliphatic esters gave very low yields of 1,1-difluoroethers[81]however
polyfluorocesters may be converted to ethers in excellent yield with
sulphur tetrafluoride catalysed by hydrogen fluoride.[84]Monoesters,

diesters, polyesters, and carbonates can be used in this general reaction.

SF . /HF
R}COOR? — R;cpaoai +  SOF,
] 150 - 185°C
R,.=perfluoroalkyl - 81 - 92%

f
Ri:polyfluoroalkyl

Treatment of alcohols or phenols with carbonyl fluoride will give

fluoroformates which can be fluorinated to trifluoromethyl ethersfas]

COF2 SF4/HF

CHOH  ———2 3  C.H_OCOF 3  C.HOCP,  62%
65 675 150-175°C 65 "3

With alcohols, one or more electron withdrawing substituent; oprthe»

beta~-carbon atom are necessary to give a good yield of the trifluoro-

methyl ether.[86]

(1) COF2
RCH,,OH Y chzocm"3
(ii) SF4/HF
R= CH,Cl 15=42%
R= 0013 72%

C. FORMATION OF ETHERS FROM PREFORMED PLUORINATED UNITS.

In this section the methods that are available for the synthesis

of polyfluorcethers by the addition of two preformed polyfluorinated
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units are discussed, This is a very large area and most of the reactions
are not discussed comprehensively although review articles are noted

from which further details may be obtained.

1. FREE RADICAL ADDITION OF ETHERS TO FLUOROALKENES.

The free radical addition of an ether to a double bond proceeds
vie a chain mechanism to form an ether product. The reaction may be
initiated thermally by the use of chemical initiators, photochemically,
or by high energy radiation such as gamma rays., The initiation step
consists of the abstraction of a hydrogen atom from the ether substrate

to produce a radical (g) which will be stabalized due to the lone pair

of electrons on the oxygen.

R-OCH2R1 initiation o R_¥—CHR' ¢— R—O—THR

(2).

1

Addition of (2) to the double bond in the propagation step will form
an intermediate radical (2) which will abstract a hydrogen atom from

the ether substrate to form the product (4) in the chain transfer

step.
v o 1 ~ 7~ propagation 7
R— 0 — CHR + C = N — CHR— C —C
Se=c__ y RO—CHR tIJ cg_
(3)
RO—CHRL-C—C¢ +  ROCH.R' w—eobein o oo omrR-C—CH + ROCHR

| N 2 transfer
(4)

The orientation of addition of (2) to an unsymmetrically substituted

alkene depends on a complex interpiay of polar effects, steric effects,

strength of the forming bond, and stability of the produced radical.ls71
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Product (4) is termed a mondadduct and further reaction of this with
another alkene molecule will produce diadducts (5).

I l
HC —f—»%)HR;_%mO-— lCHRL%—CH (5)

Telomerization is a frequent side reaction where the intermediate
radical (3) adds to another alkene molecule to produce telomers (6)

rather than abstract a hydrogen atom from the substrete.

RO—-—CHRL{(:! '—%}H (6)

This is particularly common with polyfluoroethenes, Termination of the
chain reaction will occur by many reactions including radical
dimerisations and loss of energy by wall collisions,

A variety of ethers and polyfluoroalkenes have been reacted and
the results are summarized in Table 8, The yields of polyfluoroethers
are usually very high when hydrocarbon ether substrates are used.
However, the introduction of electronegative groups into the ether
results in lower yields, as seen from the relative reactivities of a
series of substituted diethyl ethers towards hexafluoropropene shown
in Tabie 9. Reiative reéctivities have been determined by competition
experiments for & number of ethers and they are in the order, oxolane

2,4, diethyl ether 1.0, and p-dioxan 0,36,[94]

The addition of these
ethers to 1,2-dichloroperfluorocycloalkenes produces both mon@?dducts
and dehydrochlorinated adducts in different proportions. This difference
was attributed to the ease of abstraction of the hydrogen atom from

the ether; the easier the abstraction the less the amount of dehydro-

chlorination, giving a similar order of reactivity as above.[102]
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Table 9 °

Relative Reactivities of Substituted Diethyl Ethers

Towards Hexafluoropropene[gﬂ

Ether Relative Reactivity
RCH20CH20H3
R= CH,- 1000
CHZF- 260
‘CHFZ- 110
CHéCl— 320
CHFZCFZ— 46

1

R 'CF OCH20H3

2

R'-CHF,~ 0.8
CHFC1- 1,0
CHC1,- £0.1

2
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2. NUCLEOPHILIC ADDITION TO POLYFLUOROALKENES.

The base catalysed nucleophilic addition of alcohols to poly-
fluoroalkenes produces polyfluoroethers usually in very good yield.
The electrophilic nature of polyfluoroalkenes renders them very

susceptible to nucleophilic attack and the intermediate carbanion (7)

may follow one of three routes depending on the nature of the alkene.[1o4]
RO ~ +
*l‘f
RO-==CF2——i3 -H
R1
f
+ Y -
Y=PF, C1, Br, I
Polyfluoroethylenes react with alcohols using a base catalyst to give
usually the saturated ether,
: base
= —_—
CH30H + CF2 CFrCl CHBOCcmCIFH
‘ 10% n-BuONa
n=C,H,OH + CF, = CF, » n-C,F,0CF,CF H (81%)
pressure
0-38°C

whereas using neat alkali metal alkoxides appreciable amounts of the

unsaturated ether may be obtained.[104]

CF ,CH,,0K +  CP,= CHC1 toluene/ether CF 4CH,0CF == CHC1

(-}
110°C (50%)




Base catalysed addition to polyfluoropropenes give mainly the saturated

ethefs°[1o4]
_ KOH ,
CHBOH + CF2=—=CFCF3 5 ) CHBOCFZCFHCF3
60 C, 13hr,
autoclave 83%

Perfluoroisobutene reacts with alcohols, in the absence of base, to

form ethers due to the stability of the intermediate carbanion.[104}

CHBOCFZCH(CFB)Z 65%

CH..OH + CF,.==C(CF —_—_— S

2 3)2
.CHBOCFE: C(CF3)_2 8%

With cyelic fluoroalkenes, substitution usually predominates over

additionol1o4]

2 CH.OH 2 3
39 :

—> +
KOH
F2 F sealed tube F2 F F2 ' OCHB

52% 12%

. Fluorinated alcohols have been used.to add to fluoroalkenes,[105}_

CHF, CHOH + CF,. == CXF KoH -
DMSO, 60°C

» _$  CHF,CH,OCF,CHXF

2772 2

X=F , Cl

Comprehensive lists of these reactions have been published in various

review articles[1 » 104]
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3., ADDITION OF PERFLUOROALKYL HYPOHALITES TO ALKENES.

Perfluoroalkyl hypofluorites react very violently with alkenes,
For example trifluoromethyl hypofluorite reacts explosively with tetra-~
fluoroethene to form polytetrafluoroethene and degradation products,rather

then perfluoroethyl methyl ether. Also the addition to ethene was

[106]

possible only at high dilution with an inert gas. On the other

hand, perfluoroalkyl hypochlorites add readily to both unsubstituted

and halosubstituted alkenes to form ethers almost quantatively,[1o7]

R0C1 + CF,==CF, ———— R OCF,CF,Cl
Rg= OF, , iC,F, , (OF,),C
CF,0CL + CF,==CH, ——— CF,0CF,CH,Cl

The direction of addition of both alkyl and perfiuoroalkyl hypochlorites
to polyfluoroalkenes is such that the chlorine atom ends up on the most
electron rich carbon of the alkene, Whether the mechanism for this

reaction is electrophilic or radical in nature is uncertain.

4. REACTION OF METAL ALKOXIDES WITH HALOALKANES.-

A major route historically to polyfluoroethers is the action of

alcohols or alkoxides on fluorocarbon halides first reported by Swarts

in 18990[108]This method resembles the Williamson synthesis of ethers.

R KOH
CHF,, CF201 + CZHBOH > CHP,CF,0 C2H5 T0%

However a different mechanism is usually involved with initial
elimination to form an alkene followed by nucleophilic attack by the
alcohol.[109] This explains why the alkoxy moeity becomes attached to

the carbon with the most fluorine atom substituents.
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, NaoC H, R CH,C1CF,0C_H 53%

CHC1FCHF 5 20C,H

2

120°%¢

Difluoromethyl fluoroalkyl ethers may be prepared by the reaction of

fluoroalkanols with chloroditluoromethane in the presence of a base,

R,OH St > R_OCHF
£ NaOH ’ £ 2
Rp = CHF,CH, , CHFCF,CH,
CF30F20F20H2 . (CF3)2(CH3)C

It has been postulated that difluorocarbene is an intermediate in this

reaction.[11O]

5. MISCELLANEQUS METHODS.

A number of methods for the preparation of polyfluoroethers have

been reported that, although they do not have wide application, may be

particularly useful for the production of specifis ethers.
The dehydration of polyfluoroglycols produces ethers in high yield.[76]_
H,50 o
HOCH, (CF,,)_CH,OH z & , cﬁ/’ \\\CH
180 C : \3 / 2
(cF,),
n= 2o0r3 8 -97%
Polyfluoroethers are formed during the decomposition of tosylates of
alcohols or glycols.[11ﬂ
CFZH(CF2)30H20H + CH3 So3JCH3 —————-)CF2H(CF2)BCHZOCH3

39%



The fluoride ion catalysed addition of hexafluoroacetone and tetrafluoro-

ethene may be used to prepare others, |1121043]

(CF3)2CO - KF + CF2:==CF + 12 —————$(CF3)2CFOCF2CFZI

Zn

[(CFB)ZCFOCcmFZ] »
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D, SYNTHESIS OF POLYFLUOROETHERS USING POLYFLUOROEPOXIDES AND RELATED

REACTIONS .

The polymerization of epoxides has been applied to the synthesis of
polyfluoropolyethers which have industrially important properties.
Several partially fluorinated epoxides have been polymerized using
Lewis acid'catalysts. Aluminium chloride and ferric chloride were the
most effective for aéhieving maximum conversions of 3,3;3-trifluoro-1,2-
epoxypropane and 2-methyl-3,3,3-trifluoro-1,2-epoxypropane to polymers,[114]
Hexafluoropropylene oxide has been polymerized using a catalyst of an
alkali metal fluoride such as caesium fluoride in the presence of an acid

fluoride such as trifluorocacetyl fluoride in diglyme.[115]

CF.COF + C8F —e———y CF.CF.0" Cs*

3772

/N
CF30F20° + CFZ——CFCFB ——-—kCFBCFZO <|:FCF20 cI:FCOF
CF, n T4
8)

=1 to 6 (_}

Other catalysts that have been used include alkali metal fluorides, -
quarternary ammonium halides, and quarternary phosphorus or arsenic salts,
The perfluoropolyethers (8) contain acid fluoride end groups which may

be removed by a number of methods. The acid fluoride group may be
replaced by hydrogen by hydrolysis of (8) followed by pyrolysis of the.

potassium salt,[116]

Similarly the hydrolysis of (8) followed by
fluorination at a high temperature in an inert solvent will replace the
acid fluoride group by fluorine°[117] The photolysis of (8) eliminates

carbon monoxide and forms dimers of (8) to double the molecular welght

of the perfluoropolyether.



Cr_CF,0 CFCF20 CFCOF

CF CF

3 In

hv

F CF 0 CFCF 0
n

-39~

(1) KOH .
> CF,CF,0 CFCF,0 CFHCF
(ii) 115 372 I 2 3
200 C CF3 n

F, 184 - 187°%C

Perfluorodimethylcyclobutane

372 2 2773

CF3 n

Cr_CF,0 TFCF 0 CFr_CF

High molecular weight polyethers can be prepared by the free radical

polymerization of perfluoroethylene oride using either fluorine gas or

high energy radiation initiation.

a catalyst,[119]

CFé——-CF
\\0

(1181 Activated charcoal may be used as

0
activated -

charcosal,

Lower molecular weight perfluoropolyethers are obtained by using a

perfluoroalkanoyl fluoride catalyst,

[120]

CF 4COF
C.F_0(CF.CF.0) CF_COF

Et,NCN 25 27°2'n" 2

CHFgCF20H201 n=0to4

-3¢’ ¢

In place of epoxides the direct photo-oxidation of perfluoroalkenes

has been used to obtain polyfluoropolyethers. The photo-oxidation of

hexafluoropropene at low temperatures yields peroxides which can be

thermally decomposed and fluorinated to give perfluoropolyethers.

f Clr===(CJ]
CFBLP CPE

0

h$ . \ 0
_ ' ~ 0= CF ,CFOCO¥
5 CF10(C4F¢0)  (C,F 0= 03 CF,CFOCO

Cr
3
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A similar photo-oxidation occurs with tetrafluoroethene and cyclic
perfluoropolyethers may be prepared in low yleld by the decomposition

of the produced perfluoropoiyether peroxidel121]

0
2
CF2 = CF2 > CFBO (Ccmon;-p-( CF,0- O')E CFZCOF
hy , CF2012
p+q { 200
alumina o
150 - 550 °C
b

L%CFZCon};—{Con}FJ

a,b=0=-20

A mixture of perfluoroalkenes can be used in this reaction to obtain
perfluorocopolyethers, for example tetrafluoroethene and hexafluoropropene

and the acid fluoride end groups removed either photochemically or

thermally followed by direct fluorination.[122]

0
2
CF.CF=CF + CR,=—=CF 3y CF_.0+CFCF,. OMCF.CF,0)
3 2 2 2 nv, satm. e 272 m
inert solvent. CP CF
e 3 ..,l 2
Cor

In general these methods are useful for the preparation of perfluoro-

polyether mixtures but they are not suitable for specific compounds,

especially of low molecular weight.



DISCUSSION
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CHAPTER 2

FREE RADICAL ADDITION OF OXYGEN FUNCTION SUBSTRATES TO FLUOROALKENES.

A. INTRODUCTION.

The carbon hydrogen bond can be used as a functional group for free
radical additions to fluoroelkenes. A variety of oxygen containing
systems have been added and the subject has been reviewed by & previous
worker in the laboratory.[7] It is apparent from published work that,
.although many systems have been investigated, there has been little
system atic study of the relationship between structure and reactivity.
Consequently part of these investigations has been a study of the effect
of various substituents on the reactivity of ethers in additions to

fluoroalkenes., An oxygen atom interacts with an adjacent radical centre

as illustrated in Figure 1 to lower the energy of the system,

—_ @:—EHZ — —0— EHZ
N :]
LAl s CH,
A B PN
Energy e =
0-CH,
Flgure 1

We have studied the following structurul changes:

(a) The effect of electron withdrawing substituents on the reactivity
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of the ether, eg, XOCH3 and XCH200H2Y.

(b) The substituent and stereoelectronic effects in various cyclic
ethers,
(¢) The effect of structural changes on the alkene itself, eg. the series

CF,==CF, , CFj= CFR, , R.CF==CFR, ,(R c==C(R

2 2 2 B S

where Rf= perfluoro-alkyl or =-cycloalkyl, etc.

This chapter contains results, structural and synthetic aspects, while

the mechanistic aspects are discussed and drawn together in Chapter 4,
The yield of product has been used as an indication of the reactivity
of the substrate. Of course this method is valid only for reactions
carried out under standard, ie comparable, conditions, This was achieved
by sealing the two reactants into similar volume glass Carius tubes,
after degassing to remove dissolved air. An excess of the substrate was
. used, usually in a 2,5:1 molar ratio with the fluoroalkene, A cobalt-60
gamme, ray source was used as the initiator and the reactants were
irradiated to a constant dose of 10 Mrad. It is felt that comparison of
such reactions is adequate for the qualitative approach that we are
adopting. Two sets of variables have been used during this study;

(a) the substrate was varied with a particular fluoroalkene ie hexa=-
fluoropropene, and -

(v) the fluoroalkene was varied with a particular substrate.

B. ADDITION OF ETHERS TO FLUOROALKENES.

Previous work on the addition of ethers to fluoroalkenes has been
listed in Table 8, It was necessary to repeat a few of these reactions
in order to check their reactivity under the conditions used in this

study.



1. ADDITIONS TO HFEXAFLUOROPROPENE.

a, Acyclic Ethers.,

The series of dialkyl ethers RCHZOCHZR react with hexafluoropropene
to form adducts usually in good yield, With dimethyl ether (R=H) a mono-

adduct (9) was formed as the sole product,

gamma,
————3
CHBOCH3 + CFBCF ='CF2 CHBOCHECFZCFHCF3

(9) 68%

Diethyl ether (R=CH3) gave a mivture of monoadduct (10) and diadduct (11)

in roughly equal proportions.

— gamma
(CH30H2)20 + CFBCF—CFZ —_— CH3CH20('JHCH3 (10)
CF,, CFHCF 38%
2 3
+ CH3(|JH-O-(I!HCH3 (11)
43%

CFBCFHCF2 CF2CFHCF3

Similarly di-n-propyl ether (R=02H5) gave both a monoadduct (12) and a

diadduct (1;) although the diadduct was the predominant product.

2oclmcﬂzcn3 (12)

CF2CFHCF3

(C'HBCH CH + CF. CF ==CF

3

c =0= CH 1
+ HBCHZiH 0 cIJHCH2 3 (13)

CFBCFHCF2 CFZCFHCF3

Dibutyl ether (R=CBH7) gave a mixture of products from which mono-~ (14),

di- (15), end tri-adducts (16) were isolated.
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' - ganmnma
(CHBCHZCHZCHz)ZO + CF 4CF ==CF, ————— CH,CH,CH,CH,0CH CH,CH,CH,
CF,,CFHCT,
(14) 6%
+ CHBCHZCHZCIIH-O-C‘)HCHZCHECHB
CF,CFHCF, CF,CFUCF,
(15) 28%
‘ i v
+ ?chFHC 3
CHBCHzcnzi:H-o-clJCHzcnch3
CF,CPHCF, CF,CFHCF,

(16) 26%

However di-iso=-propyl ether did not react at room temperature.

Therefore increasing the size of R gave a higher proportion of polyadducts,

b, Cyclic Ethers.

The effect of ring size on cyclic ether addition to hexafluoropropene
was systematically investigated., Ethylene oxide did not form any addition
products, although there were some ring opened products, (18)and (19),
which cén be rafionalized by the radiolytic cleavage of the oxirane
- ring. The resulting diradical (17) may dimerize to p-dioxan and-form the
p-dioxan adduct (18). Alternatively the radical (17) may rearrange to

an acetory radical which will form the acetaldehyde adduct (19).

0] 0 :
//’ \\\ gamma ’//, N\\\ x2 0
CH, CH, > CH, SHo > 16%
&(// (17) 0
CHBCO + He l CBF6
l’CBF6 CF ,CFHCF, _,0
CHBﬁCcmFHCF3 o

0 (19) 0.02%
(18) 5%
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Evidence in favour of this mechanism is that the radiolysis of ethylene
oxide produces, amo@%t other products, p-dioxan,

Oxetane gave a good yield of the mono-adduct (gg) but a quantity of
viscous non-fluoroccarbon liquid remained, afier the distillation of the

product, that was probably polyether material derived from ring opening,

O—T + CP,CP==CF, gamma CF,CFHCF,

(20) 65%

In agreement with literature reports we found that oxolane reacted to

give an almost quantitative yield of the mono-adduct (21).

0 + CP.CF==(CF gamma __, 0

3 o -) CF,CFHCEF,

2 3

(21) 95%

Oxane gave a small amount of the di-adduct (g;) in addition to the mono-

adduct (22).

gamma,

0 + CPCP==cp, —820F 0 CF,CFHCF,
(22)

61%
CF ,CFHCF, 0 CF,CFHCF,

(23)

35%
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Oxepane gave & good yield of the mono-adduct (gi) however a small

quantity of polyether material was formed.

CF_CFHCF

gamma
0 5 3

0 +  CF,CF = CF,

(24) 707

The introduction of a second oxygen atom into the six membered ring
does not effect reactivity as p-dioxan gave the mono-adduct (25) in

high yield,

gamma

0 + CR,CP==CF, ——— [oj
0 0

(25)  79%

CF2CFHCF3

However with s-trioxan no addition products were formed with hexafluoro-
propene, This may have been a phase problem because s-trioxan is a
crystalline solid, Therefore this reaction was repeated using a solvent

of di-iso-propyl ether but there was still no detectable reaction,

0 + CF_CF==CF gamme .  (a) =—4CH_ 0}
r// \1 3 2 (a) Neat. 2°'n

(v) No reaction.

0~_-0 (b) Di-iso-
propyl ether
solvent,

Immiscibility was advanced as a reason why 18~crown-6 polyether did not




~47-

react with heyafluoropropene.[7] Por further clarification liquid

12-crown-4 polyether was reactedghowever there was still no reaction,

4/ \> + CF30F=CF2 gamma — No reaction.

The attempted addition of 2,4,6-trimethyltrioxan gave only the

acetaldéhyde adduct (19) in good yield

gamma.

=CF, —=———
+ CF,CF==CF CH ,CCF, CFHCF

CHB\(O CH, 3 2 i
0
OYO | (19) 68%

CH3

2-Methyloxolane has two possible hydrogen abstraction sites in a

position alpha to the oxygen atom, Both types of adducts were formed,

the main one (26) from the tertiary radical intermediate rather than

from the secondary radical intermediate (27).

— 3, CF.,CFIl
tertiary radical _
0 CHB major route, (26) 64%
gamma
04, CH 0 CF,,CFHCF
* C.F
Temp(°C). | Ratio (26) ¥
__
(27) >
18 2,01 secondary radical
minor route. (21) 32%
75 1.90

This result is in agreement with the relative stabilities of the two

3
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radicals, a tertiary radical being the most stable. An increase in
temperature should make the reaction less specific and this was found

to be the case when the reaction was carried out at 7S°C.

¢, Miscellaneous Attempted Additions.

A phenyl substituent on an ether causes deactivation in the
addition to hexafluoropropene.[7] Anisole was unreactive at 18°C but
other workers obtained cyclized products using an elevated temperature.[gﬂ

During this study neither p-hydrorymethylanisole (28), n-butyl phenyl

ether (29), nor dibenzyl ether (30) reacted at 18°C.

HOCH, OCH,, OCH,,CH,, CH,,CH,, cnz}o
2

(28) (29) - (39)

Similarly, both a chlorine atom eg (31) or a polyfluorocalkyl group eg
(32), in a position beta to the free radical centre, deactivated the

ether towards addition.

H
(C1CH,CH,),0

CH OCHiW
(31) 27773

(32)

Vinyl ethers did not form any adducts and either co~polymers with the
alkene (33) or homopolymers (34) were obtained., The polymer (34) was

formed only in the presence of fluoroalkene.

— — gamma _
CHBCHZCHZCHQOCH CH2 + CF3CF=—-CF2 —————y Co-polymer,

(elastomer)

(33)



: — gamma /
+ CP,0F==CF, ——— 0

(34)

2, ADDITIONS WITH OXOLANE.

A number of fluoroalkenes were reacted with'oxolane to give products
as shown in Table 10, The fluoroalkenes were chosen in order to have
increasing perfluoroalkyl substitution on the double bond, There is no
discernible electronic effect on the high yield of adducts with the
introduction of perfluoroalkyl substituents, With 2,3-dichlofohexafluoro—
but-2-ene a certain amount of dehydrochlorination took place to give (42a).
Perfluoro-3-methylpent-2-ene gave a good yield of adducts which
included a di-adduct (&i). However perfluoro-3,4-dimethyl-4-ethylhex-
2-ene gave very little product? presumably due to the steric effect of
the one very bulky substituent, ?erfluoro-B,4¥dimethy1hex-3-ene did not
react, however in this reaction , and elso in the previous two, a white
polyether type material was isolated. This shows that radicals are
formed but the addition reaction (A) is too slow to compete with the

dimerization reaction (B),

0 — ‘N (R)C=C(R,), 0 C(R,),CH(R,),
(4) ’
x2
(B)
0 0
etc,
—

Perfluorocyclohexa-1,3-diene gave a polymeric material which was not

investigated further,
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Table 10

Using Gamma Ray Initiation at 18°C

Fluoroalkene Products %Yield
CF,=CFC1 ((17_ CF ,CFC1H (35) 78
(07_ (CF,CFO1) H (36) 20
- 0
CF 4CF=CF, UCcmFHCF 3 (37) 95
H
H
0
]
H
CF ;CF=CFCF , : @f CIJF=CFHCF - (41) 89
CF4
CF 4001=CC1CF , fl,'cmcmcr* (42) 89
CF ,
(42a) 9

F
Yy 63
Nea
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TabletiOcont.
Fluoroalkene Products %Yield
CF‘z‘C{\2 /CF3 fF2CF3
c=C ON- cp-c-cF (03) | 70
C’/ \F l \ . o
Fq CFy H
cis/trans.
CF3Q{2 CF20F3
- 0 29
PRI
73 3
CF3CEE
CF.,=C CF CF CF CF.CF
CF.CF =C 0 G =——— ¢ — C—CF (45) 4
CF3 F H CFZCF3
cis/trans.
CF3C{€ /CF?CF3
//C=Q\ No reaction -
CF3 CF3
cis/trans.

()

Polymer




52~

3., ADDITIONS WITH OXANE.

Oxane reacts with perfluorocyclopentene to give a good yield of

mono-adduct (46).

0 Illl"'
gamma

However perfluorobut-2-ene gave a low yield of mono=-adduct (47) and

(46)
76%

some of the alkene was recovered,

0 +  CP,OF == CFCF, gamme __ 0 fFCFHCF3
CF,
(47) 2%

This behaviour is in contrast to that shown by oxolane.

4, ADDITIONS WITH OXEPANE.

The addition of oxepane to a series of fluoroalkenes gave results
similar to those for oxolane, High yields of mono-adducts were formed
from both perfluorocyclobenteneitig) and perfluofobthZ-éﬁéA(ig);‘in

addition to hexafluoropropene discussed above,

0
O D=

+ CF.CF== CFCF serme ?FCF HCF4

3 3

CF3

(49) 60%
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5. ADDITIONS WITH 1,4-DIOXAN,

Although 1,4-dioxan gave a very high yield of mono-adduct with
hexafluoropropene, this was not the case with more substituted alkenes,
A much lower yield of mono-adduct (50) was isolated with perfluorocyclo=-
pentene. Perfluorobut-2-ene gave a very low yield of mono-adduct (51)

and a comparable amount of a mixture of di-adducts,

ol

0 0 CFCFHCF,
+ CF,CP==CFCF_ —S2008 , (51)
> 3 CFy 19%
0 0 o

+ Diadducts 15%

6. IDENTIFICATION OF PRODUCTS.

The most useful techniques for the characterisation of the ether
adducts were mass spectroscopy and NMR spectroscopy.‘The méss spectra
consisted of very small molecular ion peaks and with di-é@ﬁucts the
molecular ion peak was often missing., The principal fragmentation was
the cleavage of the carbon=-carbon bond adjacent to the oxygen atom on

the most substituted side., With cyclic ether adducts this cleavage

+ .
. 0\\ 0 \g
~[(0—U

lf/e 71 (100%)

gives the base peak,

0

02H30 , C3H5

m/e 43 (87%)  m/e 41 (37%)
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With acyclic ether adducts the resulting fragment is very susceptible
to cleavage at the carbon-oxygen bond and this process gives the base

peak.

)]

- - oo
CH.,CH,,CH,,CH,OCHCH, CH,, CH ® 3  CH,CH,CH,CH,O0==CHCH,CH,CH

32T e 22773 - 372 e ﬂg' 272773
CT, CFHCF, J’ gCFZCFHCFB
40 € CHBCHECHchzomCHC}IQCHZCHB
m/e 73 (100%) ' m/e 129 (41%)
- o, * %
03H5 ¢ CH, & C,Hg
m/e 41 (23%) n/e 55 (32%) m/e 57 (56%)

The NMR spectra are very complex. The proton resonances are usually

broad but the appearance of a doublet of multiplets at about 4.9 ppm

(TMS reference) with a coupling constant of about 44Hz is very
characteristic of the CFH proton, The 1,1,2,3,3,3~hexafluoropropyl
grouping from hexafluoropropene adducts give a similer fluorine-19
spectrum irrespective of tﬁé rest” of thé adduct struéture;'The trifluoro~
methyl resonances occur as a multiplet at 74 to 77 ppm (CFCl3 reference).
the difluoromethylene resonances occur usually as an AB pattern at

119 to 131 ppm, and the tertiary fluorine resonances occur as & doublet
of multiplets at 211 to 220 ppm. Most of the ether adducts contain two
asymmetric centres which results in two sets of signals for each

fluorine environment from (RS +VSR) (52) and (RR + S8) (22) diasteriomers,
In some cases the pairs of diasteriomers were separated by preparative
GLC and the fluorine-19 spectra of each pair obtained, although. they
could not be assigned. French workers have carried out a NMR study into
this type of compound using a spectrometer operating at 240MHz and

applying decoupling and INDOR techniques.[96]They claimed to be able
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(52) (RS + SR) (53) (RR + S8)

tp deduce coupling constants and consequently assign the steriochemistry
of the two pairs. Our spectra were similar to a first approximation

to that reported, therefore their assignments have been taken as

correct for our purposes.,

The polyfluorocycloalkene adducts were present as cis and trans
isomers, The fluorine-19 chemical shift of the tertiaery fluorine atoms
in such adducts may be used to assign their stereochemistry.[1OO]

The chemical shifts of the CFR and CFH fluorine atoms were found to be

consistently at higher field in the cis isomer than in the trans isomer.

The cycloalkene adducts reported here have been assigned similarly,
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C.ADDITION OF ESTERS TO FLUOROALKENES,

An ester may be considered as a carbonyl substituted ether so a
series of reactions were carried out to investigate their reactivity
towards addition to fluoroalkenes, Methyl esters were used whenever
possible in order to standardize the results and to make isolation and .
identification of the products easier. A few examples are reported in
the literature, Table 11, and it is clear that the alkoxy group is more
reactive than the carboxy group., Electronegative substituents result

in much lower yields of mono-adducts.[124]

1, ADDITIONS TO HEXAFLUOROPROPENE.

All attempted reactions between esters and hexafluoropropene using
gamma ray ‘initiation at 18°C gave recovered starting materials. This
shows that esters are much less reactive than ethers. It was possible
to obtain products by using a much higher reaction temperature 6f 120°C
and di-t-=butyl peroxide as initiator.

Methyl formate reacted with hexafluoropropene to form products by
hydrogen abstraction from both the methoxy group (55) and the aldehydic

group (54).

- Di=t=-butyl
H—C—0CH, + CF ,CF==CF, peroxide. _y CF,CFHCF,C—0CH,
i 120°C i
0 0
(54) 4.5%
+  H—C—OCH,CF,CFHCF,
0 (55) 11%
+  CF,CPHCF,CH,O0H
(56) 21%

+  Other products 9%

.The largevamount of alcohol (56) formed may be due to hydrolysis of the

ester (55) during isolation. Therefore the methoxy group is more
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reactive thaﬁ the aldehyde group.

Methyl acetate gave products arising from hydrogen abstraction from the
methoxy group (57) and (59) and from the carboxy group (58). In
agreement with other work[114] the methoxy group was the preferred
position of attack. Productv(ég) was derived from the addition of the
ester radical to the substituted site of the alkene double bond. This
may be due to the high reaction temperature causing the orientation of

addition to be less gpecific.

Di-t-butyl
- — peroxide, R o —
CHBC OCH3 + CFBCF CF2 = > CFBCFHCrzCHZO CCH3
I 120°C : I
0 : (57) 39% 0
+ CFBGFHCFZqHZF-OCHB
0 (58) 10%
+ CF,HCFCH,0—CCH
2 2
| ERCEY
CF3 0 3%

+  CP,CFHCF,CH,OH (36) 2%

A number of compounds gave no products even at the higher reaction

temperature. These were esters substituted with electron withdrawing

groups.
Di-t-butyl
R—C—OCH, +  CF,CF==CF, peroxide. . No reaction.
| 120°C
0
0

However dimethyl carbonate gave a mono-adduct (60) in moderate yield.

Di-t-butyl
CH,0—C—OCH,  +  CP,cP==cp, _PoToxlde , CF ,CFHCF,CH,0 —C—0CH,
“ 120°C “

0 (60) 55% 0
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2, IDENTIFICATION OF PRODUCTS.

The infra red spectra of the ester adducts show the-carbonyl
stretching vibration at 1760 to 1766 cm"1 for methoxy substituted
adducts and at 1745 cm"1 for carboxy substituted adducts., The mass
spectra show very small parent peaks and the base peak results usually
from cleavage next to the carbonyl group with the charge residing on the
carbonyl fragment.

L3

(58) _._9 CF 01«"1{(:}?201{:2 CH, ——————3 CF,CFHCF,CH,C+

a 2720 w/e 193
0 (100%)
(57) —2— CFBCFHCFZCH20—ECH3 —-)CHBF—-OCHz ———>CH3"
I
, 9
m/e 224 (0.3%) m/e 73 (25%) m/e 45 (100%)

The proton NMR spectra were useful in identifying methyl groups and

aldehydic protons in the adducts,

D. ADDITION OF BORATE ESTERS TO FLUOROALKENES.

A boron atom adjacent to a methoxy grdup would be expected to have
a considerable inflﬁence ofer the feactivity of the carbon-hydrogen bond.
The empty p-orbital of the boron may intéract with an oxygen lone pair
making them less readily available for donation to stabalize the free

radical, However the reaction of trimethyl borate with perfluorocyclo~-

pentene gave a moderate yield of the tri-adduct (él).[7]
B gamma
(OCH3>3 + | 3> B-1-0CH,
H
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This reaction has been investigated further by using other fluoroalkenes

and by using tri-n-butyl borate.

7. ADDITIONS WITH TRIMETHYL BORATE.

The addition of trimethyl borate to hexafluoropropene gave tri-

(2,2,3,4,4,4=hexafluorobutyl) borate (63) in good yield.

— gamma
B(OCH3)3 + CFBCF=-—CF2 > B(OCH2CF20FHCF3)3

(63) 65%

Chlorotrifluoroethene gave & viscous liquid product (62) which could

not be purified. However analysis of the mixture was consistent with a

telomer adduct type structure,

B(OCH,), + CF,== CFC1 €8mr® o Viscous semi-solid

telomer adducts. (62)

A moderate yield of tri-adduct (64) was obtained from perfluorocyclo-

butene and trimethyl borate,

B(OCH3)3 + gamma B OCH,
F . F
H
_ 3
(64)  49%
Similarly perfluorocyclohexene gave a tri-adduct (65)
B(0C
(0 H3)3 + gamma N B+4-0CH,
H
3

(65)  63%
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Surprisingly, a high yield of a tri-adduct (66) was obtained with

perfluoro-3,4-dimethylhex-3-ene,

CF3
B+~0CH CF,CF

B(OCH,) , + _ semme |

3 3 H . CF,CF,
3
3
(66)  74%

The addition of perfluorocyclohexa-1,4~diene to trimethyl borate gave
a white solid (67) which was very hydroscopic. The analysis of the solid
was consistent with an adduct type of structure,

gamma White solid

poly-adduct (67)

B(OCH3)3 +

However no products were obtained with the isomeric perfluorocyclohexa-

1,3=diene.,

\\\ gamma,
| -

No reaction.

B(OCH3)3 S+

All the borate ester products were viscous high boiling point liquids
and they were difficult to isolate quantitatively. This explains why
the isolated yields of the tri-adducts were low even though no alkene
was recovered, Confirmation of the adduct structures was made by

hydrolysis of the borates to their respective alcohols,

H,0
(63) 2 -~ CF.,CFHCF,,CH,OH (56)
H,0
(84) 2 3 CH,0H
F (72)
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H,0

(65) 2 o CH,OH
(68)
H
H,0
(66) 5  CFCF, CF,,CF,
CF CF, (73)
H - CH,OH

2, ADDITIONS WITH TRIBUTYL BORATE.

Tri-n-butyl borate was reacted with hexafluoropropene using a
veriety of reactant ratios, In all cases an identical borate adduct (69)
was obtained with no recovery of alkene. Analytical data onthe adduct
suggested approximately a three to one molar ratio of alkene to borate.
However the composition of the adduct was not symmetrical because on
hydrolysis the major product was 1,1,1,2,3,3-hexafluoro-4-(1,1,2,3,3,3-
hexafluoropropyl )heptan-4-o0l (71) with a minor amount of 1,1,1,2,3,3,-

hexafluoroheptan-4-o0l (70).

gamma

B(00H20H20H20H3)3 + CF,CF==CF, ——) Adduct (69)
) 2 : 1 Analysis
(il? ! Adduct %C %
(115) ! ’ 1:1 47,3 T

1:2 40.7 5.0

1:3 37.0 3.9

1:4 34.7 3.2

(89) 36,3 3.6
H,0

(69) > CH,CH,CH,CHOH CF ,CFHCT,

CF ,CFHCF, + CHBCHchszH
CF,CFHCF,
(70) 27 % (71) 67 %
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It is likely that the adduct (69) is a mixture of symmetrical adducts

rather than an unsymmetrical tri-adduct, The addition of two molecules
of alkene to the same carbon atom of the substrate, as demonstratéd in
structure (71), in tributyl borate but not trimethyl borate, parallels

the formation of tri-adducts from dibutyl ether but not from dimethyl

ether,
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CHAPTER 3

FREE RADICAL ADDITION OF NITROGEN FUNCTION SUBSTRATES TO FLUOROALKENES.

A, INTRODUCTION,

A free radical centre may be stabilized by interaction with the lone
pair of electrons on an adjacent nitrogen atom in & similar manner to

the interaction with an adjacent oxygen atom.

+ -
-—fii—fIRz — ——-&;-—-ERZ
The higher base strength of nitrogen compounds éompared to analogous
orygen compounds indicates that the nitrogen lone pair may be more
readily donated to electron deficlient systems, Tﬁerefore,,a nitrogen
stabilized radical meay be more stable than an oxygen stabilized radical,
In order to demonstrate this effect a number of nitrogen functional
substrates were reacted with fluoroalkenes, The same standard conditions

were used for these reactions as with the oxygen substrates described

in Chapter 2,

B, ADDITION OF AMINES TO FLUOROALKENES.

1. DISCUSSION,

The base strengths of amines are high;therefore they can act as
nucleophiles, The nucleophilic addition of the amine to the electron
deficient fluoroalkene is often the preferred reaction pathway.
Nevertheless, some free radical addition reactions of amines with fluoro~-
alkenes have been reported, Table 12.

During this study, only products of nucleophilic attack were

obtained from piperidine and hexafluoropropene,



~65-

HaT00°% 20 H0emmiS10° £04T O0H
+ ConnCemnCandT oo + CemuperNCHOCIDAT OO eumreg  |CemmmoCen
[921] sqonpoad Luepn euwed Zmpm
CoOMN0DIHITO
N;um f2ti=u
[921) (O o™ (Cuo® (Caooato)u) euures nteon 10d0=%ao
SUOT3TPUOD
souaxayoy (PTOTL %) szonpoag uU0T1088Y suTWy auayTBOIONT I

souayTeOoIONT I 04 SOUTWY JO UOTITPPY

*CLaTq®l




66~

N—H + CF,CF= CF, ) gamma - N~ c~cruer,
i) H0 i
0
(14) 40%

Tertiary amines have been found to give low yields of adducts,
N-Methylpiperidine gave a mixture of mono-adducts (75) and (76) and a

di-adduct (77) as the main product.

| . gamma | |
| N O o Qcp CFHCF
\ Ir l\ll 2 3

CH.
3 CH, CF ,CFHCF CH,

(15) 1.7% (16) 2.3%
N CF,CFHCF,

CH,CF,CFHCF (77) 17.6%

Also, N-methylmorpholine gave the di-adduct (79) as the main product,

0 _ ' 0
[ + CF,CF==CF, _.semme + [ l
N N [\l] CF,CFHCF,

CH3 CH20F2 CFHCF3 CHZCFZCFHCFBI

(78) 0.6% (19) 28%

The rest of the alkene in these cases was lost prépmably as products of
‘nucleophilic attack, Most of the free radical products were di-adducts
which is in contrast to oxane and dioxan which form mainly mono-adducts
under these conditions, Another observation was that the N-methylmorpholine

adducts were produced mainly adjacent to the nitrogen atom.
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A crystelline ionic compound (80) was formed on the addition of tetra-
methyldieminomethane to hexafluoropropene, together with extensive
oligomerization of the alkene., This shows that a nucleophilic reaction

had taken place.

CH CH

3\ 3
/N-—-CHZ—-N +  CF,CF==CF, &3 . . Fluoride salt (80)
CH3 CH3 + Alkene oligomers,

Dimethylaniline did not form any products at 18°C, illustrating the
deactivating nature of the phenyl group. When peroxide initiation was

used no alkene was recovered but no free radical products were isolated.

No reaction.

gamma

— N(CH + CF CF’—'-:CL«‘2

302 3

Di=t-butyl
[]
peroxide, 120°C Unidentified

products,

2, IDENTIFICATION OF PRODUCTS.

The parent peaks of mass spectra were observed although usually of
low intensity. The base peaks were due to the elimination of one of the
fluorocarbon fragments by cleavage of the carbon-carbon bond next to
nitrogen, Scheme 3,

Two features of the nuclear magnetic resonance spectra were important
in the assignment of structures., The absence of & sharp singlet due to
the N-methyl groups in the proton spectrum shows that the fluoroalkene
has added onto this group. A complementary observation was the appearance

of the difluoromethylene resonances of the adducts in the fluorine~19
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Scheme 3
_e-
(18)
—_ —
. _
N N
4
CH,, CF,, CFHCF CH,,
m/e 249 (2.7%) m/e 98 (100%)
+
- -F C4tgh
‘ m/e 70 (5.7%)
m/e 248 (2.3%) m/e 230 (1.7%) | l
cEnt e—0o count
274 376
n/e 42 (15.7%) m/e 56 (2.3%)

spectrum, Two sets of resonances with an AB pattern for the difluoro-
methylene group indicates that it is attached to a ring position, due

to the presence of two asymmetric cenfres.

H
CH
i\
-C— C~__ (76) ( SS isomer)

Chy F
Only one resonance would occur if the group is attached to the methyl

side chain because there is then only one asymmetric centre,
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C. ADDITION OF AMIDES TO FLUOROCALKENES.

The carbonyl group of amides reduces the base strength of the
nitrogen atom, making amides less nucleophilic than amines, As a
consequence, this may reduce the free radical reactivity of an amide
since a similar effect has been demonstrated between the reactivity of
esters and ethers., Various free radical reactions between amides and
fluoroalkenes have been reported in the literature; Table 13, During
this study, amides have been used which have the nitrogen fully
substituted by alkyl groups to minimise any possible nucleophilic side

reactions.

1. ADDITIONS TQ HEXAFLUOROPROPENE.

The addition of N,N-dimethylformamide to hexafluoropropene gave
adducts due to hydrogen abstraction from both the N-methyl site (81) and

the aldehydic site (82), as well as a di-adduct (83).

HeC—N — gamma, . — (N e
i (CH3)2 + CFBCF CF, -) H ﬁ ? CHZCFZCFHCFB
0 0 CH, (81) 50%
+ CFBCFHCF2C=-N(CH3)2

- - - S 0 (82) 23

+ CFBCFHCFZE-T-CH20F20FHCF3
0

CH, (83) 7%

The N-methyl site is the preferred position of attack although allowance
must be made of the fact that there are six of these hydrogen atoms
compared to one aldehydic hydrogen.

N,N-Dimethylacetamide gave a good yield of the mono-adduct (84) from N=-

methyl attack,
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gamma
-— ____) e N e
CH3C N(CH3)2 + CFBCF CH3C N CHQCFZCFHCF3
0
0 CH3
(84) 82%

With N,N,N* ,N'~tetramethylurea only a moderate :yield of the mono-adduct
(85) was obtained, together with other products, using the usual 2.5:1
excess of substrate, however no alkene was recovered,
- — gamma
(CH ) N M N(CH3)2 + CFBC CF2 (CHB)ZNf N CHZCcmFHCF3
- 0 Cd

3
2.5 = 1 (85) 55%

The experiment was repeated using a 1:4 excess of hexafluoropropene and
GLC/mass spectroscopy showed the product as a mixture of mono-, di-;, tri=,
and tetra-asdducts, in quantitative conversion of alkene, The symmetrical
di-adduct was the predominant product, To try and obtain a greater
proportion of the tetra-adduct (§2) the reaction was repeated using
peroxide initiation. Although more tetra-adduct was formed,a mixture

was still present,

(a) gamma
(CH3)2NiiN(CH3)2 + CP,CF==CF, 'Y (CFBCFHCFZCHZ)n(CH3)2 xir
0 1 . 4 or (b) (Buo)2 —
120%¢ I
(CF3CFHCFZCH2)p(CH3)2 N
Adduct_(n,p) %Yield

{a) {b)

(1, 0) (8%) 10 4

(2, 0) (86) 9 5

(1, 1) (8D 53 27

(2 , 1) (88) 24 40

(2, 2) (89) 3 24
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A phenyl substituent greatly reduces the reactivity of the amide system,
for example no adducts were formed from N,N-dimethylbenzamide at a low
temperature, However at a higher temperature a small amount of the mono-

adduct was obtained,

C—N(CH,), + CP_CF==CF EAMM& 5 No reaction.
I 37 > 2
0
Di-t-butyl peroxide
120°C
(I:l —»Ilv--CH»E,CFZCFHCF3
0 CHy
(90)  30%

Cyclic N-substituted amides react with hexafluoropropene to give good
yields of adducts. N-Methylpyrrolidinone gave an adduct (91) principally

by abstraction of a ring hydrogen atom adjacent to the nitrogen.

Conclusive evidence for this asgignment was obtained from carbon-13

NMR spectroscopy.

0
_— —_— gamme —
CH, +  CFCP==CF, ———— 3 N QH3
CF,CFHCF
H 2 3
(91)  66%

N~Acetylpiperidine gave both a mono-adduct (92) and a mixture of di-

adducts. The structure of the di-adducts could not be assigned.,



gamma
— —
N CCH3 + CFBCF CF, ————3 | Nv—CCHB
0 0 _
H CFZCFHCF3
(92) 40%

+ Di-adducts 17%

With N-acetylmorpholine a mixture of mono-adducts was obtained, These

were assigned by GLC/mass spectra because they could not be separated.

0 N—cor, + cPycr==cr, 8202 y Mixture of
\__;J/ g mono-adducts,

- (35%)

2, ADDITIONS WITH N,N-DIMETHYLACETAMIDE.

N,N-Dimethylacetamide was chosen as a standard amide substrate because
there is only one type of easily abstractable hydrogen atom. A range of
different fluoroalkenes were used in this study and yields of adduct
veried considerably with structure., It was found that in general
increased perfluoroalkyl-substitution of the fluoroalkene resulted in a
lower adduct yield with the amide,

Chlorotrifluoroethene gave a quantitative yield of adducts. Only the
mono-adduct (93) was isolated, the higher telomer adducts were identified

by GLC/mass spectra but not separated.

CH3ﬁ N(CH3)2 + CF2 CFCl m—m—> CH3ﬁ N CHZCFZCClFH

+ Telomer adducts 22%
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Hexafluoropropene has been shown above to react yery well with N,N-
dimethylacetamide,
Perfluorocyclohexene was the only alkene of the type RfCF==CFRf to give

a good yield of adduct (94) with N,N-dimethylacetamide.

S 3
CH,C—N(CH,),  + gamma o CH,C—N
i o
(94) B

The cis isomer of compound (94) separated as a crystalline solid while

the trans isomer remained a viscous ligquid.

Perfluorocyclopentene gave a low yield of the mono=-adduct (95)

‘ _ 3 H
CH.C—N(CH.) + gamma | oy c—sN
3" 32 4 3 DY
0 0 CHz
(95)
- - 28%

Similarly & low yield of mono-adduct (96) was obtained with perfluoro-

cyclobutene,
3
CH,C—N(CHj),  + F ey CH,C—N
i N N
0 0 2
F
(96)




Perfluorobut-2-~ene gave a mixture of adducts which were assigned by

GLC/mass spectra but could not be separated,

cn3ﬁ—N(CH3)2 +  CF,CF==CFCF, gammd o Mixture of adducts

0 ca 32%

No products were obtained either from perfluoro~3,4-dimethyl-4-ethyl-

hex~2-ene or from perfluoro-3,4-dimethylhex-3-ene with N,N-dimethyl-

acetamide,
CF3CF2
CF3
CH.C=N(CH.,) + CF.CF CF gamma
3ﬂ 372 372 3 —————3 No reaction,
0 ////F__s\\
CF F
3
CH.C=—N(CH.) +  CP.CPF CF,CF, 2218 . No reaction,
3 372 3 2\_—/ 2"%3
0 >~
CFB CF3

3. ADDITIONS WITH N-METHYLPYRROLIDINONE,

The use of N-methylpyrrolidinone as a standard amide presented
probleﬁé in some cases due to fﬁe highrnumber of products obtained which
were difficult to separate., In these cases the extent of reaction was
measured from the amount of fluoroalkeng recovered, Again lower yields
of adducts were obtained with increased substitution of the alkene,

The addition of chlorotrifluorocethene to N-methylpyrrolidinone gave a
mixture of telomer adducts, The mono-adduct (21) was isolated but the
higher telomer adducts were assigned only by GLC/mass spectr%;

0

N
gamma (97) 75%
x’ CF _CCLTH

N—CH3 + CF2== CFCl

L4

+ Telomer adducts. ca 24%
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Perfluorocyclohexene gave & mixture of adducts which were assigned by

GLC/mass spectra only,

0
‘ * E}N“"CH3 __g_a._mmia;__# Mixture of adducts,

ca 48%

No products were obtained with perfluoro-3,4-dimethylhex~3-ene.

0 gamma
CF30F2 CFZCF'3

—3) No reaction.

N— cH
CF CF

4. MISCELLANEOUS ADDITIONS.

Amide linkages are abundant in nature.and the introduction of a
fluoroalkyl group often produces interesting biological effects, In view
of this,‘and the high yield of products from free radical addition
reactions, the scope of this reaction is worth investigating.

N,N,N' ,N'-Tetramethylurea is a difunctional substrate and reaction with
a difunctional‘f}uoroalkene may produce polymers, Eerflqorocyclohex-1!4-
diene gave a solid which was polymeric in nature. Mass spectrometry

indicated an oligomer of at least four monomer units (98) (n=3),

(CHB)ZNeﬁ—N(CHB)2 +
0

e N
(CH r)zN'—'C—N
g ” \\CH CH
0 2 2
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The exact nature of the oligomer was not clear but it would be expected
to be & complex mixture of species of different molecular weight with

a certain degree of branching,

A solid substrate does not usually react with fluoroalkenes due to
insufficient contact between the reagents. In spite of this unfavourable
effect, solid poly-N-vinylpyrrolidinone was reacted with hexafluoro-
propene and incorporation of the alkene into the polymer took place, It
was deduced from the amount of alkene recovered that just over one mole

of the alkene was absorbed for every monomer unit of the polymer (99).

—CH,,CHY—  + CF.CF ==CcF, 22008 ., CHCH
oVETy 3 2 p)
| (99)
N o
0 \f :
/ (CF,CFHCF,)
n

m = 1.,4n from recovered C F6

3

Analysis
ac @ N R
(22) 33.3 1.3 3.4 52.1

Calc, form = n, 41.4 3.5 5.4 43.7
2.2

Calec, for m

2n, 35.0 3.4 .55.8.

Calec, form

3n, 32.1 1.6 2.5 60. 7

Therefore a reaction can occur with solid substrates, which indicates

that although the reaction may be slower, products will be formed if the

substrate is reactive enough.

. 5. IDENTIFICATION OF PRODUCTS.

The mass spectra of the acetamide adducts generally showed a parent
peak, The cleavage of the fluoroalkyl group at the beta position to the
nitrogen atom was a main fragmentation, This fragment cleaved at the

carbonyl carbon-nitrogen bond, with rearrangement of an alpha-hydrogen



~-78~

atom from the acyl methyl group, to form the base peak at m/e 44, The

_second most intense fragment was due to cleavage of the carbonyl-

nitrogen bond with loss of the acyl group.

. 0 CH,
(84) _ ~° +/ N_ 7

————) CH,C—N _ C——N
>Ny 7S
CH 2-£CF,, CFHCF H,C .CH2
m/e 237 (6%) m/e 86 (17%)
CH,C+ + NH == CH,
0 CH,y
m/e 43 (44%) m/e 44 (100%)

With the N=cycloalkyl amides the base peak mass depends on the size of

the ring.
(92) -—;e——> . E—CH —
V‘},CH
| B CFZCFHCF3 |
m/e 126 (31%)
m/e 277 (2%)

—y m/e 84
/ (100%)

The mass spectra of the N-methylpyrrolidinone adducts were dominated
by the cleavage of the fluoroalkyl group., In these cases no alpha-
hydrogen atoms from the acyl groups were available for rearrangement

because of the stereochemistry of the ring.

0 .0
-e” o %
(91) > N—CHB —_— N "“CH3
')4) %
N m/e 98 .
H CF,CFHCF; H (100%)



The distinction between the symmetrical (87) and asmmetrical (86) di-
adducts of tetramethylurea was possible from their mass spectra, The
base peak at m/e 222 for (87) due to the cleavage of the carbonyl=-

nitrogen bond was absent from the spectrum of (86).

-a o "
(él) ——— CFBCFHCFZCH2 ﬁ -/(.'JHZC.L‘2(3}3‘}1(3}?‘3 CFBCFHCFZCH2 0
N
/N"‘C""'N\ _— /N-—C+
CH3 UH3 : CH3
m/e 416 (2%) , m/e 222 (100%)

Structural information on the adducts has been obtained from carbon-13
NMR spectra, Comparison of the speétra of N,N=dimethylacetamide and
compound (Qi) confirmed that addition had occurréd at the N-methyl site,
Figure 2, These spectra were proton broad band decoupled althqugh
couplingé due to the fluorine atoms were still present. Restricted
rotation abhout the carbonyl-nitrogen bond in dimethylacetamide causes
the two N-methyl groups to be inequivalent on the NMR time scale. The

presence of only one main resonance due to the N-methyl group of

compound (84) implies that one conformation predominates or that there
is free_éstafion. Coméarison of»the éarbén-13 sbectfa inN-metﬁylpyrrol-
idinone.with compound (21) enabled the attachment of the fluoroalkyl
group to the N-methylene group rather than to the N-methyl or carbonyl-

methylene groups to be proved, Figure 3,
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D, MISCELLANEOQOUS ADDITIONS TO FLUOROALKENES.

The success of tetramethylurea in formingitetra—adducts prompted
an investigation into similar systems,
Tetramethylthiourea was reacted with hexafluoropropene but no adducts
were obtained, However oligomers of hexafluoropropene and a white
powder were isolated, The properties and spectra of the white powder
were consistent with a polymer type structure (100) although a firm

assignment could not be made,

(CHB)21\1==»i:-»1\r(0}13)2 +  CF,CF==CF, gamma Polymer (100)
S + Alkene oligomers,

The sulphur atom must be sufficiently nﬁcleophilic to catalyse the
oligomerization of the alkene,

Tetramethylguanidine reacts in a nucleophilic manner with hexafluoro-
propene to give alkene oligomers and a crystalline fluoriide salt (101).

(CH gamma

3)2 3 —5 Alkene ollgomers

NH + Fluoride salt (101)

N~ﬁ=N(CH3)2 + CF CF'E'—:-!"CF2

No free radical products were isolated.



-83=

CHAPTER 4

CONFORMATION AND SUBSTITUENT EFFECTS IN FLUOROALKENE ADDITION REACTIONS.

A. INTRODUCTION.

A large number of preparative experiments have been discussed in
the previous two chapters., They were designed to investigate the
influence of substituents on free radical additions to fluoroalkenes,
In this chapter the effects observed will be discussed and an explanation
proposed,

B, SUBSTITUENT EFFECTS.

The results obtained from the addition of oxygen substrates to
hexafluoropropene are summarized in Table 14, The total yields of adducts
are quoted for each substrate., This figure will be dependent on the
efficiency of the isolation procedure., A more accurate indication of
the extent of reaction would be based on the amount of hexafluoropropene
recovered, therefore these values are also quoted in Table 14 .

A1l the substrates have been reacted with a standard alkene under
standard conditions, so any difference in reactivity must be due to the
reactivity of the substrate. Dimethyl ether may be used as a reference
from which the reactivity of other ethers are related. It may also be
used as & reference for the study of the effects of substituents on a

methoxy group, R=0=CH, , Dimethyl ether forms & primary alkoxyalkyl

3
radical and gives a 68% yield of product,

CH_—0— CH gamma -,
;=0 3 5 CHy— 0—OCH,

Other dialkyl ethers and cyclic ethers containing one oxygen atom all
give a quantitative reaction with hexafluoropropene. This greater

reactivity may be explained by the formation of more stable secondary
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Table 14.

Product Yields from Addition of Oxygen Substrates to

Hexafluoropropene Using Gamma Ray Initiation at 18°C

Substrate Total %Yield® Substrate Total %yield®
0
(CH3) 50 68 | 0y b
_ 00
Et,0 81(100)
//\
0 0
Pr,0 (80) [ ] -
0 0
| | .
Bu,0 (70) (C1CH,CH,) ,0 -
1-Pr,0 5 (PhCH,),0 -

b

21 PhOCH,CH,CH,CH -

277277273

- | @&
CHZOCH3 -

]

0
Q . 95(100) HO OCH3 _
0

<:;)r 96(100) HCOOCH3 =
@

()

95(100)
(CH3O)2CO -
70(100)
CHZ(COOCH3)2 -
92(100)
0 (COOCZH5)2 -

@

o

a)Based on isolated yields,figures in brackets allow for
recovered C3F6

b)Ring opened products
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alkoxyalkyl radicals from these substrates,

R— 0 —CH,—R' —E522 R 0 — CH—=R"

Tertiary alkoxyalkyl radicals have been shown to be the most stable from
the product distribut-ion with 2-methyloxolane. The product derived from

the radical at the 2-position was formed preferentially.

Substitution of methoxy ethers with electron withdrawing chloro- ,
carboxy- , phenyl- , and polyfluoroalkyl- groups all result in no reaction
with the alkene., These substrates will react but a much higher temperature
is required. The results for esters are shown in Table 15. The
substitution of the ester with electron withdrawing groups result in

a further decrease in reactivity of‘the methoxy group. Therefore electron

withdrawing substituents reduce the reactivity of a methoxy group.

R — OCH » R—C — OCH » Ph— C — OCH
> i 3 I >
0 0

This may be explained by the oxygen lone pair being less available for
donation to the free radical centre, resulting in a less stable
intermediate radical. Also, the intermediate radical will be less
nucleophilic in nature so it will not be as reactive towards the electro-
philic fluoroalkene,

The results for the nitrogen substrates are in agreement with this

conclusion., The total yield of adducts from the nitrogen substrates are
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Table 45.

Product Yields from Addition of Oxygen Substrates to

Hexafluoropropene Using Di-t-=-butyl Peroxide Initiation at 120°¢

Substrate % Yield
0

(2)H-G-0CH;(b) (5) (a),(32) (V)

0 :
i
CH30-=OCH3 54

0
01-3-00}13 -
8 0
CH,0C-CH,~C~0CH, | -

)
Ph~C-0CH, -

0
i
CH3O=C=OCH3 55
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listed in Table 16. The yields from amines are low because of the
competing nucleophilic feactions. However most of the products were
di-adducts compared to ﬁono-adducts for the analogous ether systems,
Therefore radical stabilization by nitrogen is more effective than by
oxygen.

> =
R—N— CH Y r— & — Cx

This is understandable as nitrogen is more basic than oxygen so the
lone pair will be more readily donated. The reactivity of a number of
phenyl derivatives towards hydrogen abstraction by t-butoxyl radical
[132]

confirms this order.

-
ArNCHB ) ArCH, ) ArSCH, == ArOCH3

Also, our results show that amides react at room temperature while esters
require elevated temperatures. An electron withdrawing phenyl

substituent greatly reduces the reactivity of the amide, although an
elevated temperature gave a slight reaction. An order of reactivity may

be constructed.

R~C—N(CH,), ) R—C—OCH, ? Ph—ﬁ-—N(CHB)z ) Ph—C—0CH,

|
0 (4] 0 0

Therefore the inductive influence of substituents affecting the
intermediate radicel stebility, hence the dissociation energy of the

carbon~-hydrogen bond, is sufficient to explain most of the results,
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Table 16.

Product Yields from Addition of Nitrogen Substrates to

Hexafluoropropene Using Gamma Ray Initiation at 18°C

Substrate Total % Yield &
( N-CHj | 22
/~ \
.~ N=CH 29
0 /3
Ph—N(CH3)2 -
HCON(CH3)2 | 80 (100)
CH3CON(CH3)2 82 (100)
(CH;) ,NCON(CH,) , 95 (100)
PhCON(CH3)2 - b-
[3q
QN—CH3 60 (100)
o
{ N=ﬁ=CH3 57
o)
0 N~C-CH (
s 1 3 35)

a) Based on isolated yields,figures in brackets allow for
~ recovered C3F6 (see ether table)

b) Using di-t-butyl peroxide at 120°C
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However di-iso=propyl ether and the cyclic ethers containing more than
two oxygen atoms cannot be explained in this way. Di-iso-propyl ether
would be expected to form a tertiary alkoxyalkyl radical (102) very

readily by analogy with 2-methyloxolane,

0

i-Pr —0— C—CH,
| (102)
CH

3
The subsequent chain reaction must not be proceeding very effectively.
Trioxan will form & radical (103) that is stabilized by two adjacent
oxygen atoms, A similar redical is formed from 1,3-dioxolane (104) which
reacts very well with fluoroalkenes‘,[96 ]Therefore the inductive effect

of the extra oxygen in trioxan must be an important tactor in causing it

to not react with fluoroalkenes,

oo

0. 0
Y E>_H
00, 0

(103) (104)
Also 12=-crown-4 polyether does not react but has a similar structure to
1,4=dioxan which reacts very well, This effect cannot be explained by

inductive arguments,

C. CONFORMATION EFFECTS.

The use of hexafluoropropene has highlighted the difference in
reactivity between substituted ethers, esters, and amides, However with
this alkene many substrates gave quantitative reactions which makes it
impossible to determine their relative reactivityo Differences in
reactivity between a number of cyclic ethers in this category were

observed by using other fluoroalkenes, as shown in Table 17.
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Table 17.

Product Yields from Addition of Cyclic Ethers to

Fluoroalkenes Using Gamma Ray Initiation at 189¢

Total % Yield
0 0
& OO O
Fluoroalkene 0
CF,=CFC1 98
CF,=CFCF 4 95 95 7 80
o1
@ 83 76 71 49
F 91
CF,CF=CFCF, 89 21 60 34
CF,CC1=CC1CF 89
CF =CF CF
32 3
|
CF, F
CF 5 F,
CF4
CF3 ¥, CF,
/——\ 10
F
CF,
CF &CF
T2 CF5~CF ,
cF, OF, ]
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Using octafluorocyclopentene, oxolane and oxepane gave similar ylelds
of products as with hexafluoropropene but oxane gave & slightly
decreased yield and dioxan gave a significantly reduced yield., Using
octafluorobut-2-ene very poor yields of product were obtained for oxane
and dioxan. A series of reactivity of the four cyclic ethers may be

derived from these results.

0 0

-This series cannot be explained by inductive effects, although the extra
oxygen atom in dioxan may play an electron withdrawing role causing
dioxan to be the least reactive. However the other three ethers have

virtually identical substitution about the free radical centre (105).

0
H,C N (105)

h I n=1,2,3
(H,0) i,

Steric effects are not important because all radicals (105) are similar
in size. Also the smallest and largest ring systems are the most reactive
while the intermediate ring system is less reactive. The conformation

of the intermediate radicals (192) must be important in determining

reactivity.Application of the stereoelectronic effect provides an

explanation of why the conformation should be

The sterso-electronic effect was proposed
He showed that molecular reactivities in many
determined by the relative orientation of the

and lone pairs on heteroatoms attached to the

important,

by Deslongchampso[133]
heterolytic reactions are
bond being broken or made

reaction centre. There
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have been recent reports that stereo-electronic effects are present in
homolytic reactions[134] althoughltq a8 lesser degree than in heterolytic
examples, Electron paramagnetic resonance spectroscopy has been used to
determine the relative rates of hydrogen atom abstraction by photo-
generated t<butoxyl radical from a variety of cyclic and acyeclic ethers,

[135] and from substituted 1,3=dioxanes£136]

acetals and orthoformates,
In all - these reports the relative rates of hydrogen abstraction were
higher for those ethers in which the angle between the carbon-hydrogen

bond and the oxygen lone pairs was at a minimum. This angle is termed

the dihedral angle, 8 .

The lower the value of 8 the greater would be the orbital overlap between
the developing singly occupied radical orbital and the lone pair orbital
on the oxygen, hence the more stable the radical., This will result in
a lower dissociation energy of the carbon=hydrogén bond. The stereo~
electronic effect will be apﬁarent during addition reactions when the
substrates have specific values of @ , for example the cyclic ethers,
In acyclic ethers rotation of the carbon-oxygen bonds will give usually
the best conformation for the most stable overlap, Examination of the
conformation of the four cyclic ethers enables their dihedral angles to
be calculated,

Oxolane has an envelope structure however pseudo-rotation may occur
resulting in the equivalence of the hydrogen atoms, Therefore the average
structure may be considered as planar, Assuming that the oxygen lone

. 0
pairs are tetrahedrally spaced then the average di-hedral angle is 0 .




Average View

dowvn
bond (a)

H
Consequently a very good interaction between the carbon-hydrogen bond

and the oxygen lone pair would be expected,

The chair conformation of oxane gives a value of 60°C for the di-hedral

angle, <:)
H H H O@ 8= 600
H View
H down
bond
/ : (a)
H 3 H

Consequently a relatively poor interaction would be expected between the

carbon-hydrogen bond and the oxygen lone pairs,

Oxepane may exist in chair, boat, or twist conformations,

Y
H H
\
\
H & H twist
H
H
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However the ring is relatively very flexible and pseudo-rotation would
result in an average value of the di-hedral angle between oxane and
oxolane,

Therefore the order of decreasing average value of the di-~hedral
angle is similar to the order of increasing reactivity of the ether with
fluoroalkenes,

Recent photoelectron spectroscopic evidence suggests that the two

lone pairs on oxygen are not equivalent[137]

and that one lone pair is
in a low energy @ -type orbital while the other lone pair is in a high

energy W -type orbital,

4T
/(;);C @O’ Energy.

4o

Using this approach similar conclusions may be drawn for the reactivity
of the cyclic ethers but they are not so apparent,

Recent data illustrates that the dissociation energy of carbon-
hydrogen bonds is determined by the value of the di-hedfal angle, Laser
flash photolysis techniques were used to determine the absolute rates
of hydrogen abstraction by t=butoxyl radicals.[138] These values were
roughly proportional to the size of the di-hedrai angle, Table 18 . They
found that the absolute rate constants decrease along the series of ring
size 5% 7>456»3 which agrees with our pattern of reactivity.
Di-iso=propyl ether has a particulaf@low rate of abstraction which was
explained by the most stable rotamer being an all-gauche conformation (105),

rather than the more sterically crowded all-anti conformation (105a).




Table 18

Reactivities of Ethers,Orthoformates and Acetals Toward

t-Butoxyl Radicals at 27°c [138]

Substrate

Relative Reactivity
(compared to Oxolane=1)

Oxolane
2-Methyl-1,3=Dioxolane
1,3=Dioxolane

Oxepane

Oxetane

Diethyl Ether
3,3=~Dimethyl-1-Oxetane

cis-1,4,5,8=-Tetraoxadecaline

Oxane
1,1-Dimethoxyethane
1,3,5=Trioxane
1,4=Dioxane

2=Fropanol

Diisopropyl Ether
Ethylene Oxide
2-Methoxy=1,3-Dioxolane
Dimethoxymethane
Trimethoxymethane
7-Oxabicyclo [2,2,1] Heptane

Trioxaadamantane

1.0

1.5

0,93
0.54
0,48
0.47
0.39
0041
0.33
0.27
0.24
0.18
0.22
0.14
0.13
0,12
0.10
0.06
0,04

no reaction
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CH H
CH CH
CH 3 3
'CHB H H 3 CH3 CH3
all - gauche all anti
(105) (1058)

The large average value of the di-hedral angle in rotamer (105) may
account for the low reactivity of di-iso~propyl ether with hexafluoro-
probene°

A satisfactory explanation for the cyclic ether results may therefore
be suggested on the basis of the stereoelectronic effect, This was a
preliminary study and more information, especially using polycyclic ethers,
is required to investigate this effect further.

Stereoelectronic effects may be observed in nitrogen systems=[139]
Refering to Table 16;N=methy1pyrrolidin-2«one was more reactive than
either N-acetylpiperidine or N-acetylmorpholine., Although tihese systems

are not directly comparable the five membered ring, with a lower average

value of the di-hedral angle, is more reactive than the six membered rings.

D. EXPERIMENTAL EVIDENCE.

It has been concluded that the reactivity of a substraté towards
addition to a fluoroalkene is determined primarily by the inductive effects
of substituents and secondarily by the conformation of the substrate.

A number of approaches have been investigated in order to obtain

confirmatory evidence for these conclusions.



1. COMPETITION EXPERIMENTS.

One way of comparing the reactivity of two substrates is to react
a mixture with a deficiency of fluoroalkene and determine the ratio of
the two products. This approach has been attempted with a number of the
cyclic ethers,

A mixture of oxolane, 1,4=dioxan, and hexafluoropropene gaﬁe the

oxolane adduct (21) only.

0
@ + E j + CiFp — gamma CF, CFHCEF,
| 0

3 : 3 : 1 (21)

This is very clear evidence that oxolane is more reactive than dioxan,
especially as dioxan has twice the number of active hydrogen sites,
Similarly a mixture of oxolane, oxane, and hexafluoropropene gave

the oxolane product only,

gamma,
§ ) O CiFp CF, CFHCF,

3 : : (21)

Also dioxan, trioxan, and hexafluoropropene gave the dioxan produét only,

\‘ ¢ oogp, Eama _gamia CF,CFHCF,
0

1 (25)

Using these date the order of reactivity is;

®>©»EZJ > [
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rable 190149

Substrate Relative Substrate Relative
Reactivity Reactivity
0 %
U 50.5 cH,0Bu 3,22
HCOOCH3 2.14
f} 33,6
GO 1053
I 33,5
CHCl3 1,08
0
< 7 23,0 Ph.OCH3 1.01
EtZO 16,3 PhCH3 1,00
0 E+tCOEt 0,92
Z 5 13.1
1513u20 0.311
@ 10.8 Pho *Bu 0.300
CH Ph-CH=CH 0.2
CH3—CH O 10.6 0
' CH2012 0.234
l I 8.04
CH3COCH3 0,17
0 PhBu 0.17
6,66
CH3COOEt 0.156
CH.CH
1313 t
CH30H=CHCH3 5935 Bu-0H 00129
PhCOCH3 0,107
PhCCOEt 0,093
PhCOOCH 0.040

3
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which is in agreement with the product yield results,
This approach has been applied by other workers to the reactivity
of substrates towards t-butoxyl radical, derived from t-butyl hypochlorite,

[1401 . These results correlate

relative to toluene as a standard, Table 19
well with the reactivity of the substrates towards fluoroalkenes, The
results of Muramatsu et al discussed in Chapter 1 show a similar order

of reacfivity,[94]

2, ACETONE/t-BUTANOL RATIOS FROM THE DECOMPOSITION OF DI-t-BUTYL PEROXIDE.

A method was needed to.determine the ease of hydrogen abstraction
from the substrates, The technique that was attempted was based on the
thermal decomposition of di-t-butyl peroxide with the substrate as
solvent[141] o The t<butoxyl radicel produced may either abstract a
hydrogen atom from the substrate (106) or decompose (107).

K
(CHy),00¢ +  R—EH 7 (CHy),COH  + R.  (106)

kp

Co- > o

(CH,),C0 > CH, +  CH,COCHy  (107)
kD o %CHBCOCH3
kH %(CH3)3COH

At a particular temperature, kD will be independent of the solvent whi;e
kH will depend on the ease of hydrogen abstraction from the solvent,
Therefore the ratio of the amount of acetone produced to the amount of
t-butanol will be a measure of the ease of hydrogen abstraction. A large
number of these experiments were run and the results are shown in

Table 20 . The acetone / t=-butanol ratios refer to the whole substrate
molecule not just to specific hydrogen sites. It is not possible to

eliminate any other effects which may be present, eg. solvent effects,
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Table 20 .

Ratio of Acetone to t=Butanol Products from the Thermal

Decomposition of Di-t-Butyl Peroxide in a Variety of Solvents?

q

Solvent Acetone/tButanol Solvent Acetone/tButanol
' Ratio Ratio
< CH3CHj'O iPrOH 0.46
CF,CFHCF,/, 100
Bu,C 0.40
(tBuO)2 3.6 2
CH,OH 0.36
PhCOOCH 2,91 CH
3 31/0
CH3CHZOCHCH3 0\,/0 0.36
CFZCFHCF3 2.42 E+tOH %3 0.22
(CH CH 2.23 CH3OCH200H3 0,21
PrCH 0.16
EtCOCH., 2,21
3 CH40CH,CH,0CH, 0.15
CH,CO0CH, 1.92 CH,0CH,CH,0H 0.15
(C1CH,CH,) ,0 1.59 BuOH 0.15
0 12=Crown-~4 0.14
E J‘CFZCFHCF3 1.48 polyether
0
0.14
0O CF.CFHCF
§ 7 2 3 1.00 Pr.,0 0.10
| Ok
0
0 HCON(CP3)2 0,09
(CH,CH,) .S 0.61
3¥ia/p o .
[(cay) ] 0 0.08
0
U 0.54 Et,0 0.08
0.08
PhOBu 0.50 (:;:] f:
PHOCH, 0.47 0.07

a)At 120°C for 8 hours in 5ml sealed Carius tubeo,

Peroxide:Solvent

1:10
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from the ease of hydrogen abstraction, Despite the limitations of the
method thereis a Qery clear correlation between the ease of reaction

of the substrate with a fluoroalkene and the acetone / t-butanol ratio.
This is best shown as a graph of product yield with fluoroalkene against
the acetone / t-butanol ratio, Figure 4 , Substrates that have an
acetone / t-bufanol retio below approximately 0.4 all react well with
hexafluoropropene at room temperature while those above this value do
not react,

The range of acetone / t-butanol ratios were such that they are useful
for investigating the less reactive substrates, The more reactive
substrates give a very low yield of acetone, consequently the experimental
error in the ratio is too great to distinguish small differences between
them, The development of a different radical system'may be of use in
these cases,

The order of reactivity of substrates deduced from the acetone / t-
butanol ratios in Table 20 is very similar to that produced by using
the relative reactivity data shown in Table 19 ., This is expected because
the two procedures are measuring the same parameter, ie.the ease of
hydrogen abstraction.

12-Crown-4 polyether is the only substrate which does not fit onto
Figure 4 , 1t has a low ratio but is unreactive, A flexible ring
conformation would appear to rule out stereoelectronic effects but it
may be possible that the ring is fixed in an un-favourable conformation.
A crystal structure of 18-crown-6 polyether shows that the most stable
conformation has the oxygen atoms pointing towards the centre of the ring,

[156]

and held by hydrogen bonds, Figure 5 ., In this conformation the

values of the di-hedral angles are at their maximum, Similarly the crystal
structure of 12-crown-4 polyether shows that the dihedral angles for most

of the oxygen atoms are 1arge}157]




[T2528055% * 001 | mot

W

& 3 4 A L
< 7 1 {
o I9U3OATOJ
O © 500 ®@ & p=umoxp-gL | -0
O]
Lom
(0,81 3®
-0y  UOT3BI}TU]
. Ley eumeyn)
N
2 PTotL %
=109
©
® @B PEEE —00L
°9qex3sqng ayy Joj
0T3ex [ouejng-3 /ou03a0y oyj JSUrese 9

I

D U3TM 30NDPPY JO PISTX % JO UdBIH
°Yy ainstTg




-103-

Figure §

E. CONCLUSION.

Our results show that the ease of hydrogen abstraction from the
substrates is related to the inductive effects of substituents and to
conformation in a predictable manner, The ease of hydrogen abstraction
must directly affect the rate of addition to fluoroalkenes,

Considering the mechanism of the chain reaction, the initiation step
must be assumed to proceed whatever the dissociation energy of the
carbon-~hydrogen bond,

ROCH gamna

s ROCH

This 1s because gamma rays are high energy initiators and are able to
break most activated bonds.

The first chain propagation step will depend on the nucleophilicity
of the substrate radical (lgg) because the radical must add to the

electrophilic alkene,
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= —_—_— ; . ¢
ROCH2 + CF2 CFRf ROCHZCFZCFRf

(108) (109)

An electron withdrawing substituent would reduce the nucleophilicity of
radical (108) hence the rate of the reaction.

The second chain propegation step will depend on the ability of the
intermediate radical (109) to abstract a hydrogen from the substrate,
The radical (109) is of low readlwily . a and will

not be able necessarily to abstract the hydrogen.

v [
ROCHZCF2CFRf + ROCHB-————-——) ROCH20F2CFHRf + ROCH2

(109)

With a constant fluoroalkene, the energy of radical'(igg) must be very
similar whatever substrate is used, because the R group is remote from the
radical centre, Therefore this step of the chain will be very dependent

on the ease of hydrogen abstraction., In fact there must be & particular
carbon-hydrogen dissociation energy above which radical (109) would be
unable to abstract the hydrogen. This would explain the sudden drop

in reactivity of the substrate with decreasing ease of hydrogen

abstraction shown by acetone / t-butanol ratios in Figure 4 .

F. MECHANISM OF ADDITION OF BORATES TQ FLUOROALKENES.

The formation of tri-adducts in good yield from the addition of
trimethyl borate to fluoroalkenes was unexpected, The empty orbitél on
boron was expected to have a very good conjugative electron withdrawing
effect that would cause the borate to be unreactive towards fluoroalkenes.
These results questioned whether a free radical mechanism was operating
in the borate reactions, There are three plausible mechanisms which may

be considered,
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(a) The tri-adducts are formed by three consecutive free radical addition

reactions,
C3F6 CBF6
B(OCH.) —_ B(OCH,.CF.CFHCF )ﬂ_________> B(QCH,CF,.CFHCF.,)
3’3 272 3 2772 3’2
gamma | gamma |
(OCHB)Z OCH3

CBFG , gamma

B(OCH2CF CFHCF3)3

2
(63)

(b) A free radical addition reaction occurs to form a mono-adduct which
disproportionates to form the tri-adduct and trimethyl borate on isolation,
Disproportionation readily occurs for unsymmetrical borates and very few

have been isolatedo[125]

3C,F
3 B(OCH,), — 3 © y 3 BOCH,CF,CFHCF _A___) B(OCH,,CF,, CFHCF_,)
c1 Ra— 2“F2 3 272 3
(ocH,), (60

+ 2 B(OCH3)3

(c) The free radical addition of methanol to the fluoroalkene occurs,

followed by alcohol exchange with trimethyl borate on isolation, or during

the reaction.

3C3F6 B(OCHB)
3 CH;0H —Z= 25 3 CP,CFHCR,CH, 0 — 225 B(OCH,CF,CFHCF,),
gamma heat
(63)
+ 3 CHBOH

The methanol may be produced by the hydrolysis of trimethyl borate, with

which it forms an azeotrope. Alcohol exchange is a well documented reaction
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between borate esters and higher molecular weight alcohols than the
alkoxy moiety of the borateo[125]

Alcohol exchange was tested by distilling a mixture of the alcohol
adduct (68) with trimethyl borate. The higher molecular weight borate

was formed,

CH,OH
+ B(ocH,), istil, ocH,
H 3’3

(e8) (_2) 71%

A series of control reactions were carried out in order to try to
distinguish between the three possible mechanisms,

A sealed mixture of trimethyl borate and hexafluoropropene were left
in the dark. No product was formed, indicating that the reaction is free
radical in nature, A three to one mixture of methanol and hexafluoropropene
was irradiated with gamma rays for & set period of time. The crude product
was analysed by GLC and shown to contain a large proportion of the

methanol adduct (56)

_ gamma
CHBOH + CFBCF,_ CF2 —_—— CFBCFHCFZCHon

1 Mrad,
(56)

A similar three to one mixture of trimethyl borate and hexafluoropropene
was irradiated for the same time. The crude product showed neither the
methanol adduct (56) nor the borate tri-adduct (63); the only products
had GLC retention times which would be expected for a borate mono-adduct,

(218)

B(0CH,); +  CF,CP= CF, _gamma o [ B(OCH,CF,CFHCT ;)
!

1 Mrad. 18

(ocH,), (218)
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Distillation of this mixture gave a product containing some of the

borate tri-adduct (63).

Product (218)

distil B(OCH,CF,CFHCF,),  (63)
This suggests that borate mono-adducts are formed which disproportionate
on distillation,

Finally a three to three to one mixture of methanol, trimethyl borate,
and hexafluoropropene respectively was irradiated for the standard time,
The product gave an almost identical GLC trace to that obtained using
trimethyl borate only with hexafluoropropene.

These observations indicate that a borate mono-adduct is formed which
disproportionates on isolation to givethe tri-adducts, ie mechanism (b).
However these results are not conclusive and more evidence is needed. A
borate ester that on hydrolysis &ces not produce the methanol adduct (56)
from jtself, or any potential adduct, was needed to help decide between
the three mechanisms, Also the borate ester would have to have a big enough
alkoxy group to prevent exchange with the methanol adduct (56). A
suitable candidate was tri-n-butyl borate which is easy to separate from
n-butyl alcohol by distillation as an azeotrope is not formed. The reaction
of tri-n-butyl borate with hexafluoropropene was shown in Chapter 2 to
give a complex adduct product which on hydrolysis gave the mono- (ZQ) and
di-adducts (71) of n-butyl alcohol and hexafluoropropene, A competition
reaction was carried out using a mixture of three to three to one molar
ratio of tri-n-butyl borate, methanol, and hexafluoropropene respectively.
Hydrolysis of the crude product gave mainly the butyl alcohol adducts (70)

and (71) and very little of the methanol adduct (56) as analysed by GLC.
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3 B(OCH,CH,CH,CH,), + 3 CH,0H _gemme Product
C4Fg
H,0
CFBCFHﬁFz
CHBCHZCHZﬁOH + CHBCHZCHZEHOH
CF,CFHCF, CF,CFHCF,
(11) 16% (70) 38%

+ CP,CFHCF,CH,OH (56) 10%

This indicates that most of the reaction has occurred with the borate and
not with the methanol., Methanol would not be expected to exchange with
the borate under these conditions to produce n-=butyl alcohol which would
react with the alkene,

In summary, the evidence appears to suggest mechanism (b) as the most
likely mechanism of thé formation‘of the borate tri-adducts. However there
is a degree of uncertainty in these conclusions due to the difficulty in

ruling out conclusively exchange reactions,
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CHAPTER 5

REACTIONS OF FREE RADICAL ADDUCTS

A. INTRODUCTION.

Many fluorinated compounds have been prepared by free radical
additions to fluoroalkenes, However there have been very few reports
in the literature on further reactions of the adducts. The aim of this
work was to use free radical addition reactions to introduce functionality
into fluoroalkenes, The reactions of the adducts produced during the
mechanistic studies have been investigated in an attempt to form other
functional fluorocarbons which may have useful applications. In this
chapter the results of this investigation are presented, with the
exception of cobalt trifluoride fluorination which is discussed in

Chapter 6,

B, FREE RADICAL HALOGENATION,

The photoinduced halogenation of adduct compounds will result in
the introduction of halogen substituents. The reactivity of the various
hydrogen atoms within an adduct would be expected to be influenced
greatly by the electronic effects of the fluorine atoﬁs° At this point

it is worth discussing the mechanism of halogenetion,

1. GENERAL MECHANISM.

The halogenation of an organic substrate proceeds via a chain

mechanism, h42]

hv
? - 2% ~(110)

| abstraction |
Xe + —C—H y =Ce  + HX -(111)
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| chain |
-=f° . X2 transfer N :af_=_x N Xo  =(112)
termination
Xo 4 Xo 4+ M - X, + M -(113)
A (ks/mor) [142]
X = E L1 Br I
Reaction (111) =160 =20 +46 +113
Reaction (112) =285 -97 ~92 =71

The thermochemistry of the abstraction (111) and chain transfer (112)
steps depend critically on the nature of the halogen. The abstraction
step is exothermic for fluorine and chlorine, but endothermic for bromine
and iodine., The chain transfer step is exothérmic for all of the halogens
but decreases from fluorine to iodine; therefore the ease of halogenation
decreases from fluorination to iodination. For iodination the reverse
reaction is often more favourable.

Halogenation of a hydrocarbon derivative gives a mixture of all
possible halides formed by abstraction of the various hydrogen atoms
present in the molecule, The rate of abstraction of the hydrogen atoms
will depend onthe chemical environment of the hydrogen and the type of
halogen atom. The relative reactivities of hydrogen atoms are expressed
usualiy in terms of their Relative Selectivity, a quanfity defined as the
relative rate of abstraction per hydrogen atom of position Y compared
to position X,

Y ky : pid

Relative Selectivity, RSX = kx X -

where kX s k_ are the rate constants of hydrogen abstiraction at
' ' positions X and Y respectively.

X , y are the number of hydrogen atoms at positions X and Y,
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The RSY values for primary , secondary , and tertiary hydrogen atoms

X
are given in Table 21[142]

which show that the order of reactivity is
tertiary ) secondary > primary. Also Table 21 shows that fluorine atoms
are not very selective and show little discrimination between the various
types of hydrogen atoms. In contrast iodine atoms are very selective and
react almost exclusively with tertiary hydrogen atoms., Therefore the
more reactive the halogen atom, the less selective it is during halogen-
ation. Absolute Arrhenius parameters for hydrogen abstraction by

halogen atoms are given in Table 22 , For each alkane the activation
energy increases from tluorine to iodine which would be expected as the
reaction becomes less exothermic., The less exothermic the reaction,the
more the reaction will be controlled by the strength of the carbon-

hydrogen bond being broken., The figures in Table 22 are in good

agreement with the Polanyi equation (114).

E = o< AH + C =(114)

where E

activation energy

DH

enthalpy of reaction

i

e , C constants

The constant o mey have a value between O and 1 and the higher the
value, the greater the influence the bond being brokén will have on the
course of the reaction, Values of oL are 0.0 for fluorine, 0.45 for
chlorine, 0.86 for bromine, and 0,91 for iodine. So endothermic
brominations and jiodinations will have transition states which resemble
‘the products more than the reactants (115). Conversely exothermic
chlorinations and fluorinations will have transition states which

resemble the reactants more than the products (116).
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Table21 [a2]

Selectivities(RSxY) for Hydrogen ibstraction

by Halogen Atoms at 300K

Halogen -CH3 =CH2 =CH
F 1 1.3 1.8
Cl 1 4.4 6.7
Br 1 80 1600
I 1 1850 210,000
Table2?2

Arrhenius Parameters for Hydrogen Abstraction

from Alkanes by Halogen Atoms

R-H + X° —> R +  HX
R=H F Cl Br

loga® EP logh E logh E logh E
H, 10,7 7.1 10,9 23,1 11.5 82,7 11.4 143
CH,-H 10.5 5.0 | 10.6 16.0] 11.0 78.1] 11.5 141
CoHg—H 10,0 1.3 | 11.0 4.2 11.6 58.8| 11.6 115
CyHo=H 9.7 0.0 | 11.0 4.2 - - 11,6 121
(CHy),CH-H | 9.8 0.0 | 10.9 2.9 | 11.0 43.7| 11.3 102
(CH3)3C=H 9.8 0.0 10,3 0.4 10.6 32.8| 11.0 92

b

@ in L/mol/s

in kJ/mol
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—=Comererss H=——= Br(I) = =—== Hw-eeeC1 (F)
| l
(113) (116)

This is a statement of the Hammond Postulate,

2, HALOGENATION OF SUBSTITUTED ALKANES.

The presence of a substituent greatly influences the relative
selectivity wvalues during helogenation. A large amount of data is
available using‘substituted n=butanes,A selection of this data is given
in Tables 23 ;| 24 | and 25 for fluorination, chlorination, and bromin-
ation respectively. b42]

During chlorination the hydrogen atoms at the alpha and beta positions
of the n-=butanes are deactivated by electron withdrawing substituents.
This may be explained by the émall extent of bond breaking in the
transition state and the influence of the bond dissociation energies
will be small, The polar inductive effect of the substituent will be the
important factor and will cause dipole-dipole repulsions within the

transition state (117) which will cause deactivation,

G fm———3
Ymc H"""""‘OC].
5- 5+ s+ 5-
Y = substituent,
(117)

Electron repelling substituents will cause activation of the alpha and

beta positions due to a favourable inductive effect. Hydrogen atoms at

the gamma position or further from the substituent remain unaffected.
The few fluorination results available show the same pattern as the

chlorination results. In these cases the relative selectivities are
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Table 23 [42)

Relative Selectivities(RSpX) for the Fluorination of

Substituted Butanes at 20°C in the Gas Phase.

CH2X

CH

CH

2 CH, 3

H 1.0 1.3 1.3 1,0

F 0.3 .0,8 1,0 1.0
NG *

cl - ™7 1.0

Table 24 142]

Relative Selectivitg‘_.es(RSpX) for the Chlorination of

Substituted Butanes at SOOC in the Gas Phase.

X CHZX CH2 CHZ——_ CH3
H- 1 3.6 3.6 1
F"' 009 197 307 1
Cl- 0.8 2,1 3.7 1
CF3=' 0604 102 403 1
CI'IBO‘l= 305 007 404’ 1
Me3C 2+9 3.7 5.3 1
Ph"‘ 605 100 o= 1
Table 25142

Relative Selectivities(Rpr) for the Bromination of

Substituted Butanes at 160°C in the Gas Phase.,

CH2X

CH

CH.

CH

2 2 3
H- 1 80 80 1
F- 9 7 90 1
Cl- 34 32 80 1
CF 1 7 80 1
NC- 20 8 80 1

e
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lower due to the greater reactivity of the fluorine atom,

The bromination of substituted n-butanes shows a different pattern
to chlorination; Here the amount of bond breaking in the‘transition
state is greater and the bond dissociation energy of the carbon=-
hydrogen bond is the dominant factor in controlling the reaction., The
alpha hydrogen atoms are activated because the bond dissociation energy
has been lowered due to the resonance effects of the substituents, eg

(118) and (119).

+ -
v}( ——C——H:++-Br . &— Yo  ————=H-eese e« B (118)
Z—i(')-—=-(°3—-=H--------°Br —— z——(lz =—=C———H-Br  (119)
0 | 0

These mesomeric effects do not apply to the beta hydrogen atoms which
will still be influenced by the inductive effects of the substituents

so will be deactivated,

3. SOLVENT EFPFECTS.

During halogenation a solvent may interact with the halogen atom
causing it to be less reactive;hence more selective, Solvent effects
have been investigated during the chlorination of 2,3-dimethylbutane by
observing changes in the Relative Selectivity between tertiary and
primary attack, shown in Table 26 ,[142] The influence of the solvents
is to make the chlorination'more selective and increase the Relative
Selectivity. Small effects occur with oxygen solvents due to interaction
of the chlorine atom with the oxygen lone pairs. The presence of a

sulphur atom in a solvent greatly increases the solvent effect due to
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Table26

Solvent Effects in the Chlorination of 2,3-Dimethyl-Butane

Solvent Relative Reactivities at 55°C
(Tertiary to Primary)
Neat 3.7
0014 3.5
Cyclohexane 3.6
Dioxan 5.6
n-Butyl ether 7.2
Sulphur monochloride 14

Carbon disulphide
Nitrobenzene
Chlorobenzene
Todobenzene
Benzene
Toluene
Arisole

Diphenyl sulphide

33 (at 25°C)
4.9

17.1 (at 25°C)
31

14,6

15.4

18.4

24
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the expansion of the covalency shell of the sulphur to form a compiexed

radical (120) of low energy with a chlorine atom.

Cle & S=(C==S§5 > C]_===§==C;=sS

(120)

Aromatic solvents are good at decreasing the reactivity of a chlorine

atom due to formation of W -complexes (121)

Clo +

Cle (121)

Electron withdrawing substituents on the benzene ring [ Y in (121) ]make
the ring more electrophilic so forming a weaker complex with the
chlorine atom. The opposite effect occurs with electron donating

substituents in (121).

4, HALOGENATION OF FLUOROALKENE ETHER ADDUCTS.

&, Infroductiona

The halogenation of octafluorocyclopentylmethoxymethane (122) has
Been investigated previously in this 1aboratory£7] Using a one to one
molar ratio of reactants, bromine attacked the methylene group of (1;2)
to give compound (123) and chlorine attacked mainly the methyl group
to give compound (Jgig)with some methylene attack to give compoupd (lgg)o
These results were explained by the late transition state during
bromination causing resonance effects to be dominant. Therefore methylene

attack would be preferred because this forms a secondary radical in the

transition state while methyl attack forms a primary radical, Although
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H
BrzA, hv
CHBrOCH3
i (123)
CHZOCH3
(122) 012 s hv
H H
+
CHClOCH3 CHZOCHZCI
(124) (124a)
Solvent, % Yield, % Yield.
Neat 9 , 91
0014 44 56
Cs 77 23

the tertiary hydrogen site of (122) would form a tertiary radical there
is no resonance stabilization with an oxygen atom. During chlorination
inductive effects are dominant because the early transition state means
that the more nucleophilic methyl position is.more reactive towards the
electrophilic chlorine atom. A solvent increases the yield of product
from methylene attack (J24) due to interaction with the chlorine atom
lowering the reactivity to more like the bromine case,

An independant investigation of the chlorination of a polyfluoro-

ether (125) gave attack predominantly at the least electronegative site,

in agreement with the above results.[143]
c1,
CHF, CHFOCH 5 > CP2HCHFOCHC1,, 78%
55 - 96°C

(125) +  CHF,CCLFOCH,C1 10%

+  CHF,CHFOCH,C1 3%

.  CHF,CCLFOCHCI, 9%

CHFZCHFOCCI3
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The halogenation of 2,2,3,4,4,4~hexafluorobutyl methyl ether has been
carried out to investigate further the orientation of halogen attack

on a polyfluorcether,

b, Halogenation of 2.2,3.4.4,4-Hexafluorobutyl methyl ether.

i, Chlorination.

The chlorination of 2,2,3,4,4,4-hexafluorobutyl methyl ether (9)
uging equimolar quantities of reactants in a sealed pyrex flask gave
three major components, They were the products from methylene group
attack (126), from methyl group attack (127), and a mixture: of di-

chlorinated species (128).

C1
2
CF_CFHCF,CH,,OCH 3 CF,CFHCF,CHCLOCH
3 272 3 sealed pyrex 3 2 3
(2) Vessel, UVo (126) 698‘%’

+ CFBCFHCFZCHzocHzcl

(127)  45.5%

{'CF3CFHCF20HZOCH012 36,7%

s

CFBCFHCFZCHCIOCH201 11.0%
(128)

This result shows that chlorination of compound (9) occurs preferentially
at the methyl group., An interesting structural identification feature

was based on the presence of two asymmetric centres in compound (126)

and one in compound (127). Two sets of fluorine-=19 NMR resonances are
observed for each fluorine environment of compound (126) while compound
(127) shows only one set. The formation of di-chlorinated species was a
problem to the determination of the preferred site of attack. Therefore
the chlorination of compound (9) was repeated using an excess of (3)

however the dichlorinated species were still present in comparable
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amounts, The effect of solvent on the position of attack was investigated
and the results shown in Table 27 . Two conclusions may be drawng
(a) The methyl group was elways the preferred position of attack.
(b) The quantity of dichlorinated species decreased on using a solvent,
Therefore compound (2) appears to be a much more reactive system than
octafluorocyclopentylmethoxymethane (122) towards chlorination., A
competitive chlorination reaction between (9) and (122) gave products
from compound (9) only, confirming this conclusion. It is not clear at
present why compound (9) should be much more reactive than compound (122).
Iodine monochloride was used to chlorinate 2,2,3,4,4,4-hexafluoro=
butyl methyl ether (9) . Chlorination products (126) , (127) , and (128)
were formed together with a compound (Jgg) that was assigned as a

dimer of (9).

ICL ‘ ,

CFCFHCF,CH,0CH,, - > CF,CFHCF,CHCLOCH,  (126) 1.6%
+  CF,CPHCF,CH,0CH,C1 (127) 49%

¢ CgH,O0FCl, (128) 10%

+ [Dimer of (2)] (129) 39%

ii, Bromination.

The bromination of 2,2,3,4,4,4<hexafluorobutyl methyl ether (9) was
carried out using similar conditions to those used for the chlorination
reactions, The two reagents were mixed in a one to one molar reatio in a
sealed pyrex flask and exposed to ultra violet light, The main product
was the alcohol (56), presumably from hydrolysis of a bromomethyl ether
resulting from attack of bromine on the methyl group of compound (9).
Only a small amount of products were formed from bromine attack on the
methylene group of compound (9). Non=bromine containing products (131)

and (132) have been assigned as dimers of compound (2).
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Table27

2,2,3,4,4,4-HEXAFLUOROBUTYL METHYL ETHER(9).

Molar Ratio

[(9)/¢1,] Solvent %(126) %(127) %(128)
0.62 Neat 6.8 45.5 47.7
2,01 Neat 12,7 39,9 47.4
1,94 Neat 13.5 50.4 36.1
0,71 ccl, 4.8 49.5 45.7
2,07 (F:@C% 17.6 67.0 | 15.4
0.84 cs, 16 76.5 7.5
2,90 0s, 19.9 80. 1 -
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Br.
2
CF.,CFHCF,,CH,0CH : — CF,CFHCF,CHBrOCH, (130) 12%
3 27273 sunlight 3 2 3
(9) 3 days. + CF,CPHCF,CH,0H  (56) 38%
+ Dimer of (9) I (131) 27%

+ Dimer of (9) II (132) 23%

Therefore it is not clear from this experiment which is the preferred
position of attack by bromine,

The bromination was repeated using carbon disulphide as a solvent. In
this case the main product was from methylene group attack (lgg),.with

only a small amount of the alcohol (56).

Br

CF.CFHCF,,CH,0CH 2 ,  CP,CFHCF,CHBrOCH, (130) 81%
' 2
(2) sunlight + CF_CPHCF,,CH,OH (56) 9%
3 2CH,
72 hrs,
+ Dimer of (9) I (131) 9%

The yield of dimers was greatly reduced giving a more accurate picture
of the preferred position of attack,

Another bromination reaction was attempted using thermal initiation.
This will give a greater proportion of gas phase reaction and perhaps
reduce the amount of dimerization. This was found to be the case and the

main product was again from methylene attack.

Br
2 .
CF4CFHCF,CH,0CH s CF ,CFHCF, CHBrOCH, (130) 57%
(9 | .
+  CF,CFHCF,CH,OH (56) ©%
+ Dimer of (9) (131) 34%

From the limited data it may be concluded that the prefefred position of

bromination of compound (9) is at the methylene position,
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iii,. Fluorination,
An equimolar quantity of fluorine, diluted with nitrogen, was
bubbled through the adduct in CF

C1CFCl, as solvent. The products were

2 2
isolated by preparative GLC, A few non-ether products (55) and (56)
were formed that may be explained by the hydrolysis of the ether products

during the isolation proceedure.

F
2 . ;
CF,CFHCF,,CH,0CH,, - > CF,CFHCF,CH,0CHF,  (133) 187
N, , 18°C |
(2) arcton 113 + CF,CFHCF,CH,0CH,F  (134) 44%
+  CP;CFHOR,CH,C—H (55) 20%
0
cf,
+  CF,CFHCF,CH,0H (56) 7%

No products were formed from methylene group attack, This shows that
fluorine attacks preferentially the methyl group of compound (9) which
is the least electronegative site, in agreement with the chlorination

results,
C. OXIDATIVE CHLORINATION,

1. BORATE ADDUCTS.

The chlorination of trimethyl borate results in cleavage and

oxidation of the methoxy groups to form carbonyl chloride.[144]

B(OCH3)3 + 9C1, —m BC1 + 3coc1 + O9HC1

2

It appeared possible, therefore, to produce fluoroalkanoyl chlorides
from the fluoroalkyl borate adducts discussed in Chapter 2. A number
of fluoroalkyl borates (135) have been chlorinated using gaseous chlorine

to give chlorinated species (136) and a small amount of boron-oxygen
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bond cleavage to form compound (121)0[145]
o1, | o1,
(RfCHZO)BB _— (RfCHClO)BB —_—) (RfCHClO)ZBCl
(135) (136) (137)

37

The fate of the cleaved fluoroalkyl group was not discussed. This work
showé that more forceful. conditions are needed to give fluoroalkanoyl
chlorides from borate adducts,

Tri(2,2,3,4,4,4-hexafluorobutyl) borate was sealed in a pyrex flask
with an excess of chlorine and left in the sunlight, On opening,a
copious amount of hydrogen chloride was liberated and the volatile

product mixture was mainly 2,2,3,4,4,4-hexafluorobutanoyl chloride (138).

excess Cl2 4¢0
B(OCH,,CF,CFHCF,) Y CF,CFHCF,C
373 sealed pyrex 3

, y c1

(63) flask, , (138)

(a) sunlight - 25%

18°C |
(b) UV , 50°C T75%

The experiment was repeated using UV initiation to give a better yield
of the acid chloride. A few other borate esters have been chlorinated
in this menner to investigate whether this is a general reaction. Each
borate ester was chlorinated using both sunlight and UV initiation bdut
the latter usually gave the best yield of products.
Tri(1,2,3,3,4,4,5,5,6,6-decafluorocyclohexyl) borate gave very good

yields of the acid chloride (139).
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excess Cl

2 H
B~ OCH, —
sealed pyrex 0
q tube, C¢¢
~e1
3
(139)
(a) sunlight, 18°C 85%
(v) uv , 50°C 83%

Two different products were obtained from tri(1,2,3,3,4,4-hexafluoro-
cyclobutyl) borate depending on the method of initiation used. Sunlight
gave the expected acid chloride (140) as the main product although in a

low yield, while UV gave the chlorinated acid chloride (141)

H
(a) sunlight, 18°C F
20
°<
B OCH2 excess 012 Cl
E (140) 16%
sealed pyrex
H tube,
cl
3
(b) UV , s50°C F
\C/»*O
el
(141) 63%

An acid chloride was not detected from the chlorination of tri(2-penta-
flaoroethyl-4,4,5,5,5-pentafluoro-2,3-di (trifluoromethyl)pentyl) borate
but compound (142) was the main product, It is probable that the acid

chloride is decarbonylated readily due to the highly stable tertiary
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radical intermediate.

?FZCFB excess Cl2 CFB(;FZ ?FZCFB
B~ OCH;— C—CF, N CFB——(lI —-clz —CF,
e e R0 )
CF,CF,y (a) sunlight, 18°C 1%
3 (b) UV , 50°C 87%

These preliminary results show that polyfluorinated acid chlorides may

be prepared in good yields by the oxidative chlorination of borate esters.

2, ALCOHOL ADDUCTS.

It would Be more useful if acid chlorides cquld be prepared from
alcohol adducts rather than from borate adducts., Therefore alcohol
adducts analogous to the borate adducts discussed above have been
chlorinated using our vigorous conditions.
1,2,3,3,4,4,5,5,6,6=Decafluorocyclohexylmethanol gave the acid chloride

(139) in a similar yield to the analogous borate adduct reaction,

i excess 012 H
—> 20
sealed pyrex
CH0H £ ask, . a1
uv , 50°C
(139) 86%

A mixture of acid chlorides (140) and (141) was formed on chlorination

of 1,2,3,3,4,4-hexafluorocyclobutylmethanol.

: 1.
i excess 012 H 2
F -> F + F
sealed pyrex 4¢0 6450
CH,OH flask. o C\\ N
2 uv , s0°c c1 c1
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Tetrafluoroethene and methanol telomer adducts are prepared
industrially and the preparation of acid chlorides from these compounds
would be a valuable process, The chlorination of «,«,w-trihydroperfluoro-

alkanols has been described t6 give a mixture of products including

aldehydes and esters but very little acid chlorides.[146]
012
.___—___§ .
H(CF20F2)nCH20H " H(CF2)2nCl + H(CcmFz)nCHO
20=-80"C .
n= 19293 1'55% 24-84%
+ H(CcmFz)nCOOH + H(CF2)2nCOOCH2(CF2)2nH
2-8% 6=25%

These chlorinations were carried out by bubbling chlorine through the
substrates at a high temperature. A few o, «,w =trihydroperfluoro-~
alkanols have been subjected to chlorination by our sealed vessel
technique,

1,1,3=Trihydrotetrafluoropropan-1=0l (143) gave a good yield of 3-chloro
tetrafluoropropanoyl chloride (144). The volatile (144) was separated

readily from a mixture of less volatile products,

0
excess 012
HCFZCF CH,,OH 3 Cicr.,CF,C
2 2 272 N
sealed pyrex c1
(143) flask,
uv , 50° (144) 50%

It is of interest that the w =hydrogen was chlorinated during this

reaction,
1,1,11=Trihydroeicosafluoroundecan-1-0l (145) was chlorinated as an
example of & higher molecular weight member of this class of adducts,.

The erystalline (145) dissolved in the 1liquid chlorine during the reaction
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and after the excess gases had been left to evaporate a white amorphous
~solid remained, The white solid was very moisture sensitive and anslytical
evidence was in favour of it being mainly 11-chloroeicosafluoroundecan-

" oyl chloride (146)

0
excess 012
H(CcmFZ)SCHZOH — Cl(CcmFz)BC\\
sealed pyrex c1
flask,
uv , 50°C (146)

The available chromatographic and spectroscopic techniques were not very
suitable for determining the purity of compound (146). To try and

obtain more information a volumetric technique was applied, A weighed
amount of compound (346) was hydrolysed and dissolved in distilled water
and the resulting acid solution titrated with standard alkali solution,

An acid chloride ought to give two moles of acid from one of acid chloride.,

0 4]
R 4%9 44’ HC1
—C + H.0 —R—C +
\\\ 2 \\\
Cl OH
1 mole 1 mole 1 mole

In practice 86% of the theoretical acid was formed and 89% using a back
titration method by dissolving compound (146) in a standard alkali

solution,
Chlorination of 1,1,5-trihydro-octafluoropentan=1-61 (147) gave a

complex mixture of products including acid chlorides.

excess 012
H(CF.CF,).,CH.OH 3 Product mixture.
272’2772
sealed pyrex
flask,

uv , 18°C

However this reaction was run at & lower temperature than that used above.
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3, CONCLUSION.

These results show that acid chlorides may be prepared from
fluoroalkene=borate and -alcohol adducts in good yields. A high reaction
temperature was preferred, however the experimental apparatus was
working to the pressure limit, Therefore a new apparatus would have
to be designed to cope with higher pressures generated when using higher

reaction temperatures in order to maximize the yield of acid chlorides.,

4. IDENTIFICATION OF PRODUCTS.

Anilide derivatives were prepared for some of the acid chlorides

and their melting points are given below,

Anilide Derivatives of Acid Chlorides

Structure. Melting Point, (°C)

CF,CFHCF,C—N—Ph (1 8) T79.5 = 81,5
EE —
O H

— C=— N—Ph
]

) (149) 129.5 - 131
.0 H
H
C=N=aPh.
E ) b (150) 141.5 - 143

H
ClCFZCFzﬁ-T—-Ph (151) 87.5 = 88.5

0 H
C —No— -
1(CF20F2)SE T Ph (152) 136 137

0 H
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D, FREE RADICAL DEHYDRODIMERIZATION.

1, INTRODUCTION.

From recent experiments on the stability of free radicals the concept
of capto-dative resonance stabilization has been developed,[147] This
theory is an extension of the principles determining the stability of
ionic species, Carbanions are stabilized by electron accepting or capto-
substituents (3153) and carbocations are stabilized by electron donating

or dative substituents (154)., Therefore free radicals are stabilized by

a combination of a capto and a dative substituent (155).

| ] .
cg/// ﬁ’\\"d d/)ﬂ FK\\d
(153) (155) (154)

¢ = capto group. 4 = dative group

A review of the development and application of capto-dative stabilization
is ava.ilable,“”l One particular application of this theory we have
investigated is the dehydrodimerization or oxidative coupling of
methylene compounds, This reaction involves the dimerizagion of a
methylene unit substituted with both a capto and a dative group (lié)o

A much lower yield of dimer product is produced if the methylene unit

is substituted by any other combination of groups.

Di=t=butyl d c
AN /
2 c¢—CHy¢—d peroxide N H— € — C X
160°C e a
(156) 25-91%
o= CO,Me , CN , CONMe, ; d = MeO , Me,N , MeCO,
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This reaction has been reported using capto groups that are conjugatively
electron withdrawing, Fluoroalkene-ether adducts contain a methylene
group that is substituted by an inductively electron withdrawing

polyfluoroalkyl group and a donating methoxy group.

CH30 ——————9CH2 —_—) CFZCFHCF3

dative= -~inductively capto

Experiments have been attempted to try and dimerize a number of these
adducts, This would be useful both to investigate the capto-dative

theory and as & synthetic proce..dure to produce further functionally
substituted fluorocarbons,
2, RESULTS,

2,2,3,4,4,4=-Hexafluorobutyl methyl ether was heated with di-t-butyl

peroxide in a sealed tube;however no products were observed by GLC,

Di=t-butyl
CFBCFHCFZCHZOCH3 peroxide. . No reaction,
[

(9) (a) 160°C, 22hrs.
Dibenzoyl o
peroxide (v) 120°C, 24hrs,
80°C
22hrs.

No reaction

The reaction was repeated using dibenzoyl peroxide as an alternative

radical initiator however the ether was recovered unchanged.

Another adduct (gg)'was tried but the dimerization was still unsuccessful,

Di -t-butyl

CF CFHCF peroxide
3 No reaction.
120°C , Thrs :
(25)
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To check on the experimental conditions 1,4-dioxan was successfully

dimerized,
Di-t-butyl
0 peroxide 0 0
120°C, 8hrs,
0 0 0

(156)  25%

A final reaction was tried using the di-adduct (11) but it was recovered

quantitatively.
Di=t<butyl
CHBCH 0 peroxide N No reaction,
CF.,CFHCF 160°C, S5hrs.
73 2
(11) 12

Therefore in every case no dimer was formed from the fluoroalkene-ether
adducts, It must be concluded that inductively electron withdrawing
perfluoroalkyl groups do not represent good capto groups. The strong
influence of the fluoroalkyl group on the rest of the adduct molecule
is demonstrated by the absence of dimers from the dioxan adduct (25)

even at the rembte 5=position,
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CHAPTER 6

COBALT TRIFLUORIDE FLUQORINATION OF FLUOROALKENE ETHER ADDUCTS.

A. INTRODUCTION,

A range of methods exist for the synthesis of highly fluorinated
ethers which have been discussed in Chapter 1. These syntheses fall into
two categories. Either complex multistep procedures are used with
expensive starting materials or a one step procedure is used that gives
very 1OW'yie1ds‘of produ_tct° No high yleld synthesis of highly fluorinated
ethers exists using simple proce dures and inexpensive starting materials,
It would be useful to develop such a synthesis because fluoroethers
exhibit useful properties,

Many partially fluorinated ether adducts were obtained during the
mechanistic investigation disoussed in the previous chapters. The cobalt
trifluoride fluorination of these adducts was investigated as a potential

route to highly fluorinated ethers,

B. DEVELOPMENT,

It is usual to carry oult the cobalt trifluoride fluorination of a
compound at a temperature just above the boiling point, These -conditions
were used in a previous study in this laboratory to fluorinate dimethyl

7] Poijyfluorinated products were obtained

ether adducts of fluoroalkenes,
but this did not include any of the fully fluorinated ether. No
fragmentation products were obtained and it was concluded that a
fluorine containing substituent stabilized the ether during fluorination.
To build on these results some fluoroalkene ether adducts were fluorin-
ated using cobalt trifluoride. The fluorination was attempted first with
2=(1,1,2,3,3,3-hexafluoropropyl Joxane(22) at 190°C. A good recovery of

material was obtained but the product (214) was a complex mixture of

polyfluoro species by GLC/mass spectrum analysis,
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0 ~_- CF,CFHCF, coF 0~ CF,CPHCP,
N, 50 ml/min
o)
190°%C FHo

(214) 69% n= 1 to 9
The incomplete reaction may have been due to exhaustion of the cobalt
trifluoride, Theiefore the cobalt trifluoride was regenerated with
fluorine and the reaction repeated with mixture(214). The product (215)
consisted of a similar ratio of components as in mixture (214) by GLC.
Therefore the cobalt trifluoride bed had not been exhausted. In an
attempt to obtain a greater degree of fluorination the reaction was
repeated with mixture (g;g) at 250°C, GLC showed that, although the
components of this product mixture (216) were the same as for the
previous two mixtures (214) and (215) , there were significant amounts
of the-more»highly-fluorinated-products; This was encouraging and the
temperature was increased in stages until, at 420°C, a product was
obtained that consisted of the perfluorinated ether (156) in greater
than 90% of the product mixture. The total yield of (156) is very good

in comparison to any other available synthesis of (156) shown in Chapter 1.

0 CF,CFHCF,, CoF 0 CF,CF,CF,
3
» F
N, 50 ml/min
420°C
(158) 62%

This discovery opened up the possibility of a new high yield general
synthesis of perfluoroethers. Therefore a systematic study of the high
temperature cobalt trifluoride fluorination of ether adducts has been

carried out,
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C. TEMPERATURE DEPENDENCE STUDIES.

The preliminary experiments described above showed that a temperatufe
of at }east 420°C is required for complete fluorination of an ether
adduct, It was necessary to obtain quantitative results and, consequently,
the fluorination of a number of ether adducts were done at a variety
of temperatures to determine the optimum temperature. The extent of
fluorination at each temperature was calculated from GLC peak area
measurements and GLC/mass spectra were used to idehtify the products,
Intermediate polyfluorcethers were isolated by preparative GLC where

possible.

T.USING 2-(1

1.2 ~-HEXAFLUOROPROPYL JOXOLANE.
The cobalt trifluoride fluorination of 2-(1,1,2,3,3,3—hexaf1uoropropyl}

oxolane (21) at 440°C gave perfluoro-2-propyloxolane (157) as the major

product.
0 CF,CFHCF cor, 0 CF ,CF,,CF
— F
N, SOmt/min (157)
440°C 70%

+ COF,CF,CF,CF,CF,CF,  (138)
3%

(Total yield 73%)

Perfluorohexane (158) was isolated as a minor decomposition product due
to carbon-oxygen bond fission of the ether,

Fluorination at 355°C gave some of the perfluorocether (157) but most
of the products contained one hydrogen atom, Various isomer mixtures

were isolated from the product,
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0 CF,CFHCF, CoF

3 _ Perfluoroether (157) 23.1%
N, 50ml/min “ '
355°¢C
0 0
R <j :; L CoF, (j ;; j C,F,
FH FcH
(160) 8.5%
0 0 - 0
F2 3F7 CBECFHCFB (/’ C3F7
+ F +
FH
P2 F, FH
{

(161) 5.7%

(159) 17.9%
(Total Yield = T73¢) 2

Fluorination at temperatures of 270°C 0 240°C , and 180°C gave complex
mixtures of products,

The major products from fluorination at 110°C contained a double
‘bond and were assigned as isomers of 2,5,5-trifluoro-2-(1,1,2,3,3,3-hexa~

fluoropropyl)oxolen (159).

0 ' ' 0
CF,CFHCF, Cop P, CF,,CFHCF,
3 s F
N, 50m£§min gd=—{n  (162) 10.4%
110°C
0 0
FH CF,CFHCF, CF,, CFHCF,
+ F +
FH FH
H
Fq
(163) 3.4% (164) 2.2%
0
Total Yield = 30%., CcmFHCFB
+
T H
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The extent of fluorination at each of the above temperatures ére
summarized in Table 28 and illustrated in Pigure 6 . It can be
concluded from the structures of the isolated compounds that fluorination
occurred first at the positions adjacent to the oxygen atom, Also the
isolation of oxolen products indicates that the initial stages of the
fluorination involves elimination steps, Similar oxolen type compounds
have been isolated by Tatlow et all148] from the potassium tetrafluoro-
cobaltate(III) fluorination of 2-methyloxolane and 2,5-dimethyloxolane

at 200%C to give (166) and (167) respectively.

] 0 CF,H CFH 0 CF H
2 F F P
(166) , (167)

+4~HEXAFLUORO=1-METHYLBUTYL ETHYL ETHER.

The fluorination of 2,2,3,4,4,4-hexafluoro=1-methylbutyl ethyl ether

(10) at 440°C gave the perfluoroether (168) as the main product.

CHBCHEOCHCH CoF CF,CF,OCFCF

3 3 . 3772 3
N, 50ml/min
CP.CFHCF 2 0 CP.CF,.CF
2 3 440 ¢ 27273
(10) ‘ (168) 43%

+ CFBCF20F20F20F3

(169) 10%

A variety of temperatures were used for this fluorination but no attempt
was made to isolate individual polyfluoroethers, The extent of fluorin-
ation at each temperature is presented in Table 29 and Figure 6 .

A similer pattern of reactivity was observed with this system as
compared with the oxolane system, although the total yield of products

is lower , ie.ca 50% compared to ca 70% respectively. Also a much greater
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proportion of decomposition products was observed for this system at
44000. Therefore the high temperature fluorination of an acyclic ether

adduct is not as good as for a cyclic ether adduct.

3., USING 2=§1a1a2g2322§=HEXAFLUOROPROPYL2=1ﬁ4=DIOXAN.
The fluorination of 2-(1,1,2,3,3,3-hexafluoropropyl)=-1,4-dioxan (25)

at 440°C gave the perfluoroether (170) with 1little decomposition.

0

CFZCFHCF3 CoF3 0 CF20F2CF3
— F
0 | N2 50ml/min 0

440°C

(170) 68%
Fluorination at a slightly lower temperature gave a significant amount

of heptafluoro-2=(1,1,2,3,3,3-hexafluoropropyl)-1,4-dioxan (171) although

the main product was still the perfluoroether (170).

CF CFHCF CoF Perfluorocether (170)
3 36%
. N, 50ml/min ’ +
370°C OF ,CFHCF,

of

(171) 21%

(Total Yield = T70%)

. 0

Using a fluorination temperature of 240 C a product mixture was obtained
from which was isolated a number of polyfluorodioxan compounds containing
two hydrogen atoms. However it was not possible to assign the stereo~

chemistry of each isomer, The main product at this temperature was (171).
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0 CF,CFHCF, CoF Perfluorcether (170) 4.7%
0 Né SOm](-)/min Compound (J;Ll) 20, 1%
240°C
+
H
[ TCF CF CF3
0 CcmFHCF3 +
F
FBH . isomer A (172) 8.5%
: 0 2 isomer B- (173) 6.1%
isomer C (174) 5.2%

isomer A (175) 3.7%
isomer B (176) 6.8%

isomer C (177) 2.4%
(Total Yield = T74%)

The extent of fluorination at each temperature is given in Table 30 and
illustrated in Figure 6 ., These results show that hydrogen atoms
adjacent to an oxygen atom are fluorinated more readily. This can be
concluded from the high yield of compound (111) formed at the relatively
low temperature of 240°C, The diethyl ether and oxolane adducts gave

only small amounté of products containing one hydrogen atom at 240°C.
These two adducfs have three hydrogen sites that are not adjacent to

an oxygen atom. and these will all require a higher temperature to be
fluorinated, This is apparent from Figure 6 where at any one temperature
the extent of fluorination of the dioxan adduct is greater than for the

diethyl ether and oxolane adducts,

4, CONCLUSION.

The temperature dependance studies have shown that fluorination at
440°% was required to obtain mainly the perfluorinated ether, Good yields
of products are formed with cyclic ether adducts although they are less

with acyclic ether adducts.
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D. FLUORINATION OF ACYCLIC ETHER ADDUCTS.

Although the high temperature fluorination of the few ether adducts
discussed above gave high yields of products, it was important to assess
the scope of this reaction by varying the structure of the adduct. A
standard temperature of 440°C was used,
Fluorination of 2,2,3,4,4,4-hexafluorobutylmethyl ether gave two
gaseous products which were not separated but GLC/mass spectra identified

them as perfluorobutyl methyl ether (178) and perfluorobutane (179).

CoF
CI‘BCFHCF2CHZOCH3 3 N CFBCFZCFZCFZOCFB
(® Yo SO /min (178) 363
440°¢C :
+ CFBCFZCFZCFB
(172) 447

Therefore & significant amount of carbon-oxygen bond cleavage of the

ether had occurred with the loss of the methoxy group.
2,2,3,4,4,4-Hexafluoro-1-ethylbutyl propyl ether gave a mixture

of mainly perfluoro~1-ethylbutyl propyl ether (180),

CoF

3
OH_CH..CH,.OCHCH.. CH s CF.CF.CF.OCFCF.CF.
37222 N, 50ml/min ’ 37ee 273
CF ,CFHCT, 140°C CF,CF,CF,
(12) (180) 32%

A significant amount of carbon-oxygen bond fission of the ether occurred

on the fluorination of 2,2,3,4,4,4-hexafluoro-1-propylbutyl butyl ether

to give perfluorcheptane (181) as well as the perfluoroether (182).

CoF
3
CH,CH,,CH,CH,OCHCH,CH,CH s CF_CF.CF.CF.OCFCF.CF.CF
372 e e l 277273 N, Soml /min 4 37722772 2772773
' CF.CF.CF
(14) CF20FHCF3 240°¢C (182) 18% pCF,CFy

+ CF,CF,CF,CF,CF,CF,CF, (181)
10%
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Therefore optimum hydrocarbon chains on an ether adduct appear to be
ethyl and propyl. It is possible that decomposition occurred because
one fluorocalkyl substituent on the ether adduct is not sufficient to
stabilize the whole ether molecule during fluorination. To investigate
this hypothesis ether di-adducts were fluorinated,
Di=(2,2,3,4,4,4=hexafluoro=1-methylbutyl) ether gave a moderate
yield of perfluoroether (183) together with perfluoropentane (169)

derived from carbon-oxygen bond cleavage.

CoF

CH.CH—0—CH CF~0—CF
3 l CH3 3/ 5 CF3I 0 i CF3
N, 50ml/min
CFBCFHCFz CcmFHCFB 2 140%C CF30F20F2 CF20F20F3
(11 (183) 4%

+ CF3CFZCF2CF2CF3

(169) 9%

Fluorination of di-adduct (l;) gave a low yield of the perfluoroether

(184) but the main product was perfluorohexane (158).

CoF
CH..CH..CH— O — CH —0—
3CH, | CH,,CH, 3> CFBCFzﬁF 0 ?FCFZCFB
CF. CFHCF CF..CFHCF N, 50ml/min CP.CF,CF CF.CF. CF
3 2 2 3 o 3CF,CF, o CF L
440°C
(13) (184) 12%

+ CF30F20F20F20F20F3

(158) 30%

Only perfluoroheptane (181) was formed from the fluorination of

di-(2,2,3,4,4,4-hexafluoro-2-propylbutyl) ether.

CH.CH,,CH,,CH— 0 — CH Co F , ,
3727 | CH,CH,CH, 3 ___,  CFCF,CF,CF,CF,CF,CF,
N2 50ml/min
CF,CFHCF,  CF,CFHCF, 240°¢C (181) 329

(15)
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These results show that the extra fluoroalkyl group does not increase
the stability of the ether adduct and does not give higher yields of
perfluorocethers. In fact lower yields of pexfiluoroethers are obtained
péssibly due to increased branching causing carbon-oxygen bond cleavage
to predominate,

This effect was confirmed by fluorinating the tri-adduct (16) from

which only perfluoroheptane was isolated in a low yield.

CF. CFHCF
3 | 2 Con
CHBCHZCHZf-=0=—fHCHZCH2CH3 4 OFCF,CF,CF,CF,CF,CF,
CF.CFHCF. COF,CFHCF N, 50ml/min (181) 26 %
3 2 2 3 o —
440°¢C
(16)

It was shown above that a methoxy group was readily lost during
fluorination, therefore an ether adduct containing two methoxy groups
would be expected to decompose easily. Fluorination of compound (185)
gave a complex mixture of products in very low yield which were not

isolated but were shown to be fully fluorinated by GLC/mass spectira.

CF_CFHCPF,CH--0QCH
3 2| 0 3

CHZ,—-OCH3

(185)

E. FLUORINATION OF CYCLIC ETHER ADDUCTS.

The fluorination of a series of cyclic ether adducts was carried
out to study the effect of ring size. Oxolane (21) , oxane (22) , and
dioxan (25) adducts with hexafluoropropene are discussed above and all
gave the corresponding perfluorcether in approximately 70% yield.

2-(1,1,2,3,3,3-Hexafluoropropyl Joxepane gave a moderate yield of
perfluoro~2-propyloxepane (186). In addition perfluoro-octane (187) was

formed which shows that carbon-oxygen bond fission of the ether had
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occurred,

0., CF,CFHCE, cor, 0 CF,CF,CF,
N, 50ml/min : F (186)
o
440°C 45%
(24)

+ CFBCFZCFZCF2CFZCFECF2CF3

(187)  12%

Fluorination of the oxetane adduct (20) gave only a low yield of
perfluoro=-2~propyloxetane (188) due to facile cleavage of the four

membered ring,

Q == CF,CFHCT, Cor, 0 ——" CF,CF,CFy (188)
—> F A
l , N, 50ml/min l | 8%
440°C

+ CF,CF,CF,CF,CF, (169) 3%

+ CFBCcmFZCFZCFZCFB (158) 10%

Therefore ether adducts composed of five or six membered rings give the
best yields of perfluoroethers,

To study the effect of substitution on an oxolane ring a mixture
of 2-methyl- and 5-methy1—2-(1,1,2,3,3,3=hexafluoropropy1)oxolane was
fluorinated. A mixture of the two perfluorcethers (189) and (190) were
formed together with perfluoro-3-methylhexane (191) and other decomposition
products. Therefore increased substitution on the carbon atoms alpha to

the oxygen atom of the ether results in increased decomposition.



~148-

0 CF,CFHCF, 0 CF,CF,CF,
CH CoF F CF
3 3 N 3
N, 50ml/min
440°C (189) 18%
CH,, 0 CF,CFHCF
+ CF3 0 CF20F20F3
F
(190) 25%
+ CFCF,CF, ?FCF »CF5
CFy (191) 10%

A series of reactions were attempted using ether adducts with various
degrees of branching within the fluoroalkyl side chain. Fluorination of
adduct (41) gave perfluoro-2~(1-methylpropyl)oxolane (192) in moderate
yield, although not as high as the analogous reaction using the propyl

side chain adduct,

CF CF
0 3 CoF3 3
C—CFHCF . 0 CPUF,CF,
N, 50ml/min F
440°¢C (192) 53%

(41)

With polyfluorocycloalkyl side chains eg decafluorocyclohexyl (;g)
octafluorocyclopentyl (39), and hexafluorocyclobutyl (40) the yields of
the perfluoroethers (193) , (195) , and (197) respectively were in the
order of 60%. Carbon-oxygen bond cleavage to form perfluorocycloalkanes

(194) and (196) was greater in these cases than with a propyl side chain.

N2 50m1/m1n 51%
440°¢ CF ,CF,,CF
(194) b%
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CoF, :
- (195)
N2 50ml/min 65% |
440°%¢
+ —CF20F20F3 (196)
11%
0 0
N— CoF \\~ —r
- 3 . F (197
F N, 50ml/min F 64%
H 440°C

+ Decomposition product 12%

In conclusion a 1arge-flu6roalkyl side chain in the ether adduct inéreases
carbon-oxygen bond cleavage of the ether, However these are still very
clean reactions and only small amounts of other decomposition products
are present in the product mixtures,

The cleavage reaction may be observed within a series of fluorinations
of cyclic ether. perfluorocyclopentene adducts. The yields for these
reactions were lower than for the corresponding hexafluoropropene addﬁctso

The oxane adduct (46) gave the perfluoroether (198) and perfluorobutyl=-

cyclopentane (199)

COF3 R (198)
N, 50ml/min 31%
440°C

20%
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Similarly the oxepane adduct (48) gave the perfluoroether (200) and

perfluoropentylcyclopentane (201).

0 CoF3 0 (200)
N, 50ml/min ” F 20%
H 440°C
(48)
(201)
\ CFZCFZCFZC{FZ 224,
CF,

+ Decomposition products  32%

The cyclopentyl series shows that the larger the ether ring the greater
the amount of carbon-oxygen bond fission occurs on fluorination, in
agreement with the propyl series.

The dioxan adduct (50) gave the fully fluorinated ether (202) together
with two products from successive carbon-oxygen bond cleavages, (292) and

(204).

(202)
17%

+ CF20F200F3 (203) -
8%

N CF,CF (204)

A chlorine atom in the fluoroalkyl side chain is retained partially
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during fluorination, For example adduct (35) gave mainly perfluoro-2-
(2-chloroethyl)oxolane (205), although there wes a small amount of the

dechlorinated product (206)

0 0
CF,CFHC1 CoF X - CF,CF,C1
N, 50ml/min .
440°¢C
(35)
(205)  45%
+ CF20F3
F

(206)  12%

However with two adjacent chlorine atoms in the fluoroalkyl side chain
the ether adduct is particularly susceptible to elimination reactions.
A complex mixture of products was obtained from adduct (42) and only

compounds (207) and (192) were isolated,

CF, 0 fF3
0 L Co¥F
CLCC1HCF, 3 X CFCF,CF,
stmuhun" F (162)
0 : 192
0°c —=
44 15%
(42)
+ fFB
0 CFCFC1CF,
F (207)
16%

Ether adducts consisting of a cyclic fluoroalkyl group and a methyl
ether group did not fluorinate very well., Fluorination of adduct (22)
gave a low yield of the fully fluorinated ether (208) and the carbon-

oxygen bond cleavage product, perfluoromethylcyclohexane (209).
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CoF
3 N ,CF,0CF,
N2 50ml/min
440°¢C (208) 16%
CF
+ 3
(209) 9%

Similarly adduct (210) gave a very low yleld of & complex mixture of

products which were not investigated.

In view of the easy loss of methoxy groups on fluorination these results

were not unexpected and analogous diethyl ether cyecloalkene adducts

would probably give better results,

P, CONCLUSION.

In summary, the high temperature cobalt trifluoride fluorination of
ether adducts gives good yields of perfluoroethers, with 1ittle
decomposition, if the following conditions apply.

(a) Any alkoxy group must be either ethoxy or propoxy. A methoxy group
is reddily lost, while a butoxy group results in excessive decomposition,
(b) The hydrocarbon portion of the ether adduct is a ring system,

(¢) Branching is avoided both in the hydrocarbon and the fluorocarbon
portion of the adduct,

(d) Chlorine atoms are not in positions where elimination reactions mey
ocour easily,

During fluorination the most probable decomposition pathway involves
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elimination of one of three possible fragments, COFZ-an , n=0,1,2 ,
The remaining perfluorocarbon fragment was isolated, especially in the
cyelic ether cases, as the only by-product with the perfluoroether. This

process is illustrated in Scheme 4 .

(21) (165) (157)
~CH,,0 ~ =CFHO ~CF,0
A XA
[CFH2CHZCFZCFZCFHCF3] —_— CF3CF20F20FZCF20F3
(158)
&

[CFH2CH20HFCFZCFHCF4

Scheme 4 ,

At present it is not clear at which stage the fragment is eliminated.

G, IDENTIFICATION OF PRODUCTS,

The molecular ions were not observed in the mass spectra of the
perfluoroethers. The highest mass ions were due to either loss of
fluorine or loss of perfluoroalkyl in the case of the higher molecular
weight ethers, Scheme 5 .

The different fluorine atom environments of the perfluorcethers
were identified from their fluorine-=19 NMR chemical shift values which

are summarized in Table 31 ,
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m/e 347 (6%)

+
5%

m/e 231 (18%)

J

Lo
C, P,
C4F5
m/e 181 (12%)
m/e 131 (28%)
4 o
CZFBO + C2r4
m/e 97 (3%) m/e 100 (31%)

o

o CF,CF,CFy
F

m/e 366 (absent)

%
CF20F2CF3

m/e 169 (1004)

*
CBFG

m/e 150 (28%)

+
C2F5

m/e 119 (14%)

CF+
3

m/e 69 (45%)
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Fluorine-19 NMR Chemical Shift Values for Perfluorocethers

Environment s2 Environment S a
b (CF,) -
CE3"‘(CF2) 8305"8504 Cz/ 2 7005
2_(¢1)
CF ;~(CFO) 90,7
' (CFH)
C£3“°(CF) 7303_7405 C_F_z/ 7294"8099
~~(0)
CF ;~(CFH) 77.2=77.5
CE 4~(0) 58,7-58.8 CE(Ry) 184.0-191.7
| (R,
(CF,)
yd 3
CE, 124.8 ACF3)
C(CF.) CF—(0) 136.8-142.8
- (CF5) _(cxy)
CE{ 13.7-147.7 crZ-(0) 124,0-131.7
(CF,) PN
CF, 127.4-130,3 CFZ—(0) 118.0-120.7
N(CFO) N\ (cF)
(CF.) (Rg)
o5 3 89. 3 CE{-:(RI.) | 210.2-222,0
| (R,)
_-(CF,) cgi(o) 140.0-147.6
ng 7904—9305 \(H)
~(0)
/(CF)
CF, 73,0
~(0)

a)Chemical shifts & relative to

shifts positive.

b)Adjacent groups in brackets,

external CFCl3,

upfield




EXPERIMENTAL
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INSTRUMENTATION.

Fractional distillations of product mixtures were carried out using
Fischer=Spaltrohr MS 200 and HMS 500 systems.

Quantitative gas 1liquid chromatographic (GLC) analyses were carried
out on a Varian Aerograph Model 920 equiped with a gas density balance
detector, using columns packed with 30% silicone gum rubber SE-30 on |
chromosorb P (column 0), 20% di-isodecyl phthalate on chromosorb P
(column A), 17% 2~-cyanocethyl silicone on chromosorb P (column Z), and
'Krytox fluid' on chromosorb P (column K)., Preparative scale gas liquid
chromatography was carried out on a Varian Aerograph Model 920 instrument.

Melting points and boiling points were determined at atmospheric
pressure unless otherwise stated and are uncorrected. Boiling points were
recorded during fractional distillation or by the Siwoloboff method,

Carbon, hydrogen, and nitrogen analyses were obtained using a Perkin-
Elmer 240 Elemental Analyser, Analyses for halogens were performed by
the literature method. ﬁ58]

Ultra violet spectra were recorded using a Unicam SP8000 Spectro-
photometer and using Spectrosol grade solvents,

Infra red spectra were recorded on a Perkin-Elmer 457 Grating Spectro-
photometer using KBr plates, discs, and gas cells.

Proton (1H) and fluorine (19F) nuclear magnetic fesonahce spectra (NMR)
were recorded on a Varian A56/60D spectrometer operating at 60 and 56.4MHz
respectively or a Bruker HX90E spectrometer operating at 90 and 84.7MHz
respectively, Chemical shifts are quoted in p.p.m. relative to external
tetramethylsilane (TMS) and trichlorofluoromethane, upfield shifts
positive, Carbon (130) NMR spectra were recorded on a Bruker HX90E
spectrometer operating at 22MHz and chemical shifts are quoted in p.p.m.
relative to internal THMS in deutereochloroform solvent,

llass spectra were recorded on an A.E,I. MS9 spectrometer or on a

V.G.,Micromass 12B spectrometer fitted with a Pye 104 gas chromatograph.
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CHAPTER 7

EXPERIMENTAL TO CHAPTER 2

A. GENERAL PROCEDURES.

1, PURTIFICATION OF REAGENTS,

In general, hydrocarbon reagents were dried with anhydrous magnesium
sulphate and distilled onto 4A molecular sieves, Oxolane and 1,4-dioxan

were dried with potassium and diethyl ether with sodium., The hazards of

ether perovides are so great that it was important to establish that all

ethersused gave a negative peroxide test. Trimethyl borate was used both

with traces of methanol and after removal of methanol by treatment with

[149]

lithium chloride, Fluoroalkenes were used as received without

further purification.

2, GAMMA RAY INITIATION.

a, Cobalt~60 Gamma Ray Source.

All gamma ray initiated reactions wefe carried out using the Durham
University cobalt=60 gamma ray facility. The source is housed in a purpose
built irradigtion chamber, shown in PFigure 7 ., Pellets of the source
material are enclosed in a steel container which is located on the end
of a steel hawser within the steel guiding tube . When not in use the
source is located within a lead and concrete bunker. The source may be
electrically, or mechanically driven from the bunker via the steel
guide tube to the irradiation site by winding the hawser, A number of
safety procedures are incorporated in the winding mechanism such that
access to the irradiation chamber through the gate is not possible
unless the source is in the bunker. Samples to be irradiated are placed

in a metal holder which positions them & set distance from the source.




=158~

Figure

Durham University Cobalt-60 Gamms Ray Facility.
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b, Measurements of Dose Rates,

i. Fricke Dosimeter.
The dose of radiation received by the samples was calculated using

L150] The method involves the oxidation of an acid

the Fricke dosimeter,
gsolution of ferrous ions to ferric, in the presence of oxygen and under -
the influence of the radiation, The increase in ferric ion concentration
.was determined spectrophotometrically. The dosimeter solution was

- prepared 5y adding concentrated AR sulphuric acid (22ml) to distilled

- water (600ml) with continual stirring. When cool, AR ferrous ammonium
sulphate (0,56g) and AR sodium chloride (0,06g) were dissolved and the
volume made up to one litre using distilled water, The solution was
irradiated with gamme rays using the same conditions as used for the
reactions., An optimum dose of 15 to 20 krad is required for most

accurate results because above a dose of 40 krad the dissolved oxygen

becomes depleted in the dosimeter solution.

1i. Definitions,
RAD ; The unit of absorbed dose, corresponds to an energy absorption
of 100 erg/g of material.
G Value ; The radiationchemical yield. The number of molecules of
material changed or of product formed, for each 100 eV.
of radiation energy absorbed by the system.

G = 15,5 for 6000 gamms. rays in Fricke solution,

iii, Calculation.

A worked example is given below to shoﬁ how the dose rate may be
calculated using the Fricke dosimeter,

Pricke solution(20ml) was irradiated for 1.2 hours at 5 cm from the
60

Co gamma ray source, The absorbance of the irradiated solution was

found to be 0,61 (at 304nm) when measured in a 1 cm cell at 24°¢,
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1 rad = 100 erg/g
13
2 1 rad = 6.242 x 10 eV/g
Jo 1 rad will convert 6.242 x 1013 x G molecules/g
100
11 .
= 6,242 =x 10 x G mol/g
N

a

where Na = Avogadro number,

= 1,036 x G x 1012 mol/g

=3 x ¢ x 1.024 mol/dm3-=(‘f)

where 10024g/cm3 is the density of
the dosimeter solution,

& 1 Mred will -convert 1,036 x 10

The variation of the molar extinction coefficient with temperature is
given by the expression,

€a = & [1 + 0,007( t2~t1)]
3+

As €, = 2193 at t, = 25°C for Fe~' at 304nm, then €3 = 2178
Concentration = Absorbance = 0.61
€5 2178
3+ =3 3
2 Concentration of Fe = 0,28 x 10 mol/dm
Therefore the dose produced a change of 0,28 x 10-3 mol/dm3 —{(2)
(1) A (2) =3 Dose = 1000 x 0,28 krad

15,5 x 1,036 x 1,024

3 Dose = 17,0 krad,
s Dose rate = 17,0 krad/hr
1.2
= Dose rate = 14,2 krad/hr,
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The value of the dose is within the optimum range for the dosimeter.
The dose rate was determined periodically throughout the duration of

this work, The half life of cobalt-60 is 5.26 years.

c. General Procedure.

The free radical addition reactions were carried out in sealed pyrex
Carius tubes ( ca 100ml). The liquid reagents were added to the tube and
degassed and the gaseous reagents were vacuum transferred into the tubé.
Degassing was accomplished by three freeze thaw cycles, Normal vacuum
line techniques were used for these procedures. The tube was sealed
with the reactants frozen (liquid air) and under vacuum., The hydrocarbon
substrate was used normally in a 2.5:1 excess over the fluoroalkene,

Unless otherwise stated the tube was irradiated with gamma rays at a v

distance and for the calculated time to give a total dose of ca 10 Mrad,

8t & temperature of 18°C. The tube was opened while the contents were

frozen (liquid air) and the gaseous components transferred under vacuum,

3, THERMAL INITIATION.
Two peroxide initiators have been used during this study. Di-t-butyl

peroxide has a useful half life above 120°C,

CH CH
7 2 > 120°%¢ t
CH,— C—0— 0— C— CH sy 2 Buo-
37 , 3
CH
3 CH,

and benzoyl peroxide above 8000.

(o}
Ph—C—0—0—C—Pn —280C 3 S _c—o
] n If

0 0 : 0

They were added to the reactant mixture at 1 to 5% (wt:wt) concentration.
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The same procedure was used to seal the reactant mixture in a Pyrex
Carius tube as discussed for gamma ray initiation. The sealed tube

was placed in a metal sleeve then into a thermostatically controlled
furnace at the required temperature. The tube was cooled and the contents

frozen (liquid air) before opening,

B. ADDITIONS OF ETHERS TO HEXAFLUOROPROPENE.

1. DIMETHYL ETHER.

A mixture of dimethyl ether (9.8g , 213mmol) and hexafluoropropene
(13.82 , 92mmol) was irradiated with gamma rays. The excess ether was
allowed to evaporate to leave a colourless liquid, Distillation gave
2,2,3,4,4,4-hexafluorobutyl methyl ether (9) (12.28g , 68%); b.p. 87-88003

2

nD5 1.3050; (Found: C,30,9%; H,3.2%; Calc. for CSH6F6OI7] C,30,6%; H,3.1%);

IR, NMR, mass spectra 1,

2. DIETHYL ETHER,

A mixture of diethyl ether (14,5g , 196mmol) and hexafluoropropene
(10.8g , 70mmol) was irradiated with gamma rays, The product was distilled
to give 1-methyl~2,2,3,4,4,4-hexafluorobutylethyl ethyl ether (10), (6.05g,
38%)3 bep. 116-117°C; (Pound: €, 38.2%; H, 5.0%; F, 47.7%. cale.l 9% for
Calao¥e0: Cs 37055 H,4.53 F,50.9%); IR , NMR , mass spectra 2.‘The residue
was distilled in vacuo to give di=-(1-methyl-2,2,3,4,4,4-hevafluorobutyl)
ether (11), (5.84g , 43%); b.p. 60-61°C at 15mmHg; (Found: C, 32.4%;

H, 2,5%; F, 57.2%. Calc, for»c1oﬂ1op1zo[94] . C, 32.1%; H, 2.7%; F, 61.0%);

IR , NMR , mass spectra 3,

3. DI-n=-PROPYL ETHER,

A mixture of di-n-propyl ether (14.58g , 143mmol) and hexafluoro-
propene (9.5g , 63mmol) was irradiated with gamma rays. Hexafluoropropene
was transferred under vacuum to leave a liquid (18.12g) which was

distilled to remove excess ether (10.56g). The residue was distilled
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in vacuo to give 1-ethyl-2,2,3.4.4,4=-hexafluorobutyl propyl ether (12),

(12% by GLC, column K, 150°C); b.p. 46°C at 15mmHg; (Found: C, 43,0%;

H, 6,0%; F, 45.9%. 9H14F60 requires: C, 42.9%; H, 5.6%; F, 45.2%);

IR , NMR , mass spectra 4; and di-(1-ethyl=-2,2,3,4,4,4~hexafluorobutyl)

ether (13), (28% by GLC, column K, 150°C); b.p. 88-90°C at 15mmHg;

(Found: C, 36.3%; H, 3.9%; F, 56,1%. C 0 requires: C,35.8%; H, 3.5%;

12114F12
F, 56,7%); IR , NMR , mass spectra 5,

4, DI-n-BUTYL ETHER.

A mixture of di-n-butyl ether (15.72g , 121mmol) and hexafluoropropene
(11.8g , 79mmol) was irradiated with gamma rays. Hexafluoropropene was
transféred under vacuum to leave a liquid (23.91g). The liquid was

distilled in vacuo to give three products, 1-propyl-2,2,3,4,4,4-hexafluoro-

butyl butyl ether (14), (16% by GLC, column K, 17000); b.Po 88-90°C at

25mmHg; (Found: C, 46.8; H, 6.7%; F,44.6%, C, H, F O requires: C, 47.1%;

H, 6,4%; ¥, 40,7%); IR , NMR , mass spectra 6; di-(1-propyl-2,2,3,4,4,4-
hexafluorobutyl) ether (15), (28% by GLC, column K, 170°C); b.p. 120-130°C

at 25mmHg; (Found: C, 39,8%; H, 4.5%; F, 51.0%. C 0 requires:

14 18 12
C, 39.1%3 H, 4.2%; F, 53,0%); IR , NMR , mass spectra 7; and 1-propyl-

2,2,3,4,4.4-hexafluorobutyl 1-propyl-1-(1,1.2,3,3,3-hexafluoropropyl)-

2,2,3.4,4,4-hexafluorobutyl ether (16), (26% by GLC, column K, 170°0C);

(Found: C, 38,3%; H, 4.1%; F, 59.4%. C 0 requires: C, 35.2%;

17H18% 18
H, 3.1%; ¥, 59.0%); IR , NMR , mass spectra 8,

5. DI-iso=-PROPYI, ETHER.

A mixture of di-iso-propyl ether (9.85g , 97Tmmol) and hexafluoro-
propene (5.8¢ , 39mmol) was irradiated with gamma rays. The starting

materials were recovered (GLC, column A, 112°C and IR),

6. ETHYLENE OXIDE.

A mixture of ethylene oxide (6.32g , 144mmol) and hexafluoropropene
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(5.5 , 37mmol) was irradiated with gamma rays. A liquid remained (3.64g)
after all the starting materials were allowed to evaporate, Preparativé
GLC (column Z, 110°C) of the liquid gave 1,4-dioxan, (16% by GLC),
(identified by comparison of spectra with an authentic sample),
3,3,4,5,5,5-hexafluoropentan-2=-one (0,8% by GLC), (identified by
comparison of spectra with an authentic sample), and 2-(1,1,2,3,3,3~
hexafluoropropyl )dioxan (5% by GLC), (identified by comparison of spectira

with an authentic sample ).

7. OXETANE,
A mixture of oxetane (3.99g , 69mmol) and hexafluoropropene (5.4g ,
36mmol) was irradiated with gamma rays. Excess ether was allowed to
evaporate to leave a liquid (9.24g). The liquid was distilled in vacuo
to give 2=(1,1,2,3,3,3-hexafluoropropyl)oxetane (20), (7.06g , 65%) as a
mixture of diasteriomers; b.p. 47«5200 at 45mmHg; (Found: C, 35.1%;

H, 2,9%. C,HeF O requires: C,34.6%; H, 2.9%); IR , NMR , mass spectra 9,

8. OXOLANE.

A mixture of oxolane (10.4g , 144mmol) and hexafluoropropene (5.5g ,
37mmol) was irradiated with gamma rays. The liquid product was distilled
to give 2-(1,1,2,3,3,3-hexafluoropropyl Joxolane (21), (8.10g , 95%); as a
mixture of diasteriomers; b.p. 136-137°C; (Found: C, 37.7%; H, 4.0%;

F, 50,9%. Calc, for C7H8F6O[94] : C, 37.8%3 H, 3.6%; F, 51.3%); IR , NMR,

mass spectra 10,

9. OXANE.

A mixture of oxane (9.81g , 114mmol) and hexafluoropropene (10.7g ,
7immol) was irradiated with gamma rays., The liquid product was distilled
in vacuo to give 2-(1,1,2,3,3,3-hexafluoropropyl Joxane (22),(12.33g, 61%),
mixture of disteriomers; b.p. 86°C at 7Ommig; IR , NMR',.mass spectra 11,
and 2,5-di(1,1,2,3,3,3-hexafluoropropyl Joxane (g;), as a mixture of

diasteriomers, (3.8¢ , 35%); IR , NMR , mass spectra 12,
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10. OXEPANE,
A mixture of oxepane (8.6g , 86mmol) and hexafluoropropene (4.3g ,
29mmol) was irradiated with gamma rays., The liquid product was distilled

in vacuo to give 2-(1,1,2,3,3,3=hexafluoropropyl Joxepane, (24), (5.0g ,

70%); b.p, 79-81°C at 24mmHg; (Found: C, 43.4%; H, 5.2%; F, 45.1%.

C9H12F60 requires: C, 43.2%; H, 4.8%; ¥, 45.6%); IR , NMR , mass spectra 13.

11. 1,4-DIOXAN,

A mixture of 1,4-dioxen (9.36g , 106mmol) and hexafluoropropene
(5.0g , 33mmol) was irradiated with gamma rays. The liquid product was
distilled in vacuo to give 2-(1,1,2,3,3,3,-hexafluoropropyl)~1,4~dioxan,
(25), (6.28g , 79%), as a mixture of diasteriomers; b.p. 80°C at 46mmHg;
(94]

(Found: C, 36,2%; H, 3,4%., Calc, for C,H_F

. . AT
7 8 602 ° Cg}S.B%’ H’ 304’/ )’

IR , NMR , mass spectra 14,

12. 1,3,5-TRIOXAN.

a, Neat.

A mixture of 1,3,5-triovan (2,78g , 31mmol) and hexafluoropropene
(13.3g , 89mmol) was irradiated with gamma rays. Most of the alkene was
recovered (9,64g), together with a white solid which was washed with
acetone (50ml), dried, and identified as paraformaldehyde by comparison
with an authentic sample (IR)., The acetone washings were concentrated
and transferred under vacuum to give a yellow liquid (0.91g) which was

not investigated further,

b, Using di-iso-propyl ether as solvent.

A mixture of 1,3,5-trioxan (2.9g2 , 32mmol), hexafluoropropene (16.65g,
111mmol), and di-iso=-propyl ether (30ml) were irradiated with gamma rays.
The product was transferred under vacuum to leave a white solid (3,78g).

Trioxan was sublimbed trom the white so0lid to leave a yellow liquid (0.3g)
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which contained products (GLC, column A, 120°C) but not in sufficient

quantity to isolate ( 5%),

13, 12-CROWN-4 POLYETHER.

A mixture of 12-crown-4 polyether (1.41g , 8mmol) and hexafluoro-
propene (0,732 , 4,.9mmol) was irradiated with gamma rays, The two reactants

were recovered by transfer under vacuum (GLC,column K, 160°C and IR).,

14, 2,4,6=TRIMETHYL=1,3,5=TRIOXAN.

A mixture of 2,4,6-trimethyl-1,3,5-trioxan (3.08g , 23mmol) and
hexafluoropropene (10,5g , 7Ommol) was irradiated with gamma rays. The
liquid product was trensferred under vacuum to give hexafluoropropene
(3.35g) and a liquid residue (10.13g). The residue was distilled to give
3,3,4,5,5,5=-hexafluoropentan-2-one (12)[7] , (68%): b.p. 77°C;

3 -1

Amax (Epay) 295nm (28,5 dm mol™ em™'), 289sh, 305sh, 317sh, 328sh;

IR , NMR , mass spectra 15,

15, 2=METHYLOXOLANE,

a, At 18°C
A mixture of 2-methyloxolane (2.74g , 32mmol) and hexafluoropropene

(3,07g , 20mmol) was irradiated with gamma rays. Preparative GLC (column

Z, 90°C) of the liquid product (5.71g) gave 2-methyl=5=(1,1.2,3,3,3-hexa-

fluoropropyljoxolane (27), (31% by GLC, column A , 120°C); b.p. 86°C at

100mmHgs; IR , NMR , mass spectra 16, and 2-methyl-2-(1.1.2.3,3,3~hexa~-

fluoropropyl)oxolane (26), (64% by GLC, column A, 120°C); b.p. 88°C at

100mmHg; IR , NMR , mass spectra 17,

b. At 75°C.

A mixture of 2-methyloxolane (2,79g , 32mmol) and hexafluoropropene
(1.81g , 12mmol) was irradiated with gamma rays 8t 7500. The liquid
product (4.65g) was shown by comparison of GLC (column A4, 120%C) retension

times to be adducts (27) (33%) and (26) (62%).
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16, p=HYDROXYMETHYLANISOLE.

A mixture of p-hydroxymethylanisole (13.84g , 100mmol) and hexafluoro-
propene (6.6g , 44mmol) was irradiated with gemma rays. All the alkene
was recovered by transfer under vacuum and the ether showed no new bands

in the IR.

17. n=BUTYL PHENYL ETHER.

A mixture of n-butyl phenyl ether (14.91g , 99mmol) and hexafluoro-
propene (4.50g , 30mmol) was irradiated with gamma rays. The product was

transferred under vacuum to give the two starting materials quantitatively.

18, DIBENZYL ETHER.

A mixture of dibenzyl ether (15.04g , 76mmol) and hexafluoropropene
(4.56g , 30mmol) was irradiated with gamma rays. The product was transferred

under vacuum to recover the starting materials,

19, DI~=(2=CHLOROETHYL) ETHER.

A mixture of di=(2-chloroethyl) ether (15,38g , 108mmol) and hexa-
fluoropropene (6.5 , 43mmol) wes irradiated with gamma rays. The product

was transferred under vacuum to recover the starting materials.,

20, (142.3,3.4.4,5,5.6,6-DECAFLUOROCYCLOHEXYL )METHYL METHYL ETHER (32).

s. At 18°C,

A mixture of adduct (32) (0.54g , 1.7mmol) and hexafluoropropene
(0.3g , 2mmol) was irradiated with gamma rays. The product was transferred
under vacuum to recover the starting materials,
b. At 75°C.

A mixture of adduct (32) (3.18g , 10.3mmol) and hexafluoropropene
(0.6g , 4mmol) was irradiated with gamma rays at 75°C, The product.was

transferred under vacuum to recover the starting materials.,
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21. n=BUTYL VINYL ETHER.

A mixture of n-butyl vinyl ether (10,30g , 103mmol) and hexafluoro;
propene (6.4g , 43mmol) was irradiated with gamma rays. A white rubbery
solid was obtained that was boiled in toluene (50ml), washed with acetone
(3 x 50ml), and dried in vacuo for 4 hours., The solid was insoluble in
all common solvents and it was assigned as a co-polymer of the reactants,
(33); m.p. >300°C (decomp.); (Found: C,50.8%; H, 8,1%; F, 31.2%. A
copolymer of ether and alkene in the molar ratio 103:43 respectively

requires: C, 53.5; H, 7.5%; F, 29.3%),

22, DIHYDROPYRAN,

a, With Fluoroalkene.

A miyture of dihydropyran (8.62g , 103mmol) and hexafluoropropene
(5.14g , 34mmol) was irradiated with gamma rays. The product was transferred
under vacuum to give mainly alkene (5,41g) and to leave a white go0lid(8.32g)
The solid was re-crystallized (acetone) to give poly-dihydropyran, (34),
soluble in ether, diozan, CH2012 , and CCl4 ¢ sparingly soluble in water
and acetone; “V nas 2940 and 2850(CH), 1463,1450,1438,1375,1352,1345,1300,

1280, 1263,1235, 1205, 1135, 1085, 1050, 1030, 961,870 cm™ 3, 1.6(6H, s br,),

H
“and 3.5-3.83 (4H, br m); m/z 83 (22%), 85(100), 97(9), 168(7), 169(18),

250(4), 252(5), 253(7), 336(2), 337(1), 420(1), 421(0.4), 504(0.4).

b, Without Fluoroalkene,

Dihydropyran (4,37g) was irradiated with gamma rays to give no

products,

C. ADDITION OF ETHERS TO_ CHLOROTRIFLUOROETHENE.

1. OXOLANE,

A mixture of oxolane (9,56g , 133mmol) and chlorotrifluoroethene

(9.6 , 82mmol) was irradiated with gamma rays, The product (19,11g) was
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distilled in vacuo to give 2=(2-chloro=-1,1,2-trifluoroethyl)oxolane (35),
(8.94g , 78%); b.p. 66°C at 25mmHg; (Found: C, 38.3%; H, 4.4%; F, 28.0%;

cl, 18,0%, Calc, for C, H_CLF ol99 C, 38.2; H, 4.2%; ¥, 30.2%; Cl, 18.8%);

68 3
IR , NMR , mass spectra 18; and leave a residue of telomer adducts

(3.24g , 20%) which were not separated,

D, ADDITION OF LETHERS TO HEXAFLUOROCYCLOBUTENE.

1. OXOLANE,
A mixture of oxolane (10.54g , 146mmol) and hexafluorocyclobutene
(5.32g , 33mmol) was irradiated with gamma rays., The product (15.93g) was

distilled to give 2~-(1,2,3.3.4.4=hexafluorocyclobutyl)oxolane (40),

mixture of isomers, (6.98g , 91%); b.p. 154~156°C; (Found: C, 41,9%;
H, 2.8%; F, 48,6%, C8H8F60 requires : C, 41.0%; H, 3.4%; F, 48.7%); IR ,

NMR , mass spectra 19,

E. ADDITIONS OF ETHERS TO OCTAFLUOROCYCLOPENTENE.

1. OXOLANE,
A mixture of oxolane (7.46g , 104mmol) and octafluorocyclopentene
(4.86g , 23mmol) was irradiated with gamma rays. The product (12.3g) was

distilled in vacuo to give 2=§1ﬁ2n§ngﬂgsgn55§-octaf1uorocyclopentvl)

oxolane (39), mixture of isomers, (5.39g , 83%); b.p. 110°C at 70mmHg;

(Found: C, 41.9%; H, 3.3%; F, 51.4. 09H8F80 requires: C, 38.0%; H, 2.8%;

F, 53.5%), IR , NMR , mass spectra 20,

2. OXANE.

A mixture of oxane (7.81g , 91mmol) and octafluorocyclopentene (5.2g,
25mmol) was irradiated with gamma rays. The product (12.97g) was distilled
in vacuo to give 2-(1,2,3,3.4.4,5,5,-octafluorocyclopentyl)oxane (46),
mixture of isomers, (5.58g , 76%); b.p. 75°C at 15mmHg; (Found: C, 41.1%;

H, 3.9%: I, 50,0%. C 0 requires: C, 40.3%; H, 3.4%; F, 51.0%), IR ,

1011078
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NMR , mass spectra 21,

3., OXEPANE.
A mixture of oxepane (7.75g , 77mmol) and octafluorocyclopentene
(5.7g , 27mmol) was irradiated with gamma rays. The product was distilled

in vacuo to give 2=(1,2,3.3.4.4,5,5-octafluorocyclopentyl)oxepane (48),

mixture of isomers, (5.89g , 71%);: b.p. 106°C at 23mmilg; (Found: C, 42.6%;

H, 4,1%; ¥, 48,0%, C 0 requires : C, 42.3%; H, 3.9%; F, 48.7%), IR,

1181278
NMR , mass spectra 22,

4o 1 84-DIOXANQ
A mixture of 1,4-dioxan (11.92g , 135mmol) and octafluorocyclopentene
(8,92 , 42mmol) was irradiated with gamma rays. The product was distilled

in vacuo to give 2-(1.,2.3.3.4.4,5,5-0octafluorocyclopentyl)~1,4~dioxan, (50),

mixture of isomers, (6.18g s 49%); b.p. 95-98°C at 15mmig; (Found: C, 37.1%;
H, 3.1%3 F, 46.3%, C9H8F802 requires: C, 36,0%; H, 2.7%; F, 50.7%); IR ,
NMR , mass spectra 23,

F., ADDITION OF ETHERS TO DECAFLUOROCYCLOHEXENE,

1. OXOLANE.

A mixture of oxolane (9,05g , 126mmol) and decafluorocyclohexene
(8,65g , 33mmol) was irradiated with gamme rays. The product (17.67g) was
distilled in vacuo to give 2=§1QZE32323342Qn5;636=decaf1uorocxclohexxl2
oxolane (38), mixture of isomers, (10,01g , 91%); b.p. 91-94°C at 25mmHg

(Found: C, 36,5%; H,2,3%3 P, 57.5%, C O requires: C, 35.9%; H, 2.4%;

10%8%10
F, 56,9%); IR , NMR , mass spectra 24,

" G. ADDITION OF ETHERS TO OCTAFLUOROBUT~2-ENE.,

1. OXOLANE,
A mixture of oxolane (5.83g , 81mmol) and octafluorobut-2-ene (4.16g,

21mmol) was irradiated with gamma rays. The product (9.92g) was distilled




-171=

to give 2=(1=trifluoromethyl-1,2,3.3,3-pentafluoropropyl)oxolane (41), -
mixture of isomers, (5,05g , 89%); b.p. 149-150°C; (Found: C,36°2%; |
H, 3.2%3 F, 55.0%. CgHgFo0 requires: C, 35,3; H, 2.9%; F, 55.9%); IR ,
NMR , mass spectra 25,

2. OXANE,

A mixture of oxane (7.95g , 92mmol) and octafluorobut-2-ene (5.8g ,
29mmol) was irradiated with gamma rays. The product was transferred uﬁder
vacuum to give some alkene(2.57g) and a liquid (10.59g). The liquid was
distilled in vacuo to give 2=(1-trifluoromethyl-1,2,3,3,3-pentafluoro-
propyl)oxane (47), (1.778 , 21%); b.p. 65°C at 20mmHg; (Found: C, 38»&%;

H, 3.3%: F, 53.4%. 09H10F 0 requires: C,37.8%; H, 3.5%; P, 53.2%); IR ,

8
NMR , mass spectra 26,

3. OXEPANE,

A mixture of oxepane (7,975 , 80mmol) and octafluoro but-2-ene
(5.7¢ , 28mmol) was irradiated with gamma rays., The product was distilled
in vacuo to give 2=§1=trifluoromethgl-122,zaj,}-Qentafluoropropxlzoxegane,
(49), (5.12 , 60%); b.p. 84-85°C at 24mmHg; (Found: C, 40.3%; H, 3.7%;

F, 50.7%. C 0 requires: C, 40,0%; H, 4.0%; F, 50.7%); IR , NMR ,

101278

mass spectra 27,

4, 1,4=-DIOXAN,

A mixture of 1,4-dioxan (11.84g , 135mmol) and octafluorobut-2-ene
(8.2g , 41mmol) was irradiated with gamma rays. Excess alkene was
removed by transfer under vacuum to leave a liquid (16,57g). The liquid

was distilled in vacuo to give 2=(1=trifluoromethyl-1,2,3,3,3-pentafluoro~

propyl)-1,4=-dioxan (51), (2.24g , 19%); b.p. 70°C at 15mmig; (Analysis

unsatisfactory); IR , NMR , mass spectra 28, and & mixture of

unassigned di-adducts, (1.71g , 15%).
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H. ADDITION OF ETHERS TO 2,3=DICHLORCHEXAFPLUOROBUT-2-ENE.

1. OXOLANE,
A mixture of oxolane (8,81g , 122mmol) and 2,3-dichlorohexafluoro- -
but-2-ene (8.67g , 3Tmmol) was irradiated with gamma rays. The product

was distilled in vacuo to give 1-(1,2-dichloro=-1-trifluoromethyl-3,3,3-

trifluoropropyl)oxolane (42), (89% by GLC, column K, 175°C); b.p. 98-100°C

at 25mmHg; (Found: C, 31.7%; H, 3.0%; F, 41.5; C1l, 25.0%. CBH8C12F6O

requires: C, 31.5%; H, 2.6%;3 F, 37.43; C1, 23.3%); IR , MR , mass
spectra 29; and a product identified as probably the dehydrochlorinated
mono-adduct, (Found: C, 37.8%; H, 4.1%; F, 42.5%; Cl, 13.9%. CBH7C1F60
requires: C, 35.8%; H, 2.6%; F, 42,5%; Cl, 13.2%), (9% by GLC).

I. ADDITION OF ETHERS TO PERFLUORO=3-METHYLPENT=2=ENE.

1. OXOLANE.

A mixture of oxolane (5.85g , 81mmol) and perfluoro-3-methylpent-2-ene
(3.42g , 11mmol) was irramdiated with gamma rays., The product was
transferred under vacuum to give a volatile component (3.,63g) and an
involatile component (4.68g). Preparative GLC (column K, 150°C) of the

volatile component gave 2-(1,2-di(trifluoromethyl)~1,3,3,4,4,4-hexafluoro-

butyl)oxolane (43), (70% by GLC, column K, 200°C), (Found: C, 32,5%;

H, 1.8%, C 0 requires: C, 32,3%; H, 2,1%); IR , NMR , mass spectra 30;

10812
Microdistillation in vacuo of the involatile component gave 2,5-di(1,2-

di(trifluoromethyl)-1,3,3,4,4,4-hexafluorobutyl)oxolane (44), (22% by GLC,

column K, 200°C); b.p. 232°C (Siwoloboff); (Found: C, 28,8%; H, 0.5%;

F, 65,9%. C O requires: C, 28,6%; H, 1.2%; F, 67.9%); IR , NMR ,

1688724

mass spectra 31,
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J. ADDITION OF ETHERS TO PERFLUORO=3,4-DIMETHYIL-4-ETHYLHEX-2-ENE.

1, OXOLANE.

A mixture of oxolane (9,7g , 135mmol) and perfluoro-3,4-dimethyl-4-
ethylher-2-ene (13,89g , 28mmol) was irradiated with gamma rays, The
‘product consisted of two layers. The upper hydrocarbon layer was distilled
in vacuo to give mainly oxolane and to leave a white sticky solid
containing no fluorine, The lower fluorocarbon layer was micro-distilled
in vacuo to give alkene and a small amount of product (0,5g). The product

was identified by GLC/mass spectrum as 2-(1.2 3-tri(trifluoromethyl)-3-

pentafluorocethyl-1,4,4.5, 5,5=-hexatluoropentyl)oxolane (45), (4%), mass

spectrum 32,

K. ADDITION OF ETHERS TO PERFLUQRO~3,4-DIMETHYILHEX=3~ENE.

1., OXOLANE.

A mixture of oxolane (8,73g , 127mmol) and perfluoro-3,4-dimethylhex-
3-ene (11.48g , 29mmol) was irradiated with gamma rays. The product
consisted of two layers, neither of which showed the presence of adducts
by GLC (column K, 19O°C)u Distillation of the upper hydrocarbon layer
gave mainly oxolane with a white sticky solid residue which did not

contain fluorine and was assigned as oligomers of oxolane,

L. ADDITION OF ETHERS TO OCTAFLUOROCYCLOHEXA=1,3-=DIENE.

1. OXOLANE.,

A mixture of oxolane (9.89g , 137mmol) and octafluorocyclohexa-1,3-diene
(4.52g , 20mmol) was irradiated with gamma rays, All the volatile
materials were removed under high vacuum for 5 hours to leave a white (5.2g)

rubbery solid which was not investigated further.




-174-

M. ADDITION OF ESTERS TO HEXAFLUOROPROPENE.

1. METHYL FORMATE.

a, At 18°C,

A mixture of methyl formate (9.7g , 162mmol) and hexafluoropropene
(7.3g , 49mmol) was irradiated with gamma rays. The product was transferred
under vacuum at 0°C to give starting materials( by GLC, column A, 120°C

and IR),

v, At 120°C.

A mixture of methyl formate (6.56g , 109mmol), hexafluoropropene
(4.85g , 32mmol), and di-t=-butyl peroxide (0.46g , 3mmol) was heated at
120°C for 16 hours, The starting materials were transféred under vacuum
to leave a liquid (3.04g). Preparative GLC (columns Z at 100°C and A at

130°C) of the liquid gave methyl-2,2,3,4,4,4-hexafluorobutancate (54),

impure sample, (4.5% by GLC, column A, 105°C); b.p. 116°C (Simoloboff);

IR , NMR , mass spectra 33; 2,2,3.4,4,4-hexafluorobutyl formate (55),

(11% vy GLC, column A, 105°¢C; b.p. 119°C (Siwoloboff); (Found: C, 29,0%;

H, 2.1%; P, 54.2%, C HyFe0, requires: C, 28,6%; H, 1.9%; F, 54.3%), IR ,

5
NMR , mass spectra 34 ;2,2,3,4,4,4-hexafluorobuten~i-ol (56),(21% by
GLC, column A, 10500); IR , NMR , mass spectra 35; and an unassigned

compound, (8% by GLC, column A, 105°¢.

2. METHYL ACETATE,

A mixture of methyl acetate (7.10g , 96mmol) , hexafluoropropene
(5,4g , 36mmol), and di-t-butyl peroxide (0.33g , 2mmol) was heated at
120°C for 18 hours, Thenstarting méterials were transferred under vacuum
to leave a liquid (4.24g).4Preparative GLC (column A, 130°C) gave
2-trifluoromethyl-2,3,3,-trifluoropropyl acetate (59),(3% by GLC,
column A, 130°C); b.p., 126°C (Siwoloboff); (Found: C, 32.4%; H, 2.8%;
[124]

¥, 51.6%, Calc, for C ,H F,O

6 6 6 2 H C, 32:11%; }Ip 2-7%; F, 5009(}{’)9 IR 9
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NMR , mass spectra 36; 2,2,3,4,4,4-hexafluorobutyl acetate (57), (39%

by GLC, column A, 130°C); b.p. 134°C (Siwoloboff); (Found: C, 34.3%;

[124]

H, 3.,2%; ¥, 49.,7%. Calc, for C6H6F602 : C,32.1%; H, 2,7%; F, 50.9%);

IR , NMR , mass spectra 37; methyl 3,3,4, 5,5,5-hexafluoropentanocate (58),

(10% by GLC, column A, 130°C); b.p. 135°C (Siwoloboff); (Found: C, 32.2%; -

) 24 . ¢, 32,195 H, 2.7%; T, 50.9%);

IR , NMR , mass spectra 38 ; and 2,2,3,4,4,4~-hexafluorobutan-1-ol (56),

H, 2.7%; F, 50,8%. Calc, for C H6F602[

(2% by GLC, column A, 130°C),

3, METHYL BENZOATE.

a. At 18°C.

A mixture of methyl benzoate (13,69gz , 100mmol) and hexafluoropropene
(5.4g , 36mmol) was irradiated with gamma rays. The product was transferred
under.vacuum to give a quantitative recovery of starting materials, (GLC,

column 0, 212°C and IR and NMR).

b, AT 120°C.

A mixture of methyl benzoate (13.54g , 99mmol) , hexafluoropropene
(5.12 , 34mmol), and di-t~butyl peroxide (0,28g , 2mmol) was heated at
120°C for 18 hours. The product was transferred under vacuum to give a

95% recovery of starting materials,

4, METHYL CHLOROFORMATE.

A mixture of methyl chloroformate (9.98g , 106mmol) , hexafluoro-
propene (4.6g , 31mmol), and di-t-butyl peroxide (0.48g , 3mmol) was
heated at 120°C for 18 hours. The product was transferred under vacuum

to give a good recovery of starting materials (GLC, column A, 12000).

5. DIMETHYL MALONATE.

a. At 18°C.

A mixture of dimethyl malonate (12.20g , 92mmol) and hexafluoropropene
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(4.35¢ , 29mmol) was irradiated with gamma rays. The product was
transferred under vacuum to give a quantitative recovery of starting

materials (by GLC, column K , 115°C).

b, At _120°C,

A mixture of dimethyl malonate (14.43g , 109mmol), hexafluoropropene
(5,81g , 38mmol) , and di-t-butyl peroxide (0.29g , 1.8mmol) was heated
at 120°C for 18 hours. The product was transferred under vacuum to give

a 95% recovery of starting materials (by GLC, column K, 115°C)°

6, DIETHYL OXALATE,

A mixture of diethyl oxalate (14.45g , 99mmol) and hexafluoropropene
(5.2g , 35mmol) was irradiated with gamma rays. The product was transferred

under vacuum to give starting meterials.

7. DIMETHYL CARBONATE,

a. At 18°C.
A mixture of dimethyl carbonate (4,75g , 53mmol) and hexafluoropropene
(5,08 , 33mmol) was irradiated with gamma rays, The product was transferred

under vacuum and distilled to give a 95% recovery of starting materials,

b. At _120°C.

A mixture of dimethyl carbonate (8,86g , 98mmol ) , hexafluoropropene
(7.5 , 50mmol) , and di=t-butyl peroxide (0.3g , 2mmol) was heated at
12000 for 18 hours. The product was transferred under vacuum to give

alkene (3.72g) and a liquid which was distilled to give 2,2.3,4,4,4-hexa~

fluorobutyl methyl carbonate (60), (4.0g , 55%); b.p. 14600; (Pound: C,

30.4%; H, 2.8%; 1*, 48,5%. C6H6F603 requires: C, 30,0%; H, 2.5%; F, 47.5%);

IR , NMR , mass spectra 39,
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N, ADDITION OF KLUOROALKENES TO TRIMETHYL BORATE.

1. HEXAFLUOROPROPENE.

a, At 18°¢C
A mixture of trimethyl borate (16.5g , 158mmol) and hexafluoropropene
(10,32 , 69mmol) was irradiated with gamma rays. The product (26.72g)

was distilled in vacuo to give tri(2,2,3,4,4,4-hexafluorobutyl) borate (63),

(8.2g , 65%); b.p. 62°C at 0,05mmHg; (Found: C, 26,1%; H, 1.8%; F, 61.5%;
B, 3.1%. C12H9BF1803 requires: C, 26.0%; H, 1.6%; F, 61.7%; B, 2.0%);
IR , NMR , mass spectra 40,

b, At 80°C.

A mixture of trimethyl borate (7.40g , 77mmol), hexafluoropropene
(4.94g , 33mmol), and benzoyl peroxide (0.1g , 0.5mmol) was heated at
80°C for 25 hours. The product (12.3g) was distilled in vacuo to give

adduct (63), (1.5 , 25%).

2, CHLOROTRIFLUQOROETHENE.,

A mixture of trimethyl borate (9.11g , 88mmol) and chlorotrifluoro-
ethene (6.0g , 52mmol) was irradiated with gamma rays. Theproduct (15.01g)
was distilled in vacuo to remove excess borate and leave a sticky semi-

solid residue (62) (5.5g) which was not investigated further,

3., HEXAFLUOROCYCLOBUTENE.,

a. At 18°¢C.
A mixture of trimethyl borate (10.68g , 105mmol) and hexafluorocyclo=-

butene (6,77g , 42mmol) was irradiated with gamma rays, The product (17.4g)

was distilled in vacuo to give trig(1,2”gagﬂ&,&-hexafluorocxclobutxl2-

methyl) borate (64), (3.94g , 49%); b.p. 72°C at 0,05mmHg; (Found: C, 31.2%;

Hy, 1.5%; F, 58,0%; B, 3.5%. C,‘ngBF,]BO3 requires: C, 30.5%; H,1.5%;

F, 58,0%; B, 1.9%); IR , nmr , mass spectra 41,
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b, At 80°C.

A mixture of trimethyl borate (9.03g , 87mmol) , hexafluorocyclo-
butene (7.86g , 48mmol) , and benzoyl peroxide (0.19g , 0.8mmol) was
heated at 80°C for 25 hours, The product (16.96g) was transferred under
vacuum to give excess borate (7.42g) and a liquid (6.96g) which was

distilled in vacuo to give adduct (64), (3.69g , 43%).

4, DECAFLUOROCYCLOHEXENE,

A mixture of trimethyl borate (9.19g , 88mmol) and decafluorocyclo-
hexene (7.65g , 29mmol) was irradiated with gamma rays. The product
(16,77g) was transferred under vacuum to leave a liquid (8.85g) which

was distilled in vacuo to give tri((1,2.3,3,4.,4,5,5,6,6=-decafluorocyclo-

hexyl)methyl) borate (65), (6.23g , 63%); b.p. 140°C at 3mmHg; (Found:

C, 28,5%3 H, 1.2%; F, 64,4%; B, 2,5%, CpqHgBF5004 requires: C, 28,3%;

Hy, 1.0%; F, 64,0%; B, 1.2%); IR , NMR , mass spectra 42,

5. PERFLUORO-3,4-DIMETHYLHEX-3-ENE,

A mixture of trimethyl borate (7.99g , 77mmol) and perfluoro-3,4-
dimethylhex-3-ene (11.5g , 77Tmmol) was irradiated with gamma rays. The

product was transferred under vacuum to give excess borate (3.1g) and a

liquid which was distilled in vacuo to give tri(2-pentafluorcethyl-4,4,5,
5.5-pentafluoro-2,3-di(trifluoromethyl )pentyl) borate (66), (9.31g , T4%);

b.p. 100°C at 2mmHg; (Found: C, 25,1%; H, 0.7%; F, 69.6%; B, 2.1%.
CoqHlgBF,g04 Tequires: C, 24,9%; H, 0,7%; F, 69.9%; B, 0.8%); IR , NMR ,

mass spectra 43,

6, OCTAFLUOROCYCLOHEXA=-1,3=DIENE.

a, At 18°C,
A mixture of trimethyl borate (12.34g , 119mmol) and octafluorocyclo-
hexa=~1,3~diene (7.39g , 33mmol) was irradiated with gamma rays, The

product was transferred under vacuum to give a liquid composed of
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starting materials only (GLC, column K, 18°C) and no residue,

b. At _80°C.

A mixture of trimethyl borate (5.01g , 48mmol) , octafluorocyclohexa-
1,3-diene (/.22g , 32mmol) , and benzoyl peroxide (0.44g) was heated at
80°C for 21 hours. The product was transferred under vacuum to give a
liquid composed of starting materials only (GLC, column K, TBOC) and no

residue,

To. OCTAFLUORDCYCLOHEXA=1,4-DIENE,

a. At _18°c.

A mixture of trimethyl borate (10.52g , 101mmol) and octafluorocyclo-
hexa~1,4-diene (7.0g , 37mmol) was irradiated with gamma rays. The product
was dissolved in acetone (20ml), filtered, the solvent removed in vacuo,
and dried by heating in vacuo to give a white solid (67), (8.44g),

m,p, (indeterminate); (Found: C, 31.3%; H, 3.3%); 5}1 3.4, 3.7, and 4.1
(2H, broad, -0CH,~) , 4.97 (1H, broad D, -CFH-), ch 116.7, 120.3, 121.7,
and123.3 (2F, -CF,-), 183.0, 185.0, 189.7, and 192.3 (1F, -CFR~),

209.0, 216,0, 219,3, 223,3, 225,7, 233,0 (1F, =CFH-),

b. At 80°C.

A mixture of trimethyl borate (7.71g , 74mmol) , octafluorocyclohexa-
1,4-diene (3.04g , 13mmol), and benzoyl peroxide (0.47g) was heated at
80°C for 21 hours. The product was transferred under vacuum te give a
volatile component (5.12g) and a liquid which was heated in vacuo for

10 mins to give a white solid (67), (2.93g).
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0. ADDITION OF TRI-n-BUTYL BORATE TO HEXAILUOROPROPENE.

1. A mixture of tri-n-butyl borate (16.62g , 72mmol) and herafluoro-

propene (6.6g , 44mmol) was irradiated with gamma rays., No alkecne was

recovered and the liquid product (22,.,8g) was distilled in vacuo to give
° at 0,5mmig;

an adduct (69); b.p. 65-67 C; (Found: C, 36.3%; H, 3.6%); IR , NMR ,

mass spectra 128,

2, A mixture of tri-n-butyl borate (4.71g , 20mmol) and hexafluoro-
propene (10.,5g , TOmmol) was irradiated with gamma rays. A small amount
of alkene was recovered (1.0g) and the remaining liquid product was

distilled in vacuo to give the adduct (69).

3, A mixture of tri-n-butyl borate (0.84g , 3.7mmol) and hexafluoropropene
(5.4g , 36mmol) was irradiated with gamma rays, Some alkene was recovered
(4.26g) and the remaining liquid was distilled in vacuo to give the

adduct (69), (2.14g).

P. HYDROLYSIS OF TRI-n-BUTYL BORATE / UEXAFLUOROPROPENE ADDUCT. (69).

A sample of the adduct (69) was added to distilled water (20ml), The
lower fluorocarbon layer was separated, dried (MgSO4), and preparative
GLC (column K, 18000) gave 1,1,1,2,3,3-hexafluoroheptan-4-o0l (70), ( 274),
IR , NMR , mass spectra 129, and 1,1,1,2,3,3-hexafluoro-4-(1,1,2,3,3,3-
hexafluoropropyl )heptan-4-ol (71), (674); (Found: C, 32,7%; H, 3.7%;

F, 59.1%. C,H,F,,0 requires: C, 32,1%; H, 2.7%; F, 60.9%); IR , MR ,

mass spectra 130, as the main products,
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CHAPTER 8

EXPERIMENTAL TO CHAPTER 3,

A, PURIFICATLON O REAGENTS,

Amines and amides were distilled onto 4A molecular sieves before
use, N,N-dimethylbenzamide was prepared from benzoyl chloride and dimethyl-
amine and distilled in vacuo. N-Acetylpiperidine and N-acetylmorpholine

were prepared by acetylation of piperidine and morpholine respectively.

B. ADDITION OF AMINE£S T0 HEXAFLUOROPROPENE.

1. PIPERIDINE,

A mixture of piperidine (3.1g , 36mmol) and hexafluoropropene (1,85g,
12mmol) was irradiated with gamma rays. Diethyl ether was added, the
solution filtered and the solvent removed in vacuo to leave a yellow
brown oil, Sublimation gave crystals of N-(2,3,3,3-tetrafluoropropanoyl)
piperidine (74), (1.0g , 40%); m.p. 42-44°C; (Pound: C, 46,3%; H, 6,2%;
N, 6.9%; P, 35.3%. Calc. for C.H,.FNol192] : ¢, 45.1%; H, 5.2%; N, 6.6%;

87114
P, 35.7%); IR , NMR , mass spectra 44,

2. N=-METHYLPIPERIDINE,

A mixture of N-methylpiperidine (6,33g , 64mmol) and hexafluoropropene
(2,99g , 20mmol) was irradiated with gamma rays. The product was transferred

under vacuum to give a volatile component (6.91g) and leave a liquid (1.26g).

Preparative GLC (column K, 120°C) of the liquid gave N-(2,2,3.4.4,4-hexa-

fluorobutyl )piperidine (75), (1.7% by GLC, column K, 140°C ); (insufficient

for analysis); IR , NMR , mass spectra 45; N-methyl-2-(1,1,2,3,3,3~hexa~

fluoropropyl)piperidine (76), (2.3% by GLC, column K, 140°C); (insufficient

for analysis); IR , NMR , mass spectra 46; and N-(2,2,3,4,4.4~hexafluoro~

butyl)-2-(1,1,2,3,3,3-hexafluoropropyl )piperidine (77), (18% by GLC,

column K, 140°C); b.p., 220°C (Siwoloboff); (Found: C, 36.6%; H, 2.9%;

N, 3.2%s P, 53.2%, C N requires: C, 36b,1%; H, 3.3%; N, 3.5%;

12893%92
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F, 57.1%)s IR , NMR , mass spectra 47,

3, N=-METHYLMORPHOLINE,

| A mixture of Ne-methylmorpholine (9.28g , 92mmol) and hexafluoropropene
(6.4g , 43mmol) was irradiated with gamma rays, The product was transferred
under vacuum to give a volatile component (4.01g) and to leave a liquid
(11.65g). Distillation in vacuo of the liquid gave N=(2,2,3.4.4,4-hexa~

fluorobutyl )morpholine (78), (0.2g , 0.6%); b.p. 74°C at 11mmHg; (Found:

C, 38.,2%; H, 4,6%3 N, 5.1%; F, 45,2%, CgHy 1 FgNO requires: C, 38,2%;

Hg 404%; ND 5,,6%; F9 4504%); IR 9 NMR p Mass Spectra 48, N-(2n20344n404’

hexafluorobutyl)-2=(1,1,2,3,3,3=-hexafluoropropyl )morpholine (79), ( 3.3g,

28%); bop. 114°C at 11mmHgs (Found: C, 33,2%; H, 2,9%; N, 4.2%; ¥, 54.2%,
CiqH, F, NO requires: C, 32,9%; H, 2,7%; N, 3.5%; F, 56.8%); IR , NMR ,

mass spectra 49,

4, NN, N' N'-TETRAMETHYLDI AMINOMETHANE.

A mixture of N,N,N°,N°*-tetramethyldiaminomethane (5.07g , 50mmol)
and hexafluoropropene (2.5g , 17mmol) was irradiated with gamma rays. The
product was transferred under vacuum to leave a liquid residue (2.62g).
Preparative GLC (column 2, 100°C) gave three unidentitied products,
(211), a mixture of two components(GLC, column X, 11500);‘0 max 2950,

1669, 1290, 1190, 1105; 6 2,15(3H, s), 2.,57(3H, m), 4.5(1l, br m);

H
m/z 238(0.76%), 206(3), 205(3), 175(7), 173(16), 156(10), 141(7), 106(7),
72(100), 60(13), 44(22), 43(7), 42(31), 31(11), 28(23); (212),V .. 2950,
2860, 2832, 2791, 1655, 1400, 1294, 1198, 1125, 1075, 1042, 992;

S 2.00(2H, s), 2.77(3H, m), & p T7.3(3F, 4), 173.3(1F, dm); m/z 230(0.5%),
210(1), 166(4), 72(8), 58(100), 44(5), 42(6), 28(11)s and (213), (¥ound:

F, 60.8%);3V .. 2950, 1666, 1340, 1324, 1263, 1250, 1198, 1118, 993, 897,

821, 748; S, 2.65(br s), &, 52.5(5.5¢, m), 57.8(2.3F, m), 63.3(1F, m),

F
82.8(6,3F, t), 103.3(3.3t, m), 125.7 (4F, m); m/z 326(2%), 325(22),

106(23), 206(100), 156(12), 194(12), 72(20), 60(11), 44(14), 42(18), 31(15),
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5o N/ N-DIMETHYLANILINE.

a. At 18°C,
A mixture of N,N-dimethylaniline (12.91g , 107/mmol) and hexafluoro-
propene (6,0g , 40mmol) was irradiated with gemma rays. The product was

transferred under vacuum to give a 95% recovery of starting materials,

v, At 120°C,

A mixture of N, N-dimethylaniline (10.84g , 9Ummol), hexafluoropropene
{5.3Y9g , 3bmmol), and di-t-butyl peroxide (0,27g) was heated at 120°C for
19 hours. The product was transferred under vacuum to give a volatile
mixture of hexatluoropropene oligomers (2,7g) (by GLC/mass spectra,
column K, 7500) and a residue (14,16g)., The residue was filtered to give
a red liquid (mainly N,N-dimethylaniline by IR) and a solid which was re-
>crystallized (methanol/acetone), dried in vacuo, to give an unidentified

fluoride salt (4.06'g), (by IR , NMR), (Found: F, 28,55%).

C. ADDITION Or AMIDES TO HEXAFLUOROPRUPENE.

1. N,N-DIMETHYLFORMAMIDE.

A mixture ot N,N-dimethylformamide (20,33g , 278mmol) and hexafluoro-
propene (17,1g , 114mmol) was irradiated with gamma rays. The product was

distilled in vacuo to give N-(2.2.3.4,4,4-hexatluorobutyl)-N=-methyl=-

formamide (81), (50% by GLC, column K, 115°C); b.p. 38°C at 1mmHg);
(Found: C, 32.3%; H, 3.5%; N,6.5%3 P, 51,1%. C6H8F6NO requires: C, 3201%;
Hy 3.6%; Ny 6.3%; I, 50.9%); IR , NMR , mass spectra 503 N N-dimethyl -
2.2,3,4,4,4-hexatluorobutanamide (82), (23% by GLC, column K, 115°C);
b.p, 161°C (Siwoloboft); (Found: C,32,6%; H, 3.3%3 N, 6.6%; F, 50.4%.
CgHaFeNO requires: C, 32,3%; H, 3.7%s N, 6.3%s ¥, 51.1%); IR , NMR ,

mass spectra 51 ;3 and N-(2,2.3.4,.4,4~-hexatluorobutyl)~N-methyl=2,2.3.4.4,4~

hexafluorobutanamide (83), (7% by GLC, column K, 11500); b.ps 196OC

(Swoloboff); (Found: C, 29.8%; H, 2.3%s3 N, 4.3%; F, 6oou%f C oty F o0
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requires: C, 29,0%; H, 1.9%; N, 3.8%; f, 61,1%); IR , NMR , mass spectra 52,

2, N,N-DIMETHYLACETAMIDE.

A mixture of N,N-dimethylacetamide (10.34g , 119mmol) and hexafluoro-
propene (5.6g , 37mmol) was irradiated with gamma rays. The product was

distilled in vacuo to give N=~(2.2.3.4.4 4-hexafluorobutyl)=-N-methyl-

acetamide (84), (7.24g , 82%); b.p. 42°C at 1mmHg; (Found: C, 36.9%;

H, 4.3%3 N, 6,2%; F, 50,0%., C NO requires: C, 35.4%; !, 3.8%; N, 5.9%;

9 Fg
F, 48,1%); IR , NMR , mass spectra 53.

3. NN, N' N'-TETRAMETHYLUREA,

a, Excess Amide,

A mixture of N,N,N',6 N'-tetramethylurea (7.54g , 65mmol) and hexa-
fluoropropene (6.6g , 44mmol) was irradiated with gamma rays. The product

was distilled in vacuum to give N-(2.2.3,4,4,4-hexafluorobutyl )-N N' N'-

trimethylurea (85), (6.93g , 55%); b.p. 72°C at 1mmHg; m.p. 36-38°C;

(Found: C, 36,1%; H, 4.3%; N, 10.4%; F, 41.3%. CgH,oFe N0 requires: C, 36.,1%;

H, 4,5%; N, 10.5%; F, 42.9%); IR , NMR , mass spectra 54,

b. Excess Alkene,

i, At 18°¢C,

A mixture of N,N,N' N'=tetramethylurea (2.85g , 24,6mmol) and hexa-
fluoropropene (13.9¢ , 92.7mmol) was irradiated with gamma rays., The
product was transferred under vacuum to give alkene (5.71g) and a liquid
(11.08g). The liquid was distilled in vacuo to give adduct (85), (10% by

GLC, column K, 195°C); N,N'-3i(2,2.3,4,4,4-hexafluorobutyl)=N,N'~dimethyl-

urea (87), (53% by GLC); b.p. 101°C at SmmHg; (Found: C, 32.0%; H, 2.7%;

N, 6.3%; F, 54,0%, C N0 requires: C, 31.7%; H, 2.9%; N, 6.7%;3

1192542
F, 54.8%); IR , NMR , mass spectra 55; N N-di(2,2,3.4,4,4=hexafluorobutyl)

-N' N'-dimethylurea (86), (9% by GLC), mass spectrum 56; N,N N'-tri(2,2,3,

4,4 .4-hexafluorobutyl)-N'=-methylurea (88), (24% by GLC), IR,NMR,mass
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spectra 57; and N N, N' N'-tetra(2,2.3.4.4,4-hexafluorobutylurea (89),

(3% by GLC), mass spectrum 58,

ii, At 120°C.

A mixture of N,N,N' N'-tetramethylurea(0.9g , 7.8mmol) and hexafluoro-
propene ( 6.9g , 46mmol) and di-t-butyl peroxide (0.27g) was heated at
120°C for 65 hours to give adducts (85), (4% by GLC, column K, 195°¢),

(86),(5%), (81),(27%), (88),(40%), and(89),(24%).

4, N-(2.2,3.4,4,4-HEXAFLUOROBUTYL)=N N' N'-TRIMETHYLUREA.

A mixture of N-(2,2,3,4,4,4-hexafluorobutyl )-N,N* N'-trimethylurea
(0.43g , 1.6mmol) and hexafluoropropene (4.3g , 29mmol) was irradiated
with gamma rays. The product was transferred under vacuum to give alkene
(3.79¢) and a 1iquid(0.91g) composed of adducts (85),(2% by GLC, column K,

195°C), (86),(2%), (87),(56%), (88), (32%), and (89),(8%).

50 N, N-DIMETHYLBENZAMIDE,

a. At 60°C.
A mixture of N,N-dimethylbenzamide (2.10g , f4mmol) and hexafluoro-
propene (2.5g , 17mmol) was irradiated with gamma rays at 60°C, The product

was transferred under vacuum to give a 95% recovery of materials,

b, At 120°¢C.

A mixture of N,N-dimethylbenzamide (2.02g , 13.5mmol), ﬁexafluoropropene
(2,27g , 15mmol), and di-t-butyl peroxide (0.22g , 1.4mmol) was heated
at 120°C for 18 hours. The product was transferred under vacuum to give
alkene (1.6g) and a liquid (2.81g). The liquid was distilled in vacuo to

give N=(2,2,3,4,4,4-hexafluorobutyl)-N-methylbenzamide (9Q), (30%);

m.p. 60-62°C; (Found: C, 49.0%; H, 4.0%; N, 4.3%; F, 37.0%. C ol PO

requires: C, 48,2%; H, 3.7%; N, 4.7%; F, 38.1%); IR , NMR , mass spectra 59,
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6, N-METHYLPYRROLIDIN-2-ONE.

A mixture of Nemethylpyrrolidin-2-one (10.1g , 102mmol) and hexa-
fluoropropene (5,1g , 34mmol) was irradiated with gamma rays. The product

was distilled in vacuo to give N—methyl-Sfiﬂ,1q2.3,3,3=hexafluoropropxl)

pyrrolidin-2-one (91), (5.1 , 60%); b.p. 83-85°C at TmmHg; (Found:

C, 39.1%; H, 3.9%; N, 5.5%; F, 43.8%, CBH9F6NO requires: C, 38.6%; H,3,.6%;

N, 5,6%; F, 45.8%); IR , NMR , mass spectra 60,

7. N=ACETYLPIPERIDINE.

A mixture of N-acetylpiperidine (5.9¢ , 46mmol) and hexafluoro=-
propene (4.3g , 29mmol) was irradiated with gamma rays. The product was
transferred under vacuum to give alkene (1.84g) and leave a liquid(8.31g).

The liquid was distilled in vacuo to give N-acetyl-2-(1,1,2,3,3,3-hexa-

fluoropropyl)piperidine (92), (40% by GLC, column K, 200°C) ; b.p. 43°C at
0, 1mmHg; (Found: C, 44,1%; H, 5.0%; N, 5.0%; F, 39.8%. C1OH13F6NO requires:
C, 43.3%; H, 4,7%; N, 5.0%; F, 41.2%); IR , NMR , mass spectra 61; and a

mixture of di=-adducts (17% by GLC/mass spectra , column K, 200°¢C).

8, N=-ACETYLMORPHOLINE.

A mixture of N-acetylmorpholine (5.9g , 46mmol) and hexafluoropropene
(3.5¢ , 23mmol) was irradiated with gamma rays., The product was transferred
under vac uum to give alkene(2.26g) and leave a liquid (7.15g). The liquid
was composed of adduct products (35% by GLC/mass spectra, columnK, 195°¢C),

but they were not separated,

D. ADDITION OF AMIDES TO CHLOROTRIFLUOROETHENE.

1. N,N,~-DIMETHYLACETAMIDE,

A mixture of N,N-dimethylacetamide (7.6g , 87mmol) and chlorotrifluoro-
ethene (3.2g , 27mmol) was irradiated with gamma rays. The product (10.72g)
was distilled in vacuo to remove starting materials then micro-distilled

in vacuo to give N-methyl-N=-(3-chloro=2,2,3-trifluoropropyl)acetamide (93),
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(76% by GLC, column K, 190°C); b.p., 225°C (Siwoloboff); (Found: C, 35.1%;
H, 4,8%; N, 6.8%s F, 27.6%; Cl, 17.9%. C6H901F3NO requires: C, 35.4%;
H, 4.,4%; N,6,9%; F, 28,0%; Cl, 17.4%); IR , NMR , mass spectra 62; and

leave a residue of a mixture of telomer adducts (22% by GLC/mass spectra,

column K, 190°C),

2. N-METHYLPYRROLIDIN-2-0ONE,

A mixture of N-methylpyrrolidin-2-one (8.9g , 90mmol) and chloro-
trifluoroethene (6.1g , 52mmol) was irradiated with gamma rays, The

product (14.46g) was distilled in vacuo to give N-methyl-5-(2~chloro-

111,2—trifluoroethy1)pyrrolidin-Z-one (97), (75% by GLC, column K, 190°¢C)
b.p, 50-53°C at SmmHg; (Found: C, 39.1%; H, 4.5%; N, 6.2%; F, 25,1%;

c1, 17.0%. C7H901F3N0 requires: C, 39.0%; H, 4.2%; N, 6.5%; F, 26,4%;

Cl, 16,5%); IR , NMR , mass spectra 63; and a mixture of telomer adducts

(24% by GLC/mass spectra, column K, 190°C),

E. ADDITION OF AMIDES TO HEXAFLUOROCYCLOBUTENE.

1 N N-DIMETHYLACETAMIDE,

A mixture of N,N-dimethylacetamide (8.52g , 9Tmmol) and hexafluoro-
cyclobutene (5,1g , 31mmol) was irradiated with gamma rays. The product
was transferred under vacuum to give alkene (3,63g) and leave a liquid

(9.73g). Water (50ml) was added to the liquid, the lower layer separated,

and micro-distilled in vacuo to give N-(1,2L3J3.4i4-hexafluoroqyclobutv1)-

methyl-N-methylacetamide (96), (29%); b,p,:>23000 (decomp) (Siwoloboff);

(Found: C, 38.6%; ¥, 3.9%; N, 5.3%; F, 49.7%. F_NO requires: C, 38,6%;

Cello¥e
H, 3.6%; N, 5,6%; F, 45.8%); IR , NMR , mass spectra 64,
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F. ADDITION OF AMIDES TO OCTAFLUOROCYCLOPENTENE.

1. N, N-DIMETHYLACETAMIDE,

| A mixture of N,N-dimethylacetamide (7.5g , 86mmol) and octafluoro-
cyclopentene (6.8g , 32mmol) was irradiated with gamma fays. The product
"was transferred under vacuum to give alkene (4.86g) and leave a liquid
(9.18g), Water (25ml) was added to the liquid, the lower layer separated,
washed twice with water (2 x 25ml), and distilled in vacuo to give

N-(1,2,3,3,4,4,5,5-octafluorocyclopentyl )methyl-N-methylacetamide (95),

(28%); b.p. 54°C at 0,1mmHg; (Found: C, 36,7%; H, 2.6%; N, 1.2%; F, 49,9%.

Cotlo¥y

mass spectra 65,

F_NO requires: C, 36,1%; H, 3.0%; N, 4.7%; F, 50.8%); IR , NMR ,

G. ADDITION OF AMIDES TO DECAFLUOROCYCLOHEXENE,

1., N,N~-DIMETHYLACETAMIDE.,

A mixture of N,N-dimethylacetamide (0.96g , 11mmol) and decafluoro-
cyclohexene (1.42g , Smmol) was irradiated with gamma rays. The product
was disolved in the minimum amount of acetone, excess water added, and
ether extracted (3 x 50ml). The etherial solution was washed with water
(3 x 20m1) and the solvent removed in vacuo,The remaining solid

was re-crystallized (acetone) to give cis-N-(1,2,3,3,4.4,5,5,6,6-deca~

fluorocyclohexyl )methyl-N-methylacetamide (gi), (90%); m.p. 95=980C;

(Found: C, 34.,4%; H, 2.9%; N, 4.0%; F, 57,6%. C NO requires:

10910
C, 34.4%; H, 2.6%; N, 4,043 F, 54.4%); IR , NMR , mass spectra 66,

2, N-METHYLPYRROLIDIN-2-ONE,

A mixture of N-methylpyrrolidin-2-one (7.1g , 78mmol) and decafluoro=~
cyclohexene (6.5g , 25mmol) was irradiated with gamma rays. The product
was washed three times with water to leave a lower layer which was heated
in vacuo, The remaining viscous liquid (4.28g) was composed of at least

three components (GLC, column K, 18000) which could not be separated by
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distillation, sublimation, or thin layer chromatography.

H., ADDITION OF AMIDES TO OCTAFLUOROBUT-2-ENE.

1. N N-DIMETHYLACETAMIDE.

A mixture of N,N-methylacetamide (5.2g , 60mmol) and octafluorobut-
2-ene (6.5g , 33mmol) was irradiated with gamma rays. The product was
transferred under vacuum to give alkene(4.43g) and leave a liquid(7.02g).
The liquid contained at least two adduct products (GLC/mass spectra,

column K, 195°C) which could not be separated.

I. ADDITION OF AMIDES TO PERFLUORO-3,4-DIMETHYL-4-ETHYLHEX-2-ENE.

1, N,N-DIMETHYLACETAMIDE,

A mixture of N,N-dimethylacetamide (0,83g , 9.5mmol) and perfluoro-
3,4=dimethyl=4-ethylhex~2-ene (2.37g , 4.7mmol) was irradiated with
gamma rays. The product consisted of two layers that were separated

and shown to be starting materials (GLC, column k, various temperatures).

J. ADDITION OF AMIDES TO PERFLUORQO=2,3=-DIMETHYLHEX-3-ENE.

1. N,N-DIMETHYLACETAMIDE,

A mixture of N,N~dimethylacetamide (0.93g , 10.7mmol) and perfluoro-
2,3-dimethylhex-3-ene (2.05g , 5.71mmol) was irradiated with gamma rays.
The product consisted of two layers that were separated and shown to be

starting materials (GLC, column K, various temperatures),

2. N=-METHYLPYRROLIDIN-2-ONE,

A mixture of N-methylpyrrolidin-2-one (4.1g , 41mmol) and perfluoro-
3,4~-dimethylhex-3~ene (5.6g , 14mmol) was irradiated with gamma rays. The
product consisted ol two layers that were separated and shown to be

starting materials (GLC, column K, various temperatures).
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K. MISCELLANEOUS ADDITIONS TO HEXAFLUOROPROPENE.

1, N,N,N' N'-TETRAMETHYLTHIOUREA.

A mivture of N,N,N' N'-tetramethylthiourea (5.86g , 44mmol) and
hexafluoropropene (4.2g , 29mmol) was irradiated with gamma rays at 90°c,
The product was transferred under vacuum to give a volatile component
(3.93g) and leave a residue (5.85g). The residue was dissolved in
acetone (20ml) , precipitated by water(50ml), the liquid decanted off,
re~dissolved in acetone (20ml), re-precipitated by water (50ml), and
filtered, Methanol (20ml) was added, the solid filtered, washed with-
me thanol (3¥20ml1), and dried in vacuo to give a polymeric solid (100),

(1.79g).

2, TETRAMETHYLGUANIDINE.,

A mixture of tetramethylguanidine (9.7g , 84mmol) and hexafluoro-
propene (5.6g , 37mmol) was irradiated with gamma rays. The product waé
transferred under vacuum to give a volatile component (2.24g) and leave
a liquid (11.99g). Acetone (20ml) was added to the liquid, the crystals
(2.97g) filtered and recrystallized (acetone) to give an unassigned

fluoride salt (101); m.p, 91-92°C; (Found; F, 17.6%); S 5 119.0(s).

3. POLYVINYLPYRROLIDINONE,

A mixture of polyvinylpyrrolidinone (2.84g) and hexafluoropropene
(12,3g 82mmol) was irradiated with gamma rays to a high dose (100Mrad). -
Excess alkene (9,51g) was transferred under vacuum to leave a solid (5,08g).
The solid was refluxed with water for 1 hour, washed with water, and
dried in vacuo to give compound (99), (Found: C, 33.2%; H, 1.2%; N, 3.4%;

F! 5201?";)9
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L. MISCELLANEQUS ADDITIONS.

1 N, N N' N' -TETRAMETHYLUREA TO PERFLUOROCYCLOHEXA-1,4-DIENE.

A mixture of N,N,N' N'-tetramethylurea (2.43g , 21mmol) and perfludro—
cyclohexa-1,4~diene (3.97¢ , 17mmol) was irradiated with gamma rays.
The solid prgduct was powdered, dissolved in acetone (20ml), precipitated
with water (50ml), filtered, re-didolved in acetone (20ml), and
re~-precipitated with water (50ml), The solid was washed with water,
then petroleum ether, and dried in vacuo (P205) to give a polymer (98),
m.p. >75°C (decomp.}; (Found: C, 40.0%; H, 4.1%; N, 9.2%; F, 38.9%);

IR , NMR , mass spectra 67,
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CHAPTER 9

EXPERIMENTAL TO CHAPTER 4.,

A, PURIFICATION OF REAGENTS,

Di -t-butyl peroxide was purified on an alumina column to remove

traces of t-butyl hydroperoxide,

B. COMPETITIQON EXPERIMENTS WITH HEXAFLUOROPROPENE.

1. OXOLANE AND DIOXAN,

A mixture of oxolane (3.2g , 44mmol), dioxan (3,9g , 44mmol), and
hexafluoropropene (2.4g , 16mmol) was irradiated with gamma rays. The
product mixture was shown by comparison of GLC retention times {column K,

100°C) to consist of 2-(1,1,2,3,3,3-hexafluoropropyl )oxolane (21) only.

2., OXOLANE AND OXANE,

A mixture of oxolane (0,45g , 6,2mmol), oxane (0,53g , 6.2mmol), and
hexafluoropropene (0.28g , 1.9mmol) was irradiated with gamma rays. The
product mixture was shown by comparison of GLC retention times (column X,

95°C) to consist of 2-(1,1,2,3,3,3-hexafluoropropyl)oxolane (21) only.

3. DIOXAN AND 1,3,5-TRIOXAN,

A mixture of dioxan (6,04g , 69mmol), trioxan (6,18g , 69mmol), and
hexafluoropropene (3.3g , 22mmol) was irradiated with gamma rays. The
product mixture was shown by comparison of GLC retention times (column K,

95°C) to consist of 2-(1,1,2,3,3,3-hexafluoropropyl)=-1,4~dioxan (25) only.

C. ACETONE / £-BUTANOL RATIOS.

A mivture of di-t-butyl peroxide (approx., 0.1g) and substrate (10:1
molar excess) contained in a pyrex Carius tube (approx. 7Tml) was degassed,
sealed in vacuo, and heated at 120°C for 8hours. The product was analysed

by GLC (column A, 85°C) using a gas density balanced detector and the
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proportion of acetone and t-butanol determined from the area of their
respective peaks.
This procedure was used to determine the acetone/t-butanol ratios

for all the substrates in Table 20 ,

D, MECHANISHM OF BORATE ADDITION TO FLUOROCALKERLS,

1. EXCHANGE OF TRIMETHYL BORATE WITH (1,2,3,3,4,4,5,5.6,6-DECANLUOROCYCLO~
HEXYL)METHANOL (68).

A mixture of trimethyl borate (0.52g , 5.0mmol) and alcohol (68)
(1,582 , 5.4mmol) was kept in a sealed Carius tube for 10 days. The tube
was opened and the product distilled in vacuo to give tri((1,2,3,3,4,4,5,5=

6,6~decafluorocyclohexyl)methyl) borate (65), (1.26g , 71%).

2, REACTION OF TRIMETHYIL BOCRATE AND HEYAFLUOROPROPENE IN THE DARK.

A mixture of trimethyl borate (1.6g , 15mmol) and herafluoropropene
(1.4g , S9mmol) was kept in a sealed Carius tube in the dark for 7 days.

The tube was opened and the starting materials were recovered.

3. ADDITION OF METHANOL TO HEXAFLUOROPROPENE.,

A mixture of methanol (1.28g , 40mmol) and hexafluoropropene (2.6g ,
17mmol) was irradiated with gaﬁma rays to a dose of 1 Mrad. GLC (column K,
1OOOC) showed that the product contained an appreciable amount of

2,2,3,4,4,4-hexafluorobutan-1-0l (56), (retention time = 1.3mins)

4, ADDITION OF TRIMETHYL BORATE TO HEXAFLUOROPROPENE.

A mixture of trimethyl borate (5.57g , 54mmol) and herafluoropropene
(4.2g , 28mmol) was irradiated with gamma rays to a dose of 1 Mrad. The
product was analysed by GLC., Using conditions of column K at 100°C no
alcohol adduct (56) was present but there was a broad peak starting with
a retention time of 2,6mins, Using conditions of column ¥ at 155°C there
was two peaks with retention times of 0.65min and 1.0mins but none of the

borate tri~-adduct (63) (retention time = 2.05mins),"
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5, ADDITION OF METHANOL AND TRIMETHYL BORATE TO HEXZAFLUOROPROPENE,

A mixture of methanol (0.43g , 13mmol), trimethyl borate (4.86g ,
47mmoi) and hexafluoropropene (3.2g , 21mmol) was irradiated with gammé
rays to a dose of 1 Mrad, The product was analysed by GLC, Using
conditions of column K at100°C no alcohol adduct (56) was present but
there was a broad peak starting with a retention time of 2,5mins. Using
conditions of column X at 15500 there was two peaks with retention times
of 0,6 and 0,95mins and none of the borate tri-adduct (63) (retention

time= 2mins),

6, ADDITION OF IMETHANOL AND TRI-n-BUTYL BORATE TO HEXAFLUOROPROPENE.

A mirture of methanol (1.09g , 34mmol), tri-n-butyl borate (2.56g ,
11mmol), and hevafluoropropene (5g , 33mmol) was irradiated with gamma
rays to a dose of 10 Mrad, The product (8.58g) was added to water (20ml)
and the lower fluorocarbon layer separated and analysed by GLC, column K
at 140°C and 205°Co The product was composed of 2,2,3,4,4,4-hexatluoro-
butan-1-0l (56) (10%) , 1,1,1,2,3,3=hexafluorohepten-4-0l (70) (38%),
1,1,1,2,3,3~hexafluoro~-4-(1,1,2,3,3,3~hexafluoropropyl )heptan-4-0l (71)

(16%), and unidentified products (35%),



-195-

CHAPTER 10

EXPERIMENTAL TO CHAPTER 5

A. PURIFICATION OF REAGENTS.

Chlorine was transferred under vacuum direct from a cylinder and

was used without further purification.

B. HALOGENATION OF 2.2.3.4.4,4-HEXAFLUOROBUTYL METHYL ETHER (9).

1. CHLORINATION.

a, Neat.

Compound (9) (1.95g , 9.9mmol) contained in a Pyrex tube with rotoflo
tap was degassed and chlorine (1.16g , 16mmol) introduced by vacuum
transfer, The mixture was left in sunlight until the chlorine colour
disappeared (30mins). The tap was opened with the contents frozen in
liquid air and on warmingswhite fumes were given off to leave a colourless

liquid (2.49g). Prepdrétive GLC (column Z, 105°¢) gave 1-chloro-2,2,3,4,4.4-

hexafluorobutyl methyl ether (326), (6.8%); IR , NMR , mass spectra 68;

2,2,3,4,4,4-hexafluorobutyl chloromethyl ether (127), (45.5%); b.p. 133°C

(Siwoloboff); (Found: C, 26.4%; H, 2.3%; F, 48.5%; Cl, 15.7%. CHgC1F 0

requires: C, 26,0%; H, 2.2%; P, 49.5%; Cl, 15.4%); IR , NMR , mass
spectra 69; and a mivture of di~-chlorinated species (128), (47.7%);

(Found: C, 23.0%; H, 1.8%; F, 41.1%; Cl, 26.9%. CSH4C12F6O requires:

C, 22.6%; H, 1.5%; F, 43.0%; Cl, 26.8%); &, 4.37(m , CF,CH,0) gnd

H 2
5.,10(dm , CFH) (3.76H), 5.70(0.6H , s , OCH,C1), 7.48 (1H, s , OCHC1,).
Repeat experiments gave (126)(12.7%),(127)(39.9%),(128)(47.4%) and

(126)(13.5%),(127)(50.4%),(128)(36.1%) respectively.

b, Carbon Tetrachloride Solvent.

A mixture of compound (9) (0.998 , 5.0mmol), chlorine (0.51g , 7mmol),

and carbon tetrachloride (3.11g , 20mmol) was left in sunlight for 1 hour.
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The gaseous by-products were allowed to evaporate leaving a liquid.
Comparison of GLC retention times(column A, 12000) gave the chlorinated

products (126)(4.8%) , (127)(49.5%) , and (128)(45.7%).

c, Perfluoromethyldecalin solvent.

A mixture of compound (9) (0.56g , 2.9mmol) , chlorine (0.%g , 1.4mmol),
and perfluoromethyldecalin (4.59g , 9mmol) was left in sunlight for
30 mins. The gaseous by-products were allowed to evaporate leaving a
liquid, Comparison of GLC retention times (column A,v120°C) gave the

chlorinated products (126)(17.6%) , (127)(67.0%) , and (128)(15.4%).

d. Carbon Disulphide Solvent.

A mixture of compound (9) (1.04g , 5,3mmol) , chlorine (0.45g , 6.3mmol),
and carbon disulphide (2.81g , 37mmol) was left in sunlight for one hour.
The gaseous by-products were allowed to evaporate leaving a liquid,
Comparison of GLC retention times (column A, 120°C) gave the chlorinated
produets (126)(16%) , (127)(76.5%) , and (128)(7.5%).

A repeat experiment using compound (9) (0,56g , 2.9mmol) , chlorine
(0.07¢ , Tmmol) and carbon disulphide (2.74g , 28mmol) gave the

chlorinated products (126)(19,9%) and (127)(80,1%) only.

e, Competitive Chlorination with 1,2,3,3,4,4,5,5-Octafluorocyclopentyl-

methoxymethane (122).

A mixture of compound (122) (0.55g , 2.8mmol) , compound (3) (0.72g,
2.8mmol) , and chlorine (0.1g , 1.4mmol) was left in sunlight for 15mins.
The gaseous by-products were allowed to evaporate leaving a liquid.
Comparison of GLC retention times (column A | 120°C) with authentic
samples gave the composition of the product as (122)(55%) , (9)(31%) ,

(127)(9%) , and (128)(5%),(molar percentage composition),
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2. CHLORINATION WITH IODINE MONOCHLORIDE.

A mixture of compound (9) (1.99g , 10mmol) and iodine monochloride
(3,46g , 21mmol) contained in a rotoflo tube was left in sunlight for
36 hours, opened, and gaseous by-products allowed to evaporate, Water
(10ml) was added to give a precipitate that dissolved in potassium
iodide solution. The iodine was removed with sodium thiosulphate solution
to leave a yellow solution. The aqueous solution was extracted with ether
(3 x 50ml), dried (MgSO4), and the ether removed in vacuo to leave a
yellow o0il, Comparison of GLC retention times (column A, 120°C) gave the
chlorinated products (126) (1.6%) , (127) (49%) , (128) (10%) and an
unknown compound (129) (39%) (possibly a dimer of (9) from GLC/mass

spectrum),
3. BROMINATION,

a. Neat,

A mirture of (9) (1,94g , 9.9mmol) and bromine (2.04g , 12.8mmol)
contained in a rotoflo tube was degassed and left in sunlight for 3 days.
The tube was opened and gaseous by-products were allowed to evaporate
to leave a yellow liquid (1.7g). Preparative GLC (column Z , 100°¢C) gave

1-bromo~2,2,3,4,4,4-hexafluorobutyl methyl ether (130), (12%); b.p. 13400

(Siwoloboff); (Found: C, 22,1%; H, 1.8%. C_H BrP 0 requires: C, 21.8%;

C
55
H, 1.8%); IR , NMR , mass spectra 70; 2,2,3,4,4,4-hexafluorobutan-1-ol (Qé),

(38%); and two unassigned dimers of (9), (131) (27¢); (Found: C, 27.6%;

H, 1.9%; Br, 0%; F, 58.8%. C requires: C, 30,8%; I, 2,6%;

1011071202

2950, 2900, 2850, 1455, 1380, 1365, 1350, 1285, 1245,

F, 58.5%); vV mas

1185, 1095, 1050, 998, 950, 890, 885, 839, 820, 796, 722, 708, 700, 688,

600, 530, 485 om™! ; 3 3.60(3H, s), 4.,07(3H , m), 4.77(2H , m),

H
5.43(1M , m) and 5.60(1MH , s); m/z 51 (39%), 61(75), 63(15), 69(32),
77(24), 81(10), 83(16), 95(54), 113(7), 145(11), 165(6) , 195(91), 225(100),

275(1), 337(1), 345(2), 357(1); and (132) (23%); (Found: C, 28.5%; H, 1.8%;
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Br, 0%; P, 58,8%. C1OH1OF1202 requires: C, 30.8%; H, 2.6%; T, 58.5%);

NV .y 2955, 2905, 1480, 1460, 1418, 1400, 1379, 1365, 1286, 1230, 1185,
1165, 1130, 1100, 1053, 978, 950, 885, 840, 725, 689, 620, 605, 555, 530,
487 cm-1; ch 3.87(2H , m), 4,77(1H , s), 5.,00(1H , dm , J= 44 and T),

S p 76.7(3F , dq , J= 9 and 11), 120.4,122.4,117.3, and 125,7(2F , m),
216,6(1F, dm , J= 44)s m/z 51(12%), 61(4), 69(9), 77(11), 83(6), 95(24),

123(7), 142(19), 165(2), 175(3), 195(100).

b. Carbon Disulphide Solvent.

A mixture of adduct (9) (0.3g , 1,5mmol), bromine (0,12g , 0.75mmol),
and carbon disulphide (2.78g , 36.6mmol) contained in a rotoflo flask was
degassed and left in sunlight for 72hours. The flask was opened and the
gaseous products allowed to evaporate to leave a iiquid. Comparison of
GLC retention times (column A , 12000) zave the products as 2,2,3,4,4,4-
hexafluorobutan-1-ol (56) (9%), t1-bromo-2,2,3,4,4,4-hexafluorobutyl methyl

ether (130) (81%), and the dimer (131) (9%).

¢, Using Thermal Initiation,

A mixture of adduct (9) (0.7% , 4.6mmol) and bromine (0.39g , 2.4mmol),

contained in a pyrex Carius tube was degassed and sealed in vacuo. The

tube was heated at 220°C for 19 hours , opened, and the gaseous products
allowed to evaporate to leave a liquid, Comparison of GLC retention times
(column A, 12000) gave the products as 2,2,3,4,4,4-hexafluorobutan-1-ol

(56) (8%), 1-bromo-2,2,3,4,4,4-hexafluorobutyl methyl ether (130), (57%),

and the dimer (131) (34%).

4, FLUORINATION,

A mixture of adduct (9) (2.46g , 12.5mmol) and Arcton 113 (55.05g) was
placed in a flask assembled with a reflux condenser and an inlet bubbler
of 'Fomblin' fluid connected to a nitrogen cylinder and an electirolytic
fluorine cell. The apparatus had been previously flushed with nitrogen

(100ml/min) for 30 mins, fluorine for 30Omins, then nitrogen again
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for 10mins. The solution at rooﬁ temperature was purged with nitrogen

for 10mins then fluorine ( 2 Amp = 1.3g Fz/hr; used 22mins to give O.48é,
12,5mmol ), Nitrogen was passed for a further 10mins. ¥o starting material
remained (GLC, column a, 80°C) and preparative GLC (column Z, 80°C and
130°C) gave 2,2,3,4,4,4-hexa-fluorobutyl difluoromethyl ether (133) (18%),
spectra identical to an authentic sample[7] s 2,2,3,4,4,4-hexafluorobutyl
fluoromethyl ether (134) (44%), IR , HMR , mass spectra 71 ; 2,2,3,4,4,4-
hexafluorobutyl formate (55) (20%); and 2,2,3,4,4,4-herafluorobutan~1-ol

(56) (7%).

C. OXIDATIVE CHLORINATION.

1, TRI(2,2,3,4,4,4-HEXAFLUOROBUTYL) BORATE (63).

a, With Sunlight.

A mixture of borate (63) (0.57g , 1mmol) and chlorine (6.11g , 86mﬁol)
contained in a rotoflo tube?azealed in vacuo, and left in sunlight for
4 hours. The gaseous by-products were allowed to evaporate leaving a
liquid (0.57g). The liquid was transfefed under vacuum with heating to

leave a white solid. The volatile product was further transfdred under

vacuum at 0°C to give 2,2,3,4,4,4~hexafluorobutanoyl chloride (138), (25%);

(Found: C, 22,4%; H, 0.7%; Cl, 16.1%; F, 49.8%. C,HCLF,O requires:

C, 22.4%; H, 0.5%; Cl, 16.5%; F, 53.1%); IR , NMR , mass spectra 72.

b. With Ultra Violet Light.

A mixture of borate (83) (0.97g , 1.8mmol) and chlorine (6.61g ,
93mmol) contained in a rotoflo tube was degassed and sealed in vacuo, The
tube was irradiated with a high pressure ultra violet lamp for 1 hour.and
then opened to allow gaseous components to evaporate leaving a liquid
residue, This liquid was transfdred under vacuum at 18°C to sive mainly

2,2,3,4,4,4-hexalluorobutanoyl chloride (138), (0.85g , T5%).
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20 TRI((1,2.3:3.4.4.5,5,6,6=DECAFLUOROCY CLOHEXYL)METHYL) BORATE (65).

a., With Sunlight.

A mivture of borate (65) (0.46g , O,5mmol) and chlorine (6.77¢g ,
95mmol) contained in a rotoflo tube was sealed in vacuo, The tube was
left in sunlicht for 30 mins, opened, and the gaseous components allowed
to evaporate leaving a liquid. The liquid was transfeted under vacuum

at 18°C to give 1,2,3,3,4,4,5,5,6,6=-decafluorocyclohexvlimethanoyl chloride

(139) (mixture of isomers) (0.43g , 85:); (Found: C, 25.%.; H, O3
Cl, 13.4%; P, 59.4%. C7HCIF1OO requires: £, 25.7%; H, 0.3%; €1, 10.9;

F, 58,2%); IR , HMR , mass spectra 73 ; and leave a white residue (0.04Y%).

b, With Ultra Violet Light.

A mixture of borate (6£5) (0.68g , 0.8mmol) and chlorine (6.06g ,
85mmol) contained in a rotoflo tube was irradiated with a high pressure
ultra violet lamp for 2 hours, opened, and the gaseous components
allowed to evaporate, The remaining liguid was transfédred under vacuum

at 18°C to give acid chloride (139) (0.62g , 83%) (mixture of isomers).

3. TRI((1,2,3,3,4,4,-HEYAFLUOROCYCLOBUTYL)HETHYL) BORATE (564).

a, With Sunlight.

A mixture of borate (64) (1.07g , 1.8mmol) and chlorine {(6.93g ,
98mmol) contained in a rotoflo tube was sealed in vacuo and left in
sunlight for 20mins,., The tube was opened and gaseous components allowed
to eveporate leaving a liquid (1.14g). The liquid was transfdred under
vacuum to give nothing at 18°C but with heating gave a small amount of

1,2.3,3,4,4-hevafluorocyclobutvl methanoyl chloride (140), (0.2g , 165:)3

(Found: C, 26,8%5; i, 0.7%; Cl, 14.6%; ¥, 50,8%. 05HCIF6O requires:

C, 26,5%; 11, 0.4%; Cl, 15.7¢%; W, 50.3%); IR , HMR , mass spectra T4 ;

and & viscous renidue,
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b, With Ultra Violet Light.

A mivture of borate (64) (0.75g , 1.3mmol) and chlorine (10.34g ,
146mmol ) contained in a rotoflo tube was sealed in vacuo and irradiated
with a2 high pressure ultra violet lamp for 1 hour. The tube was opened
and the gaseous components allowed to evaporate leaving a liquid. The
liquid was transféred under vacuum at 18°C to give a volatile component

(0,73g). Preparative GLC (column K, 18OC) gave 3-chloro-hexalfluorocyclo-

butyl methanoyl chloride (141) (63%); (Found: C, 22.37; €1, 24.7%; F, 44.4%;

CBCIZE6O requires: C, 23,043 Cl, 27.2%; T, 43,7¢); IR , WMR , mass

spectra 75,

4, TRI(2-PENTAFLUOROETHYL~4,4,5,5,5~PEHTAFLUORO=2,3-DI (TR} LUOROMETHYL ) -
PENTYL) BORATE (66).

a, With Sunlight.

A mivture of borate (66) (0.75g , 0,6mmol) and cnlorine (3.9 , 55mmol)
contained in a rotoflo tube was sealed in vacuo and left in sunlight
for 3 hours, The tube was opened and the gaseous components allowed to
evaporatevleaving a liquid., The liquid was transfdred under vacuum and

preparative GLC (column X, 750C) gave a small amount of 3-chloro-3,4-di-

(trifluoromethyl)=1,1,1,2,2,5,5,6,6,6-decafluorohexane (142), (19);

b.p. 127°C (Siwoloboff); (Found: C, 21.6%; H, 0%; Cl;.10.2%; F, 68,2%.,
CHCLF, . requires: C, 22,06 H, 0.2%; C1, 8.1%; F, 69.6%); IR , WR ,

mass spectra 76,

b, With Ultra Violet Light.

A mirture of borate (66) (0.92g , O.7mmol) and chlorine (5.12g ,
72mmol) contained in a rotoflo tube was sealed in vacuo and irradiated -
with a high pressure ultra vioiet lamp for 2 hours . The tube was opened
and the gaseous components allowed to evaporate leaving a liquid. The
liquid was transféred under vacuum to give a volatile component (0.89g)

v 0 ‘
and preparative GLC (column X, 75 C) gave compound (142), (87%).
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5. 1,2,3,3,4,4,5,5,6,6-DECAFLUOROCY CLOHEXYLEETHANOL. (68).

A mixture of alcohol (68) (1.51g , 5.1mmol) and chlorine (8.5% ,
121mmol ) contained in a rotoflo tube was sealed in vacuo and irradieted
with & high pressure ultra violet lamp for 1 hour. Tne tube was opened
and the gaseous components allowed to evaporate leaving a liquid, The
liquid was transfdred under vacuum at 18°¢ to give a volatile component
(1.48z) and leave a residue (0.13g). The volatile component was shown
by comparison of GLC retention times (column i, 750C) to be mainly
1,2,3,3,4,4,5,5,6,6=decafluorocyclohexylmethanoyl chloride (139), (86%),

isomer mixture,

6. 1,2,3,3,4, A-HEXAFLUOROCYCLOBUTYLEETHANOL (72).

A mixture of alcohol (72) (1.23g , 6.3mmol) and chlorine (9.04g ,
127mmol) contained in a rotoflo tube was sealed in vacuo and irradiated
with & high pressure ultra violet lamp for 1 hour. The tube was opened
and the gaseous components allowed to evaporate leaving a liquid, The
1liquid was transféred under vacuum to give a volatile component (0.72¢)
and a residue (0.74g). Preparative GLC (column K, 18°C) of the volatile
component gave 1,2,3,3,4,4~hexafluorocyclobutyl methanoyl chloride (140)

(17%) and 2-chlorohexafluorocyclobutyl methanoyl chloride (141), (26%).

To 1,1,3=-TRI!IYDROTETRAFLUQOROPROPAN-1-0L (143).

A mixture of alcohol (143) (2.92g , 22mmol) and chlorine (11,1g ,
156mmol) contained in a rotoflo tube was sealed in vacuo and irradiated
with a high pressure ultra viclet lamp for 3 hours., The tube was opened
and the gaseous components allowed to evaporate leaving a liquid., The
liquid was transfdred under vacuum at 18°C to give 3-chlorotetrafluoro-
propanoyl chloride (144), (2.22y , 50%); (Found: C, 17.9%; 01, 36.04;

F, 37.6%. Calec, f C.C1_F 0[153] s C <, (e gl v 11
’ e O/e . or 3 274 L 18017~?'; Clg 35-7/-’; ]-'y 38'2/"); IR )

NMR , mass spectra 77, a less volatile mixed fraction (0.%94g), znd a

residue (0.38g),
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8, 1,1,11-TRIHYDROEI COSAFLUOROUHDECAN=-1-0L (145).

A mixture of alcohol (145) (10.33g , 19.4mmol) and chlorine (14.063 .
198mmol) contained in a rotoflo flask was sealéd in vacuo and irradiated
with a high pressure ultra violet lamp for 2.5 hours, The fl@sk was
opened and the gzaseous components allowed to evaporate leaving a white
solid. The solid was powdered and volatile impurities removea in vacuo
to give 11-chloroeicosafluoroundecanoyl chloride (146), (11.49g);

(Found: C, 21.8%; Cl, 11.3%; F, 62.8%. Calc, for C14C1,75 00 [154]:0, 22.0%;
1, 11.8%; P, 63.4¢%); IR , WMR , mass spectra 78 ., The purity of compound
(146) was determined by two volumetric methods.

(i) Compound (146) (0.3974g) was added to distilled water (50ml) and left
for 2 hours with occasional stirring., The solution was titrated with
sodium hydroxide solution (0.115M , 9.9cm3) using methyl red indicator,
Therefore 1,138mmol of acid have been produced from a possible 1.,327mmol,
giving a purity of 86%,

(ii) Compound (146) (0.3974g) was added to sodium hydroride solution

(15ml , 0,115M) and distilled water (25ml) and left with occasional stirring
until fhe solid had dissolved. The solution was titrated with hydrochloric
acid (0.2050¥ , 2.65ml) using phenolphthalein indicatcr. Therefore

compound (146) has 89% of available acid chloride groups.

9. 1,1,5-TRIHYDROCOCTAFLUOROPENTAN=1~0L (147).

A miyture of alcohol (147) (1.81g , 7.8mmol) and chlorine (7.8%g ,
111mmol) contained in a rotoflo tube was sealed in vacuo and irradiates
with a high pressure ultra violet lamp for 3.5 hours, The tube was opened
and the gaseous components allowed to evaporate . Tne remaining liquid
was transfdred under vacuum with heating to give a mizture of products

(GLC, column X, 7OOC) which was not investigated further.
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D. DEHYDRODIMERISATION,

1, 2,2,3,4,4, 4-1EXATLUOROBUTYL HMETHYL STHER (9).

a, Using Di-t-butyl peroride,

i. At 120°C.

A mixture of adduct (9) (0.,48g , 2.5mmol) and di-t-butyl peroxide
(0.41g , 2.8mmol) contained in a Carius tube was degassed and sealed
in vacuo, The tube was heated at 120°C for 24 hours after which the
product was transfdred under vacuum to give a volatile component (0,64g)
and a residue (0.22g), The residue was a mirxture with an indication of
some dimer products (GLC/mass spectra, column X, 115°C); m/z 239(4%),

209(5), 195(25).

ii, At 160°C,

A mizture of adduct (9) (1.1g , 5.6mmol) and di-t-butyl peroxide
(0,12 , 1.4mmol) contained in a Carius tube was degassed, sealed in vacuo,
and heated at 16OOC for 22 hours. The liquid product (0.96z) consisted

of adduct (9) and no indication of any dimer products (GLC, column A, 120°¢).

b, USing Benzoyl Perovide,

A mixture of adduct (9) (1.07g , 5.5mmol) and benzoyl peroride (0.05g)
contained in a Carius tube was degassed, sealed in vacuo, and heated at
80°Cc for 22 hours, The liquid product consisted mainly of adduct (2) by

GLC (column A, 115°¢C).

2, 2-(1,1,2,3,3, 3-HEXAFLUOROPROPYL) -1,4-DIOXAN (25).

A mixture of adduct (25) (0.91g , 3.8mmol) and di-t-butyl peroxide
(0,12 , 0.9mmol) contained in a carius tube was depassed, sealed in

vacuo, and heated at 120°C for 7 hours. The liquid product (0.91a)

o

consisted only of adduct (25) by GLC (column XK, 115 C),
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3. 1,4~DIOXAN.

A mixture of 1,4-dioxan (10.02g , 114mmol) and di-t-butyl veroxide
(4,392 , 30mmol) contained in a Carius tube was degassed, sealed in
vacuo, and heated at 120°C for 8 hours, The product was filtered and
washed (acetone) to give crystals of 2,2'-Di(1,4-dioxanyl) , (156),

e ¢

(2.5 , 25%); m/z 175 (2%, M'~H), 87(100%),

4, DI-(1-METHYL-2,2.3,4,4,4-HEXATLUOROBUTYL) ETHER (11).

A mixture of adduct (11) (2.5g , 17mmol) and di-t-butyl peroxide
(1.45g , 10mmol) contained in a Carius tube was degassed, sealed in vacuo,
and heated at 160°C for S5 hours, The liquid product (3.94g) consisted :

of adduct (11) and no indication of dimers by GLC (column ¥, 140°C).
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CHAPTER 11

EXPERIMENTAL TO CHAPTER 6

A, FLUORINATION USING COBALT TRIFLUORIDE.

1. GENERAL PROCEDURE.

Tha apparatus for cobalt trifluoride fluorination is illustrated in
Figure 8 ., A mixture of cobalt trifluoride (150g) and calcium difluoride
(150g) was used in the reactor andvthe general procedure involved heating
the reactor to the required temperature with continual stirring of the
paddles. Dry nitrogen (50ml/min) was passed through the reactor for
10mins prior to use, The collection trap was cooled with liquid air and
the reactant dropped into the reactor at a rate of 1ml/10mins and with a
nitrogen flow (50ml/min), After all the reaéﬁnt had been added the reactor
was flushed out with nitrogen for 10mins, then the collection trap
removed and left to warm up in an efficient fume cupboard. Anhydrous
sodium carbonate or sodium fluoride was added to remove hydrogen fluoride

and the product pipetted out or transferred under vacuum.

2. REGENERATING THE REACTOR.

The cobalt trifluoride must be regenerated from cobalt difluoride
after fluorination, This was achiéved by passing fluorine gas from a
fluorine cell via a copper pipe through the heated reactor (7’3000C)
until detected at the reactor outlet using starch/iodide paper (white

to blue).

B. FLUORINATION OF 2-(1,1,2,3,3,3-HEXAFLUOROPROPYL)OXANE (22).

1. AT 190°¢,
Adduct (22) (5.97g , 25mmol) was passed over the fully charged cobalt
trifluoride bed at 190°C. The product (214) consisted of a complex mixture

of polyfluorinated oxanes (GLC/Mass spectra , column A , 120 ®) which
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were not separated,

The experiment was repeated with mixture (214) using a re-charged cobalt
trifluoride bed. The product (215) consisted of a similar complex mixture
of polyfluorinated oxanes (GLC/mass spectra , column A, 120°C) as mixture

(214).

2. AT 250°C.

Mixture (215) was passed over a fully charged cobalt trifluoride bed
at 25000. The product (216) consisted of a complex mixture of polyfluor-
inated oxanes (GLC/mass spectra , column A, 12000) but with a higher

degree of fluorination than mixture (215).

3. AT > 300°C,
Mixture (216) was passed over a fully charged cobalt trifluoride bed
at > BOOOC. The product (217) (3.70g) consisted of one main component

(GLC/mass spectra , column A, 120°C),

4. AT 380°C,

Adduct (22) was passed over a fully charged cobalt trifluoride bed
at 380°C, Preparative GLC (column A, 80°C) of the product (1.96g) gave

a pure sample of the main component, perfluoro-2-propyloxane (156), (60%);

(Found: C, 20,1%; F, 73.4%. Calc, for 08F160l16]: C, 23.1%; P, 73.1%);

IR , NMR , mass spectra 79.

C. FLUORINATION OF 2-(1,1,2.3,3,3=-HEXAFLUOROPROPYL)OXOLANE (21).

1. AT 440°c.
Adduct (21) (1.93g , 8.7mmol) was passed over cobalt trifluoride at
0 .

440°C, Preparative GLC (column A, 20°C) of the product (2,27g) gave

perfluoro-?2-propyloxolane (157) (70%); b.p. 79OC; (Found: C, 22.8%;

¥, 72,5%. Calc. for C7F14O[16] : C, 22,9%; F, 72.7%); IR , NMR , mass
4]

spectra 80; and perfluorohexane (158), (3%); b.p. 60°¢ (lit;,[ 5700);

(Found: C, 21.4%. Cglc, for C6F14 : C, 21.3%); IR, NMR, mass spectra 81,
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as the two main products,

2, AT 355 C.
Adduct (21) (2,82g , 13mmol) was passed over cobalt trifluoride at

355°C° Preparative GLC (column A, 100°C) of the product (3.24g) gave the
perfluoroether (157) (23.1%) , a mixture of 2-(1,1,2,3,3,3~hexafluoro~

propyl )heptafluorooxolane and 2-heptafluoropropylhexafluoro-oxolane (159),

(17.9%) (Found: 23,4%, H,0%; F, 69.2%. C7F13HO requires: C, 24,1%; H, 0,3%;
F, 71.0%); m/z 329(7%, M'-F), 197(30, c4F7o+), 179(26, c4F6H0*);
§  216.2 end 213,3 (1F , m , CFH), 81.7 (m, CE,CF,) , 74.2 (m , CE,CFH),

a mixture of two isomers of 2,5,5~trifluoro-2-(heptafluoropropyl)trifluoro-

oxolane (160), (8,5%); (Found: C, 24.3%; H, 0%; F, 67.3%. C7F HO requires:

13
C, 24.1%; H, 0.3%; F, 71.0%); m/z 329(0.8%, M'~F), and 2,3,3,4,5,5-hexa-

fluoro-2-(heptafluoropropyl)oxolane (161) (5.7%); (Found: C, 24,4%;

H, 0%3 F, 71.2%, C HO requires: C, 24,1%; H, 0.3%;F, 71.0%); IR ,

7%13
NMR , mass spectira 82, as the major components. The minor components were

agssigned by GLC/mass spectra as shown in Table 28 ,

3. AT 270°C.

Adduct (21) (3.55g , 16mmol) was passed over cobalt trifluoride at
27OOC.to give a liquid product (3.69g , 70%). GLC/mass spectra (column A,
110°C)were used to determine the extent of fluorination and the yield

of each component of the product mixture as shown in Table 28 .

4, AT 240°C.
Adduct (21) (5,1g , 23mmol) was passed over cobalt trifluoride at 240°C
to give a liquid product (5.67g , 79%). GLC/mass spectra (column A , 110°¢C)

were used to analyse the product mixture as shown in Table 28 ,

5, AT 180°C.

Adduct (21) (2.40g , 10.8mmol) was passed over cobalt trifluoride at

180°¢C to give a liquid product (1.66g , 49%). GLC/ mass spectra (column A,
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110°C) were used to analyse the product mixture as shown in Table 28 .,

6. AT 110°C,
Adduet (21) (1.75g , 7.9mmol) was passed over cobalt trifluoride at
110°C to give a liquid product (0.7g , 30%). Preparative GLC (column A,

125°0) gave 2,5,5=trifluoro-2-(1,1,2,3,3,3-hexafluoropropyl)oxol-3-en

(162), mixture of isomers, (10.4%); IR , NMR , mass spectra 83,

~tetrafluoro=2-(1,1,2 ~hexafluoropropyl)oxolane (163), (3.4%);

IR , NMR , mass spectra 84, a mixture of isomers of trifluoro-2-(1,1,2,-

3,3,3-hexafluoropropyl Joxolanes (164), (2.2%); m/z 257(1.3%, Mt-F), 125

(23, C4F3H4O+), 77(100); IR , NMR , mass spectra 85, and a mixture of

isomers of difluoro=-2-(1,1,2,3,3,3-hexafluoropropyl Joxolanes (165), (4.1%);

m/z 239(0,9%, M'-F), 107(46, C H50+), 59(100); IR , NMR , mass spectra

42
86, as the major components. GLC/mass spectra were used to analyse the

minor components as shown in Table 28 .

D. FLUORINATION OF 2,2.3.4,4,4-HEXAFLUORO-1-METHYLBUTYL ETHYL ETHER (10).

1. AT 440°C.
Adduct (10) (0.56g , 2.6mmol) was passed over cobalt trifluoride at
440°¢, Preparative GLC (column A , 18°C) of the product (0.56g) gave the

major component as perfluoro-l-methylbutyl ethyl ether (168), (43%);

b.p. 78°C (Siwoloboff); (Found: C, 20,0%; F, T4.5%. C7F16O requires:
C, 20.8%; F, 75.2%); IR , NMR , mass spectra 87 and the minor component

as perfluoropentane (169) (10%).

2, AT 410%C.

Adduct (10) (3,02g , 13.5mmol) was passed over cobalt trifluoride at
410%¢c, No components were isolated from the product mixture (2.07g) but
GLC/mass spectra (column A, 110°C) were used to determine thé degree of

fluorination and yield of each component as shown in Table 29.

S
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3. AT 320°c,

Adduct (10) (2.,47g , 11mmol) was passed over cobalt trifluoride at
320°C to give a liquid product (1.95g). GLC/mass spectra were used to
determine the extent of fluorination and yield of each component of the

product mixjure as shown in Table 29 ,

4, AT 240°¢C.
Adduct (10) (1.55g , 6,9mmol) was passed over cébalt trifluoride at
240°C, The product mixture (1.4g) was analysed by GLC/mass spectra as

shown in Table 29 .

E. FLUORINATION OF 2-(1°1,2,3“3,3-HEXAFLUOROPROPYL)-104-DIOXAN (25).

1. AT 440°C.

Adduct (25) (2,17g , 9mmol) was passed over cobalt trifluoride at
440°C, Preparative GLC (column A , 18°C) of the product (2.55g) gave
perfluoropropyl-1,4-dioxan (170), (68%); b.p. 90°C (Siwoloboff); (Found:

Cc, 21.6%; F, 66,9%, C requires: C, 22,0%; F, 69.6%); IR , NMR ,

7¥14%2

mass spectra 88, as the major product,

2. AT 370°C,

Adduct (25) (3.71g , 16mmol) was passed over cobalt trifluoride at
370°C. Preparative GLC (column A 100°C) of the product (3.97g) gave
the two.main components as the perfluorocether (170) (36%) and 1,1,2,3,3.3~
hexafluoropropylheptafluoro~1,4~-dioxan (171), (21%); b.p. 101°C (Siwol=
oboff); (Found: C, 23.5; F, 64.4%; H, 0%. C7F13HO2 requires: C, 23,1%;
H, 0,3%; F, 67.9%); IR , NMR , mass spectra 89. GLC/mass spectra were

used to assign the degree of fluorination and yield of the minor components

as shown in Table 30 .,

3. AT 240°¢C.
Adduct (25) (3.37g , 14mmol) was passed over cobalt trifluoride at

240°C, Preparative GLC (column A , 130°C) of the product (3.62g) gave
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the major components as the perfluoroether (170) (4.7%) , compound (171)

(20,1%) , 2,3,5,5,6,6-hexafluoro-2~(1,1,2,3,3,3=hexafluoropropyl)-1,4-

dioxan (172), (isomer A) (8.5%); b.p. 106°C (Siwoloboff); (Found: C, 23.8k;

H, 0.4%; F, 65,.6%, C,Fi,Hy0, requires: C, 24.3%; H, 0.6%; P, 65.9%); IR,

NMR , mass spectra 90 , 2,3.5,5,6,6=hexafluoro-2-(1,1,2. 3.3, 3-hexafluoro~-

propyl)-1,4-dioxan (173), (isomer B) (6.1%); b.p, 113°C (Siwoloboff);

(Found: C, 24.3%; H, 0.8%; F, 66.1%. C,F,,H,0, requires: C, 24,3%;

H, 0.6%; F, 65,9%); IR , NMR , mass spectra 91 , 2,3,5,5,6,6-hexafluoro-

-2=(1,1,2,3,3,3-hexafluoropropyl)=1,4~dioxan (174), (isomer C) (5.2%);

b.p. 116°C (Siwoloboff); (Found: C, 21,1%; H, 0.6%. C,F,,H,0, requires:

C, 24,3%; H, 0.6%) , 2,3,3=trifluoro-2-(1,1,2,3,3,3-hexafluoropropyl)-

trifluoro-1,4~dioxan (175), (isomer A) (3.7%);IR , NMR , mass spectra 93,

2,3,3-trifluoro=2-(1,1,2.3,3,3-hexafluoropropyl)trifluoro-1,4-dioxan, (176),

(isomer B) (6.8%); IR , NMR , mass spectra 94 , and 2,3,3-trifluoro-2-

-(1,1,2,3,3,3-hexafluoropropyl )trifluoro-1,4~dioxan (177) (isomer C),

(2.4%); IR , NMR , mass spectra 95, GLC/mass spectra (column A, 110°C)
were used to assign the degree of fluorination and yield of the minor

components as shown in Table 30 .

4, AT 130°C.

Adduct (25) (2.89g , 12mmol) was passed over cobalt trifluoride at
1300C? The product (1.58g) was a complex mixture of components and
GLC/mass spectra (column A, 110°C) were used to assign the degree of

fluorination and yield of each component as shown in Table 30 .

F. FLUORINATION OF ACYCLIC ETHER ADDUCTS AT 44000°

1, 2,2,3,4,4,4-HEXAFLUOROBUTYL METHYL ETHER (9).

Adduct (9) (2.04g , 10.4mmol) was passed over cobalt trifluoride at
44000° Anhydrous sodium fluoride (5g) was put into the trap which was
kept at liquid air temperature. The trap was warmed to -40°¢ (dry ice/

acetone bath) for one hour and the products (2.57g) transferred under
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vacuum into a flask ( one litre, containing a rubber septum). GLC/mass
spectra (column A, -10°C) of the gaseous product gave perfluoro butyl
methyl ether (178) (36%); mass spectrum 96 , and perfluorobutane (179),

(44%); mass spectrum 97,

2, 1-ETHYL-2,2,3.4,4,4-HEXAFLUOROBUTYL PROPYL ETHER (12).

Adduct (12) (0.33g , 1.3mmol) was passed over cobalt trifluoride at
440°¢, Preparative GLC (column A, 20°C) of the product (0.24g) gave

perfluoro=-1-ethylbutyl propyl ether (180), (32%); b.p. 137°C (Siwoloboff);

(Found: C, 20.8%; P, 75.3%. CFyo0 requires: C, 21.4%; F, 75.4%); IR ,
NMR , mass spectra 98 , and a more volatile compound (8%) (insufficient

for analysis).

3. 1=PROPYL-2,2.3.4,4,4-HEXAFLUOROBUTYL BUTYL ETHER (14).

Adduct (14) (0.56g , 2mmol) was passed over cobalt trifluoride at
440°C, Preparative GLC (column A, 70°C) of the product (0.35g) gave

perfluoro-1-propylbutyl butyl ether (182), (18%); b.p. 149°C (Siwoloboff);

(Found: C, 21,1%; F, 75.9%. C 0 requires: C, 21.8%; F, 75.5%); IR ,

11¥24
NMR , mass spectra 99, and perfluoroheptane (181) (10%); IR , NMR , mass

spectra 100,

4, DI-(1-METHYL-2,2,3,4,4,4-HEXAFLUOROBUTYL) ETHER (11).

Adduct (11) (2.07g , 5.5mmol) was passed over cobalt trifluoride at
440°¢, Preparative GLC (column X, 90°C) of the product (1.68g) gave

perfluoro-di(1-methylbutyl) ether (183), (41%); b.p. 136°¢C (Siwoloboff);

(Found: C, 22.0%; F, 72,5%. C 0 requires: C, 21.7%; F, 75.4%); IR ,

10722
NMR , mass spectra 101, and perfluoropentane (169) (9%); IR , NMR , mass

spectra 102,

5, DI=(1-ETHYL-2,2,3,4,4,4-HEXAFLUOROBUTYL) ETHER (13).

Adduct (13) (1.77g , 4.4mmol) was passed over cobalt trifluoride at

440°C, Preparative GLC (column A, 120°C) of the product (1.15g) gave
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perfluoro-di(1-ethy1buty1) ether (184), (12%); bv.p. 162°¢ (Siwoloboff);

(Found: C, 21,9%; F, 74.0%, C 0 requires: C, 22,0%; F, 75.5%); IR ,

12726
NMR , mass spectra 103, and perfluorohexane (158) (30%).

6, DI(1-PROPYL-2,2.3,4,4.4-HEXAFLUOROBUTYL) ETHER (15).

Adduct (15) (1.,93g , 4.5mmol) was passed over cobalt trifluoride at
44000. The product (1.3g) was a mixture of components and the major one
was isolated by preparative GLC (column A, 6000) and identified as

perfluorcheptane (181) (32%).

T. 1=-PROPYL-2,2,3.4,4,4-HEXAFLUORQOBUTYL 1-PROPYL=1-(1,1,2.3.3, 3-HEXAFLUORO-

PROPYL)=2,2,3,4.4,.4-HEXAFLUOROBUTYL ETHER (16).

Adduct (16) (1.68g , 2,9mmol) was passed over cobalt trifluoride at

o . 0
440°C, Preparative GLC (column A, 18°C) of the product (1.21g) gave

perfluoroheptane (181) (26%) as the main component.

8., 2-METHOXY-3,3,4,5,5,5=-HEXAFLUOROPROPYL METHYL ETHER (185).

Adduct (185) (2,08g , 8,7mmol) was passed over cobalt trifluoride at
440°C, Most of the product evaporated from the trap.on warming,however
a liquid (0.33g) remained which was composed of a mixture of compounds

(GLC, column A, 20°C) that were not separated.

G. FLUORINATION OF CYCLIC ETHER ADDUCTS AT 440000

1. 2=(1,1,2,3,3,3-HEXAFLUOROPROPYL)OXEPANE (24).

Adduct (24) (1.63g , 6.5mmol) was passed over cobalt trifluoride at

440°c¢, Preparative GLC (column A, 65°C) of the product (1.98g) gave

perfluoro-2-propyloxepane (186), (45%); b.p. 124°C (Siwoloboff); (Found:

C, 22,6%; F, 76,9%. CqF,g0 Tequires: C, 23,2%; P, 73.4%); IR , NMR ,

mass spectra 104, and perfluoro-octane (187), (12%); b.p. 103°C (Siwoloboff);

(Found: C, 20,9 %; F, 78.5%. Calc, for C_F

8 18 : C’ 21-9%; F, 7891%); IR ]

NMR , mass spectra 105,
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2, 2=(j.1.2,3,3,B-HEXAFLUORQPROPYL)OXETANE (gg)o

Adduct (20) (2.22g , 10,7Tmmol) was passed over cobalt trifluoride at
440°C, GLC/mass spectra (column A, 18°C) of the volatile product (0.71g)
gave perfluoropentane (169) (3%) , perfluorohexane (158) (10%) , and

perfluoro~2-propyloxetane (188) (8,5%); mass spectrum 106,

3, 2- and S5-METHYL-2-(1,1,2,3.3,3-HEXAFLUOROPROPYL)OXOLANE,

a) A miyture of 2- and S5-methyl-2-(1,1,2,3,3,3-hexafluoropropyl)oxolane
(54% and 48% respectively) (1.63g , 6.9mmol) was passed over cobalt
trifluoride at 440°C, Preparative GLC (column A, 20°C) of the product
(1.9g) gave perfluoro-2-methyl-5-propyloxolane (190), (25%); b.p. 94°¢
(Siwoloboff); (Found: C, 22.5%. Calc, for C_F 0[155]: C, 23.1%); IR ,

8 16
I\IMR_9 mass spectra 107, perfluoro-2-methyl-2-propyloxolane (189), (18%);

b.p. 101°C (Siwoloboff); (Found: C, 22.8%. CqP O Tequires: C, 23.1%);
IR , NMR , mass spectra 108, and perfluoro-3-methylhexane (191), (10%),

IR , NMR , mass spectra 109, as the main components,

b) A mixture of 2- and S-methyl-2-(1,1,2,3,3,3<hexafluoropropyl)oxolane
(90% and 10% respectively) (1.41g , 6mmol) was passed over cobalt
trifluoride at 440°C° The products (1,15g) were identified by comparison

of spectra as (190) (5%) , (189) (15%) , and (191) (11%).

4. 2-(1-TRIFLUOROMETHYL=1°2,303,3-PENTAFLUOROPROPYL)OXOLANE (41).

Adduct (41) (2.03g , 7.5mmol) was passed over cobalt trifluoride at

[ .
440°C, Preparative GLC (column A, 100°C) of the product (1.96g) gave

pgrfluoron-(1—methylpropyl)oxolane (192), (53%); v.p. 101°¢ (Siwoloboff);
(Found: C, 23.3%; F, 76.0%. CqF1c0 requires: C, 23.1%; F, 73.1%); IR ,

NMR , mass spectra 110,
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5., 2-(1,2,3,3,4,4,5,5,6, 6=-DECAFLUOROCYCLOHEXYL)OXOLANE (38).

Adduct (38) (2.42g , 7.2mmol) was passed over cobalt trifluoride at
440°c, Preparative GLC (column A, 65°C) of the product (2.73g) gave

perfluoro-2-cyclohexyloxolane (193), (51%); b.p. 136°C (Siwoloboff);

(Found: C, 24.9%; F, T71.9%. 0 requires: C, 25.1%; P, 71.6%); IR ,

C1OF18
NMR , mass spectra 111, and perfluoropropylcyclohexane (194), (6%); IR ,

NMR , mass spectra 112,

6., 2=-(1,2,3,3,4,4,5,5=-0CTAFLUOROCYCLOPENTYL)OXOLANE (39).

Adduct (39) (1.87g , 6.6mmol) was passed over cobalt trifluoride at
440°C, Preparative GLC (column A, 80°C) of the product (2.22g) gave

perfluoro-2~cyclopentyloxolane (195), (65%); b.p. 117°C (Siwoloboff);

(Found: C, 24.7%; F, 76.0%. CoF, 0 requires: C, 25.2%; F, 71.0%); IR ,
NMR , mass spectra 113, and perfluoropropylcyclopentane (196) (11%);

IR , NMR , mass spectra 114,

T 2=(1,2,3,3,4,4=-HEYAFLUOROCYCLOBUTYL )OXOLANE (40).

Adduct (40) (2.32g , 9.9mmol) was passed over cobalt trifluoride at
440°C, Preparative GLC (column A , 70°C) of the product (2.98g) gave

perfluoro-2-cyclobutyloxolane (197), (64%); (Found: C, 23.9%; F, 73.3%.

CgF440 requires: C, 25.4%; F, 70,4%); IR , NMR , mass spectra 115, and

14

a decomposition product (12%) (insufficient for analysis).

8. 2-(1,2,3,3,4,4,5,5-0CTAFLUOROCYCLOPENTYL)OXANE (46).

Adduct (46) (3.06g , 10.3mmol) was passed over cobalt trifluoride
at 440°C, Preparative GLC (column A, 80°C) of the product mixture (3.59g)

gave perfluoro=-2-cyclopentyloxane (198), (31%); b.p. 134°C (Siwoloboff);

(Found: C, 23.1%; F, 72.1%, C 0 requires: C, 25.1%; F, 71.6%); IR ,

10718
NMR , mass spectra 116, perfluorobutyleyclopentane (199), (20%); b.p.

127% (Siwoloboff); (Found: C, 22.5%; F, 76.2%. requires: C, 24.0%;

CoF18
F, 76.0%); IR , NMR , mass spectra 117, and other unidentified

decomposition products (17%).
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9, 2-(1,2,3,3.4,4,5,5-0CTAFLUOROCYCLOPENTYL)OXEPANE (48).

Adduct (48) (1.81g , 5.8mmol) was passed over cobalt trifluoride at
440°¢, Preparative GLC (column A, 80°C) of the product mixture (2.25g)

gave perfluoro-2-cyclopentyloxepane (200), (20%); b.p. 158°C (Siwoloboff);

(Found: C, 24.3%. C 0 requires C, 25,0%); IR , NMR , mass spectra 118,

11F20
perfluoropentylcyclopentane (201), (22%)s b.p. 139%¢ (Siwoloboff);

(Found: C, 22,6%; F, 75.9%%. requires: C, 24,0%; F, 76,0%); IR ,

C10¥20

NMR , mass spectra 119, and other decomposition products (32%).

10, 2-(1,2,3,3,4,4,5,5-0CTAFLUOROCYCLOPENTYL)~1,4-DIOXAN (50).

Adduct (50) (2.80g , 9.3mmol) was passed over cobalt trifluoride at
440°c, Preparative GLC (column A, 80°C) of the product mixture (1,82g)

gave perfluoro=-2-cyclopentyl=-3,4-dioxan (202), (17%); b.p. 125°%¢

(Siwoloboff)s; (Found: C, 23.9%; F, 67.7%. C9F1602 requires: C, 24,3%;

F, 68.5%); IR , NMR , mass spectra 120, perfluoro-2-cyclopentylethyl

methyl ether (203), (8%); b.p. 101°C (Siwoloboff); IR , NMR , mass

spectra 121, perfluoroethylcyclopentane (204) (10%); IR , NMR , mass

spectra 122, and other decomposition products (10%).

11, 2=(2=CHLORO=-1,1,2-TRIFLUOROETHYL )OXOLANE (35).

Adduct (35) (1,68g , 8.9mmol) was passed over cobalt trifluoride at
440°c. Preparative GLC (column A , 6500) of the product (2.11g) gave

perfluoro-2-(2-chloroethyl )oxolane (205), (45%); b.p. 82°C (Siwoloboff);

(Found: C, 22.4%; F, 62.5%; Cl, 11.6%. CcClF,,0 requires: C, 21.7%;
F, 62.9%; Cl, 10.7%); IR , NMR , mass spectra 123, and perfluoro-2-
ethyloxolane (206) (12%); b.p. 54°¢ (Siwoloboff); IR , NMR , mass

. Sspectra 124,

12, 2-(1,2-DICHLORO~1~TRIFLUOROMETHYL=3, 3, 3~TRIFLUOROPROPYL )OXOLANE (42).

Adduct (42) (2.78¢ , 9.1mmol) was passed over cobalt trifluoride at
440°C. The frozen product had a yellow colouration which faded on warming

to room temperature. Preparative GLC (column A, 20 °c and 7OOC) of the
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product gave perfluoro-2-(2-chloro-l-methylpropyl)oxolane (207), (16%);

IR , NMR , mass spectra 125, perfluoro-2-(1-methylpropyl)oxolane (192),

(15%), and many unidentified compounds (18%).

13. 1,2.3,3.4,4.5,5,6,6-DECAFLUORO~1-METHOXYMETHYLCYCLOHEXANE (32).

Adduct (32) (1.87g , 6.1mmol) was passed over cobalt trifluoride at

440°¢, Preparative GLC (column A, 70°C) of the product (1.,05g) gave

perfluoromethoxymethylcyclohexane (208), (16%); IR , NMR , mass spectra

126, perfluoromethylhexane (209), (9%); IR , NMR , mass spectra 127, and

other unidentified decomposition products (21%).

14, 1,2,3,3,4,4-HEXAFLUORO=1-METHOXYMETHYLCYCLOBUTANE (210).

Adduct (210) (1.96g , 9.4mmol) was passed over cobalt trifluoride at
440°C, The product (0.78g) was very volatile and composed of many

components (GLC, columnA, ZOOC) that were not investigated,
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APPENDIX

INDEX OF SPECTRA

1. 2,2,3,4,4,4-Hexafluorobutyl methyl ether (9).

2, 1-Methyl=2,2,3,4,4,4-hexafluorobutyl ethyl ether (10).

3. Di(1-methyl-2,2,3,4,4,4=hexafluorobutyl) ether (11).

4, 1-Ethyl-2,2,3,4,4,4-hexafluorobutyl propyl ether (12).

5o Di(1-ethyl-2,2,3,4,4,4=-hexafluorobutyl) ether (13).

6. 1=Propyl-2,2,3,4,4,4=hexafluorobutyl butyl ether (34),

7.  Di(1-propyl-2,2,3,4,4,4~hexafluorobutyl) ether (15).

8, 1-Propyl-2,2,3,4,4,4-hexafluorobutyl 1-propyl-1-(1,1,2,3,3,3~hexa-
fluoropropyl)=2,2,3,4,4,4-hexafluorobutyl ether (16),

9. 2-(1,1,2,3,3,3-Hexafluoropropyl Joxetane (20).

10, 2-(1,1,2,3,3,3-Hexafluoropropyl)oxolane (21).

11, 2-(1,1,2,3,3,3~-Hexafluoropropyl)oxane (22).

12, 2,5-Di(1,1,2,3,3,3-hexafluoropropyl Joxane (23).

13, 2-(1,1,2,3,3,3-Hexafluoropropyl )oxepane (24).

14, 2-(1,1,2,3,3,3-Hezafluoropropyl)-1,4-dioxan (25).

15. 3,3,4,5,5,5-Hexafluoropentan-2-one (19).

16, 2-Methy1=5=(1,1,2,3,5,3=hexaf1uoropropyl)oxolane (27).

17. 2-Methyl-2-(1,1,2,3,3,3-hexafluoropropyl Joxolane (26).

18, 2-(2-Chloro-1,1,2-trifluoroethyl)oxolane (35).

19. 2-(1,2,3,3,4,4-Hexafluorocyclobutyl Joxolane (40).

20, 2-(1,2,3,3,4,4,5,5-0ctafluorocyclopentyl )oxolane (39).

21, 2-(1,2,3,3,4,4,5,5~0ctafluorocyclopentyl)oxane  (46).

22, 2-(1,2,3,3,4,4,5,5-0ctatluorocyclopentyl Joxepane (48).

23, 2-(1,2,3,3,4,4,5,5-0ctafluorocyclopentyl )-T,4~dioxan (50),

24, 2-(1,2,3,3,4,4,5,5,6,6-Decafluorocyclohexyl Joxolane (38).




25,
26,
27,
28,
29,
30,

31.
32,

33,
34,
35,
36.
37,
38,
39,
s0.
41,
42,
43,

44,
45,
46.
47.

48,

49,
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2-(1-Trifluoromethyl-1,2, 3,3, 3-pentafluoropropyl Joxolane (41).
2-(1-Trifluoromethyl-1,2, 3,3, 3-pentafluoropropyl Joxane (47).
2-(1=Trifluoromethyl-1,2,3,3,3-pentafluoropropyl Joxepane (49).
2-(1-Trifluoromethyl-1,2,3,3,3~pentafluoropropyl)-1,4-dioxan (51).
1=(1,2-Dichloro=1-trifluoromethyl-3,3,3=trifluoropropyl)oxolane (42).
2-(1,2-Di(trifluoromethyl)-1,3,3,4,4,4~hexafluorobutyl Joxolane (43).
2,5-Di(1,2-di(trifluoromethyl)-1,3,3,4,4,4~-hexafluorobutyl)-
oxolane (44).
2~(1,2,3-Tri(trifluoromethyl)-3-pentafluoroethyl-1,4,4,5,5,5~hexa~
fluoropentyl )oxolane (45).

Methyl 2,2,3,4,4,4-hexafluorobutancate (54).
2,2,3,4,4,4-Hexafluorobutyl formate (55).
2,2,3,4,4,4-Hexafluorobutan-1-0l (56),
2-Trifluoromethyl-2,3,3-trifluoropropyl acetate (59).
2,2,3,4,4,4-Hexafluorobutyl acetate (57).

Methyl 3,3,4,5,5,5-hexafluoropentancate (58).
2,2,3,4,4,4-Hexafluorobutyl methyl carbonate (60).
Tri(2,2,3,4,4,4-hexafluorobutyl) borate (63).
Tri((1,2,3,3,4,4-hexafluorocyclobutyl )methyl) borate (64).
Tri((1,2,3,3,4,4,5,5,6,6-decafluorocyclohexyl)methyl) borate (65).
Tri(2-pentafluorocethyl-4,4,5,5,5-pentafluoro-2,3-di(trifluoromethyl)~
pentyl) borate (66).

N-(2,3,3,3-Tetrafluoropropanoyl )piperidine (74).
N-(2,2,3,4,4,4-Hexafluorobutyl )piperidine (75).
N-Methyl-2-(1,1,2,3,3,3-hexafluoropropyl )piperidine (76).
N-(2,2,3,4,4,4-Hexafluorobutyl)=2-(1,1,2,3, 3, 3-hexafluoropropyl )~
piperidine (77).

N-(2,2,3,4,4,4-Hexafluorobutyl )morpholine (78).
N-(2,2,3,4,4,4-Herafluorobutyl)-2-(1,1,2,3,3,3~hexafluoropropyl)-

morpholine (79).




50.
51.

52.

53.
54.
55.
56.
57.
58,
59.
60,
61,
62.
63.
64.

65.

66.

67.
68.
69.
70,
1.
72,
73.
4.

5.
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N-(2,2,3,4,4,4-Hexafluorobutyl )-N-methylformamide (81).
N,N-Dimethyl-2,2,3,4,4,4~-hexafluorobutanamide (82).
N-(2,2,3,4,4,4-Hexafluorobutyl)-N-methyl-2,2,3,4,4,4=-hexafluoro=-
butanamide (83).
N-(2,2,3,4,4,4-Hexafluorobutyl)-N-methylacetamide (84).
N-(2,2,3,4,4,4-Hexafluorobutyl )-N,N' ,N'=-trimethylurea (85).
N,N'-Di(2,2,3,4,4,4~hexafluorobutyl)-N,N'-dimethylurea (87).
N,N-Di(2,2,3,4,4,4-herafluorobutyl )-N',N'~dimethylurea (86).
N,N,N'-Tri(2,2,3,4,4,4-hexafluorobutyl)-N"'-methylurea (88).
N,N,N' N'-Tetra(2,2,3,4,4,4-hexafluorobutyl)urea (89).
N-(2,2,3,4,4,4-Hexafluorobutyl )-N-methylbenzamide (90).
N-Methyl-5-(1,1,2, 3,3, 3-hexafluoropropyl )pyrrolidin-2-one (91).
N-Acetyl-2-(1,1,2,3,3,3-herafluoropropyl )piperidine (92).
N-Methyl=N-(3-chloro-2,2,3~-trifluoropropyl)acetamide (93).
N-Methyl=-5=(2-chloro=1,1,2-trifluoroethyl )pyrrolidin-2-one (97).
N-(1,2,3,3,4,4~-Hexafluorocyclobutyl Jmethyl-N-methylacetamide (96).
N-(1,2,3,3,4,4,5,5-0ctafluorocyclopentyl )methyl -N-methyl-
acetamide (95).
N-(1,2,3,3,4,4,5,5,6,6=Decafluorocyclohexyl)methyl~N-methyl-
acetamide (94).

N,N,N',N'-Tetramethylurea / Perfluorocyclohexa-1,4-diene polymer (2_).
1-Chloro=-2,2,3,4,4,4-hexafluorobutyl methyl ether (126),
2,2,3,4,4,4-Hexafluorobutyl chloromethyl ether (127).
1-Bromo-2,2,3,4,4,4-hexafluorobutyl methyl ether (130).
2,2,3,4,4,4-Hexafluorobutyl fluoromethyl ether (134).
2,2,3,4,4,4~-Hexatluorobutanoyl chloride (138).
1,2,3,3,4,4,5,5,6,6~Decafluorocyclohexylmethanoyl chloride (139).
1,2,3,3,4,4~-Hexafluorocyclobutylmethanoyl chloride (140).

3=Chlorohexafluorocyclobutylmethanoyl chloride (141).



76,

7.
78,
79.
80.
81,
82.
83.
84.

85,

86.

87.

88,

89,

90.

91,

92,

93.

94.

95.
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3=Chloro=3,4—di(trif1uoromethyl)=1,1,1,Z,é,5,5,6,6,6-decaf1uoro=
hexane (142).

3-Chlorotetrafluoropropanoyl chloride (144).
11-Chloroeicosafluoroundecanoyl chloride (146).
Perfluoro~2~propyloxane (156).

Perfluoro=2-propyloxolane (157).

Perfluorohexane (158).
2,3,3,4,5,5=-Hexafluoro=-2-(heptafluoropropyl)oxolane (161).
2,5,5=-Trifluoro-2-(1,1,2,3, 3, 3-hexafluoropropyl )oxol=3~en (162),
2,3;4,5—Tetrafluoro-2—(1,1,2,3,3,3-hexafluoropropyl)oxolane (163).
Trifluoro~-2-(1,1,2,3, 3, 3~-hexafluoropropyl)oxolane , isomer

mixture (164).

Difluoro=-2-(1,1,2,3,3,3=hexafluoropropyl )oxolane , isomer

mixture (165).

Perfluoro=-1i-methylbutyl ethyl ether (168).
Perfluoro-2-propyl-1,4-dioxan (170).
Heptafluoro=-2-(1,1,2, 3,3, 3=-hexafluoropropyl)~1,4-dioxan (171).
2,3,5,5,6,6=-Hexafluoro~2-(1,1,2,3,3,3-hexafluoropropyl)=-1,4=dioxan,
isomer A (172).

2,3,5,5,6,6=-Hexafluoro-2=(1,1,2,3,3, 3-hexafluoropropyl)-1,4-dioxan,
isomer B (173). |
2,3,5,5,6,6=Hexafluoro-2-(1,1,2,3,3, 3-hexafluoropropyl)=T,4=-dioxan,
isomer C (174).
2,3,3=Trifluoro-2-(1,1,2,3,3,3<he>afluoropropyl)trifluoro~
1,4-dioxan, ‘isomer A (175).
2,3,3=Trifluoro-2-(1,1,2,3,3,3~hexafluoropropyl)trifluoro~-
1,4=dioxan , isomer B (176).
2,3,3=-Trifluoro-2~(1,1,2,3,3,3-hexafluoropropyl)trifluoro-

1,4-diovan , isomer C (177).



9.
97.

98.

99.

100,
101,
102,
103,
104,
105,
106,
107,
108,
109,
110,
111,
112,
113,
114,
115,
116,
117,
118,
119,
120,
121,
122,
123,

124,
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Perfluoro butyl methyl ether (178).
Perfluorobutane (179).

Perfluoro f-ethylbutyl propyl ether (180).
Perfluoro 1i-propylbutyl butyl ether (1§g)o
Perfluoroheptane (181),

Perfluoro di(1-methylbutyl) ether (183).
Perfluoropentane (169).

Perfluoro di(1-ethylbutyl) ether (184).

Perfluoro 2-propyloxepane (186).

Perfluoro-octane (187).

Perfluoro 2-propyloxetane (188).
Perfluoro 2-methyl-5-propyloxolane (129)0
Perfluoro 2-methyl-2-propyloxolane (189).

Perfluoro 3-methylhexane (109).

Perfluoro 2-(1-methylpropyl)oxolane (192).
Perfluoro 2-cyclohexyloxolane (193).
Perfluoropropylcyclohexane (194).
Perfluoro 2-cyclopentyloxolane (195).
Perfluoropropylcyclopentane (196).
Perfluoro 2-cyclobutyloxolane (197).
Perfluoro 2-cyclopentyloxane (198).
Perfluorobutylcyclopentane (199).
Perfluoro 2-cyclopentyloxepane (200).
Perfluoropentylcyclopéntane (201).
Perfluoro 2-cyclopentyl-1,4-dioxan (202).
Perfluoro 2-cyclopentylethyl methyl ether (203).
Perfluoroethylcyclopentane (204).
Perfluoro 2-(2-chloroethyl)oxolane (205).

Perfluoro 2-ethyloxolane (206).
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125, Perfluoro 2-(2-chloro-1-methylpropyl)oxolane (207).

126, Perfluoromethoxymethylcyclohexane (208),

127, Perfluoromethylhexane (209).

128, Adduct of tributyl borate and hexafluoropropene (69).
129, 1,1,1,2,3,3-Hexafluoroheptan-4-ol (70).

130. 1,1,1,2,3,3-Hexafluoro-4-(1,1,2,3,3,3-hexafluoropropyl)-

heptan-4-0l (71).

ABBREVIATIONS.

The following abbreviations are used for the splitting patterns of
the NMR resonances;
S = singlet

D = doublet

T = triplet
Q = gquartet
AB = AB quartet
1 Y, Vz
1 T
>

—— - we—
mecmnsroe ww

BRI
S S, $q Sb_

Chemical shifts quoted as ‘'centre of gravity'
or:tAv/Z from the mid point of the pattern,

calculated from (51-83) = (52-54) = (ﬁSV52+ J°

P = pentet
Sx = sextet
Sp = septet
Oc = octet

M = multiplet.
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b d No.1

a C e
(R CFH CFy CH)0 Chg

2,2,3,4,4,4=-Hexafluorobutyl methyl ether (9),

No. 1

00 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT FINE STRUCTURE : RELATIVE - N
(Popom) COUPLING CONSTANTS (Hz) THTENSITY ASSTGHMENT
1'_?1"‘
76.3 M, J=6 . 3 a
120.1, 121.,8 AB, J;n=260 2 c
’2160 =

7 D of M, Jyp=43 1 b
L8
3.47 S 3 e
3.7 M(broad) 2 d
5.08 D of M, JHF=43 1 b
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No.1

88t

13

FEAK
ND .

18
19
20
21
22
23
24
25
26
27

MAGS

28.00
29.00
33,00
4% .00
46 .00
91.00
61.00
6300
65,00
469,00
77,00
H1.00
83,00
PEL, 00
101.00
107.00
113.00
118.00
123.00
14%.00
151.00
1%7.00
1%58.00
177.00
178.00
195.00
1926.00

3.00%
12, 00%
2.00%
100 00X
00
7.00%
6. 00%
X OOK
2.,00%
8.00K
5.00%
2400%
2.00%
18.00%
L.00%
2,00%
2.00%
1.00%
2.00%
2.00%
1.00%
Z.00x%
1.00%
4.00%
1.00%
LeO0%
1.00x%
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s b c d No. 2
(R, CFHCR

1-Methyl-2,2,3,4,4,4-hexafluorobutyl ethyl ether (10).

No. 2

1 L] 1 1 1 ' 1 \ ¥ '
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHI BT  FINE STRUCTURE RELATIVE ASS TGN
(pop.m) COUPLING CONSTANTS (Hz) TINTENSITY RSk
ln
0,87 Ty J,_p= 8 3 a
0095 ) D9 Jd"C= 7 3 d
3.25 M, J =7 b
' 3
3.53 M c
4.80 D of M, JH_F= 44 1 f
19F
76,7 M
' 3 g
77,2 M
121 oBy 12692 ) ABg JF¢F=273 2
e
127.0, 131.4 ABy Jp_p=2T73
215, =
5.7 D of M, J, =38 1 .
218, = a
8.5 D of M, Jp_,=42, J, =10
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M.Wt, 224

159
il

]
T

1I
128

[
o~ <

48

168 e e 48 28 2]




a b C
CRyCRHCF)

229~

h g

¥
CF, CFH CFy

CH5 CH-0-CH CH
eHB d i 3

Di(1-methyl-2,2,3,4,4,4-hexafluorobutyl) ether (11).

No. 3

i
No.3
t'z.ooo B0 3000 2500 2000 1800 1600 %00 1200 1000 800 600 400
SHIFT FINE STRUCTURE RELAZIVE rfSSIGrﬁ“wm
(popem) COUPLING CONSTANTS (Hz) THTENSTTY ' S
e
1,07 S 3
}a,f

1,17 S 3
3.77 M(broad) 2 da, 1
4.78 D of M(broad),JHF=44 2 b, g
s
76.3 M 3 a, f
117.0, 121.7, ,
122,0, 123.2,
124,2, 126,3,
127.3, 128.8, P Overlapping AB's 2 ¢, h
129.7, 132.2,
133.7, 134.7. J
213.5, 214,

3.5, 4.3, M(broad) 1 b, g
215,2, 216,5,
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M.Wt. 374

No. 3

631

12

au'.nu[ o l ]l
M A Ak § | R 1
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L]

188

208

ML
3080
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a b ¢ fF e d No. &
CHy CHy [H[O-C'? CH, CSB

(R, CFHC

g 2,73

1-Ethyl-2,2,3,4,4,4-hexafluorobutyl propyl ether (12).

No. 4

1 t 1 ' ' '
4000 3500 3000 2500 2000 1800 1600 %00 1200 1000 800 600 400

STL T TNT STRUOTURS T ATIVE .
(;jifi) couyiiié ééﬁggiggé (Hz) ¥§5ﬁ$£¥iy‘ ASSTGNMENT
J_gﬁ . :

1.04 M 6 a , d
1,67 M 4 b, e
3.57 M c

4,00 M(broad) 4 f

5.03 M(broad) | h

-1_92 .

74,3 M 3 i

117059 120,29

} Overlapping AB's 2 g
123.8, 125.0, '

211.7 M | : 1 , h
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MWt 252 No.4
v 4
3 T :
1
1
0
1
!
% 1
o )
)
t
I
) '
@, [
e ' 173
3 ;
:
t
3 i
1 )
I
1
}
'
[ |
o i
44 ' 9
' T
!
B 1LJ..L N "_I'lllll;gl 33’1. 1' T ‘l el Al .
@ j 88 ' : 288
FEAK MH8Ss AHT . FEAK MASS AHT .
NO. BASE NO. BRASE
1 2725 .10 36 87.03 1.10
2 28,13 2.14 37 88.94 0.44
3 29.02 4,44 38 90,90 2.99
4 29.86 Q.27 39 5. 00 Q.66
5 30,92 P63 A0 PP.97 0.33
é 32.02 " 0.41 41 101,00 34.18
7 318.99 1.29 42  102.01 2.99
8 39.89 O0.44 43 103.00 0.77
@ 40.97 14.71 44  108.90 1.18
10 42,07 3,76 4% 112.96 0.60
11 43.13 &462.88 446 120.97 0.44
i2 44,17 2.41 47 123,03 052
13 45,16 4.36 48 126,99 3,16
14 47.11 11.77 49  132.946 1.23
15 48,05 0.38 50 140.87 Q.55
16 50.93 0.63 S1  144.97 0.63
17 95.16 1.56 52 150.94 0,80
i8 S6.14 0.58 53 152.96 1.59
19 57.11 535 54 195,01 0.30
20 %8.08 1.29 550 158.94 0.33
21 59.02 100.00 56 170.97 0.44
22 G9.9%9 357 37 171.94 0.27
23 61.02 0.80 58 172.96 13.55
24 &%5.12 2.88 59 174.02 1.07
25 47 .09 Q.47 60 190.94 0,386
26 &8.946 1.12 61 192.93 1.12
27 59 .96 Q.27 &2 202,92 0.41
28 70.98 i.18 63 204,91 0.47
20 72.03 0,36 d4 210.88 0.36
X0 73.06 4,88 69 222,97 0.80
31 74,09 0.41 bé6 236,90 0.41
32 75,07 Q.35 &7 248.89 0.33
33 77.01 1.78 68 2%0.90 0.8%9
34 83.01 0.32
35 BE.0Ob 0-38




=233=

a b ¢ i h g No.5
oy Wl
3. q 2 j 2y 3

Di(1=-ethyl-2,2,3,4,4,4-hexafluorobutyl) ether (13).

No. S

. 4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT FINE STRUCTURE RELATIVE ASSTOHMETT
(pop.m) COUPLING CONSTANTS (Hz) INTENSITY .
Ll

1,06 M 3 e, 8
1,79 M 2 b, h
3.90 M 1 c, i
5.01 D of M, J =46 1 e , k
195

7404 M 3 f v 1
116,9, 117.9, 3

118.8, 119.7,

122,2, 122.7, # Overlapping AB's 2 a,
124,4, 125.3,

127.9. J

212,11 . M 1 e , k
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-3 i
@ |
]
]
i
]
]
oY ]
e ]
! 21
® I
'
1
3 : 173
@ !
[
)
8
'S ]
@ )
T
}
‘ T |
Lk et nll,' SN || I R
[« ] MASRA § 13 li“m Y T b
FEAK MASS AZHT . FEAK MASS ZHT .
NO . BASE NO . BASE
1 2726 1,05 36 @E5.01 0.53
2 28.13 4.10 37 101.01 0.61
3 29.03 3,58 38 103.02 0.469
4 30.94 7:18 39 108.94 1.44
) 32.02 Q.72 40 113.00 0.44
b 39.01 0.42 41 121.01 0,50
7 40,99 4,77 42 123,095 0.86
8 42.08 0.83 43 127.01 3:16
Q@ 4%.14 4.21 44 133.02 1.0%5
10 44,17 Q.28 4% 140,94 Q.53
i1 45,17 Q.64 44 14%.00 0.47
12 44.81 Q.30 47 150,95 0.72
13 47.12 30.99 48 153.00 1.66
14 47 . 35 0.28 49 15%.00 0,36
15 47 .44 Q.30 50 170.99 Q.75
16 48.07 0.80 51 172.02 G.39
17 50.95 0.72 52 173.02 ?.28
18 53916 0.58 a3 174.01 0,69
19 56,92 Q.28 ) 175.01 039
20 5712 4,94 855 1920.91 1.08
21 B7.59 0.30 S5é 192.96 2,05
22 H7..76 0.30 37 194,99 1.25
25 59,00 100.00 58 207.90 0.36
24 59,52 b.15 59 208.87 Q.61
25 60,12 0,28 60 223,08 0.36
26 6037 0.30 61 248.97 0.61
27 61.03 Q.80 62 250,00 0,30
28 6.1 3 o229 63 250.94 12.67
29 H8.96 0.91 44 251.%58 557
30 70.99 0.61
31 73,07 1.39
32 77.03 i1.94
33 23.04 0.28
34 88.95 0.53
x5 QO . 9% . A




a b ¢ d h g f e
[%ﬂBﬁ:%ﬂz[i%%Z Ck{2=E)=%}ﬂ E&{Z[]ﬂZTC&ﬁa

=235«

CF, CFH CF
2 k3

1=Propyl=~2,2,3,4,4,4=hezafluorobutyl butyl ether (14).

600 400

4000 3500 2000 2500 2000 B0 1600 1400 1000
it NE "RUCTURIE i TIVE
SHIFT FINE S‘IL\UCLHRL, RI}rL‘A\J.E\L ASSTCNHENT
(pepom) COUPLING CONSTANTS (Hz) INTENSITY
ln
0,67 M a, e
14
1.27 M b, c,f,g
3.32 M 3 d , h
4,77 D of M, J,,=43 T 3
76.2 M 3 k
117.2, 123.0 AB, J..=273
& 2 i
120.3, 128.2 AB, JFF=273
213.5 M 1 J




..,236=

MWt. 280

No.

- b x|
3
"
o
e 57
=
o 129
5
: a
"
4
o Il ittt b '
188 208 388
CEAK  MASS  %HT. FEAK  MASS  ZHT.
NO RASE NO . BASE
1 27.25 2,56 36 102.99  1.37
2 28.13 4,74 37 105,03 0.60
329,02 15,17 38 108,92 0,81
4 30.92 2,63 39 112,98  0.63
5 32,01 0,77 40 120,97  0.77
6 39,00  1.09 a1 123,03 0.60
740,98 22,51 4z 127,01 1.93
8  41.36 0,39 43 129.03 40,81
9 41,53 0,56 44 130.01 4.1t
10 42,07 2,14 4% 132,96 0,53
11 43,15  6.81 46 140.87 2,42
12 44.17  0.74 47 144,97  0.60
13 45,17 1.44 48 146,98  0.67
14 47.12  4.88 49 150,91 1.23
15 50,95 0.53 50 152,99 0,84
16 55.17 32,21 51 158.91 2,77
17 56416 7.69 52 166,98  2.92
18 57.1% 55,88 53 172.96  2.85
19 B58.12 2,77 54 186,97  5.58
20 59,02 2,07 55 187,96  0.46
21 61,02  4.99 56 194,89 2.85
22 65.12 5,02 57 206,90 2,00
23 6B.96 1,23 58 216,96  0.42
24 69.96 0,49 59 220,93 2,92
25 70,99 2,07 60 236.89  1.02
26 72,04 0.67
27 73,07 100,00
28 7410 4,88
29 75,10 0,49
30 77,01 3.37
31 85.05 1,02
32 87,05  2.81
33 90,92 1.19
34 95,00  0.74
35 100-98 0-67




a b ¢ d k] h._

C%EFHC
g =~ f e

-237=

9 %FZ %FH EFB

Di(1=-propyl-2,2,3,4,4,4=hexafluorobutyl) ether (15).

—

No. 7
) 4000 3500 3000 ZSIOO 20'00 18.(1)- 16'00 11:00 12IOO 10|00 6'00 400
u ,
SHIFT FINE STRUCTURE RELATIVE ASST QI i
(pep.m) COUPLING CONSTANTS (Hz) INTENSITY PR
ln
0,87 M ' a, h
7
1.52 M by, ¢, 1, J
3.83 M 1 a, k
4.87 D of M, Jy,=44 1 f,m
195
75,7 M 3 & ,
112.8, 114.2, 9
17,5, 119.0,
119,7, 120.8, > Overlapping AB's 2 e , 1
123.7, 125.3,
126.3, 130.3. J
212.7 M 1 f,m
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MWt 430

No.7

128

279

1

Y

FEAK
NO.

et
S L E DL

1

[y
LSRN

Sl
7 B
10 f

16
17
19
20
22
24
26
27
29
34
39
41
4%
44
50
o2
w5
58
59

60

258

MASS

27.25
28.13
29.02
30.93

S&.17
G741
59,02
61.03
&6hH.13
70.99
73.07
7H4.10
77.02
103.00
127.01
140.89
158.95
167.00
186.96
202.88
222,99
278.87
279.92
428,93

T
BRASE

.14
31.02
11.48

6.78

S5.97
16.97

2.34
17.69

2.18

?.61
75,03

5,13
20,03

4.44
172.73
11.22
11.53

100.00

5.94

4,98

2.34

1.80

2.21

2.857

3.29

6.01

1.76

326
16.62

1.99

0.57

588
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EFBCFH%FZ o | No.8
EH_%EHZCH (=0~ EHCHZEHZ%

FFB‘ %FHEFZ EFZEFHE%

1<Propyl-2,2,3,4,4,4-hexafluorobutyl 1-propyl-1-(1,1,2,3,3,3-hexafluoro=

propyl)=2,2,3,4,4,4=hexafluorobutyl ether (16).
- j

v

No. 8

4000 300 3000 2500 2000 1800 1600 %00 1200 1000 800 6I00 400

SHIFT FINE STRUCTURE RELATIVE e
(popom) COUPLING CONSTANTS (Hz) THrEnsITY | AOSIGNMENT
-

1.03 M 6 a, m
1,57 M |

8 b, ¢, k; 1

2.10 M

3.97 M 1 3
4.87 D of M, JHF =42 3 e, h, o
Pr

74,7 M 3 £, 1, p

16,7, 119,0,

Overlapping AB's 2 d, g, n
122.3, 124.0

211.2 M(broad) 1 e, h, o




MWt

-240=

580

No.8

921

10
11
12
13
14
lé
18
19
20
21
23
2
27
29
30
32
33
34
3%
41
43
46
47
48
30
32
54
96
a8

I Y

Anvllrljl

MAGSH

2725
28.13
29,02
30.92
32,02
39.83%
40,99
42,08
43,15
44,16
4%.17
47,12
S0.90
9%.17
56,17
G715
59.03
61,03
65,12
68.97
70.99
73,07
74,10
75.10
77,01
?20.93
%, 02
103.00
1035.03
108.92
115.03
120.97
127,01
129.08
135,00

gSB
ZHT
BASE

13,09
57630
40,72
70,29
10.37

107({)

3ebé
31.42
.75
21.48
16.87
237
P1.69
e 29
13.846
30.00
24,92
24.75

oy

K b A

8.52
100.00
17.26
P64
2463
3.31
4.09
1.89
2.58
2.11
2.1
) ° 33
2,07
X.RX

FEAK
NO .,

&0
61
62
6%
b7
73
76
a1
833
8%
87
89
0
?1
23
5
P8
¥y
10%
108
109
110
111
112
113
114
115
116
117
118
119
120

T T

MASSH

140.89
144,98
147,00
155,01
158.93
167.00
170.93
182,97
184,95
186.94
120.91
202.92
203.91
204,91
206.90
210.91
223,00
224,02
279,00
314.94
316.88
334,95
336.92
337 .93
366,85
386 .89
410.94
427 .09
429,06
429.91
431 .11

579.21

Ge29
2,50
220
g.22
758
8.39
1.8%5
13%.69
254
16.57
G 9
2656
2.02
392
3.23
1.94
33.96
2.63
220
1.08
2.97
1.29
792
077
1.2%5
1,33
0.69
0.82
X737
8.82
0.73
2.41
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a d e f | hk).g
0 EFZ CFH CFB

||

C b

2-(1,1,2,3,3,3-Hexafluoropropyl )oxetane . (20).

No.9

4000 3500 3000 2500 2000 1800 1600

1000

1400 800 600 400

L

SHIFT ~ FINE STRUCTURE RELATIVE JURR—
{(p.p.m) COUPLING CONSTAHNTS (Hz) THTENSITY

u

2,60 Q, J =7.5 2 b
4040 1, J =7.5 c

5.0 e M(broad) } ) 8, e

19

75.9 : (D of Q, J=6 and 11 ) £ (RR4SS)

76.8 M(P, J=8). } ’ f (RS+SR)

127.9 M(Sx, J=10) d (RS+SR)

132.8 M(11 peaks, J=10) } ? d (RR+SS)

215,8 D of Q of M, J=42 and 10 e (RR+SS)

219.9 D of Sx, J=44 and 10 } " e (RS+SR)




MWt.

-242-

208

No.9

” X 10
8 !
[}
t
|
[}
i
g |
1
4
o
3 i
29 : 13
o0 -,
bt 591 142 159
& : 193
| 2@7
2 )
|
N l )
° : 104
1 2
i |
o .hsll{l )| | I{ (KT | T N E—
: tee 208 306
FEAK MASS AHT . FEAK MASS AHT .
MO, RASE NO . BRAGE.
1 26 .30 2.63 K1) 88.91 1.72
2 27.24 12.10 K. % 8%.87 1.16
3 28.14 27.86 38 P0.96 4,51
4 2,928 H2.835 39 95.04 3.79
) 292.01 49,62 40 99.93 Q.52
é 29.82 4,07 41 100.95 4,59
7 30.91 12.93 42 107.03 0.60
el 32,01 0.48 4% 108.01 0.80
Q? 32,11 0.536 44 108.97 1.40
10 38.99 1.88 4% 112.99 4,71
11 40 .97 1.44 446  118.98 G768
12 4%.09 4,39 47 120,99 5,39
13 45,15 2,93 48 127,02 072
14 47 .10 1.36 49  128.94 1.88
135 S0.92 12.42 S50 130.93 1.12
14 52.02 0.96 S5l 131,97 2416
17 5%.11 1.16 G20 132.99 G55
18 G7.09 100,00 B3 138.96 1.84
19 98.06 3.79 34 140.93 3.79
20 S8.99 7.94 9% 14%9.02 0.64
21 99,93 0.48 96 149.91 Q.72
22 654,09 0.48 57 150,94 275
23 65,10 1.40 5980 155,03 0,48
24 67 .04 0.40 59  1658.99 4,75
25 68,92 10.18 60 152.93 0594
26 70.94 1.32 61 160.95 3.23
27 74,07 0.84 62 204.94 1.08
28 75,01 0.80 63 206.97 3,31
29 76,00 0.64 b4  207.97 0.60
30 76.99 65,23 6% 208,97 0.44
31 77.96 b.07 bbd  2D22.99 0.48
32 78.91 2,04 b7 2I6.94 056
33 81.90 1.964
34 82.95 0,56
35 86. 9% 1- 64




d a

~243=

e § 0
<_O_7/ CF, CFHCF,
c b o

2=(1,1,2,3,3,3-Hexafluoropropyl Joxolane (21),

No.10

No. 10
IloOOO JSbO 30'00 25'00 20‘00 18IOO 16I00 11:00 1500 10l00 BbO 6'00 4'00
o) COVZLING CONSTANTS (Ha) | INTusiry | ASSTCHMENT
e |
1,98 M 4 b, c
3.66 M 2 a
4,16 i 1 a
5.26 D of M, Jy =44 1 £
19
74,39 M g (RR+SS)
74.96 M } 3 g (RS+SR)
l120.29'124°7 AB, J;=306 . e (RS+SR)
124.8, 131.3 AB, Jp,=316 } e (RR+SS)
213f8 D of M, Jp, =42 1 £ (RR+SS)
218, 4 D of M, Jp,=44 } | f (RS+SR)




b 11
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MWt 222 No.10

1S

&3t

45

193

151

L 1

D = e =~ ——— = = " - = e e = o o

[

I~

e
-
U PP

Lnd

I - S 1 s S P N NG LD g O

1oa.ey

Piz.e9

82 ' 288

INTE RN

H R B T N T 3
HECERCR SR SN RN S I AN I

USSR Y

T
388
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f 9 h
e 03 CFZ EFHCFB

d b
C
2a(1,1,2,3,3,3cHexafluor6pr0pyl)oxane (ggje
I
No. 11
IAOOO 35'00 JOIOO 25'00 2050 18|00 1é00 11:03 10‘00 BIOO 6|00 1.'00
(o) COUPLING CONSTANTS (iz) | Inmewszny | ASSTGHMEN
ln
1,48. M 6 b, ¢, d
3,18, 3.83 M 3 8 , e
4,85 D of M, Jy =44, J=5 1 g
19
74.9 D of Q,VJ=6 and 11 h (RR+SS)
75.8 P of M, J=8 } ’ n (RS+SR)
123, 3 Oc of M, J=11 f (RS+SR)
128.4 Sp of M, J=11 } ° f (RR45S)
214.8 D of Sz of M, J=43 and 10 g (RR+SS)
219.7 D of Sx, J=44 and 10 } 1 g (RS+SR)
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MWt. 236 No. 11

%18

891

i33

113 1 1 1

2ie

1
-y
“
3
4
&
-

DR TNy S5 S o 5 B
I L B AR )

~

R 5 O

-
3

1
1
12
13
14
1
1
1
1
1

- [ - - % W = — - o -

MAGE AT
BAGE

]

™
Eaav I b

‘=;:O

Q0%

Q0
207 .00

218,00 2 00%

ey vy
o8 i 288
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No.12

-4000 3500 3000 2500 2000 1800 1500 1400 1200 1000 400

SHIFT " FINE STRUCTURE RELATIVE
TGNME
(pop.m) COUPLING CONSTANTS (Hz) tnreNsiTy | ASSIGHMENT
u
1,57 M 6 b, ¢, d
3.17 M |
2 a, e
3.80 M
4,75 D of M, J =44 2 g, 3
p
76,0 M 3 h, k
17,0 M
2 £,14
118,3 M
21107 M 1 g ? j
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MWt. 384

No.12

631

8
Y

134

T Lid Y L4 T T

188 2@

TR R .
1]

MAang AT .

BASE

X 0¥
&G O
Fe Q0%
AL Q0%
Ok
LR
D Q0
& O
Lo GO
QDO
X DO




2-(1,1,2,3,3,3-hexafluoropropyl)oxepane (24).

~249-

g h i
0<e Ck CFH CFB

2
b

No.13

No. 13

4000 3500 3000 2500 2000 1600 1&00 1260 1000 y
SHIFT FINE STRUCTURE RELATIVE e e
ASSIGNMENT

(popom) COUPLING CONSTANTS (Hz) INTENSITY SSIGHME
1. | |
!
1.47 M 8 b, ¢, d,
3.47 M 3 a, f
4.87 D of M, Jy =44 1 h
B
7665 M

3 i
76.8 M
117.3, 122.0, -L :
124,2, 127.0, Overlapping AB's 2 g
129.0, 134.0, )
214,8 D of M, Iy =44 1 1 .
219.5 D of M, Jy =44 )




BoY
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MW3i. 250

% 18

No.13

8

f

Lt

|J'. .L|.L 11,

e o - —— - — A v S M M e M e e W e e e

I

189

s
S

Y

288

HT «
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e f g
tjEOj/cth CFH CF,
¢ >0 '

2-(1,1,2,3,3,3-Hexafluoropropyl)-1,4~dioxan (25),

No. 14

) 1 ] 1 1
4000 3500 3000 2500 2000 1800 1600 1400

—

1200 800 600 400

_ —— ——
(pepom) COUPLING CONSTAWDS (Hz) | Invensiry | ASSTGNMENT
LY
3,61 M 7 a, b, ¢, d
4.99 D of M, Jy,=46 1 £
19, |
7502 : M, J=6 and 4 g (RR+SS)
76.0 M, J=8 } ’ g (RS+SR)
122,5 | D of M, J=50 and 10 e (RS+SR)
127.7 M, J=10 : e (RR+SS)
214, 3 D of M, J=43 and 10 £ (RR4SS)
218.9 | D Of Q, J=43 and 10 } 1 £ (RS+SR)
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MWt. 238 No.14
X 4
8 H
]
1]
[}
}
]
8] \
]
]
]
H
!
27 !
]
z :
]
] i
& H
m |
i
]
i
]
]
!
]
]
i
Yy 289 ) '
FEAK MASS ZHT . FEAK MASS ZHT,
NO. BRASE NQO, BASE
1 26 .30 1.39 36 86.95 100.00
2 27.23 4,93 37 87 .64 & B
3 28.13 78.82 38 88.52 Q.46
4 28,99 15,56 39 88,90 1.08
o] 29.84 10,13 40 89.87 0.+63
é 30.90 24,68 41 90,94 1,42
7 32.00 1.50 42 ?3.00 1.96
8 33.10 1.19 43 25,03 1.77
@ 38.97 1.00 44 100.95 0.58
10 40 .95 P74 45 103,02 Q.42
11 42,02 Q.73 46 107.00 _1.73
12 432.07 19.64 47 107.98 Q.42
13 44,11 1.00 48 108.94 Q.46
14 45,14 10.67 49 112.97 1.58
15 446,12 0,39 50 118.98 0:3%5
16 47 .08 H.39 91 120,97 0.50
i7 50.89 2.47 52 123.00 Q.62
18 57 .08 8.32 53 125,04 Q.89
19 58,03 6.08 54 126 .99 1.81
20 S58.98 7.55 59 131 .92 1.00
21 50.94 1.3%9 56 132.98 0.39
22 63,04 Q.42 57 140,86 Q.46
23 65.08 1.46 58 142,93 0,65
24 68.95 3. 12 k4 150,89 0.5%0
2 70,96 0.42 6HQ 154,94 4,12
26 73,02 Q.69 61 158.92 1.00
27 76.02 0.54 H2 161.91 0.54
28 76,99 30,469 63 162,94 Q.81
29 77 .96 1.23 64 174,95 Q.89
30 78,90 0.35 45 188.488 1.77
31 81.90 0.6469 &6 236 .82 1.27
32 82.96 Q.65 &7 237.853 Lo bbb
33 85.29 Q.35 468 238,90 Q.85
34 8% .42 0,39
35 §5.74 0.35
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a“b C d No.15
E.FB CFH EFZ-%{HB

343,4,5,5; 5=Hexaf1uoropentan=2=one (19).

No. 15

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

.

SHIFT FINE STRUCTURE RELATIVE -
(Popom) COUPLING CONSTANTS (Hz) TnrENgTey | ASSIGHMENT
i
2,32 s 3 d
5,32 D of M, Jy,=43, J=6 3 b
19F
76,5 M . 3 a
117.5, 125.5 AB, JFF=2_98 2 c

218, 1 D of M, Jp,=43, J=6 1 b
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MWt. 194

No .15

o081

t!'rs

1313

lhm’dﬂlJ S S S
28

FEAK MAass AHT .

NO . BAGE
1 43,00 100.00%
2 44,00 45.00%
3 51,00  46.00%
4 692.00 100.00%
G 77,00 32.00%

6 101.00 3.00%
7 107,00 3.00%
g 109.00 2,00%
¢ 112,00 1.00%
10 113,00 30.00%
11 114.00 1.00%
12 125,00 2. 00%
13 124,00 1.00%
L4 127.00 4.00%
1% 131,00 1.00%
16 132.00 2.00%
17 133.00 2.00%
18 144.00 2.00%
19 151.00 37.00%
20 182.00 1.00%
21 16G5.00 88.,00%
22 175,00 J.00x
23 195,00 1.00%
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e f g h
EHB d 03 EEZ CFH_EFB

2-Methyl-5-(1,1,2,3,3,3=hexafluoropropyl )oxolane (27).

No. 16

1 ' ' ' '

Lee B0 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFTD FINE STRUCTURE RELATIVE

(popem) COUPLING CONSTANTS (Hz) tnrEnsTTy | ASSTGNMENT
i

1.25 D 3 o

2,18 M 4 b, o
4,18 M | 4.

4,58 M ' 3 a

5,18 D of M, Jyp=43 .

jagng . .

[ ! -3 h(RR+SS)

124,.0, 127.2,
128,8, 130.3, Overlapping AB'S 2 f(RR+38S)
131.6, 133.4.

213,2 D of M, J_.=43 9 2 (RR+SS )

FH
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MW1. 236 No.16

831

@9
k)
<

Lol L N

LA L] T
188 288 388

FEAK
NOY .

NN

0K
G
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f g h
WCFZ CFH EFB
| CHB
e

c b

2-Methyl-2-(1,1,2,3,3,3=hexafluoropropyl )oxolane (26).

No.17

4CC0 3300 3000 2500 2000 1800 1600 1000 800

600 400
SHIFT FINE STRUCTURE RELATIVE o \
(p.p.m) COUPLING CONSTANTS (Hz) | INPENSITY ASSIGNMENT
Iy
1,07 S 3 e
1,72 M 4 b, c
3,68 T, J=b 2 d
4.92 . D of M, Jy,=44 1 g
75.5 M 3 h
125,0, 118,1 AB, Jpp=282 2 f
210.5 D of Sx, Jpu=43, J=9 1 g
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MWt 236 No.17

[2:1

18

.l.l.l.u]..n“l...,u L 1 N J.
Y rrrpdivrdeveoy T Y T

128 208 ' 388

HH

{100
o 30)
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e f No. 18
d 02 EFZ CFCIH

c b . ' ,

2-(2=Chloro-1,1,2=trifluorcethyl)oxolane (35).

No. 18

1 .I 1 ] t 1 ' ' ] .
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT FINE STRUCTURE - RELATIVE

(pepom) COUPLING CONSTANTS (Hz) TyvgNsTry | ASSTCNMENT
’x

2,07 M 4 b, c
3.90 M 3 a,d
6.57 D of M, Jyp=49 o £

p

125.7, 129,5 AB, Jp =210

: 2 e
127.7 M
153,2 D of T, JFH=49, J=13 1 .

161,0 D of T, Jp, =49, J=13




b

-~
-
-]

-0 -

MW1. 1885

No.18

o891

13

L=

)1 lx;J’ sl

i = = o = - - —— o ——— = = e = = o = . e ] 2

FEAK
NO .

132
13
14
15
L&
17
18
19
20
21
22

sy
Aoe A

24
259
26
27
2¢

29
30
31
32
33
34

3G

e

MAKS

D725
2813
29,00
30,93
2.0
3901
39,90
41 .00
42,09
43,16
44,19
45,18
A7 .14
50,97
G LR
55 L8
EQ . 04
64.14
6515
&7.04
6898
H1.00
7R 0%
P3OV
7506
77,02
81.96
8E,02
05 .07
RE. 98
Q0BG
OF 04
95, 0b
PR, 98
101 .01

hm J

188

YHT.  FEAK
RASE ND) o

13&3.81 R
PG X7
G018 3
0,88 39
1.54
4.2
L.%91

AH.17

77.88
2. 68
024
1S
2.08
1417
L 00
202
0.+40
111
LebS
(.88

100,00
473
13Xl
Q.57
X909
0. &0
108
1e62
OO
4. 04
0,83
Q.60
128
Q.63

208

MASYH ZAHT
BASE

1307 Lo 2
10U 13 Lot
11L7.00 LeXa
118.97 D86
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No.19

2
| Fi
C b %{f g Fz

2-(1,2,3,3,4,4-Hexafluorocyclobutyl )oxolane (40),

No.19

1 1 + 1 1 1 t 1 1
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIPT FINE STRUCTURE RELATIVE

(pop.m) | COUPLING CONSTANTS (Hz) | Imrpusiry | AO9SLOUMENT
Ty '
1.83 M : ' 4 b, c
3.65 M a
4.42 M 4 a
5.13 D of M, J=44, J=5 £
19, |
123,6, 136.5 | AB, JFF=226 2 g orh
130,0 M
2 horg
130,7 M
190,0 o om | 1 e
214,7 D of M, =47 1 .
217.3 D of M, Jp =47

e v
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MWt. 234 No.19

2%

12D

) U u&ln ) eeerdereey . ' .
188 2089

FEAK MASSH ZHT . FEAK MASS AHT .
NO . BASE NGO, RAOSE
1 27.24 G597 36 88.94 0.62
2 28,03 1.70 37 89.88 1.00
3 2¢.01 9eld 38 P05 |« 27
4 30,92 t.18 39 5,04 2.46
] 32.02 0.40 40 RhH 07 030
b6 39.00 2.11 41 RE, 92 0.38
7 39.90 1.86 42 100.98 1.24
8 40.99 17.36 43 102.0% 0.89
K4 42.08 13.469 44  103.035 2.46
10 43,15 36.26 45 104.08 2,54
i1 44.18 1.40 46 105,09 0.38
12 45,17 1.97 47 108.01 0.73
13 47,12 Q.97 48 108.97 0.62
14 S0, 9% 0.86 4% 113.01 3.54
15 D312 1.84 50 114.07 0.38
Lé 54,16 0.35 51 115.08 1.11
17 G5.172 0.78 L2 121.02 1.32
18 37.11 .70 U3 122,06 1.357
19 58,08 0.32 340 127.08 0.43
20 39.04 3.91 5% 133.08 0.49
21 64,13 Q.40 B4 135,12 0.43
22 A%, 13 1.21 57 139.04 O.46
23 68.97 1.08 580 145.07 1.70
24 4P .92 0,35 59 151.04 Q.40
25 70.98 100.00 60 163.04 046
26 72.04 .53 61 191,02 .30
27 PX.05 1.48 62 233.09 0.6%9

28 74.10 2.00
29 7501 0,78
X0 76,00 0.40
31 7 P9 1.97
32 81.92 0.46
33 82,99 076
34 $34.01 1.21
3°  §5.09 1.08
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Na. 20

No. 20

4000 3500

3000

2500 2000 1800 1600 1400

1200 1000

SHI®T
(popom)

FINE STRUCTURE

RELATIVE
INTENSITY

ASSTGIMENT

'y

1.90
3.73

4,6
19F

—_—

115.5,
120,0,
122.3,
126,2,
127.3,
128, 8,
130,2,
132,0,
133.3,
134.7,
136.5,
138,0,

117.7,
121, 3,
124.3,
126, 7,
127.8,
129.7,
131.0,
132.7,
134,0,
136,0,
137.5,
141,0.

COUPLING CONSTAWTS (Hz)
M
M

M(broad)

> Overlapping AB's

a, d, f

g, hy 1

187.8 and 194.8
198.7 and 200,5

209.3 and 214.3
222,3 and 228.5

2E 22
St
-
(¢}

BE =
EE EE
o
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MWt. 284

No.20

1 X 20
8 |
|
i
i
I
1 |
8 }
[}
|
]
!
A |
g :
|
) 1
- '
| 19
g‘ |
t
i
1
|
: 1485 3
37 : i3 1
: xT l T ZT
[}
1
b T I
198 ’ '288 ¥ v Ema
FEAK MASS ZHT . FEAK MASS ZHT .
NO ., BASE NG, RASE
1 27.26 739 36 113.03 2,09
2 28,14 13.84 37 115.10 0,77
3 292.01 .39 38 121.04 0,53
4 29,84 0.44 39 122,08 0.47
5 30.94 3.97 40  127.09 0.56
& 32.02 2.91 41 131.00 0.88
7 3?.01 2.24 42 133,08 0.79
{ 39,20 227 43 139,01 0,38
4 41.01 30.11 44  14%5.09 1,15
10 42.09 22.87 4% 151,08 0,38
11 4216 63,91 46 153.11 0,41
12 44,19 2.21 47  157.09 0.44
13 45.19 0,94 48 163,09 0,85
14 47 .14 2:56 49 175,07 Q.71
15 30.97 0.82 S50 177.12 0,35
1é 93,13 0:.564 51 195.11 0.65
17 55.18 0.71 92 213.09 0.38
18 59.03 1.88 53 215,12 Q.35
19 &5.15 1.71 B4 223,07 1.12
20 48.99 1.03 5% 283.21 Q.65
21 HP .95 0.56
22 7101 100.00
:’3 ]:’ 4 O(& 4 + /7
24 73,08 0.68
2% 74,12 0,44
26 75.06 0.38
27 77.03 0.77
28 84.06 0.35
29 a8%5.08 0.47
30 88.99 Q.35
31 21.01 1,32
32 PEH.07 1.21
3% 101.01 0.593
34 103.11 G.71
35 10408 032
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2-(1,2,3,3,4,4,5,5-0ctafluorocyclopentyl Joxane (46).

No. 21

e

No. 21

4000

3500

3000

2500 2000 1800 1600 1400

1200 1000

1

800

SHIPP
(p.pom)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGNMENT

'1H

—cy

1,47
3.30
3,77

4,77
e
115.2,
118.0,
119.8,
122,0,
124&39
126,0,
127,5,
129.0,
130.7,
132.1,
136,5,

1160 59
118,7,
121,3,
123009
125.5,
126.7,
128, 3,
1290 59
131.7,
133.7,
138,0,

189.3 and 194.5
197.5 and 198,2

210,7 and 211.7
224.3 and 229,17

M
M
M
D

of M, J__=42

HF -

f Overlapping AB's

,J=43,8ndD of M,J=43
»J=43,8ndD of M,J=43

}1
b

b, ¢, 4

h, 1, J




[0
@D

~abb-

MWt 298 No.21

697

,.
-

e
w

223

FEAK
NO

~
=t

LRSS N

o

=

O e R e e B3

MAGS

2724
28.13
29.02
29,84
A0.94
32.02
3901
X987
41 .00
42,09
A3, 13
44,17
A% .19
A7 .04
5094
33,13
D417
A%
G20
G717
5812
.04

(SR )

A7 12
S8 06
H8 . PH
FERLON
770

L1A.Q4

AHT .
EAGE

1.80
100.00
10.09
Q.95
2.13
17 .9¢
1.41
174
200y
1.:.31

082

Ledl

054
11.70
A5
1o.81
’\) & ({.\ <>)
Q.49
Q.82
711
0546
Q.43
0.52
020
0,52
0.33
S8, 68
X, 44
Q. 8%
0.4
() Gy

LI 96

FE AR
NQO .

LA ¥ T LS
288 388
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No.22

2-(1,2,3,3,4,4,5,5=0ctafluorocyclopentyl Joxepane (48),

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000

M

SHIFT FINE STRUCTURE RELATIVE

(popom) COUPLING CONSTANTS (Hz) INTENSTTY - | ASSIGHMENT
1,57 M 8 b, ¢, d, e
3.57 M ' 3 a, f
4,87 - D of M, J=44 1 ' n
19,

115.7, 116.7,
118,3, 120,0,
120.7, 121.3,
123,0, 124.7,
125,0, 126,0,
126,7, 126.8,
127.7, 129.0, ;
130,8, 131.2,
131.7, 132.3,
133.7, 135.0,
135,7, 136.2,
138020 J

189.8
191.7
195.0
195.5
210.3
21,7
225,2
229.5

Overlapping AB's 6 i, j, k

}'g (trans)

.[ 1 } g (cis)

of M, J=44 =
of M, J=44 } h (trans)

1
of M, J=44 f
of M, J=44 A } h (cis)

vooo=sgEg
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MWL, 312

No.22.;

%X 1S

= —

<] |
]
t
I
:

A 4

8 f !
|
I
]
|

o |
1

@ i
1

o 5 a1 !

= [}
1

S \
1

@ 1
{
1
1

4 {

31 ' 1y3
1
[
| |
I .

J Wbl gy ! J I l | - I “ |
t A T ™ o> MARAS ad T T
188 288

GHT .

FE
M

I

100
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i:O:a Fe :§
C () b Fiﬂf

Fqi
"
E

No.23 |

2 g
2-(1,2,3,3,4,4,5,5=0ctafluorocyclopentyl)=1,4~dioxan (50).
.ﬁ‘ t l ] [} 1 1
No. 23

IZ.OOO 35|00 30b0 25|00 20'00 18:00 16'00 11:00 12I00 10|00 8'00 6'00 1.’00
L ]
SHIFT FINE STRUCTURE RELATIVE et reao
(Popom) COUPLING CONSTANTS (Hz) InrENSTTY | COSIGNMENT
u

3.53 M(broad) 7 b, ¢, d

5,14 D of M, J=42 1 a

e} |

115,3, 116.5, h

117.3, 119.7,

121,2, 123,5,

126,0, 126.9, .

128,0, 128.5, ? Overlapping AB's 6 g, h, i

129.3, 131.5,

132.7, 134.8,

137.0, 139.3.

-’

186, 7 M

193.7 u 1 e (trans)

198.3 M ‘ e (cis)
199.5 M j !

ﬂ

210,0 D of M, J=44 }f (trans)

211.2 D of M, J=44 [

225.0 D of M, J=44 f (cis)

229, 3 D of M, J=44




2T Q=

MWt 300 No.23

-
]

1

q
3
=

388

[
w

(>3
-4

8
e e e m e m— e~ ——————— o= s

——
J::
.

) 208 388

FEAR MASE ZHT .

1 2630 .96
2 2723 2,98
A 28003 100,00
4 2900 1444
o] 29,85 14,10
& 3091 145,91
7 31.99 Xea?
& XX 11 Q.95
K4 40 P8 193
10 43,07 1G.82
11 4411 Ko
12 4% . 1% G572
13 4708 G40
14 B7.00 10,14
1& RN M A N O
14 a8.94 ST
17 H0 .90 L.23
18 G300 Leld
19 H8.92 Qeal
20 740X 1.3
21 727,03 12
22 6,99 42,42
23 B7.96 & 95
24 8Y.36 0.82
25 100,92 .99
26 112,95 1L.34
27 12090 1.34
28 138.91 .93
27 R9P.44 394
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No. 24

2000 1800

1600

LAooo 3500 3000 2500 1200 1000 600 400
SHIRFT FINE STRUCTURE RELATIVE . Tin
(popom) COUPLING CONSTANTS (Hz) ThpgNgITy | ASSTGNMENT
s
2,03 M{(broad) 4 b, ¢
3,75 T, J=6 d

4
3.8 to 5.9 M(very broad) a, f
Pp
115,8, 121.0, B
124,0, 127.0,
128.3, 131.0,
132,7, 134.3, > Overlapping AB's 8 gy, Ny 1, J
134,3, 136.2,
139,.3, 144.2,
148.5, P
194.0 M

1 e
196,7 M
210,3 M 1 f
229,.,8 and 232,.5 M and M
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MWt. 334 No. 24

LMJRJL I O T

FEAK MASS AHT . FEAK MAsSs ZAHT .
NQ . - RASE - NO. BASE

R7 25 8,49 36 206,94 0.A2
PR 13 768 ZT 224,99 0,49
29,00 5L, 5é IR 226.99 0,39
30.93 R 3P 272.92 1.28
32,02 146 40 332,93 0.48
9,00 1.94
39.89 | 1.97
40 .99 37.08
42,08 22,53
43,14 B7.30
11 44,18 3.02
12 47,12 3,68
13 H0 .94 1.76
14 5312 54
1% 59,16 0.93
16 50,02 1.20
17 6812 1.94
18 68.9%5 1.49
19 69 .92 0.5
20 70,98 100,00
21 72,02 4,99
22 7X.06 0.57
23 77,01 0.51
24 Y0, 95 0.57
25 G5, 0R 0.66
P46 112,99 1.37
R7115.05 0.3%6
28 130,94 0.93
P9 133,04 0.6%9
30 144,00 051
31 14%.,04 0,45
2 193,01 o 557
33 162.99 0.48
34 17%.00 0.63
3% 180.93 0,48

-
SO CNO D G
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CF3 g CF3

—E—-—F
-

2=(1=Trifluoromethyl-1,2,3,3, 3-pentafluoropropyl)oxolane (41).

No .25

No. 25

¢ ' ]

_-AOOO' 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

st e p—— m R AT ;
(3.p.m) COUPLING CONGTAWTS (i) | Inpewszey | ASSGHHE
ly
1,87 M 4 b, ¢
3,63 M 3 a, d
5,10 M(broad) ' 1 f
9%
7507 M 6 g, h
180,90 M
191.8 M 9 e
196,0 i}
212.2 i

1 f
217.3 M




2T

MWt 272

No. 25

% ¥ 19
8 :
i
13
]
]
i
2 i
]
[}
]
]
. !
2 }
]
]
37 :
f 13
! ]
]
8] ' 22
E ' 211
, , .
| N I
128 288
FEAK  MASS  ZHT. FEAK  MASS  ZHT.
NO . BASE NO . RASE
1 26.31 0,32 36 B88.89  0.44
2 27.25  6.69 37 89,86 0.38
3 28,13 2.54 38 90.88  1.71
4 29,00  4.25 39 94,99 2,15
5 F0.92 1.21 40 100.91  1.12
6 32,01 0.59 41 102,99 1.12
7 312 0,32 42 108.90 0.62
B EB.OY 2,42 43 112.92  2.89
9 E9.88 2,27 44 114,99  0.77
10 40,97 25,97 45 118.90 0.44
11 42,06 22.67 46 120,92  1.83
12 43,13 53,92 47 122,98  0.62
13 44,17  1.98 48 126,96  1.59
14 45,15 0,35 49  130.88  0.41
15 46,13 0,29 50 132,93 1,12
16 47.10 2.06 51 138.86 0,50
17 50.92  1.30 52 140,87 1,74
18 S53.09 0.53 53 142,94 0,32
19 5%.14 0,38 54 144,96 1.53
20 57,09 0,35 55 152.96 0.5
21 58.99 2,68 56 158.91 0,80
22 59,94 0,29 57 162.93  1.56
2E 60,99 0,50 58 164.98  1.24
24 65,10 2,56 5O 172,95 0,77
2% 68.94 4,16 60 176.91  0.35
26 69,91 0.47 61 182.89 0,77
27 70,96 100,00 62 184,96  0.53
28 72,01 5.28 63 190,85  0.56
29 73,04 1.36 64 200,83  0.53
30 7%.02  0.32 4% 202,93 0.41
31 76.99 2.80 66 210,84  1.00
X2 78.90 0.32 &7 270,82 Qb2
3X 81,91 0,32
34 82.946 O.47

85.0\ 0. 4
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h | ;
No. 2

C% | 0

F

H

No. 26

4000 3500 3000 2500 2000 1800 1800 1400 1200 1000 800 600 400

L

SHIFT T FINE STRUCTURE T RemaTIve | oo oo
(popo.m) COUPLING CONSTANTS (Hz) INTENSITY - e
l
1,40 M : 6 b, ¢, @
_ \ .
3.32 . M
' a , e
3,72 M r 4
5.0 M(broad) ) g
r
,
73.5 M
74,7 M : > 6 h, i
7505 M
o
3
18507. ) M : :
1 f
191.3 M |
213.3 D of M, J,, =38 } 1 .
217.8 D of M, Jp. =38
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T =276~

No .26

22

18

L

159

285

FEAK
NO

21
22

AAAAAA

-
1

88
MALS

2TLR23
2813
29.00
a9 .84
J0.91
IL.99
IR,.98

837
A0 Pé

SNOY:}
4X,08
44,132
A%, 149
A7 Q9
G090
BX.06
Ha,10

w312

ne ﬂ I"

; ; PR

Y1, R
\{:-\5 « 24
&5 .06
b7 Db
HO.03F
6892
P94
PRL02
2700
23,01
B9.04
Q.03

8b6.03

AHT .
BAGE

2.11
13.26

154
LT
2.0
1.&47
A2 32
1.88
13.82
Q.70
1.73
2.14
1.0%
Q.91
1.00
L& .90
12.71

14 2%

097
047
Q8%
197
L1583
0,7
'I A
.44
£ O
1.9
117
Qi

10G.Q0

6.0l

FEAK

- N

\K -.“.’)
37
A4
A2
40
41

-y

£

4%

o]

1 1]

Mahas

87,03
0. 88
D4.97
14 f'* - 'l
L1295
114,98

132.89
140 8%
144,92
158.87
12, 86
l :‘s . ‘,"

"\.-

389

AT .
BAaGE

Q6
0. 449
(.73
‘\) @ 4 <
1o G
Q. 4 7
0o, \..‘1
[ IR
Q70
167
Q.60
Q.47
044
Deth?
IS R
el
.70
(.7 ')
s

- ." \.‘
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No.27

No. 27

4000 3500 3000 2500 2000 1800 1600

1400

600 400
SHIF?] FINE STRUCTURE RELATIVE - S
(pPop.m) COUPLING CONSTANTS (Hz) INTENSITY ASSICHHMENT
i
1. 57 M 8 b, ¢, 4, e
3,60 M 3 a, f
5,17 D of M, JHF=44 1 h
ke
74.0 M
> 6 i, 3
76.0 M
183.0 M ,
18805 M & 1 g
190,0 M
-
212,3 D of M, J=44
213,0 D of M, J=44 1 h
215,2 D of M, J=44
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MWt 300

X 18

No. 27;

@801

@8

AT

Lok

- - . - - - W Ae Yh e A e W e W - =g

P

FEAK

MAGH

N .

N

]

1
1
1
1

' sy
o ’)(‘} N ‘ X

29 .02
S0 .93

ENERES

" I2.02

3%.00
39 .84
39.90
A P
42.08
43,14
A44.16
4% .18
47 .12
S0, 9%
& BX 40
7 5405
8 G 17
& She L7

=0 W N

(e

P ny

03

20 B7.02
21 S8 .08
22 59,01
23X 6103
24 HEX 1O

") IZ‘.'

£

&1

2& &7 .08

:) ./ () wel ) 4
28 6P .00
29 HP B4
30 L 00
X1 ';7 :‘?( - O
32 77 03
33 7 898

34 VAR
35 go.19

188

A H T,

-
2.8%

" ! * \5 ‘J’
826
D37
3.73
3.01
Q.51
14 A’

24037

L0000

20.90
0.92
123
Ledl
QOO

l 9‘1’()

L.99

A,

(8] :’ ¢ I\J (.t)

+ "/'} i\
P9l
0 \’5 *

188
JE PN A
1Le&l
& e 30
@1l
D97
080
1o G%
1 8
Q.47
S5.85

FE d
M.

36
87
a9

42

8707

G QR

LOQ 00
101 .06
113,02
120 .90
127 .02
133,03
140,97
145,08
1THE. 04
16300

173, Om

‘] S \ b
l h } PR

IBAAARELA LS ooy

288

{0, 44
0. 85
0.7 (>
(o 8¢
e/ {;

GO 0X
T2
0.3
.98
.07
104
07K
0. 46
4]

e ." \)
e \‘f\{)
0.
(3,92

0.4

l r
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CF [% No. 28

[j/[ CF

2=-( 1 -Tm.fluorome’chyl -1,2,3,3,3-pentafluoropropyl)=1,4-dioxan (51).

R

No. 28

1 ] [ ¥ ] ] t i [} [l

000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT FINE STRUCTURE RELATIVE

 (pop.m) COUPLING CONSTANTS (Hz) TaTENsITY | ASSTGNMENT
1 | ' '
-4 7
3.45 S b, ¢, d
7
3070 : M a
5.43 D of M, JHF =44 . 1 f
19F
73.3 M ..
6 g , h
74,3 M
187,0 M
191.3 M 1 e
193.7 M
212.3 M
1 £
216,7 M




3
-
o.

MWt

-280-

288

No.28.

FEAK
MO

10
11
12
13
14
1%
1&
17
18
1%
20
21
ey
23X
24
25
24
27
28
29
X0
31
32
33
34

1

il

Ry

157

189
219

|
]
!
i
e
1
}
I
i
i
1
|
]
]
|
1
[
t 113
I
[}
|
i
|-
|
i
1
i
|
1
I
J
|
1
I
L
1

28,13
20,99
J0.91
X200
3X.11
8,99
4G . 946
4203
4308
4413
4% .16
47.10
48 .96

G0.92

9710

ae.07
a0l
HO LB
&3 .08
G 12

L8, 87

b
P09
78, 0%
84,06

87 07

P, 08

35 m O

3

1.93%
G 23
10000
1841
LR &7
1452
0.98
1.01
038
D57
&7
18.26
1.8%

LR

.y g
i

X6
A
A
41
A3
4.4
4%
Aé
A7
A48
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h g - | |
No. 29
o s | B

- \
; / Cl H
c b

1=(1,2-Dichloro-1=trifluoromethylé3,3,3-trif1uoropropy1)oxolane (ig).;

' ' \ 1 » ' » ] [ ' ’

Y

No. 29

I I ]

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

. 1 r mr ; ’ ol m n)
(epem) COUPLING CONSTAWMS (1s) | Ivengiry | ASSLGHMBND
gt
2,10 M ' _ 4 b, c
3.87 M | 2 d
4.67 Overlapping M 2 a, f
15, |
-
66.3 M
66,8 M
68,2 y M \ g, h
67.4 M
69,2 M
‘ P
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M.Wt. 305

No. 29

gy X 11
hend ¥
a ]
]
i
i
]
4 §
:
]
]
1
]
A ]
: :
_l
® !
1
| ]
8 :
[}
]
[}
I
l .
]
5
X ' 11
! 1T lr .
[}
1
FHETE I I
120 289 328
FEAK ﬁﬁﬁﬁ ZHT . FEAK MAYS ZHTo
NO. RASE NO . RASE
1 27425 B.16 '36 165,09 D93
2 28,13 .31 X7 191.01 1.28
3 28,99 4,06 A8 233,09 Q.46
4 30.93 1.28
] 32,02 1.47
& 361G Q.73
7 39.01 1.93
8 A9 90 1.97
< 41 .00 29.97
10 42,09 28.89
11 4%,.16 6£8.48
12 44,19 2.28
13 47,13 Q.50
14 48,96 Q.30
15 50,95 0.58
16 59.03 0.81
17 6309 0.93
18 AN .13 0.73
19 &7 .03 0. 81
20 68.96 2.13
21 70.99 100.00
22 72,04 4,60
23 75,04 Q.62
24 77.03 Q.66
25 84,98 D.bb
26 95 .05 0.81
27 103.08 0.%4
28 113,03 0.%8
29 11%.09 0.66
20 117.02 V.66
31 123.:.06 1.04
32 145.04. 1.55
33 147 .01 0.43
34 157.03  0.54
35 163.07 0.58
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i g h | |
Ck, CRCF No.30
13,723 |
d-0<ea QC“C“C%
§ \ ]
gF H
c b

2-(1,2-Di(trifluoromethyl)=1, 3,3,4,4,4-hexafluorobutyl)oxolane (43).

No. 30

i 1 ' ' b ) 1 ] Ll
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 500

SHIFT FINE STRUCTURE 1 RELATIVE

(pepom) COUPLING CONSTANTS (Hz) THTENSTTY | ASSIGNMENT
Ta
1.78 ' M 4 b, ¢
3.57 _ M . ‘ d
| 4
4,08 _ M(broad) a, f
60,0 M
3 J
60,8 M
72,0 M
¢ 3 i
73,5 M
86,3 M
3 n
88.0 M
109.9, 115.9 AB, Jo =282
2 g
11490 M )
N

180, 0
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M.Wt. 372 No.30

3

881

e

"
L

283

243

311

m

FEAK

&dhf. Wil ,

MO

......

108

MARS

oy
Q7+ 2%

20.13

39,49
40 .99
42.08
4%.14
44 .17
45,17
47 .11
H0L93
G300
55.14
HRL.00
HO.PY
AX.07
65,10
68949
&P B0

70,95 1

72.03
73.07
77 ¢ 04
78.93
Q0.3
PHL.01
100.95
103.01
112,99
118.91
190 .98

288

AHT .
HALE

®.20
.21
Ul
RSN T
169

4276
?0.40
.05
Q.71
(’.()00.1.
130
044
Q.47

2B

Q.56
0.92

Q.50
00,00
H5.63
OQ{?R
1.48
0.47
1.78
Q&2
0.56
0,33
Q.92
1.93
.98

T

N,

34
37
I8
36
40
41
42
43
44
4L
44
a4y
43
45

......

368

MALE
)

L2 99

132.98 -

140,92
144.9%
152.93%
162.90
144,88
212.83
B3
Q3291
234,91
240.85
242,848
244,90
254,82
242.83
264,92
DhE6.8Y
Q7L P4
DFEPG
282,949
204,94
292,88
30T .91
310.84
X12.93
37080

AHT .

RALE

053
., 44
139
0. 83
1.01
133
1.16
13y
D b2
Qa0
0 7
.44
Q. P8
Q.77

104
050
Qoh
VST
(.36
07
050
0. 44
1-21
Ol

v e
0. %0

488
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m n | PJO_131'

EFB EFZ EF3 E% CFZEF3

CFy c—f\(ﬁ/c—c CF3
H F FH

- b ¢ | -
2,5=Di(1,2-di(trif luoromethyl)=1,3,3,4,4,4-hexafluorobutyl)oxolane (44).

No. 31

4000 3500 3000 2500 2000 1800

L

SHIFT FINE STRUCTURE RELATIVE R
(popem) COUPLING CONSTANTS (Hz) TNy | ASSTUNMENT
.,1£
2,13 M 4 b,
3,18 to 4,70 M(very broad) 4 a, d, £, 1
Dr
61.5 M 3 P
7345 M
‘ : 3 i, o
T74.7 : M
87.2 M |
3 h,n
89.0 M
111.6, 115.9 AB, Jop=310
2 g , m
114.8 M
180, 0 M 1 | e,k
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MWt.672

No.31 ;

881

i8

ﬂ[’([lll,. 1

L.;L.. J|l Jgaél:[;u'] l.LH

MG

258

MARS

aHT .

BAGE M«

3
98

PO

e

al  a7k.97

AHT .

i

b

o

e}

£

21
"

PR Ak

NS

g
£
LR

.
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3 CRLFR No.32
(- CCZCF
AN \

2-(1,2,3=-Tri(trifluoromethyl)- 3-pentafluoroethyl-1,4,4,5,5, 5-hexafluoro—
pentyl)oxolane (45). ‘

CF
() ]

No Spectrum,

SHIFT FINE STRUCTURE RELATIVE

(popem) COUPLING CONSTANTS (Hz) TNTENSITY | ASSIGNMENT

No Spectrum,




~288=.

.32

No

MWt.572

21

188




a n
CHy0-C-

Methyl 2,2,3,4,4,4-hexafluorobutancate (54).

b
CF, CFH (5

=289-

C d

No. 33

FH™

L1.000 3‘;‘;00 30IOO 2500 2000 18'00 16})0 1400 1200 1000 600 400
SHIFT FINE STRUCTURE RELATIVE e
o e ASSIGNMEIT

(pPopom) COUPLING CONSTANTS (Hz) INTENSITY

i

4,88 D of M, JHF=44 9 c

Br

76.7 M 3 a
118,0, 122.0 AB, Jpg=271 2 b
216,0 D of M, J_.=42 1 c
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MWt.210

No.33;

@81

1

182

1
1
-

3% 181.00




0

T

b

=291~

¢ d e

H-C-0 CH, CF, CFH (R

2

2,2,3,4,4, 4-Hexafluorobutyl formate (55).

No. 34

3000

1 ] ]
2500 2000 1800 1600 1400

4000 35130
L —
SHIFT FINE STRUCTURE RELATIVE N
(Popem) COUPTING CONSTANIS (Hz) TwrENsTrY | ASSIGHMENT
u
4.59 M 2 b
5,10 D of M, J, =44 1 a
8.13 S 1 a
19,
76,5 M 3 e
11704, 122,1 AB, J=271 2 c
208,5 D of M, J =42 1 d




@81

=292~

.

MWt. 210

No.34

M

108

NI

o (BN

Ak
vvriv T
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a b c d e
CFB CFH CF2 CHZOH

2,2,3,4,4,4-Hexafluorobutan-i-ol (56).

No. 35

No. 35
L'OOO 35IOO 30|00 2':';00 2(;00 18.00 16'00 1LIOO 10'00 ' 660 460
Y FINE STRUCTURR ELATIVE o

(pepom) COUPLING CONSTANTS (in) | Tneeusrry | ASSTGHMEND
n
3.83 M 2 d
4.47 S 1 e
4,77 D of M, Jyo=44, J=6 1 b
P
76,2 D of Q, J=6 and 10 3 a
118.3 (M)

AB, J=271 2 c
123,2 (sx, J=10)
213.7 D of Sx, J=42 and 7 1 b
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M. Wt. 182 No.35 -
- 21
8
b
.
E.i
.
.
@-';—J‘LWLJ L . ~ e -
18 288
FEAK MASS ZHT .
NO. RASE
1 27.25 1.64 26 79.83 0.56
2 28.13 3.16 27 80.93 3,68
3 29,00 6.88 28 81,97 2.68
4 29,83 2.21 29 83.00 0,56
5 30.93 100,00 30 93,01 0,65
b 31.24 0,69 31 95.02 4,24
7 32.04 1.77 32 112.97 B.26
8 33.13 4,20 33 113.98 1.43
9 41.00 0,48 34 114,96 0.6%5
10 43.07 0,39 35 122.98 2,42
11 43,12 0,52 36 131.96 6.88
12 45,16 2.55 37 132.99 2.12
13 46.14 0.56 38 142.98 0.74
14 48.96 1.30 39 183.00 0.56
1% 50,94 7.53
16 59.04 3.11
17 60.98 7.96
18  62.04 0.74
19 64,13 0.61
20 65,09 1.47
21 68.93 4,37
22 73.04 0.74 - -
23 74.11 1.90
24 76:99  0.95
25 78,89 0,48
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d No. 36
0 g T
Chy (-0 CH, CF
a F%B bH:2 ¢ \
) CF?F{

e
2=Trif1uoromethy1=2,3,3-t;if1uoropropy1 acetate (59},

' '

2500 2000 1800 1600 1400

SHIFT FINE STRUCTURE RELATIVE

(Popom) COUPLING CONSTANTS (Hz) THrENsITY | AOSTCENMENT
u

1.67 s 3 a

4,20 D, J=18 2 b

5.78 T of D, J=53 and 6 1 e

19y

77,2 M (Q, J=7) 3 a
135.7 D of M, J=52 and 7 2 e

19102 M 1 (o]




x
>
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MWt.224 No.36

83t

S

et m e ———— ]

=

3

3

208

E AR Mahh FACN I
N Basi

1 28,13 b8l
2 25.99 1.2
3 29 .04 037
4 30,93 239
i Fa.02 Led?
& AEL13 0. 6b
7 A1 .00 024
t 4306 4 .40
9 43,12 100.00
0 44,14 e 30
1 4% .17 0.88
2 U Yh P bl
3 09,04 044
4 GBPLYE Q. X2
8 61 .03 Dbl
& a4.04 Q.39
7 R 2.al
& HB . P8 LI A
1y TENT7 G 32
20 7700 L.93
21 g1.98 .39
22 g3.03% D.39
23 PE.0 P94
24 PEHL08 037
2 100.%9 Q.59
Qb 113.04 L322
27 114.07 0.32
28 127,09 044
2¢ 132,07 O.42
30 14508 Dedd
Al 15%.13 1.32
Ag 173,08 .46
S S R B 034

s34 0 225,16 032




a

b

C

e
EHZCFZ CFH CE

-297-

d .
3

2,2,3,4,4,4-Hexafluorobutyl acetate (57).

No. 37

No. 37
‘LOOO 35l00 30b0 25I00 ZOIOO 15I00 'ILIOO 10.00 8;)0 600 400
SHIFT FINE STRUCTURE RELATIVE -
. NHENT
(pop.m) COUPLING CONSTANTS (Hz) INTENSITY | ASSIGHHED
Tx
1,97 S 3 Y
4,37 M 2 b

‘!

5007 D of M, Jyp=44 1 d
r
76,0 M 3 e
117.3, 1217 AB, Jpp=270 2 c
213.8 D of M, Jp,=44 1 d




MWt 224

- No.37

881

1 -
1
i
i
!
i
|
'
1
i
1
|
I 193
t
1
t
1
1
1
'
)
|
1
|
' -
!
|
1
1
!
1
1
1
!
1
[}

123

L.

MAGS

59, 9.4
&1 .00
6,11

23,03
Aay .
JHL049
P00
30 . P
721 .94
9@
SR NE
: PR (_;’ (?
P LD
oD%
PR
S S
P 02
3200
A0y P

¢3. 0\

bk ]_.J',

AHT .
BasE

I

0059
144
0. 37
0. 98

DA

0.39
14,19
0.5
1.42
1 859
3,03
0.446
0.73%
0. b

’?J ’k

FEAK
RTINS

Ad
i
A

38
x9
40
41
42
43
44

4%

4é
47
48
,\’,’ (}‘

FAHE

19401
204,01

ay
I

HT «

BAGE

200
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a %? b ¢ d e jﬂ£l;;§§i
CHy OC CH,CF, CFH CFy

‘Methyl 3,3,4,5,5,5-hexafluoropentanoate (58).

No. 38

4000 3500 3000 2500 2000

800 600 400

' [ 1 T 1
1800 1600 1400 1200 1000

SHIFT FINE STRUCTURE RELATIVE

(pop.m) COUPLING CONSTANTS (Hz) TyrENsTry | ASSICHRENT
Tu

2,77 Mo 2 b

3.32 s 3 a
5,08 D of M, =43 1 a

19

76,0 M | 3 e
109.3 W 2 c
213,8 D of M, J_. =41 1 4

FH™
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MWt.224  No.38

15

@01

1=

S9
145
123
,L o) l ‘JJ l ) L L L !
T ¥ v T T T v LA T T T L
208 308
aHT . eI M EAEN

B G N . By

O ¥ "13 f

BTN X

-~
K%

o
£

A T
)




a b C

=301

d'uq

e
CFy CFH CF,CH,0 C O CHy

2,2,3,4,4,4-Hexafluorobutyl methyl carbonate (£0).

No.39

No. 39

‘LOOO 35'00 3060 ZSIOO 20'00 18‘00 16.00 14‘00 12'00 10‘00 GbO AIOO

v T . \ ?
B coumie omsamns (1) | ivbhuarey | rosicuar
3
3,57 S 3 e
4,30 ‘D of D of D, J=15, 10, 4.9 2 d
4,92 D of M, J=44 1 b
ke
76.3 M 3 a
119.3, 123.9 AB, JFF=27'7 2 c
215,8 D of M, J_, =43 1 b

FH
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MWt. 240

No. 39;

X 1S
ol 1
8 t
1
'
)
1
1
o0 |
© |
1
i
|
I
1
[ {
® 1
1
® :
513 165
1
F-% ]
@ i
' -
t 139
)
1
'
37 !
| 131 157 181 221 241 2SS
107
1
I
IR
[~- 2o v T ey T T T Y Y Y T vvey
189 288 3g8

1L 00%
1.00%

2 QO
L GO

L& O
1 00%
1o OO

L i




b

e d
B (0 [HZEF? CFH

C

=303~

d

Ck

5 )

3

Tri(2,2,3,4,4,4-hexafluorobutyl )vorate (£3).

No. 40

( B(OMe)3 as

reference)

No. 40
L 'LOOO 35l00 30'00 ZSIQO 20'00 18'00 16‘00 11:00 1200 1050 800 GIOO LbO
(epem) COUPLING CONSTANTS (iz) | Inresiry | ASSTOWEBNT
ln
3.97 M, J=12 2 a
4.57 D of M, Jy =42, J=6 v1 c
ke
75.5 D of Q, J=7 and 11 3 d
119,0 (M) :
AB, J=263 2 b
123,0 (Sx, J=10)
214.3 D of Sx, JH'F=43, J=8 1 c
B
=3.5 S(very broad) - e
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MW1. 554 No.40

881

L

bo
3
-

a4 o L ) ind ™ 4 rvrr

258

0

FEAK MABS AHT .
NO . RASE

28.00 52.00%

2 29.00 38.00%
3 31.00 100.00%
4 51.00 392.00%
3 51.00 392.00%
& 61,00 39.00%
7 64,00 P, 00X
8 69 .00 7.,00%
K4 79.00  37.00%
10 ?5.,00 44.00%
11 123,00 64.00%
12 143,00 100,00%
13 163.00  31.00x%
14 175,00 8.00x%
15 191.00 28.00x
L6 211.00  &0.00%
17 221.00 1.00%
18 2. 00 1.00%
19 223.00 4,00%
20 240,00 2.00%
21 241.00 7.00%
22 2200 1.00%
23 283.00 4,.00%
24 285,00 L.00%
25 290,00 1.00x%
26 291.00 2.00%
27 X0G.00 1.00%
28 3u82.00 1.00%
29 3800 2.00%
30 373.00 1.00X%
I 403.00 26.00%
32 404,00 ?.00%
33 417.00 1.00%




a

B-—0-CH
R

R

=305=

b e

H

7
c d Eé

3

No. .4

Tri((1,2,3,3,4,4~hexaflurrocyclobutyl Jmethyl) borate:(éi).

No. &1
4000 35I00 30'00 25'00 20.00 18I00 16b0 11:00 1Z')0 1(;00 800 GbO 400
_SHIFT ‘ FI'NE STRUCT({RE RELA’EIVE ASSTGIHEN™
(p.p.m) COUPLING CONSTANTS (Hz) INTENSITY
u
4,13 S ,
2 - a
4.50 S ’
5.23 D of M, JHF=45 1 c
r
118.8, 134.2 AB, J__=230 d or e (cis)
-I'F s 2
121.1, 135.1 AB, JFF=231 d or e(Trans)
129.0, 131.1 AB, J =231 2 e or d (cis)
FP
and (trans )
5
180, 5 M b (trans)
> 1
198.2 M b (cis)
217.8 D of M, J_,.,=47 ) ¢ (trans)
FF > 1
219,7 D of M, Jpp=47 ¢ (cis)
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MWt 588 No. 41

861

3
.lj,dlzjj.p i
258 )

i

S Q0¥
D0
Ok
L0
OO
S 0¥
GO
3 Q0¥
E 00w
K00

X OOk

SR TP 4
-0

<00
L0 12,0

LRI

~

070 1
Q0%
GO

PP
A
-~
i N N
~E o T
3 -

o~ ™

0 QO 35, OO0
0O OO OO

20 EaReIAr

1 00

L ) Ak
GERULY 200
X 00 FOO0%

. 3.00"

g,
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BLOCH, L Npe | . Not2

3

000 3500 3000 2500 2000

1800 1600 1400 1200 1000 800 600 400

SHIFT
(popom)

FINE STRUCTURE 1 RELATIVE

(o] '."‘II'\
COUPLING CONSTANTS (Hz) INTENSITY ASSIGHMEN

'1H

4.43

5,07
19F

L=

115.0,
18,7,
121.3,
123,8,
127.3,
131.7,
135,7,
138.8,
142,.7,

187,.2
194.2

1 208,7

231=3

M(broad) 2 a

‘M(broad) 1 c

117.7,
120.7,
122.7,
126, 3,
130, 3,
133.7,
137.5,
141.7,
146,7,

+ Overlapping AB's 8 d, e, f, g

i

o

(trans)

M

o

(cis)

Dof M, J (trans)

=43 } 1
D of M, J=43 - ¢ (cis)

o]




M. Wit

=308=-

890

No. 42

I
i
!
ﬁb
]
]
g1 |
{
: 2
L}
21 |
r : 1, M
@ | | '
! 7%
& : Bo
1
' 194 :T[s
i
N : . E ) 1
® : i '
L ‘
L
B L T Y N T
8 258 seg - %sa
FEAK MASSH ZHT . FEAK Mass ZHT o FEAK MASS ZAHT .
NQ . RASGE NQO . RASE NQ . RASE
1 27.18 117 36 74,13% 0.80 71 124.09 0.80
2 28.06 1.01 37 75.05 4,98 72 125.08 1.11
3 28.93 17.93 38 76.07 0.86 73 126.08 1.53%
4 28.97 1.19 39 77.0% D7 74 12707 (.54
b 29.78 2.62 40 78.01 251 79  130.94 3.76
é 30.85 100.00 41 78,94 8.58 76 137.01 1.66
7 31.99 228 42 79 .89 2.88 77 139,02 0.91
8 33.08 1.24 43 80.98 10.83 78 143.07 052
¥ 38 .99 1.22 44 82.0% 1.40 79 144,01 S.73
10 40 .99 0.91 4% 83.08 0.86 80 145.0%5 0.80
11 42,05 Qed? 44 87,08 Q.52 81 1%7.01 2+259
12 4F.12 1.11 47 88.04 0.78 82 162.095 Q.47
13 44,15 D.41 48 89.01 1+37 83 163.10 1.04
14 4%5.18 X.47 49 89.95 355 84 169.09 1.11
15 47,13 Q+60 S50 P0.99 13.71 8% 175,07 1.76
16 49.00 3.81 a5l P2.06 0,80 86 187.07 1.71
17 49,91 Q.62 52 2305 2.31 g7 189.14 0.88
18 50.98 B2 53 24,08 1.06 88 206.07 0.54
19 Y3.14 0.36 54 ?5.08 2.41 89 207.02 11.04
20 54.18 1.27 ] 7. 10 Q.44 S0 208.11 0.93
21 S%.16 Q.39 Hé 99.03 Oeb2 @1 225,15 1.11
22 Shel6 Q75 57 P9.97 2.46 P2 235.07 0.9
23 57.1% 2.33 58 101.07 1.27 93 285,10 0.88
24 58,12 Q.80 59 102,14 Qb7 P4 295,23 O.47
245 99.0%5 2.25 60 103.07 1.89 P55 353.28 0.73
26 HR.97 2.98 &1 105.10 0.54 ?6 364.81 650
27 61.03 ?.43 62 106,04 117 P77 366.27 0.80
28 62,09 QO.b7 43 107.06 0.86 28 423.82 0.78
29 hX.14 D0 64 108.03 1.32
30 6715 1.68 &% 108.96 231
K5} 68,08 Q.41 dd 11102 Q.A9
X2 H8 .96 783 &7 112,02 039
XX 7102 O.36 68 113.01 He Y
X4 7207 2.07 49  118.99 1.74
35 73.09 5.05 70 1a3.\) 0.5k
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h
o 3 ;: f g , ' -
840 cH >tk CF, No. 43

d.
H/c\ CFZ C

i .
Tri (2-pentafluoroethyl-4,4,5,5,5-pentafluoro=-2,3=di (trifluoromethyl )= -
pentyl) borate (66). .

No. 43

4000 3500 3000 200 2000 1800 1600 1400 1200 1000 800 600 400

Gepem) | courine constawes (#o) | Iomsiry | ASSTGMEENT
n
4,1 M(very broad) 1 ¢
4,4 S (broad) 2 a
lzgﬁ _
57.7 M(broad) 3

n, i
61.8 M(broad) 3
80. 3 s 3
83.3 5 3 80 °
109, 3 M(broad) 4 d, f




MWt.

~310=~

1304

No. 43

1
§ 31
8'1
@
69
=
21
333
N
23
l
L » ‘L‘ 'L*L T Y ,1588 -y T v
FEAK MASS ZAHT . FEAR MASSHS ZHT ., FEAK MASS
MO . RASE NO . RASE NO,
k{ 28.06 2.40 51 101.04 2.21 109 233.11
2 28.94 11.84 95 107.03 1.06 111 287,02
3 29,79 2.99 96 108,01 .90 112 258,99
4 30.86 97.42 B7  108.96 22.29 113 263.10
b1 32.00 1.70 59 111.02 1.52 114 271.13
) 33.09 J.34 641 113.01 13.22 115 273.03
11 45,19 4,24 &4 118.96 15.34 116 273.06
12 47 .14 1.11 déd 121,02 2.90 117 277.10
13 49,01 3.13 67 1 123.06 2.99 118 292,99
14 49,91 1.57 68 124,09 1.06 119 295.09
15 50.98 7.23% 69 125.09 1.75% 120 307.05
17 857.15 2,44 71 127.08 1.38 121 313.00
18 U813 1.20 72 131,035 1,34 19J 323.08
19 59,06 2:.86 73 132.06 1.34 123 325,06
20 959 .97 4,33 74  137.10 1.43 124 341.11
21 41L.03 14.56 77 141.01 4,15 128 342.94
26 48,95  G4.86 79 143,04 2440 126 345,10
29 72.06 1.98 80 144.06 1.43 127 383,12
K.14) 73,09 4,05 81 14%.0% 8.20 128 362.92
32 7%5.08 4,97 83 185,01 1.98 129 364,08
33 76.08 1.98 84 1537.00 1.52 130 373%3.00
349 77.06 b 68 86 161.02 1.+.34 131 392.88
35 78,02 10,36 87 163.04 H5.48 132 393.96
36 78.97 41.41 EAY) 177 07 1.01 133 S02.03
37 79.94 1.47 1 175.07 3.27
38 80,99 XS 23 180.%99 1.15
39 82.01 1.24 2% 1920.99 2+35
42 89.00 2.44 6 193.09 1.06
43 89 .96 25,06 P8  19%5.02 203
44 ?1.00 100,00 100 208,02 1.15
4% @205 276 101 207.02 267
44 93,06 J.92 LOX  210.98 b &8
48 PEHLOP $.02 104 213%.01 b+49
49 PEL05 1.4 108 225,03 3,22
S0 9998 2+ 338 108 243.00 K00

ZHT .
RASE

1.01
20\.}8
1.34
2,58
1.47
1.52
2.12
1.34
6.40
0.78
0,92

=)
5258

1.84
0.60
1.20
4,33
0.60
1.06
645
0.78
1.84
33.30
.27
1.93
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N-(2,3,3,3-Tetrafluoropropanoyl )piperidine (74).

No. L4

No. 44

,IAOOO 3OIOO 25I00 200I0 18l00 %600 11.60 1200 1000 600 400
(oopem) COUPLING CONSTANTS (Hs) | TnmEwsizy | ASSTCWMENT
v
1,63 M 6 b, ¢, d
3.50 M 4 a, e
5.33 D of Q, J=47 and 6 1 £
19
76,0 D of D, J=12 end 6 3 g
197.3 D of Q, J=43 and 12 1 £
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- MWt 213

No, 44

aal

13

FEAK
-~ NO.

NN UID IR~

WO RN MNRIRNEINRRMN I E e
HOIJIENGOADIHNNPFPOIONIPUDHHIN-C

J

O BG4
(L A

Ull_.l

MAGSS -

22447
23.35
24,79
25.1%
26430
26,80
27,24
27.86
28.13
28.31

2835

29,01
29,06
29,55
29,84
30.73
30.91
31.04
31.16
31,92
32,02
33,11
34,10
7.07
37.34
34,99
39.08
39,012
39.72
39.89
40,96
41,25
41,32
41,79
42, 0%

FEAK
NO.

36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
48
69
70

188

MASS

42,60
42.75
42,96
4,10
43,23
44.16
44,31
45.15
446,15
47 .14
48,02
48.95
50.92
53.08
54.11
54.95
95.13
55.21
55.78
S56.12
57.10
58.06
58.44
58.99
G59.00
59.08
59.24
S5?2.92
60.83
64.67
67.14
68,06
EB.HE
69.01
6945

213
L Jl h l
¥ Ll M J A
208
ZHT . FEAK  MASS  %HT. FEAK  MASS
RASE NO. BASE NO.
1.24 71 69.57  1.09 106 112.27
0.87 72 49.89 9.56 107 113,00
0,83 73 69.99  7.38 108 116.00
12.99 74 70.21  0.49 109 127.93
0.45 75 70.79 0.60 110 128.87
20.75 76 71.04 0.64 111 138.88
0.94 77 72,16 0.75 112 140.98
31.51 78 2,34  0.53 113 141,88
1,47 79 73,08  2.60 114 143,02
0.98 80 74,11 16.08 115 143,46
0.60 81 75.09 1.24 116 144,06
0,56 82 76,04 0.60 117 144,62
1.77 83  78.94 0.75 118 145.10
1.88 84 79.87 0.79 119 146,00
4.97 85 80.97 1,02 120 147.69%
0.83 86 82,01 3.69 121 157,97
23.04 87  82.24  0.60 122 158.91
6.51 98 83,01 12.09 123 149,94
0.75 89  83.26 0.56 124 170.89
28,95 90  83.65 0.41 125 171.97
6.33 91 B83.96 27.40 126 183,96
1.81 92 84,08 5.2 127  184.98
0.38 93  B4.59 0.53 128 197.96
1.13 94  84.77 0,79 129 211.02
42,43 95 85.01 2,22 130 211.92
5.38 96  B86.04 1.05 131 212,97
0.90 97 86,97 0.56 132 214.01
2.52 98  B89.87 0.79
0.79 99 946,06 0.72
0,64 100 98,07 1.13
5,65 101 100.94 5,38
8.47 102 101.98  0.79
0.64 103 109,95  0.87
48,31 104 111,43 0.72
0.68 105  112.02 42,32

AHT s,
RASE

5.76
3.69
1.47
0.68
5,69
0.56
0.72
0.53
0.79
1.36
32.23
0.56
2.22
1,43
0.87
1.28
0.60
0.98
4.71
2.82
3.73
1.986
4.49
0.75
2.37
17.51
. 3,01
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i

N-(2,2,3,4,4,4-Hexafluorobutyl )piperidine (75).

=z

No. 45
w000 B0 300 2500 2000 1800 1600 1600 @O 1000 800 600 400
— - s
(pep.m) COUPLING CONSTANTS (Ha) | InTousiry | ASSTONAENT
lu
0.90 M 6 b, ¢, 4
1.95 M 4 a,e
2,35 M 2 f
4.57 M(broad) 1 h
e
75,0 M 3 i
1 115.7 M 2 g
213,0 "D of M, J..=42 1 h

FH
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No.45

L e AR i et IS

249

ZTB

4 o v L LAY ¥ A
' 168 289
FEARK MALGS AHT . S EAK Maes AT .

NQO .

e
D T AT
0~ O 18 dn 4 P

il el el el s

G

......

DV R
28,13
2603
DY LB
B .94
2.0
3901
X9 . 85
40,99
42,08
0t ta
44,19

&7 13X
SO 0%
&9 01
G PR
8203
8B3.07
24.10
SHLOL
9608
Q@707
YR.0O3
PSSV
173%.97
191, ‘}’ "’K
B0, 9
209, )’4
21990
229 .04
ay7.86

RAGE

0. 054
oL 0%
1. 68
:.30..1 l
Q.44
el
0.73
Qedl
8,38
18,68
1 %é
4 o“(’(\
1012

R
A \'

1.11
1.1
L.08
0.84
4,467
el
Deh?
O.9%
232
0,48
L7235
0. 73
100.00
727
6,79
114
060
Q.78
0. 73
1,68

a.3%

NO.

A

248 .

51

RAGE

2

73
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fzg h
CF, CFH (R

No. 46

N-Methyl-2~(1,1,2,3,3,3-hexafluoropropyl)piperidine (76).

2000 1800 1600 © 1400

1200 1000 800 600 400

FINE STRUCTURE

SHIFT RELATIVE , ,
(Pepom) COUPLING CONSTANTS (Hz) rymENsITy | ASSICNMENT
bl
1037 M 6 b, Cy a
2,00 S
3 i
2,20 S
2,48 M 3 a, e
4.97 D of M, J=43 1 g
%
75.0 M 3 h
106.2, 115.8 AB, Jpg=2T1
| 2 £
118,0 n
211,0 D of M, J=42
1 g
212,0 D of M, J=42
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M.Wt. 249

20

No. 46

-1

3

.
g

Ry

e - ————— e ]

238 248

b

E AR
NO .

-

9

é

<
<

(;‘)

10
11
12
13
14
1%
16
17
18
19
2Q
21
22
23
24

oy
2

MALHS

28,13
29.02
B0L.23
Z2.02
40 .99
A42.07
4%, 12
44,18
G816
Uh. 16
H7.14
98.10
6HB L 09
&7 .04
&P .97
71.04
82.05
8%.10
Qb Ll
@7 .8
PR 06
P03
229,93
247.89
248,94

200

AHT .
BAGE

X070
.96
Q.54
Hebl
L eSS

IO 13 44
.89
2,63
4,14
1.42
0,92
1.80
1,09
1.13

172.52
0.88
1.2%
Q.59
2.34
2.22

100.00
bheS7
1,05
1.+0%
0.54
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k 1
CFRCH

h3

No. 47

N-(2,2,3,4,4,4-Hexafluorobutyl)-2=(1,1,2,3,3, 3-=hexaf1uoropr_opy1 )=
-piperidine (77). ' ' ’

=

No.47

W0 30 3000 2500 000 10 1600 1400 100 1000 800 600 400
(epom) COVLING CONSTANTS (z) | neosizy | ASSIGNMANT
1

1,57 M(broad) 6 b, ¢, d
2,92 M(broad) 5 a, e, i
4,87 D of M(broad), J=44 2 g, k
19

69,8 M(broad) 3 h, 1
111.3 M(broad) 2 £, 3
206, 3 M(»road) 1 g, k
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[P

MAass

28,13
29,02
29.86
30.93
F2.02
P00
25 .85
40 .99
42.08
AR 12
44,18
45,18
G0.98
G414
HH1 6
Hheld
G214
580,09
HR. 02
YA
H8. 00
HB . Y
A% P
ZL L0
FR.Q7
R TR ]
FEL0N
81 .69
830X
84 .00
G0l
B .06

P7 . 0%

98 .04

" 208

yAUR I
BASE

1.03
Gle73
.71
0.83
4,469
10.865
Q.64
0.88
7,18
7097
& 0b
L85
Lel?
Lol
Q.93
22.03
J3.03
2,69
2210
Lol
i
1.91
K G2
181
Q.64
1.07
(.93
L.47
1.91
4.5
L.a2
132
4o 35
e l. 1

3.37

389
FEARK MASH

36 111.98
37 112.99
I8 146.01
A9 173,98
40 191.93
4l 193,98
4D 205,97
4K 219.87
44 2R0.95
A% DA6.06
A 247,93
47 248,75
48 249,26
49 249,93
HO 250,34
51 ABQ, 91
52 X79.8%5

i 397,93

YHT .

oA g
BaHE

103
0,68
0.78
0,73
B4z
1.81
0,54
4,59
0,73
1en

+ AL A

100.00
1258
6 GO
0.83

T0.u9

112




C 0 b
LJ
N

ol f.9 b
CH]Z CFZEFH EFS'

N=(2,2,3,4,4,4-Hexafluorobutyl )morpholine (78).

~319=

No. 48

4000 3500 3000

2500 2000 1800 1600 1400

g 600 400 -
(pepm) COUELING CONSTANIS (:a) | INTowsrry | ASSTOMNENT
B
é°56 M 6 a,d, e
3.64 M 4 b, c
5. 16 D of M, JHFa44 1 g
9 v
73,6 M (D of Q) 3 h
114.4 M 2 f
212.8 D of M, J,=44 1 -8

FH™.
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No. 48

120

— - - M - R = A . e e e e e A e

L TETTE T
M

174 208

a 248

X
4
N

T

1 2700
2 2800
3 QY00
4 A6 .0
A1 .00
DO

o
7 A O0
8 L.Q0

2,00
FL.00
3. 00
H e 0
700
00
414
e 010D

12

14

17 00
18 00
16 00
20 3,00
o 5, 00
e .00
‘3

PG00

T2

AT . FlraK
BASE MO

4 Q0N A
100,00 A7
8. 00N 3
2L00% 3
8.00% 4

R4

DL .00 N
400k 472
PN ¢165 4

FhH OO a4
S3 L 00% A5
Ko QO PPN
4. Q0% 47
1+ OO 48
2,008 G
1. Q0%
200K
LA 00w
Lo OG®
1. G0
KORATAY
O
PRV Ie)
P00

& QO

e GO
1o Gink

1o OO
1 QO

MaGH

88,00
L0000
101 .00
10200
120.00
0

“ ”

Lo

YT

Te

A SE

-«
o~ ey
RN A

N e~
LN

o~
e ey

R R

P
e S

]
-~

7

taws

20X

« O
QO
ATe R 4
DO
Q0%
o« RO
o (ON

-

-

1L D0%

eleP 4

368
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00 [ - No. 49
| .
(5 (FHOR
NG
®CH, CE,CFH CR, - |

N=(2,2,3,4,4,4-Hexafluorobutyl)=-2-(1,1,2,3,3,3-hexafluoropropyl)-
morpholine (19).

v 1 1 [ v 1 [} ' ' ' ' '

No. 49

4000 3500 3000 2500 2000 1800 1600 100 1200 1000 800 600 400

Gioem) | couiine constawes (mz) | Twrensrry | ASSTGMMENT
2,64 Mo -2 | - d
3,66 ' M 7 &, b, o, ©
5,06 D of M, J =44 2 g, 3
19
73.7 M - 3 ‘h, k
14,8 M(broad) 2 f,1
210.8 ‘ M(broad) 1 g 5 J




M.Wt.

401

25

[25:14

88 288 " 38 T e

MALS

L. 00
332,00
4000
41,00

2,00
AL 00
44,00
A% L 00
47,00
L 00
54 00

AHT .

BaSE

7 QO
440 00%
1. 00%
1.00%

14, 00%
2.00%
3. 00%

34.,00%
8.00%
4.00%
1.00%
1. 00%
2.00%
100K

OO

4. 00%

2.00%

1,00

2.00%

1. 00%

FeO0%

be0O¥

2000%

1 oo

Looo%

4,00%

1eook

1LeOo
1e00%

1O

1. 00X

200

00K

Aa 00k

1.00

FEAK
MO

HASS

101,00
104,00
105,00
118,00
174,00
L8800
192,00
00
1. 00
i 00
.00
L 00
00

A32.00
IXQ 00
AGH2.00

36200

32 00

PR SR
AG0 00
A0 . O

v

MHT. =~

Bank

,..
>
[l
* oW X %

-~ s
1
D S
=

-

Pt pei s b
T D

100X
D 00%
1.00%
e 0%
2.00%
1.00%
P00
L.00%
L100%

oy

LG H0X

1.00¥%
100K
1.00%
2:00%

-~
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9 /CHZ
H-C-N
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N
CH
-H3

d e f
EFZ CFH CE
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N-(2,2,3,4,4,4=-Hexafluorobutyl )-N-methylformamide (81).

No,50

No. 50

é w0 mo 00 200 2000 100 Yoo w00 100 800 600 400
SHIFT FINE STRUCTURE RELATIVE T \
(pepom) COUPLING CONSTANTS (Hz) THTENSTTY ASSIGNMENT
lx
2,70 S :

' 3 b
2,83 S :
3.72 M 2 ¢
5.13 D of M, Jy,=43, J=6 1 e
7090 M 1 a
19F
76.5 M 3 b
114,6, 119.2 AB, J=267
2 d
114079 11607 ABV J=256
213,7 D of M, J=42 and 9
' 1 e
214,5 D of M, J=42 and 9
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MWL 223 No.50

(2123

1?8 194 2"12

A e e e o - = = - e e e e ] g

122 1 174 1
h, NN |00 | SO | —
Y M 288 13
FEAK  MASS  ZHT.
NO.‘ RASE
1 27.25 2.43 26 95,02 1 ¢ 69
2 28,13  8.67 27 106,04 1400
3 29.01 b.64 28 122,02 1.16
4 29,85  3.36 29 136.03 1.53
5 30.92  17.44 30 156.00 1.36
é 32.02 1.06 31 173,97 1.43
7 33,22 V.66 32 175.99 1 .40
8  40.97 1.66 33 183.99 1.03
7 42,06 10.07 34 191.92  1.46
10 43.12 5.02 35 193.97 1.96
11 44,17 100,00 34 221.92 2.23
12 45,17 5.95 37 222.91  4.35
13 50,93 1.00 38 203.96 0.66

14 38,03 1.76
15 59.02 G.18
16 9?2.93 1.10
17 hB8.96 1.464
18 72,02 69,50
19 73.05 4,82
20 74,09 3.16
21 75407 266
22 77,01 1.10
23 @2.00 1.13
24 P3.04 1.30
RE_ 94,08 0.53
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d - No. 51
a b ¢ %) /CH3
(R CFH CFZ C"‘*N\e
(Hy

N,N-Dimethyl-2,2,3,4,4,4-hexafluorobutanamide (82).

(=

No. 51

1 ' ' 1 ] [ | '

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

\_ — e — Ko a2
SHIFT " FINE STRUCTURE RELATIVE m
(Popom) COUPLING CONSTANTS (Hz) INTENSTTY | ASSIGNMEND
it
2,97 S

6 d ;, e
3.14 M |
5,40 D of M, J =44 1 b
e
73.0 M , 3 a
112079 11407 AB, J=113 2 (s}

212,5 D of M, J=42 and 10 1 b
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d Ng. 52
b C % /CHB
CFHCE-C—-N

d
CE 5 (-1

3 f g h

“CH CF CFH

N-(2,2,3,4,4,4-Hexafluorobutyl)-N=methyl-2,2,3,4,4, 4-hexafluoro-
butanamide (83). | '

1 + Ll 4 ¥ 1 ] t 1

R

No.52

4000 3500 3000 200 2000

SHIFT FINE STRUCTURE RELATIVE o
J
(popom) COUPLING CONSTANTS (Hz) INTENSITY ASSTGNMENT
bt
3.10 M
3 da
3.33 M
4,00 M 2 e
5,40 D of M, J=42 ' 2 b, g
Pp
73.8 ' M
3 & , h
T4.3 M
1113, 112.5 AB, J=292
2 ¢, T
113.3, 115.3 , AB, J=307
210, 3 D of Sx, J=45 and 11
1 b, g
212,5 D of M, J=45




M.Wt.
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373

No .52

o 2
8
2
2
2
84
N
131
| l:.n} .:lql "j.!l : N o |lh l N
188 208 388 488
FEAK MASS yAL R FEAK MASSH ZAHT .
NO . RASE NO. RAGE
28,13 27.86 28 89.90 1.98 - 54  222.04 100.00
2 29,01 1.66 29 0 90.93 0.84 58 223,00 b.46
R 29.88 203 30 ?1.99 1.66 S56 224,07 1.14
4 30,93 3.964 31 ?3.04 0.81 67  272.08 1.07
] 32.02 5,19 . 32 ?5.04 4,35 38 304.03 2.69
é 33,13 1.27 33 100.98 1.01 B9 326,02 2.24
7 40,99 0.52 34 106,09 1.20 60 333,99 6,88
8 42,07 17.18 . 33 112.07 1.53 A1 335.11 Q71
? 43,14 6.53 36 113.04 1.07 62 344.00 0.58
10 44,18 69,71 37 120.99 153 CA3 353.98 b.27
11 45,19 2.08 38 136.00 1.20 64 355,03 0.5
12 50.94 3.73 39 140,99 Qo2 65 372,99 0.7%
13 96,13 1e66 40 145,04 95.91
14 G7.101 0.91 41 150.9% 14.16
1% 58.07 G539 42 152.01 1.62
16 09404 1.30 43 154,04 0.75
17 59.94 175 44 154.04 1.53
18 &64.11 0,91 45 173.05 0.84
19 68.95 17.76 46 174,03 1.10
20 72.02 12.69 47 176.07 1.14
21 73.06 1.62 48 182.04 3.93
22 74.06 0,84 49  183.07 0.49
23 75.06 0,45 50 192.03 127
24 77.01 .18 91 194.08 H.62
25 77.96 1.20 92 202.02 G52
26 81.93 Q.58 53 203.08 Q.55
27 . 82.98  1.39%
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9 /CH
=N

ho N\

EHZ

=320

EFZ EFH CF3

N=(2,2,3,4,4,4-Hexafluorobutyl ) ~-N-methylacetamide (84).

No. 53

i
No.53
L 'AOOO 3S|00 30I00 2500 20'00 18IOO 6'00 1400 1000 800 600 400
e I - -
SHIFT FINE STRUCTURE RELATIVE N .
(popom) COUPLING CONSTANTS (Hz) INTENSITY ASSIGNME“*A
ln
1,83 S 3 a
2,73 S 3 c
2.90 S
3073 TB J=15 2 d .
5.10 D of M, J=43 1 £
19,
76.2 M 3
116.3 M 2
173.0 D of M, J=43 1 f
130 = broad bapd proton decoupled,
20,9 S - a
3705 S - [o]
49.1 T, J=25 - a
84,7 D of Q, J=194 and 31 - f
117.3 T of D, J=250 and 23 - e
120, 6 Q of D, J=280 and 24 - g
L 171.9 S - h




M.Wt.
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237

oo £ o
3
2
o
E
93
3
g"
FEAK MASEH LHT .
NO . RASE
1 28,132 5.80
2 29,86 1.70
3 32,02 1.21
4 42,07 V56
5 43,11 44,48
é 44,18 100,00
7 45,19 387
8 50.94 .49
@ SGh.15 D:.36
10 B57:.14 0.79
11 58,07 0.8%5
12 48,97 3.57
13 72.05 0.95
14 B6.07 17,54
15 87.06 2.92
14 4,08 1.05
17 23,05 Q59
18 106.06 1,02
19 130.%6 0.95
20 136.05 .88
21 1536.03 Q.75
22 175.03 075
23 176 .02 1.41
24 194.01 1+34
25 195.01 1.3%4
26 197 .98 1.15
27 216.98 1.21
28 218.88 1.21
29 221.99 1.08
30 237.00 5.87
31 238.02 062
32 26398 G.4Y
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3 CHB\ % /CH3 C
LS \ i
b CH3 EHZEFz CFH CFB

N=(2,2,3,4?4,4mHexaf1uorobuty1)=N9N“QN'=trimethy1ureé (85).

No. 54

No. 54

Ilo000 35'00 30‘00 . 25'00 20‘00 18'(13 16‘00 ‘ILIOO 1200 10'00 82)0 400
(o) COUPLING CONSTANDS (Hs) | InTawsyry | ASSTGHMENT
Mn

2.77 S 6 a, b
2,95 S 3 c
3.78 i 2 d
5,10 D of M, J=43 and 6 1 £
e

74.8 n 3 g
114,0, 115,3 AB, J=263 2 e
212,3 D of M, J=42 and 9 T £
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No.54

061

10

i

Hew Kee

23
24

25

26
27
28
29
30
31
32

Iy

MASS -

27.26
28.13
29,02
29.864
30.94
32,02
40,99
42,07
43,13
44 .18
45,20
50.94
B6.13
%58.08
59.04
359.94
72,06
73,09
74.12
77,00
82.98
?3.04
113.04
115,10
116,09
144,99
181.98
194,04
201,99
221,97
246.04
247,06
266,06
2b7.03

AHT .
RASE

Q.54
10.71
1.01
0.29
2.41
2.07
0.29

Lol L4
F.52

2.83
12.31
3.32
Q.52
1,30
1.76
1.11
0.41
100.00
3,89
0.80
0.44
0,34
0.88
0.36
GeA7
1417
1.92
1.89
I. ¢ O(J
2.26
4,46
10.96
1.79
3.40
6.5
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d ¢ b a . | j' No.55
CFBEFH EFZ QHZ\ % /CHB »
‘ - N=C(=N .
e J/ \Nf g h i
C H3 f EHZ EFZ CFH EFB

N,N'-Di(2,2,3,4,4,4-hexafluorobutyl)-N,N'~dimethylurea (87).

No.55

4000 3500 3000 2500 2000 1800 1600 1400 1000 800 600 400

SHIFT FINE STRUCTURE RELATIVE

(Popom) COUPLING CONSTANTS (Hz) INTENSITY | ASSICNMENT
u

2,80 - ' o 3 e s 3
3.68 ™ J=16 2 a, f
4.73 D of M, J p=44, J=6 1 c, h
B

75.0 M 3 4, 1
113.0, 115.8 AB, JFF=275 2 b, £

212,2 D of M, Jp, =42, J=9 1 "¢, h
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MWt 416 No.55

222

122

2] . .
o \rosbleptoctbheprerteety '. L "T. N R C—— ll Ao
188 258 . 2@ 488
PEAK  MASS  ZHT. ‘FEAK  MASS  ZHT.
NO., EASE ' NO, RASE
1 27,25 4,39  VIB 95,01 2,72 54 377.02 2,42
2 28.13 53,41 29 106,00 0,45 = 55 395.98 6.93
3 29,02 16,08 - 30 113,01 0,78 . 56 396.88 2.37
4 29,87 0,63 31 119.94 0,87 = 57 415.00 0.57
5  30.93 38,55 32 120.98 0,87 58 415.95  2.00
6 32,02 11,45 = 33 140,93  0.45
7 39.85 0,90 34 144.97 7.50
8 40,99 2,18 35 151,99 0,72
@ 42,08 9,77 36 154,00 1.17
10 43.14  4.78 37 174,04  0.90
11 44.19 7,65 - 38 182.01 8.25
12 45,18 10.13 39 183,00 1.17
13 50.95 1.61 - 40 183,62 0.54
14  56.13 0,78 41 185,16 0,33
15  S58.08 3,50 42 192,03  0.60
16 59.03 12.52 43 194,02 3,77
17 59,94  1.23 44 201,96 13.30
18 68.98 1.61 45 202,99 1,05
19 72.06  b.16 46 220,81 0,57
20 73.11 2,00 47 222,02 100.00
24 74.11 6.60 48 222,89 7.98
22 75.09  0.45 49 223,40 5.77
23 77.01 1.85 50 265.11 21,25
24 83.00 0.75 51 266,10 1.64
25 89,90 1.43 52 315,13 1.23
26 91,98 1.58 53 371.92  1.40

27 3 9300? 00_;_4{8_ : B o .
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EFBEFHEFZCHZ\ (l)l /CH3
. ;/'bd” C==jq\\
CRyCFHORCH; CH,

No.56

N,N-Di(2,2,3,4,4,4<hexafluorobutyl)-N{ N'-dimethylurea (86).

No Spectrum.

SHIFT
(pepom)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGHMENT

No Spectrum,




MW?. 416 No. 56

=336~

zL.]]

8‘1

27

29
30
31
32
33
34
35

) A 'J v ¥ l LY"~L v l ?l l'l l v l LA v
25 388
MASS AHT . FEAK MASS AHT . FEAK MAGS
RASE NO . RASE NO .

25,28 0.29 36 72,81 11.11° 71 251.66
27415 1.68 37 74,23 % .40 72 263,20
28,04 4,57 38 76,17 0.27 73 264,25
28.94 4,22 39 7710 1.27 74 265,27
30.84 8.47 40 83,04 0,81 75 Ré&b.21
31.95 0,71 41 89.96 0.27 76 267.25
40,88 0,27 42 95,09 2,10 77 270,17
40.98 Q.61 43 101.07 0,29 78 311.90
41.83 0.39 44 113,20 0.56 79 315.15
42,06 5. 54 45 115,19 0,68 80 329,46
42,33 0.27 46 118.96 0.39 81 330.52
42,40 0.27 47 120,02 0,22 82 332,16
42,45 0.29 . 48 125,12 024 83 335,08
42.50 0.27 49  141.06 0,27 84 344.11
43,12 4,47 50 145,05 2,98 85 346,24
44,17 8,33 51 146,15 0.24 86 348.05
44,47 Q.27 52 151.10 0.34 87 352,12
45,18 4,62 53 154,17 0.32 88 354,24
45,34 0.34 %4 164,00 0.29 0y 355,82
45,45 Q.27 55 169.13 0.44 90 372.19
44,20 027 56 170,23 0,27 91 377,15
50,96 1.42 57 174,23 0.37 92 379.74
56014 1.64 58 182.21 0.44 93 391,81
57.16 0.34 59 190,17 0.39 94 393,38
58,09 0,90 60 192,17 0.bb 95 394,38
59,04 3.98 61 194,13 0.6 96 416,23
59,97 0.49 62 202,10 0.46

63,22 0.29 63 220.18 0,29

64.14 0.29 b4 222,17 1.86

67490 027 65 223,27 0.27

68,11 0.27 66 240,18 G277

68.55 0,29 &7 245,37 0,42

68.78 027 68 246,19 1.27

69,04 2,12 69 247,28 027

70.66 100.00 70 251 . al 6.7

AHT
BASE

0,27
0.44
0.24
1,32
0.63
0,24
0,49
0.78
0.68
0.27
0.24
1.81
0,46
0.44
0.24
0,27
2,64
0.22
0,27
4,18
2,49
0.34
0,27

Y,
5,79
4,18
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a_ b ¢ d i No.57
(RCFH G M, QL
o N=CND

g f e J U k- I m

N,N,N'=Tri(2,2,3,4,4,4-hexafluorobutyl )=N’-methylurea (88).

No.57

4000 3500 3000 2500 2000 1800 1600 .00 1200 1000 800 600 Wo

S e TR | o
s

3,03 s L 1

3.93 . | 2" a4, e

4,73 D of M, Ju=44 | 1 b, g, 1
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MWt 566

222

No. 57

=12}

9s

MASS AHT . FEAK MALS
BOGE NOY.

28013 28.:28 36 X72.89
32,02 G058 37 74,16
42,08 15,29 38 415,19
43, 1% 4o b 3¢ 415,86
AR LY 497 40 46015
Q.97 .89 41 GR7.06
S 1 1.59 42 G28.14
GB.11 1.3 43 46,76
U9 .96 Qb6 44 GHAB. 1S
6% .01 Feb6
72,08 0.98
77,09 B.06
B3.06 1403
89,97 0.61
D204 1e31
H AL 4,60
106,08 0. 84
127.08 1.08
1A% 09 D1
154,13 103
174,01 Le1?
182.01 J.54
19203 1.08
194,08 N
JER 732
0.4
100.00
840
.94
127
33216 4432
33312 .70
WD 0N Go 70
353. 11 0.61
A7&4.0%% 35.5

AT .
BAKE

/ L3 "'; (f)
Qb
20.03
.02
131
A7
G789
4,38
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CF3CFHCFZCH2 (% /CHZEFZCFHCF?) No.58

| ON-C- N
CRCFHCR,CH

2

N
C HZCFZCF HCF3

N,N,N' N*'-Tetra(2,2,3,4,4,4-hexafluorobutyl Jurea. (89).

No Spectrumo‘

SHIFT _ FINE STRUCTURE RELATIVE

(popom) ' COUPLING CONSTANTS (Hz) INTENSITY ASSIGNMENT

No Spectrum,
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M.Wt. 716

x]

No. 58

3
o
gﬁ
%
Jé'i
]
ZE 352 ST
® ,h;.nlv lr n:T' '1II - ; ; gord yood ll’
258 3a3
PEAK MASS ZHT .
NO . RASE
1 28,13 12.70
2 32,02 2.35
3 42,08 6630
4 44,18 3.10
5 50,96 2,45
é 56415 0.90
7 68.99 2,25
8 77.07 1.80
9 P5 .06 2,00
10 14%,0% 6,35
11 192.0%5 1.90
12 194.07 1.75
13 202.05 1.25
14 222,07 9,95
15 312.0% 1.65
16 332,44 6+ 50
17 352,06 10,25
18 353.06 1.00
19 369.09 0.95
20 372,05 100,00
21 372,92 10,75
22 373,54 8.0
23 374.72 0. 80
24 415,31 0.70
25 545,46 10.5%
26 61%5.48 1.45
e Y AN L 5. 30
28 478.54 0. 95
QY L9792 515

158
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h i
5 L

A
FH (R

N-(2,2,3,4,4,4-Hexafluorobutyl )-N-methylbenzamide (90).

No.59

No. 59

2500 2000 1800 1600

1200 1000

woe 30 3000 800 600 400
T o e | e | oo
i
2.85% ]

3 £

2.93 8
3.93 T, J=15 2 g
4.97 D of M, J=43 T 1
7.20 ] 5 a, b, ¢, 4,

e,

B
4.7 M 3 J
113.5 M 2 h
211, 3 D of M, J=38 and 8 1 i
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M.Wt. 299

No.59

581

i8

a1

FEAK
ND .

MASH

28,12
42,07
50,97
77,04
78,01

105 .07

106,07

148,10

149,08

298,22

299,16

AHT .

BASE

'(} * -;7 (?
0.95
.10
Sle21
2.42
100.00
77
11,79
K17
206
G54

368




e f g
,  Hg CRCFHLE

=343=

3

CH3¢N C

0e Ab

N-Methyl-5-(1,1,2,3,3,3-hexafluoropropyl )pyrrolidin=-2-one (91).

No.60

000 300 00 2500 2000 1800 Y 600 MO0 100 100 800 60O 400
SHIFT FINE STRUCTURE RELATIVE S
(popom) COUPLING CONSTANTS (Hz) INTENSITY ASSIGNMENT
Tq

2,30 M 4 b, ¢
2,92 S 3 h
3.97 M(broad) i a
5,00 D of M, dyp=44 9 f
e

T4de2 M 3 g
115.0, 117.7 AB, J,=262 }’ ) .
117.49, 120.7 AB, Jon=271

211.2 D of M, Jp,=44 1 f

13

C = broad band proton decoupled,

1905 S = o]
29,1 S - h
30,8 S = b
62,0 Ty Jop=25 - a
85,3 D of M; J,,=206 end26 - f
118,7 T of D, J,u=251 and 22 - e
121,0 Q of D, J,,=276 and 29 - g




MWt 249

-
o

i_w“344*

"No. 60

891

*
s
b

e

—

3

FEAK
NO .

= OO ONDG DS N

12
13
14
13
14
17
18
1s
20
21

"3

oy
23
23
24

oy
28

28
27
28
29
30
31
32
33
X4
35

e = = - - -

»
o

MASS

2726
28. 14
29.02
29.86
30.94
32,03
39.00
39.84
39,90
40.98
42,07
43.14
44,17
H0.94
54.13
GGl 12
G613
57011
58.06
39,01
468.06
&8, 99
69 .94
70.99
P7.01
79,89
88.95
0. 94
?1.98
P3.03
YPH5.03
G 0F
P04
98,02

_18.74

BASGE

118
19.13
0.87
292
0.42
2.98
0.84
0.48
Q.36
24.19
19.37
2.62
2,08
0.69
Q0.+4%5
3462
Le24
0.39
Q.72
Q.57
X228
D74
244
142
Qe b9
0,45
Q.27
Q.69
Q.36
0.33
Q33
Q.48
093
10G.00

6.7

PEAK |

N{(Y,

36
37
38
4
40
41
42
43
44
4%
46
47
48

100,00
101,01
109.01
127.06
148.0%
156.06
174,005
194,01
209 . 9%
219.98
229,98
2487 .97
248,90

0,351
0.33
0.36
0.39
Q0. (’.() \5
0.60
0.A%
0.39
0.45
0.63
057
0.48
051
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d e 0. | | No. 61

A
H- nggFH EFB

NeAcetyl-2-(1,1,2,3,3,3=hexafluoropropyl)piperidine (92).

No. 61

L0C0 3500 3000 2500 2000 1800

SHIFT ’ B FINE STRUCPURE RELATIVE

(popom) COUPLING CONSTANTS (Hz) ~ INTENSITY ASSIGNMENT
Iy ’

1.52 . M(broad) ‘ 6 b, ¢, d
1.85 s , 3 4

3.2 M(broad) 2 ' e

5.2 M(broad) 2 : a, 8
s

74,8 M 3 h
110.6, 118.4 AB, JFF=271 2 £

211,0 D of M, JFH=389 J=8 1 g
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MWt 277

X 18

No. 61

21

[ R

27

31

2
2
bt T
188 208
MASS ZHT . FEAK  MASS  ZHT. FEAK  MASS AHT .
RASE NO ., RASE NO . EASE

27 .26 0.68 36 84,04 100.00 71 256.98 0,98
28,14  12.60 37 B84.8B0 5.96 2 258,04 0.6%
29,03 1.60 38 8%.57  0.33 73 R61.99  0.46
29,87 2,90 39  86.07 0.49 74 277,02  2.54
30.95 0,36 40 92,01 0.33 7% 278,03  0.68
32,03 2.02 41 97.16  0.42
39,01 0.55 42 98,10 2.41
39.85 0,33 43 99,03  0.55
41,00 2,51 44 106,11 0.33
42,08  3.48 45 112.09 0.68
43,12 23.93 46 118.09  0.33
44,17 1.24 47 125,15 0,33
47,13 0.33 48 125,50 0.36
50.95  0.36 49 126.15 31,36
53,11 0.52 50 127.07 4,01
54,15 1.07 51 128.09 0,49
55,18 5,08 52 134,13  0.33
Sé6.16 11.04 53 146,09 2.18
56.42 0,36 54 147,11 0.42
57,15 2.83 55 148,05 0,29
58.10  0.36 56 156,06 0.9
59 .05 0.36 857 174,07 0.49
59.96 0,55 58 176,05  0.49
65,14 0,39 59 179,99  0.33
67,12 0.85 60 192,00 0.39
68,05 1.01 61 194,05  0.39
68,99 0.94 62 196,06 0,85
69.93 1.53 63 206,02 0,72
70,98 0.36 64 214,02 0.29
72,04 0,39 65 21%.03 1.43%
73,06 0.49 b6 216,00 1.76
77.02 0,68 67 217.04 0,33
79.91 0.49 68 234,03 1.73
8O.97 0.36 69 238,03 1.11
22.01 2.\b 70 A39.0% 0.a9%

o e - e . e = B Ym 6 MR MG e W e e e . we e e e
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No,62

D of M, Jp, =47, J=11

No.62
! L 000 3900 30C0 2500 ZObO 18b0 16130 1460 12I00 10I00 8;)0 6I00 LE)O

‘SHIFT FINE STRUCTURE RELATIVE ASSTGHMENT
(pop.m) . COUPLING CONSTANTS (Hz) INTENSITY
o
2,17 S 3 a
3,07 S

3 e
3,18 S _
4,05 T, J=15 2 b
6, 30 D of M, J.,=48 1 d
1
112.7, 116.1. AB, Jpp=254 2 c
153.2 q a




’ ‘~3’48é B

891

MWt 2035 No.62
% 18 '
}
I
'
)
i
1
1
)
1
h
'
'
)
1
1
a
I
'
'
1
1
}
]
i 2
]
'
|
ot 188 g3
' 161
: T
JVRUNIEE WU B I N !I.wl .
188 280
FEAK MASS ZAHT FPEAK MASS ZHT .
NO. BASE NQ. BASE
i 27 .25 0.37 A6 182,94 1.40
2 28.13 25,67 37 184.98 0.44
3 29,01 Q.41 38 202.95 3.00
4 29.86 2,89 39 203.98 0.48
] 30.95 0.65 40 204.94 1.12
) 32.01 4,94
7 3b.16 0.48
8 39,83 0.51
4 42,07 5,04
10 43.12 38.7%
11 44,18 100.00
12 45 .20 3.58
i3 50.95 0.78
14 36,15 0.68
15 57.14 0.48
ié6 58.07 1.23
1?7 59.94 D.44
18 &7 .04 0.99
19 68.95 0,44
20 72.03 0.65
21 73.07 1.06
22 74,09 0.37
23 86.04 1%.87
24 87.05 1.16
25 89.90 0.65
26 4,06 Q.72
27 106.05 1.67
28 116.03 Q.61
29 126,03 .48
30 136.00 Q.54
31 141.94 0.41
32 159.87 Q.68
33 160.%94 1.12
34 142.96 Q.41
35 167.49 \-50




H

b
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.
c EFZCFHU.
b.

a

No. 63

» N-Methyl=5-(2~chloro=1,1,2~trifluoroethyl )pyrrolidin-2-one (97).

No.63

4000 3500 3000

2500 2000 1800 1600 1400

1200 1000

600 400

SHIFT FINE STRUCTURE RELATIVE N .
(popom) COUPLING CONSTANTS (Hz) INTENSITY ASSIGNMENT
In

2,25 M 4 a, b
2.88 S 3 f
4,03 M 1 c
6,67 D of M, J,,=47 1 e

195

117.6, 125.7 AB, J=265

' 2 a

19,0 M

153.3 D of T, Jpu=47, Jyp=12 1 .
154,8 D of T, Jo=47, Jop=12

FF~




MW

- ~350- -

28

t. 2155

No.63

&3t

12
13
14
1%
1é
17
18
19
20
21
22
23
24

rye

P
26
27
28
29
30
31
32
33
34

35

MASS

26,31
D25
28,13
29,07
29,86
30,94
32,02
39,01
39.87
41,00
42,08
4%, 15
44,19
4%, 20
50,97
54,164
55, 17
Séelb
57,14
58,09
59, 04
87,09
68,17
869,02
69.98
71.02
7710
79.98
83,12
85,13
91,00
97,10
98,04
9%, 0K
100 . 00

- - —— - - - - - - W W G WD MR M e . e e e ——— e ) p

169

ZAHT .
RASE

Q.49
245
G9 .72
1.56
3.96
1.47
11.39
2.09
1.38
28.26
3275
7,12
16.24
0.93
.67
Q.76
2.63
1.96
0.74
1.38
1.02
0.8%5
3.96
2.85
13.57
2.%54
0. 467
Q.58
0.49
0.93
006)7
Oo\'{)?
100.00
15.18
{38

FEAK
NO .

3é
37
38
39

MAGS

106.11
160.05
214,13
215.14

AHT .
RASE

0,58
O-o (3/
0eb2
0 L3 (\/‘
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No. 64
Wm0 3200 200 1800 1600 00 1200 1000 800 600 400
SHIFT FINE STRUCTURE RELATIVE N
(Popom) COUPLING CONSTANTS (Hz) INTENsTTY | ASSTGHMENT
1
2,03 S 3 a
3,05 M 3 b
3.82 S
2 c
4.7 S
5633 D of M, Jy,=48 9 e
Cr
Series of peaks
between 116.0 Overlapping AB's 4 f,g
and 138,2
175.2 M d (trans)
1 S
194.5 M é (cis)
216,0 D of M, J_,=48 e (trans)
FH 1
219,0 D of M, JFHa48 e (cis)
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o
@

MWt. 249

No. 64

831

18

- - —— - ——— —

T

(e o

2¢

3

FEAK
NO .

'~

VR NN

1

e
L

MALS

28.13
29,84
I2.02
42,08
43,12
44,19
45,21
TR 4
58.09
72,09
7313
77,08
86.11
%08
106.08
204.09
207.08
22907

249,04

208

ZHT .
RAGE

17,52
233
289
359

G4, 26

100.00
2.78
1.78
1.26
0.85
FeHd

.85

2.70

0.93

1.30

3.07

1.8%

0.8%

4,78

388
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No. 65

+ 1 ¢ 1 + 1 ) 1 i 1 1 t

4000 3500 3000 2500 200 1800 1600 %00 1200 1000 800 600 400

(pepom) COUPLING CONSTANTS (Hz) | INoewsrry | ASSIGHMENT
2,04 s 3 - a
3,12 S ' 3 | b
pher e | ] wowesy ; ¢y e
j.il.“_

Series of peéks } :

between 107.8 Overlapping AB's 6 £, g, h
and 141.0,

182, 3 M d (trans)
187.7 M 1 d (cis)
207.2 ' D of M, Jp =47 e (trans)
225,3 D of M, JFHE47 ! e (cis)




i8

e
=2
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M.Wt. 299

No. 65

= .
3 ]

Y - - o= > A e - Se i - . v - s o e A e e = o e o e oD

.

10

Ve
e 12

e

13
14
15
Lé
17
18
19
20
21

MALS

2813
29.00
29.8%
2,02
39,84
A2 07
43%.11
44.18
45.19
58,08
72.08
73,12
B6H. 09
a7.08
237,02
238.04
244,00
256,00
287,02
279,00
299,03

YHT,

RAGE

10000
0.98
L.03

1964
1.92
LR

32.824

3761
F.74
Q.58
050
Q.50
304
LeXa
L.14
038
0.28
129
Q.91
Q.35
0.68
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No. 66

No.66

4000 3500 3000 2500 2000 1800

SHIFT " FINE STRUCTURE RELATIVE

(pop.m) COUPLING CONSTANTS (Hz) » INTENSITY ASSIGNMENT
ln

2,15 S 3 a
3,17 . S 3 b
3.63 ' T, J=i15

4,68 | | D of D, J=32 and 3 3 ¢, e
4,95 D of D, J=32 and 3

5.4 M(broad)

195

115.2, 120.5,
121.8, 127.0, ‘
128,0, 135.5, Overlepping AB's 8 1 £, gy Ry 1
138,7, 140.7,
142.8, 143.5,

147.8

186,2 M } 1 d (trans)
188,0 M d (cis)
208.8 M } 1 e (cis)
232.3 D of M e (trgns)
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MWt 349  No. 66

gat
)

113

- 3131

i TR T

\
&3 288 . 488

FEAK MASS AHT . FEAK MASS - AHT . FEAK MASE LA
NO BASE NG BA&SE M. BAGE

......

1 RO 5 1,07 26 BR.02 0 Q.42 PLOF0BR20 Q.94
DO RE54 029 37 Bb&.IQ 27.74 7R ER0L2B 0 0.5
327,42 0.7 A8 8710 2.789 73R L2 0.4

RBP4 4.84 30 BR.OE 0 0.44 74 ERY 26 0. 44
29,130 0.7 40 B9.02 0.3 PE O ZE0LL4 1.86
& 29,95 16 59 41 899 0.54 Th ARAL LR 1.8%
7 30,99 0.78 42 93,03 0,71 VY TN E . S
8 33,14 0.81 A% 9410 0,32 78 AH0. 0% Lo 2%
¢ 36.13 0.54 44 95,07 0,98

10 38.04 0.29 4% 9997 1.0%
11 3B.O8 0.41 46 101L.07 0,32
12 39.89 0.42 47 104,13 0.34
13 40,93 2,00 A8 106411 0. 8%
14 42,01 1%.40 49 107,10 0. E7
1% 43%.04 100.00 5O 10805 Q.37
16 44.10 100.00 510 113,03 2022
17 AN.14 5,27 G2 119.03 0,93
18 49,93 0.29 I S 2 IR Deh3
19 H0.97  Z.00 54 125,07 0.49
20 B4.17 0 0.42 5% 130.94 1Lo47
21, 519 0039 Ga&  1A7.07 Q.63
22 Hé.16é 1+ 44 57 144,06 140
23 57.14 1.64 58 1S5.07  0.34
24 HR.10 1.78 59 15711 037
2% 59,09 Q.27 &0 163,11 0,44
2E 60,01 0. bd 61 1&9 .11 0.3
RY O &DGA2 022 62 17 1H D5
28 AD.0% 481 &3 19809 0. 34
29 P00 024 a4 207,12 0,42
i (o N3+ N I SR A 3. &% 248,19 0.5
3 7XolA& 0.81 6b DRI 0L 8%
X2 74,11 029 &7 ROV VA L.48
A3 PELOR 2.1 G 304,15 0,81
34 YV 1.0% 69 BOGL0 X8
35 gc 8 0.3 70 307, 0 3.9



EHZ\\ %

N-C-N

_CHB/ |

N
s

NjN N* oN'=Tetramethylurea / Perfluorocyclohexa=-1,4=diene

polymer (L)o?

No. 67
4000 3500 3000 2500 2000 1800 1600 14‘00 1200 10'00 8'00 600 1.'00 B
SHIFT FINE STRUCTURE RELATIVE et s
ASSIGNMENT
(popo.m) COUPLING CONSTANTS (Hz) INTENSITY
ot
2,87 S _ f b
: ) Te9
3,03 ' S :
Series of peaks
between 3,73 M(broad) 5.6 a, e
and 5,43
r
Series of peaks
between 110,0 M(broad) 2 ¢
and 131.7
Series of peaks :
between 178,3 M(broad) 1 d
end 191.0
Series of peaks . :
between 222,.3 M(broad) 1 e

end 230,0




;B%QGHQ

ty

No.67
3
- 87

T
2
2
838
5"
g- ) 1818
a2 18

Jalo s
Fhd A

.....

.....

MASS

36,00
38.00
3900
40 .00
41 .00
42.00
43%.00
44 .00
4% .00
Sl.00
SE .00
Fh .00
G7.00
S38.00
40,00
6900
72:.00
73.00
77.00
85.00
RO.00
L0
PEL00
101.00
L02.00
104,00
108.00
11300
11500
114,00
119,00
127200
1X3.00
14% .00
163 .00

AHT .
BASE

1.00%
1. 00X
L.00%
1.00%
2.00%
11 .00%
8.00%
L7« QO
4. 00%
L.00%
L. 00%
7. 00%
b QON
S.00%
4. 00%
1.00%

100,00

7 O0%
2. 00%
2. 00%
34.,00%
4. 00%
1.00%
20 Q0%
2.00%
1.00%
2.00%
2.00%
20 00%
2.00%
1.00%
La00x%
L G0%
Lo Q0%
a.00

FEAK

NO.

34
37
38
39
40
41
42
43
44
45
46
47

MAGS

172.00
181.00
184.00
205,00
220.00
233,00
268.00
2746.00
282.00
296.00
297,00
335.00
339.00
340.00
341,00
353.00
3469 .00
387,00
392,00
398.00
412,00
A413.00
441 .00

1688

AHT
BASE

1.00x%
2.00%
2.00%
1L+ 00%
1.00%
L O0%
2.00%
1.00%
L. 00%
13.00%
Z.00%
2.00%
7. 00%
4.00%
2+ 00%
2.,00%
2,00%
A.00%
2:00%
Z00%
12.00%
Z00%
8.00%

m Ll T

1ses

FEAR MASS

4%, 00
45600
HEP .00
SH4 .00
$1lé6 .00
H3EL.00
HX? .00
HAL L Q0
H7P .00
HBO .00
&8 .00
e83.00

21 Q0%
£ Q0%
8.00x%
GO0
B 00N

44, 00%

LEGON
& 00X

18 00%
8.00x
8. 00%
§.00"

!

#10.

NO .

71
7
7R
74
7%
76
77
78
v
80
81
82
83
84
85
86
a7
a8
89
T
9,
28
93X
94

oL

90

100

709.00
727 .00
732.00
736.00
738.00
72,00
75%.00
754,00
756 .00
795.00
?746.00
?77.00
1072.00
1076.:00
1092.00
1093.00
1096.00

Y

AHT .

BASE

P.00%
10.00%
1O.00%

b4 00%

P, Q0%
b6 Q0%
21.00%

5.00%

8.00x

6. 00%
12.00%

6. 00%

4,00%

5.00%
13.00%

5.00%

4.00%

1117.00
1201.00
120500
1226,00
128200
1L298.00
L302.00
1303, 00
1318.00
1319.00

L323.00

L445.00

1LA44&E 00

10.00%
8.00% \l/
6.00%
008
6 00
8.00%
e O0%
8.00%

18.00%

13, 00%
8.00%

L0 Q0%

13& Q0%



-359-

a b ¢ d l@
CFy CFH CFy CHEL O Ty

1=Chloro=2,2,3,4,4,4-hexafluorobutyl methyl ether (126).

No. 68

1000 800 0 400

No. 68 |
] i
1 000 1800 B0 100 1200 -
A T P S — —
SHIFT FINE STRUCTURE RELATIVE ’
ENT .
(popom) COUPLING CONSTANTS (Hz) INTENSITY ASSIGNMENT
't
3978 S 3 P
SeT7T T 1 -d
i
N
T4o2 M (D of Q, J=6 and 12)
’ L 3 a8
T4.6 D of Q, J=7 and 11 '
122.4 P(broad), J=10 1 :
o ' 2 c
1240 ef? 12407 M J
214,9 D of M, Jy =44 ]
F1 b
216,0 D of M, JHFa449 J=12 i




=360-

MWt 2305

No. 68

@8t

L]

MASS

27,00
28.00
29,00
31,00
32.00
3%,00
40,00
41.00
43.00

44,00

45,00
49,00
51,00
53,00
55,00
57,00
59,00
61,00
63.00
64,00
67,00
69.00
70,00
71.00
77,00
79,00
81,00

2.00
83.00
85,00
95,00
99,00

113.00
13X, 00
14].00

88

%HT o

RASE

4,00%
100.00%
16.00%
7.00%
21,00%
4,00%
2.00%
2.00%
4. 00%
1.00%
1.00%
12.00%
21.00%
2.00%
2.00%

e O0%.

1.00%
1.,00%
4,00%
1.00x
1.00%
10,00%
1.00%
4,00%
2.00%
36,00%
14,00x%
1.00%
2,00%
2.00%
3. 00%
1.00%

7 00%

200X
1. 00

FPEAK

NQ &

36
37
38
39
40
41

MASS

143.00
14%5.00
149,00
151.00
167,00
195.00

ZHT .
RASE

1.00%
1.00%
7. 00%
1.00%
1.00%
12.00%




d C

e
CFy CFH CRy CH, O

~361-

.
CHZC&

No.69

2,2,3,4,4,4-Hexafluorobutyl chloromethyl ether (327).
No. 69
000 35;30 3000 2060 18'00 1660 11:00 12}30 10|00 8I00 6|00 I.IOO
- SHIFT FINE STRUCTURE RELATIVE
- GNMENT
(pop.m) COUPLING CONSTANTS (Hz) INTENSITY ASST
Bt
4,13 M, J=10 2 b
5,10 D of M, J, =44 1 a
5063 S 2 a
19F
75.0 D of Q, J=7 and 10,5 3 e
117.3, 1?2,0 AB, Jyp=221 2 c
214.3.. D of m, Jpg=44 1 a




i;ﬁf, ng’;gﬁzw

MWt 2305

No.69

633

o

FEAK
NO

......

!

2700
28.00
29,00
30.00
3100
32.00
3X.00
4000
41 .00
43%.00
44 .00
45,00
4600
46.00
49 .00
5000
G100
S32.00
H33.Q0
5. 00
G700
61 .00
&63.00

T ha,00

HBEHOG
&7 .00

A OO0

7Q.00
71 .00
2500

79,00
80,00
81.00
ga.00

RASE

Z.00%
65 00%
40 00%

200X
29 00%
14, 00%
20.00%

1.00%

Lo QO%

4,00%

JF.00%

B 00%

1.00%

L. 00%

100, 00%

2. 00%
A6 00k

L. 00

2.00%

1.00%

A.00%

4, 00%

1.00%

&.00%

X 00

2.00%
24.00%

100X

200X

1L O0O%
13.00%
P7.00%

Z.00%
32.00%

4, 00

YMT.

MAGH

83.00
85.00
93.00
PEHL00
@600
99,00
101.00
111.00
11300
115,00
123,00
125 .00
141.00
143,00
14% ., 00
149 .00
165 .00
147 .00
195 00
1RE.QQ

283

CAMT.

BAGE

12,00
1eOO¥
200X

21.,00%
100X
7 00%
L. 00%
1+00%
Z.00%
2.00%
A O0O%
1 OG%k
100X%

12.00%
1.00%
GO0k
Le GO
100X

4% Ok
A 00%




=363~

d C

e b a No.70
EFB CFH EFZ CHBr O EHB

{=Bromo<2,2,3,4,4,4-hexafluorobutyl methyl ether (130).

No.70

|}

4000 35‘00 3OIOO 2500 2000 1800 1600 1000 800 600 400

B

SHIFT .FINE STRUCTURE RELATIVE

(popom) COUPLING CONSTANTS (Hz) INTENSTTY | ASSTGNMENT
W — .

3.63 S | ' 3 o

5.27 D of M, J =44, J=6 1 4

6,00 Py Jpn=9

HF®
6,07 B T
19

HP=2

76.1 D of Q, J=7 and 11

. ' -3 e
76.7 D of Q of M, J=7 and 11 }

120, 1 Sp of M, J=11
' 2 c
122, 1 . Sp of M, J=11
215.3 D of M, J,, =44
¢ 1 d
217.3 D of M, Jp, =44




Rel:1

MWt 275 No.70

199

v 133
o ootk Ly ‘LL.L.. L'll'.J i) ’”‘iﬁ'...luL...'L P | P

188 . 286
FEAK MALE ZAHT . FEAK MALS AHT . AR MAGE #HT .
NO . RBAKE M. BASE M BASE

1. 00% 36 B35 .00 L.00% 21 197,40 LeGOR
G O0N 37 ©1.00 B.00%
I G0 A @300 1o O
2o 0% 39 Ga4.00 GO0k
2H 00 40 QU 00 2. 00%
L8 008 41 R 00 A 0%
S OO 42 101.00 100X
4. 00X 43 LO7.00 3.00%

s 200 44 11100 2.00%
0 Lo G 4%  113.00 38,00

100X 4 &
S 00N 47
200k 48
e 0O 49
Le00% 50
L. GO% el
1.Q0% a3l
A1 0% 03
100X G4
D 00% 55

00 2 00%
Q0 9 00%
2He00 @ Ok

F o0 1o OOX
1. .00 2.00%

200 e 00%
Q0 A O0%
3 e 0%
Q0 Q.00
e 100X

ey 1 OOK s Q0 1o QO
JEst Fe OO &7 b OO0 1 OOk

L 00% 58
17 00% 3%
AR Tel &0
e QON &l

5000 8,00%
00 1 00%
19 00 1 00K
00 2L 00%
1 Q0%
63 1 e QOX
1 eQO% b4
1o O0% &
. 700K b
o000 1.00% &7
G100 17.00% A8 17800
82000 KO0% &9 19T 00

83.00 1.00 70 (15 .00 100.00¥

L OO
X 00%
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a b ¢ d e

| - No.71
CFB EFH C Z'EHZ 0 CHZF -

2,2,3,4,4,4-Hexafluorobutyl fluoromethyl ether (134).

' ! ! ' 1 ' , '

L0 3500 3000 2500 2000 1800 1600 1400 1000 800 600 400

(i}.{rIfo) COUPTING CONSTANTS (Hz) INrENsTTy | ASSTGHIENT
et

3.17 M 2 d
4,36 ' D, J=55 > o

joso . 1 b

Zr

76,2 M ' 3 .
18,9, 123,0 AB, J==277. 2 ¢
155.7 P, J=54 1 ' o

215.7 D of M, J=44 1 b




- €81

FE AR
N

1
2
A
4

3

-

SRS
A3

- =366~ -
MWt 214 No.71
I Iv. S '.,ml.-ﬁ.hﬁ I 1. . I

MALH G

27.:00
28,00
29,00
EDL.00
3100
3200
X300
34.00
ITH 00
QEH 00
47 00
49 .00
B0 .00
S1.00
HA00
Al 00
100
G200
G300
H4 .00
G L 00
&HF 00
7700
7R 00
81 .00
82,00
B2.00
YO0
00
161 00
11300
LLa 00
LTLS 00
L2300
\aS, 0o

AHT .
BAGE

1.00%
8. 00
JG L, 00%
100k
Sre QO
200%
GO0
100
2. 00%
1.00%
F.00%
1.00%
L OO
132.00x%
e OO0k
6.00%
B OON
100
100.00%
4. 00%
2e00%
9. 00%
1O Q0%
1.00%
13 00%
200X
£, 00X
L5600
L QO%
200N
e D0k
1. Q0%

1L Ok
F 0%

\.00

FEAK
i

MAGS

131 .00
1LRD 00
1RB.00
141 .00
14X 00
144,00
145,00
149,00
154 .00
161 .00
16500
183.00
195,00
D100

pARE I

CHAGE

1. 00%
SO
1o QO
200
1000
1L Q0¥
1oe 0%
T Q0%
100X
2L.00%
(RN A1e)
L Q0%
4. 00
1o O



file:///as.oo

a b ¢
CR CFH CF, C

2,2,3,4,4,4-Hexafluorobutanoyl chloride (138).

~367-

A0

N

MNo.72

L000 ESIOO 3060 25‘00 20‘00 18I00 16l00 11:00 12IOO 1060 660 6'00 l.bO
SHIFT “FINE STRUCTURE RELATIVE e
(popom) COUPLING CONSTANTS (Hz) TNpENSTTY | ASSTGNMENT
n

5,08 D of M, Jyp=44, J=6 - b
Pr

76,0 M 3 a
112,3 (M)

AB, J=278 2 c

1171 (T of Q, J=13 and 9)

214,2 D of Sx, J=42 and 11 1 b




M.Wt.

2145

No.72

eat

4]

g'\

FEAR
NO .

e
e

MASS

27L2H
28.13
29,00
29.84
F0.93

S 30.98

32.03
3%.13
35.16
36 * l 6
37.12
38.05
39.84
40.99
A4Z. 12
44.13
45,18
47 .08
48.03
48,96
49 .88
50.95
2,04
59.02
63 L3 01?
63,19

64,03

151

A 0 SO0 T ey e——
183 28D 388
AHT . FEAK  MASS  %MT.
RAGE NDI . RASE
1,65 T8 65.02 31,69 54 100.94 2,72
14,65 29 66,01 062 55 102,96 0 0.42
12,57 30 67.01  1.59 B4 110.94  0.75
1.26 31 68.93 95,37 57 113,03 5,25
13,51 32 69.09 6,03 58 114,04 0,36
5,41 33 69.88 1.00 59 116.01 0.52
2,82 34 73,11 0.58 60 1146.9% 1.78
1.04 35 74,10  2.43 61 118.92 1.72
3.14 36 77,01 1.46 42 120,88 0,65
1.88 37 77.94  1.17 63 127,03 0,87
1,04 48  78.88  1.07 64 128,05 0,42
1.07 39 80.90  0.49 6%  128.98 1.13
0.42 40 B1.95 12.86 66 131.03 1. 39
1410 41 82,09  G.48 &7 132,06 3.99
1.07 42 82,95  4.67 68  133.09  0.49
1.17 43 83.94  0.35 69 141,03  0.87
4,18 44 B4,99 21,03 70 143.01  0.36
1,07 4% B3.97 0,36 71 147,05 0,81
0,78 46 B&.96 6,45 70 149,00 Q.45
1.33 47 90.92  3.60 73 149,99 0,55
4,96 48 92,99 4.37 - yh 451,03 57,65
D5 6O A9 PUB.03 0 S.T77 7% 151,70 4.89
0.49 -0 96,02 0.36 76 165,09 2.30
5.1 Bl 97,96 0,87 77 167,07  3.14
100,00 S92 98,91 2,43 78 169,03 1,10
6071 WK ?7.88 1.72 79 179,03 3.53
1. 59 80 185,05 Q.91
g1 187.02  0.36
82 199,01 0.39
g% 213,08 0.36




. ,336.9.,=

No.73

No.73
’LOOO 35b0 30|OO 25|00 202)0 182)0 16‘00 ‘H.bO 8'00 6|00 1.60;‘]
SHIFT FINE STRUCTURE RELATIVE e
(popom) COUPLING CONSTANTS (Hz) INTENSITY | ASSIGHMENT
x
5032 M, J=10 ' - b
-
118.1, 122,3,
123.1, 127.5, -
130.3, 133.2, > Overlapping AB's 8 c, d, e, T
138.3, 139.7,
44,8, 149.8, | |
167,5 M . & (trans)
1
179.3 M a (cis)
210,0 ' D of M, Jp, =42 b (trans)
| H ]
229,3 D of M, Jp =42 b (cis)




-370=

MWt. 3265

No.73

get

- ddanh

131

L

FEAK
NG.

LS ER =

MAGS

28,13
29,00
30.92
Z2.02
3517
Kb 17
44,15
G096
SOV
B2 06
H2 4O
AR, 05
H3..23
N 3
64,03
bS5, 02
&L .27
HbH 04
6701
8,94
6P .13
6990
LG
B8O.96
82,049
8H5.049

87 . 0%

T
108

AHT .
RASE

3.88
L4
D7
0.468
0.71
0.32
0.5
3175
330

5h .53
Q.42
D76
0.0

34,80
0. 39
056
4,57
0,44
137
4, 0%
L. 07

FEARK

NO .

L) Y

MASE

Bei- a7 rd -

RY
30
31
32
33
34
35
34
37
38
39
40
41
43
4%
44
4%
48
a7y
48
49
50
51

1 ey

[

53

3. 04
4,06
PP .92
100.97
108.%4
111.%4
112.49
113.01
114,05
116.02
118.9%
125,06
128,97
130.98
13116
131L.97
140,99
143.02
144,01
14%5.05
1446 .98
148,91
1H% 04
159.93
161,99

AHT .

BRSSE

C1OST

1.27
1.10
4,44
.58
1.59
037
Q.29

31.98

125G
Q.51
Hoed2
1.71

1.54

1360

4,08
0.71
Q.71
0.88
P21
0.88
1.12
044
Qedl
0.6
L. 68

¥
388

TeF. 01

164 .03
171 .01
17% .03
176.06
178,99
181 .01
190,97
19%,00
193,98
197,08
209.00
213,09
214,10
P06
DE7 .84
243,00
244,02
D58, 9
2H0 L9

PPN

2é
R6EL 9T
291 L Ok
29149

F.13
0.5
.42
G.79
059
0.37

GeH2

P70
Ve Vel
Q.90
0.71
O.bl
\‘K + ({) ({)
0. 44
0.8l
034
Ge23
.42
X 74
1.83
1619
0. 8%
I IR

ey

& NL A



2

= b

D

371

JFH

1,2,3,3,4,4=-Hexafluorocyclobutylmethanoyl chloride (140).

No 7L

Spu=

No.74 ‘
4000 3500 30‘00 25b0 20‘00 18|00 1660 11..00 1200 1(1')0 8|00 600 400
SHIFT FINE STRUCTURE RELATIVE JU——
(p.p.m) COUPLING CONSTAWTS (Hz) INTENSITY LG
u
5.3 D of M, J =46 - b
r
1
126,9 M 2
dd
118.6 - (D of D of M, J=10,5,1 rocan
AB, J=230 2
136.9 (M) )
161.8 D of D of D of M, J=16,9,5. 1 a
212,0 D of M, 46 1 b




M.W.

2265

No.74

881

138

PEAR

NQ .

MAKE

28013
3092
A&7
Fhlb
44,014
I

HEX 06
HOG OV
HE .98
.08
BO.90
a1 .99
8301
BE.03
8Y .91
PO YA
1.1
ViR
QR0
P4 QD
Gy
PP .93
OO, (') 7
1¢67.0
1059

109

X
o)
[se}

]
<

183

,..H] .
BAGE

1426
B.16
401

2751

Q. 7%

1ed¥

D, 87

4.87

Q&7

.73

K AT Y

FeVA

Hea

2 '.7 27

\'9 ,

FE AR
N,

28
29
30
21
32
33
34
K:to
3é
37
38
39
40
41
a4n
43
449
4%
A 4

7
43
a9

HO
i

W

B3

A

‘vlv ulzn; L] 2 Ll L o '3@ L]
MAGS  EHT.

RASE
112700 "1.09 54 190,99
113,05 52,96 B 91, 74

L 08
116.04
11697
117,99
119.00
12% .08
128.98
130.97
141.01
143.06
144.06
145,08
147.01
148,94
1G1 00
157,00
LS8 ..99
15995
16394
L&l 99
1AZ 03
K& O
176,03

| s n‘o“g

1.87
296
de B
127
Q.91
Leds
1%5.11

\J ) \‘{)\\

1.81
1+09
%38
Ded7
O.8%
07y
L 4%
Le0O3
O * ({) _/’
121
4.6
0. 8%
WRVE
9l

[Be’]
V4
L I
NS
ey
W
GO
o -
Y i
ER
[ ol
-
&

193 bd
197 08
[ ‘l;l(',,' . {'. »\

“

207

£y

u.t

@uhoﬂm

100.00
\, R \):

") 3 \J -‘,‘}




d

C

5

b

~373-

No.75

No.7%

AQOO 3500 3000 ZSbO 20I00 182)0 16I00 'II.IOO ?2IOO 10.00 860 6‘00 l.bO
SHIFT FINE STRUCTURE RELATIVE ASSTCHMENT
(popom) COUPLING CONSTANTS (Hz) INTENSITY S
r
126, 8 M 2 c ord
122,6, 131.4 AB, I, =214 2 d or ¢

: R
136,2 M

1 b
141,4 M
159.0 M
> 1 a
168, 1 M
o




~374~

M.Wt. 261

No.75

801

N

!TS

S T
NI,

132
13
14
13
L&

18

i

T

e ™
v ’ \5:
.y o

Dl

G, 94
WY
1006

G

e

I-ﬁ

a2

<

tee

AT .
ALE

73
17
Lo03F
L.ae
GeA®
3.09
Q.72
Q.50
1,33
2,08
0 53
o @ + “.‘{

”y [ 39
2ehy

() B0
2H .Y
( %E."- 4
O.57
WA

18

8.42
Lol
e

354
o]

MAaLE
NU s
1 (') (.'2 N Ln} (?
109 .95
110.9 :'.'1
L1202
LLZ.00
L1603
117.02
3% 11800
11897
37 12503
13600
3¢ 127,03
128,00
131 .01
1EL. 57
12%4, O 9]
13600
143,07
LA OR
148.02
148.98
14% .98

28
29
30
31
%

‘5’5

T
BaGE

g sy g
‘5.\‘.’. LR \)

R AN

. & AL Al
158
)
107

10000

206
20,84
057
DSR2

Qe

FL.28

069

B4
14«97

! ¢ \3 ]

0.9

e 0%
B2

‘f el

21.08
0. 42

AN T
i !Hof)‘fv‘
LR e
197,
1o

VY G
l‘)fw)-
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a b e f

(R, o H6

g [FB’__/E_E\“C%h
H Cl

3=-Chloro--3,4-di(trif1uoromethyl)-1,1,1,2,2,5,5,6,6,6-decafluorohexane15142)°

No.76

! -
f
No. 76
4000 35’00 30‘00 25’00 20‘00 18IOO 16|00 1Lb0 10'00 800 600 400 1
2 - i T ; g NI BLATIVE
SHIRFT FINE S'].RUC.LHR% RE LI“_L.L\ ) ASST CNMENT
(Popom) COUPLING CONSTANTS (Hz) INTENSITY
u
4 ° 07 M . hal c
ke
58,3 M
3 g
59.7 M
69 ] O NI 3 . h
79.8 M
3 a
81.0 M ’
86,8 M
3 f
87.7 M
107.7 M(broad) . 4 b, e




~376~

MW1. 4365

No.76

281

147

179

Lol L b bl

10
11
12
13
14
15
16
17
18
19
20
21

bt Bt

~
Aer
24
25
264
27
28
20
X0
_31

26, 09
30, 93R
40,98
43,11
45,17
|(\ ())
S8 .97
69 .91
731
74.14
7L 0G
Q4,97
86,94
99,87
113,01
118, 9%
11'¢9”
125, 03
128,94
130,94
134,99
136,96
146.98
147,97
148,93
163,00
165, 97
168,98

.....

AHT .
BASE

125
2018
4,18
1035
046
L%
76
6o b2
100,00
181
0,32
403
0 + 4(.()
1238
.83
2,98
4.71
100,00
3.00
0.32
210
1.54
8.74
P i
14.48
0.42
4,32
4.79
0061
61
!:39

.....

£

33

178.94
179.94
180.96
181 .98
18%.01
1846 .99
190.97
193.03
194.04
197.03
200.99
210.00
213,04
218.99
225,03
228.74
'3"3(',) f) 2
;30094
238,00
[P LO0
240.98
242.98

AHT .
BAGE

21,83

Q.93
7,849
Q63
1.91
O & \'f.) ({)
Q.44
032
O IT )
0 ¢+ 4 \'{)
Debhé
0.32
1o b
1,39
e 59
Hedl
0.8
el
XL 08
O ¢ /!()
0. 42
281

60
&1
H
63
Y]
&
H&
&7
&8
&Y
70
71
P
P
)

by g
J} w8

s@8

2448,
R

:\)\‘\ " @
278,
280.
T'O

)"\

YO L,
VL & Y

297
298 .
294
309,
B1R
317

Xl8.7

328,
J30 .
Xa7 .

X485

349,
F&LT .

P4

o2
Qu
($14]
P4
=T
“4

8 &

X

Q0

07
« 00

a
95
93
96
)
o

00

70,49
264
0 Gl
a ¢ / \3
H.:.91
(137
215
(O, 5%
0. 29

1098
078

.......

.39
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3=Chlorotetrafluoropropanoyl chloride (144),

0

C

l

=377=

No. 77

—
No.77

{000 3500 3000 2500 ZObO 16|00 1LbO 10|00 6I00 400
SHIFT FINE STRUCTURE RELATIVE .
(popom) COUPLING CONSTANTS (Hz) IHTENSITY ASSIGNMENT
195

71,3 1, J=4 2 b
113.8 T, J=4 2 a
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M.Wt.199

in

e

No.77

081

198

=

1

163

ldnnliL
Ay

FEAK
PO

A
R
S

Lod Lk D Dad

=

B

MAasS

2813
L0
Wi
(R
1é
14
N
REL
Yol 2
18
Q7
(.94
a8
e S
02

e 1O
L8Ok
06
Pé
414)
94
21
L DA
Q0
e 630
.98

91,01

11596

116-72
1197.93

AHT .
BASE

[ B g

1.05
Q.98
242
3,63
.18
Gl
183
46270
4,90
20,38
1.83
1078
Le76
150

LS
EASE W

V
209

4141

i s e e e R ey I3

48
4%
50

1H2.98

208

11889
120, 88
130,98
1303
135,02 100,00
13801 T8
4.1
150.9% 3,40
1500 12
12,34
164.99 4,83
168,95 1.0%
180.99 iedd
18297 137

185,01 Q.78
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/O | | No. 78
EFZ(EF- )8 EFZ

Cl

11=Chloroeicosafluoroundecanoyl chloride (146).

No.78

' [ 1 ] [ 1 [l [} ) T ' ' '
00 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT ' FINE STRUCTURE " | RELATIVE

4 fi} :

(popom) COUPLING CONSTANTS (Hz) INTENSTTY | ASSIGNMENT
19

68,3 i 2 a

112.8 M 2 ©

120.0 M
| o6 b

121,3 M




231

T =380~ .
MWt. 599 No.78
E 219 2§9 319
IIJ! LJﬁ];.'I.' ILWET, e — L SONEEGUENS SO—

MAGS

1 26,00
2 D00
K 2800
) 200
N F1.00
& A& .00
s 3900
i A0.00
o 41 00
A3 00
L0
.00
3 A5 .00
Q0
] SYL00
& Wit Q0
7 UYL 00
% Q0
00
1¢]
T 00
Q0
2700
24 P3P0
2% 100,00
28 109,00
27 11900
28 13100
XL 00
EPRVIe]
1a7 .00
1A% .00
L&ES 00
281 .00

185. 00O

B
=

oy s
JEO N
D

1
L]
{H
-

258

AHT .
BaGE

1.00%
SO
D OO¥
200N
L+ 00%
Lo OO
200k

1o Ok

1L Q0%
e OO
LO0.00%
2DOGK
Lo QO¥
1o O
e O
20, 00%
1

>

«h
12
({3 13 r\
14,4
1. Q0%

Lo 0%
2 0K
1 GO%

H 0%
7L Q0%
2 00%
100K
KO
e D0
e (O
200
1.00

Q)
{6
00
YO0
419
G0
P (0
00
G0
00
g o0
GHHP 00

SGéa 00

pAR

.

BAGE

¢ QO
AT

ERRIIE
200N

DTAR S
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~No.79

c2
Pérfluoro=2=pfopyloxane'(126)o
No.79

‘LOOO 33'00 30'00 2560 2600 18l00 16|00 1I.IOO 1000 600 400
SHIFT FINE STRUCTURE RELATIVE .
(Popom) COUPLING CONSTANTS (Hz) TyreNsTry | ASSTGNMENT
195

81.2, 95.0 AB, Joo=164 2 e

84,5 M 3 h

ﬁ

117.7, 123.0,

124.3, 125.2,
1 128.0, 129,8,

132,0, 133.2, ¢ Overlapping AB's. 1 a,fb,gc, d,

1

139.7, 141.8,

144,7, 146.8,




T =382~

M.Wt. 416 No. 79
%S .
3 i
1
1
t
|
& E
1
|
b
0
'
& t
'
'
% ]
!
J t
. i
k3 1
i
|
t
'
'
'
L '
t
'
1
;
ar 'AJI SV :l“J'.I lth 1
108 ¥ ‘ap® ' “san
FEAK MASS 4 INT
NG, ' RASE
1 28.13 4.31 26 180.91 7.23
2 30.90 2.06 27 181.89 0.39
3 32.02 0.93 28 182.15 Q.26
4 47,08 2:.19 29 192.99 0.28
] 49,87 0.85 30 196.96 1.39
P 68.97 53.01 31 199.90 0.80
7 69.92 0.72 32 208.97 0,39
8 80.94 0.90 33 218.94 8,28
9 23.01 1.99 34 219,95 0.39
10 27,01 3,07 35 230.87 7,05
11 29.920 100.00 36 231.94 0.46
12 100.94 2:+30 37 246,92 1.29
13 108.94 1.11 38 280,88 1.11
i4 111.98 Q.72 x{") 309,03 0.39
15 118.24 17.63 40 396,89 1.42
14 119. 921 0.41
17 130:.94 49.63
i8 131.97 1.88
19 142.99 0.90
20 146.97 Q.67
21 149,91 0.67
22 158,99 0.36
23 161.94 1.32
24 1648.92 19.35
25 _0.70

169,92

-~
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e
e E,

Perfluoro~2-propyloxolane (157).

No.80

ey e
No. 80
i (] 1 ] 1 ) ) ] ] 1 |l '
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400
L
SHIFT FINE STRUCTURDE RELATIVE .
(pepeom) COUPLING CONSTANTS (Hz) INTENSITY ASSTGNMENT
9p
81.3 . M 3 g
8203, 84,5 AB, JFFE132 2 4
121.4, 124.3 AB, JFF=339 -2 b or c
124.0 M 1 a
125,8 M 2 e or T
128.3 M 2 f or e
127,0, 136.3 AB, JFF=254 2 corb




384~

MWt. 366 No.80

g9

[l

119

P Treieirrrey u '258' Y Y T Py Y y T '403'

FEAK MASH AHT .
NO . BAGE

2813 1.99
30.91 0.92
47.11 1.84
&Y. 01 44,86
R7.09 267
.98 31,33
101 .04 0D.73%
106,02 0.78
119,06 14,16
10 131.06 27.98
11 132.09 0.97
12 147,10 0.63
13 150.00 27,469
14 1351.06 0.82
1% 162.08 0.63
14 169,046 100.00
17 170.06 K30
18 181.0% 12,32
19 197,07 29.10
20 198.08 1.36
21 R09.04 0.68
222102 17.99
23 232.08 O.87
24 2H9.10 1.02

2% 347,10 0.2

RENIEE NI

0N L
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3 b ¢ d e f
CFB CFZ CFZ EFZCFZ E%

- Perfluorohexane (158).

No. 81

No.81
ALOOO 35l00 30l00 ZSIOO 20I00 18I00 16'00 1L|00 1200 10|00 B(I)O 660 l.IOO J
I B v L e
19 |
84,7 M 6 a, f
125,7 M " ¢, d
129.2 M 4 b, @
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MWt. 338 No. 81
- % 1R
3 H
]
]
1
. i
8" I
L
]
]
]
]
o ?
$
16
=) ] P :
= ]
[]
8 ;
]
1.
1
]
:
8 :
218 ]
:
-] 'l' '] ' ad 13 J Preveryy 14l : l
1 289 Ls T 5@5
} PEAK  MASS  ZHT.
z NO . RASE
1 27 .25 0.87
2 28,13 2.48
2 29,02 2,44
4 30.92 4,08
5 32.01 0.40
6 43.11 Q.40
7 45,17 1.38
8 592,03 1.86
b4 68,97 100.00
10 HP 22 0.36
11 69,38 Q.31
12 69 .91 1.13
13 74,14 0,98
14 99,87 3.97
15 118.49 0.36
16 118.97 49.27
17 119.94 1.24
18 130.96 19.77
19 131.97 0.76
20 149.90 3.02
21 168.94 52.66
22 169.94 1.86
23 180,93  5.43
24 199.87 0.47
25 218.94 12,53
26 219.96 Q.62
27 230.920 b 15
28 318.92 0.69
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| e f g
3 0N B R
e F
HC b%

2,3,3,4,5,5-Hexafluoro =2=(hep%af1uor6propy1 Joxolane (161),

No.82
000 300 3000 200 000 1800 1600 100 100 1000 800 600 400
SHIFT ~ FINE STRUCTURE RELATIVE ]
(Popom) COUPLING CONSTANTS (Hz) INTENSTTY | ASSIGNMENT
i
5007 D of M, Jp,=48 - c
p
72,4, 80,3 AB, Jpp=141 2 a
81,0 M 3 g
116.3 M )
121,7 M
' > T a, b, e, T
122,8 M
125,3 M )
205, 3 D of M, J =45 1 c




388

M.Wt. 348

'No.82

aet

.g-

i3

T Sk 23 329
l. v l‘ sl ll“ ‘. {M a 41 3 I

Toey T T ¥ T T T Y T T Af

182 208 308 4Bp

FEAK MALE AHT . FEAK MALS AT PO MAGE AHT .
N . . RAGE NG ‘ RASE M. B GE

1 2814 .36 6 1AR9Y 1,39 71 290,95 0,44
2 30,92 Q.98 X7 145,01 102 AR RO LG 1% .36
3 32,03 0.61 R 146,96 0.5 FR R VI B 3.
4 47,13 220 A9 149 .91 0.8% P T % N PR ¢ X X O I 4
] 4% .21 .54 40 1850 .94 88.10 FEHOOA2e.88 1047
6 50.98 12,31 AL L5195 F.1s 76 B29LPA 0,48
7 63013 0.37 42 1H8.95  1.76
8 48.16 0.7 43 160,95 F.69
4871 0.3V 44 161.97 0.44

10 &8.97 6132 S 142,97 34,47

11 69,91 0.88 46 163,99 1.59

12 7E.0% 2,24 47 168,91 F2.58

13 8195 X4.,37 48 169.88  0.85

14 82.98 0.95 49 17H.02 13

15 90.94 2,03 500 178,94 22.07

16 93,00 0.5l H1179.90 1.08

17 95,07  2.44 52 180,92 6,00

1B 96.4L Q.37 53 190,90 0.44

19 96.98  F.22 B4 19295 0,94

20 99,93 1.59 55 194,97 1.9%

21 100.97 2.4l 56 196,93 1.59

220 108,93 0.44 H7 208,92 2,17

RF 11195 0,44 58 212,94 15,02

24 12017 0.47 N9 213.98 0,78

2% 112,47 0.4 60 D1B.OH 0,468

D26 112499 100.00 1 2AB.PA 0,64

27 113X,99 Kelh G2 230.89 1041

28 118.94 10.20 HX 0 2X1.98 Qi

29 125,04 ) &4 241.00 068

3G 127.88 037 &6 242,97 0783

X1 130 . 9% 12.81 66 246,98 .74

332 131.99 32,10 &7 2E58.99 122

33 133.02 2.4l AR 246K, 02 .03

34 140,97 Q.75 &Y 264,00 0,68

38 143.03 0.6k 70 ago.a7 1. 26



d [

e
:o:a,t
2==-

C %{ Hb

=389=

f g
FZEFH E%

2,595=Trifluoro=2=(1,1,293,3,3=hexafluoropropyl)oxol=3=én (162).

I Vo e Y
No. 83

II.OOO 352)0 30|00 25‘00 20|00 18|00 16I(30 11.‘00 1250 1000 600 400
SHIFT FINE STRUCTURE RELATIVE )
(Popom) COUPLING CONSTANTS (Hz) TuEysTry | ASSICGHMENT
l&
4,70 D of M, Jp =42 1 f
6,08 S 2 b, ¢
o
68.2, 75,9 AB, JFF=127 2 d
7 6 Iy 8 M . . 3 g
121,2 M 1 a
124,8, 129.1 AB, Jo,=288 2 e
214,7 D of M, Jp,=42 1 f




=390=

eat

18

M.Wt. 274 No.83
123
85
145
139
- ]LA JL. " .[;’_.ll.j' -11.’.1 detrye 'J ' )
188 200 T ' 300

FEAK  MASS ZHT. FEAK MASS ZHT .

NO . RASE NO. BASE
1 26.31 0.43 36 118.92 1.82
2 28,13 i.89 37 119.88 0.39
3 30.91 0,75 38 120.96 0.36
4 32,02 0.39 392 122,90 100,00
g 45.16 0.46 40 123.70 7.07
6 90.95 3.22 41 124.91 0.71
7 S7+,10 4,89 42 125.97 3.54
8 S58.06 0,32 43 126,93 0.57
Q@ 6$4.10 0.61 44 128.89 5425
10 68.95 19.40 45 130.91 0,68
11 69 .89 0.50 46 132,97 0.57
12 73.04 1.39 47 135.00 0.79
13 73.35 0.36 48 136.01 0.32
14 73.73 Q.46 49 136.96 0.32
15 74,08 0.43 50 138,93 10.15
16 74,38 Q.39 51 139.92 0.64
17 759,06 5.97 52 142.99 0.57
18 74.04 5.97 53 144,96 20.76
19 77.03 0.50 54 145.98 0,96
20 g81.97 0.75 S5 150.92 1.89
21 88.94 0.61 56 153.96 0.30
22 ?20.94 0.46 S7 156.95 Dbl
23 ?4.,03 0.54 58 157.93 0.71
24 95,02 45,41 59 160,90 Q.68
25 95.28 G.82 60 142.97 1.82
26 PS5, 95 1,68 61 172.98 1.32
27 100.89 1.04 62 176.98 0.82
28 104.00 S.47 63 195.00 0,68
29 105,01 0,46 64 204,96 0.82
30 106,02 0.46 65 206.995 3.61
31 104,99 4,79 b& 26,92 121
32 107,97 Q.75 67 234.91 0.57
33 112.97 3.89 68 254.88 8.72
34 113,98 0.50 469 255.85 0.86

35 11b.97 0.3 '
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' , e f o9

C

FH

nFH

No. 8L

2,3,4,5=Tetrafluoro-2-(1,1,2,3, 3, 3~hexafluoropropyl Joxokane (163).

—
No. 84

I1-000 35|00 30|00 25'00 ZOIOO 18I00 16b0 11..00 12l00 10b0 800 6’00 /:00
(bopem) COUPLING GONSTAVTS (p) | Inmmsrny | ASSIGHAENI
Ty

5,20 D of M (broad) 3 b, ¢, T
6.00 D of M (broad) 1 a

1%

77.3 M 3 g
124.9 M A

126.8 i L 4 8, d, e
128.7 M

130.4 M |

204.4 M 1 b or ¢
208,.8 M 1 corb
216.0 M 1 £
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MWt 294 No. 84

12 )

o

@Bl

e an A v e = D A e e G T R = o wn =
"

188 - 288 1]

MAG S AHT . FE A MHSs aHT .
BB MO - BAGE

F.07 1.é
&7 17E ‘
A8 1T 04 e
L R ! 0. i

¢ \77.04 a.bi

T
o~
=
> Lo
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£

T
No.85
000 300 3000 00 2000 1800 1600 100 1200 1000 600 400
SHIFT FINE STRUCTURE RELATIVE ) .
(pepom) COUPLING CONSTANTS (Hz) | INTENsTTY | ASSIGHHENT
Jx
2,30 M{broad) 2 CHy, b or ¢
5.13 M(broad) 2 f and
» CFH, c or b |
5.95 M(broad) 1 d
p
76.7 M 3 g
\
106,7, 111.1,
123,14, 124.3, ,
125.0, 127.1, * Overlapping M's 4 a, d, e
128,9, 130.1,
131.7.
o .
190.4 M
1 CFH, b or ¢
193.2 M
214,2 M
1 f
217.7 M
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MWt. 276 No.85

12

eat

188 208 ' ’ 388

FE A MAES AT FrE AN MAKE
M. BaGE MCEe

i i
r
SRR

EES
~

4 B0.93
5 32,08
6 B3.13
Bl
41 .01
4206
4Fe12

b b e

PSR DU S NN S .1
BOSS

-
o
=y

£ b e
Py B3 7
g B3N

797 9,44
g1 2,19
1,93 1.06
3097 T b
03 0,5
97.01 0. 43

2x9 .16
D700
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e f @
d0Oa C%GHE%

C b
R Hg

No.86

Difluoro~2-(1,1,2,3,3,3-hexafluoropropyl )oxolane, isomer mixture (165).

—
No. 86
L000 3500 3000 2500 zdoo 1abo 16b0 1460 1500 1050 860 660 460
SHIFT FINE STRUCTURE RELATIVE , -
(pep.m) COUPLING CONSTAWDS (Hz) INTENSITY ASSIGNMEHT
lu
2.20 M 1 : CHZ’ b or ¢
4,80 M , £ and
CHO, a or d
540 u and CHF, c or
bl
e
7607 Pﬂ 3 g
116.7, 124.6, | e and
125.3, 126.8, Series of M's 3 CFO, d or &
129.3,
193.0, 206,6,
209.6, 214.8, Series of M's 2 f and
b
218.2, 220.9. CFH, ¢ or
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MWt. 258

x
-
N

No. 86

087

191

e e e K] e - - s mm - . " e M et WE TR e e e — - — o
[

308




a b C
CRk CE O CF

372

d

2

~397=

(R
CE. CE. CE
LFth s

Perfluoro-1-methylbutyl ethyl ether (168).

No.87

'I.OOO 3‘.‘;00 30b0 25‘00 20'00 18l00 16'00 II.IOO

TT ‘ NE s7 MURE LATIVE ) '
lig . :
82,0 M 3 a or g
84,8 T, =11 3 g or a
89,3 M 2 b
90,7 M 3 d
124,8 M 2 f
127.4, 130.3 AB, JFF=288 2 e
142.8 M 1 c
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MWi. 404

No.é7

a XS
5 T
=) !
]
1
I
. 1
] I
& :
i
i
i
I
d }
: :
'
= |
I 181
. :
@ 1
t
]
i 169 269
¥ i
1
i 235
LT
o 1, . ' | ' | : . L N
188 228 ' s 488
FEAK MASS AHT .
NO . BASE
1 28,13 . 2.98
2 30.91 1.02
3 32,02 G059
4 68.93 49,67
] 6HY .87 0.5
b PE.P? e 38
7 99,89 Q.75
g 118,92% 100,00
Q 119.91 224
10 130.92 4,04
11 149,87 0.63
12 1468.88 {75
13 180,90 g8.79
14 196,91 1.96
15 234,83 2.04
16 246.84 0,51
17 24648.80 Y. 30
18 334,74 Q.51
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No.88

No.88

4000 3500

3000

2500 2000 1800 1600 1400

1000

800 600 400

SHIFT
(popom)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

.19F

=

79.3, 82.7,
85,2, 88,0,
92,0, 95.0,
98,0,

84.0
124,3
127.5
131.7

7 Overlapping M's

g2 B =

7 9
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M.Wt. 382

¥ 208

No. 88

631

198,

-
___8-—-.—__....__.-——..——w-——_._..-._--___—-
A
———
~

@)
-

180

FEAK
N

A0
31
3
33
XA
35

MAGS

27026
208,13
29,02
30.92
I2.01
43,10
A% 17
47,08
A 30
LY. 02
A 2%
H8.90
HP b
74,08
FEHLQO
80.8%
P46 .98
Q797
ee.87

100.94

111.96

113.00

118.97

11%9.93

130.93
131 .94

149,86

168.89

169 .92

180,89

184,98

194 .89

212.89

L2897

kb .82

AHT . FEAK
BAGE NO .

0,61 X6
1.83 X7
1 .59 A8
XeA2 3
.49
Q.32
0.81
1.34
127
125
0.78
20,77
Q.42
0.71
142
Q.51
10.87
0.27
100.00
2.44
Q.27
0.39
60.93
1.32
46,01
1.68
0.37
P79
0,32
2.88
0.42
1.49
2,59
059
o.4b

MASSH

249 .81
268.85
312,88
362 .84

AHT
BASIE

044
1.03
Qeds
Q.27

488
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dEZ-

C Eé b

401~

e f g
gFZ CFHCFB

g

No.89

Heptafluoro-2~(1,1,2,3,3,3-hexafluoropropyl)-1,4-dioxan (171),

No. 89

'Z.OOO 35‘00 SObO 2560 20‘00 »18'00 16‘00 lLbO 1200 1OIOO 860 660 L("JO
SHIFT FINE STRUCTURE RELATIVE T
(popom) COUPLING CONSTANTS (Hz) THTENSITY ASSIGHMENT
4,73 D of M, Jy =40 - £

B

77.5 M 3 4

780 3 0 82 e 7 9

84.0, 88.2, Overlapping M's 6 b, ¢, d
92.3, 95.5, '

98. 3,

126,7, 129,3,

131,0, 132.7., Overlapping M's 3 8, e
214,7 M 1




=-402-

No. 89

MWzt. 364
Y X 18
g T :
. ]
1
|
1
8 i
e :
‘1
: 213
2 ;
[}
® :
}
]
8] I
' -
T
N ‘i 194
P 113
I 2
LT
I T O U 'I Il . 1 e
166 208 308 499
FEAK MASS #ZHT . FEAK MASS ZHT .
NO . RASE NO . RASE
1 28,13 2.11 36 231.98 0.96
2 28.99 0.64 37 250.91 0.54
3 30.91 1.03% I8 294.87 Q.50
4 I2. 02 Q.54 39 344.91 Q.46
5 47 .08 1.18
é 49 .86 096
7 S50.93 4,46
8 68.97  37.40
k4 69 .90 0.39
10 75.04 4,25
11 77 .98 0.54
12 80.20 0.54
13 81.95 2.893
14 20,92 050
15 P6.98 12.81
146 ?9.87 100.00
17 100.95 3.89
18 113,00 Yi.42
19 118.97 72.31
20 119.95 1.68
21 130.9% 39.01
22 131 .98 1.61
23 146.94 Q.64
24 150,91 17.34
259 151 .95 0.64
26 162.94 3.00
27 168.92 Q.79
28 178.92 0.89
29 180.%90 1.39
30 193.90 2.03
31 200,81 1.61
32 206.91 068
33 208.87 1.43
34 212.91 6635
3S aaf.9a7 .03
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4 _OweCECFHCE

a
5E]<F2 3
C Ei () J:%ﬂ

2,3,5,5,6,6-Hexafluoro-2=(1,1,2,3,3,3-hexafluoropropyl )=1,4-dioxan,

isomer A (172).

e -
No.90

ll. 000 3200 30'00 ZSIOO 20l00 18|00 1GIOO 1Lb0 1200 10'00 BCl)O 660 1.('30

SHIFT FINE STRUCTURE RELATIVE
aM B J L‘

(pop.m) COUPLING CONSTANTS (Hz) INTENSTPY | ASSTGHHEN
'q

4,76 D of M, J,n=40 | f

50,65 D of M, Jup=50 1- .

5.T7 D of M, JHF=50
)

T7.5 M 3 g
84049 9408 AB, JFF=147 2

c , d

80,7 M 2

127.3, 128,0, )

128.8, 130,3,

132.2, 135.3, > Overlapping M's 3 a, e
136,3, 136.8,

137.8, 138.8. J

147,6 M 1 b
215.7 M 1 f




" =804

M.Wt. 346

No. 90

- 1pa.

g

e

2

]

gJ

) 113
3
® zlr.. ‘ﬁjg[' - lr" 'Lllvvi N ,L]JLLY il l l
188 ’ ' 268
FEAK MALS ZHT . FEARK MASS AHT .
NOD . RASE NO, RASE

1 28.13 2.03 b6 160.92 2:.34
2 29,00 10.57 X7 162.97 294
3 30.91 Q.44 38 166.96 0.52
4 32.02 Q.56 39 173.9% .99
b 3.1 3 1.23 40 178.92 0.52
& 47.08 Q.60 41 182.94 Q.95
7 49 .87 0.40 42 188.88 Q.64
2] 90.94 P65 43 190.90 0,60
? B9.921 0.60 44 194,88 3+77
10 63,08 Q.52 4%  200.84 4,69
11 &8.97 18.51 46 210.89 1.23
4

3

i
LIS 4%

=3
]

73.05 0.44
78.93 1.58
81.96 3.73
82,929 14.064
84.02 0.44
0,92 0.48
?5.01 2.98
?46.98 4.835
?9.87 100,00
100.95 4,77
112.98 21.41
114,03 0.87
117.04 0.60
118.97 22.05
112.95 0.68
128,95 0.52
130.93 2.30
131.98 Q.73
133.00 .60
140.88 2.03
147 .97 1.23
148.94 3.30
150.93 w73
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e f ¢
‘F [Oj< CECFHCR
F
t.Eé 0 bF:H

2,3,5,5,6;6;Hexaf1uoro=2=(1,1,29393,3=hexafluoropropyl)51;4-dioxan,

isomer B (173

)o

Na 91

—
No. 91

. '1.000 35IOO 3OIOO 25b0 ZOIOO 18l00 16'00 11.‘00 10'00 600 400
SHIFT FINE STRUCTURE RELATIVE 3 .
(popom) COUPLING CONSTANTS (Hz) INpEnsTry | ASSIGNMENT
',‘_zl,

4,76 D of M, Jy=44 3 f

5050 D, J=48 1 b

B

77.2 M 3 g
82.5, 85.0, Overlapping AB's 4 c, d
93.3, 96,0,

124.6, 131.4 AB, Jp,=300 2 e
128,8 M 1 a
140,0 M 1 b
214.0 M 1 £




. -406~

MWt. 346 No. 91

- —pm
8 !
i
1
[}
[}
i |
s :
1
1
[
I
i 1
s :
® E 195
i
i 1
: :
I 151
}
118,
[ S
A 1
-] 1 1 2]1
1
i
T :
-] T l T .ll' ll |I ¥ “ e , rl T T T T Y
180 2080 369
FEAK MASS AHT . FEAK MASS “HT .
NO . BRASE N . BASE
1 28.13 1.44 36 190.87 0.70
2 29,00 ?.74 37 194.91 G5.05
3 X0.91 0,57 38 200.85 0.49
4 32,03 0.53 39 210.82 1L+60
] 7,09 0.33 40 246,88 0.66
é H0.94 752
7 59.93 0,45
g 6L 12 0.58
9 68.924 13.85
10 78.%90 1.89
11 81.96 3.49
12 90,90 0.49
13 25.01 3,62
14 26.97 5.38
13 29.87 100.00
16 100.95 4,464
17 113.00 19.31
18 114.02 0.82
19 117.04 0.53
20 118.97 24,94
21 119,95 Q.62
22 128.96 0.70
23 130.95 3.04
24 131.96 0,45
25 133,02 0.70
26 140.88 2.10
27 145,00 2.10
28 147.96 1.77
29 180.94 3.16
30 140,95 3.20
31 162.97 2.83
32 166.98 0.58
33 148.92 0.49
34 175 .98 1.40
3% 18 . (TR
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0 EF EFHEF
d a

FZ[ j<F2 3
c Eé 0 E;F:H

2,3,5,5,6,6-Hexafluoro-2=(1,1,2,3,3,3-hexafluoropropyl)-1,4=dioxan,

isomer C (174).

7

No.92

. |l.000 3SIOO 30b0 25100 ZObO 18IOO 16|00 11..00 12|00 IdOO 860 600 400
L

SHIFT FINE STRUCTURE RELATIVE R

: - \I 4

(pop.m) COUPLING CONSTANTS (Hz) InreNsTy | ASSIGNMENT

it

4,76 D of M, J =44 1 f

5 ] 47 D 9 J=5O 1 b

p

T7e3 M 3 g

82.3, 85.0, Overlapping AB's 4 ¢, d
_..;,93_039 96000

126,7 M 3 a, e

140,7 M 1 b

215.3 M 1 f
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MWt 346 No.92
%7 '
= R —
'
!
0
]
‘.
; ;
8 8
}
!
(
1
. ;
8 ]
]
2 :
!
)
8 ! 185
i
{
1
! 153
199
87 1
) T L ' Tlu,ln'; L |
188 T ame sy 488
FEAK MASS ZHT ., FEAK MASS AHT .
NQ . BASE NQ . RASE
1 28,13 1.7% 36 162,97 2.98
3 28.99  10.70 X7 166.98 0.63
X 30,91 Q69 38 168,92 1.73
4 32.02 Q.47 39 175.95 1.19
5 47.08 0«44 40 178.91 Q.47
é 49,86 Q.44 41 180.89 Q.72
7 50,92 ?.38 42 182.96 1.54
-8 59.91 0.38 43 188.93 Q.47
Q@ 63,07 Q.35 44 190.89 Q.75
10 64.09 0.35 4% 194.92 Be24
11. 68096 1.4028 46 200086 0053
12 75,04 0.35 47 210.86 1.85
13 78.91 1.98 48 212.94 0.3%5
14 81.93 7+19 49 214.00 0,56
15 82.97 0.35 50 232.98 0.38
16 ?20.88 0.56 91 246.91 0.72
17 25,01 3.20 52 326.72 0.50
18 Q6,99 HaHe
19 ?9.88 100.00
20 100.95 H.49
21 112.99 20,94
22 114,02 0.78
23 117.01 0.63
24  118.98 23.16
25 119.94 Q.66
26 128.95 Q75
27 130,93 2.89
28 131.97 0.56
29 132,98 0,460
20 140.88 2.39
31 142.96 0.38
32 144.98 2.48
33 147 .94 1.91
X4 150 .92 3.464
35 \60 . 89 3.70
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' e f g
3 O~ CF, (FH (R,
FBH : F
0772

2,3,3-Trifluoro=-2-(1,1,2, 3, 3, 3=hexafluoropropyl ) trifluoro-1,4-dioxan,

isomer A (175).

No. 93

O ——————

4 =

No.93

4000 3550 3060 2560 2060 m'oo 1600 14'00 12bo 1600 360 660 400
SHIFT FINE STRUCTURE RELATIVE -
(pep.m) COUPLING CONSTANTS (Hz) INTENSITY | “72077 7
Tl

4.93 D of M, J, =46 1 5
5,56 D of M, Jup=50 1 ¢ or d
r

82.7, 84.0,

1y v

84,5, 85,0, Overlapping M's 4 b and (c Z§
85.8.

126,7 M 5 o
12908 M 1 a
145,.7 M 1 d or c
214‘::2 M 1 f
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M.Wt. 346 No.93
8
Hn
.
.
®
%
3-4
151
169
gj l
Ii
ok LLJ[ N N 8 O P O [ .
188 289 ' 388 988
FEAK MASS ZHT . FEAK MASS UHT .
NO, RASE ND. BASE
1 28,13 5,32 36 133,01 1.06
2 29,00 8.4%5 37 140.92 0.63
3 30.91 1.06 I8 143.99 0.84
4 32.0%2 1.01 39 144.96 2,32
& 33,13 1.22 40 146.96 0.80
b 47.08 2.83 41 147.98 0.5%5
7 49 .87 0,55 42 148,93 3.04
8 50.94 17.48 43 150,91 29.73
% 60,97 0,97 44  151.97 1.14
10 63,08 0,46 45 158,93 0.80
11 64,11 0.72 46 160.94 0.93
12 68.9% 35.14 47 162.93 3.67
13 7%.00 Q.47 48 166.95 3,34
14 77.01 0.51 49  168.91 3,51
15 77 .95 0.51 50 175.94 1.82
16 78,90 3.46 51 176.94 3.63
17 80.90 0.89 52 178.90 1.73
18 81.97 100.00 53 180.88 2.96
19 83.01 2,79 54  188.96 0.464
20 P0.92 0.76 55 194.90 14.86
21 95.04 5.4l 56 195.93 0.97
22 97.00 13,13 57 196.91 0,46
23 98,00 0.84 58 200.86 2.41
24 98,96 1.14 59  206.87 1.90
25 9.0 25,25 60 208.90 3,97
26 100,97 43,41 61 228.99 3,55
27 102,02 1.18 62 231.96 3,25
20 111.98 0.5% 63 246,90 1,22
29 113,00 10,90 64 250,92 0.97
0 114,06 0.42 6% 276.88 2,32
31 117,04 0.89 66 326.88 0.97
32 118.99 11.11
33 128.99 0.72
34 130.95 87.96
35 13,.98 3.5%
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No. 9%

a0
Plays
N

b

(oY}
T £ Ym
OV
™) —
N
X
(R V=)

Wi

2,3,,3=Trifluoro=2=.=(1,1,2,3,3,3-hexafluoropropy1)trifluoro-‘l,4=dioxan9
isomer B, (176).

No.94

' ' + [ 1 ' ’ t

-4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT FINE STRUCTURE RELATIVE ASSTCEMENT
(pepom) COUPLING CONSTANTS (Hz) INTENSITY R
1
5.03 D of M, J=48 1 : £
5.37 D of M, J=48 and 17 1 CFH, c or d
r
77.0 - u 5 g and
' CFZO, ¢c or d
or b.
91.7 T of M, J=179 2 b or
CFZO, d or ¢

120.3, 125.0,

126.3, 129.7, Overlapping M's 4 a and e
132,0, 143,7, ' and CFH,c ord

213.8 M : 1 f




-l T2

M.Wt. 346

No. 94

- 1,18
8 i
|
1
!
-
-
8 :
{
: 195
H
L]
o
g !
. t
) I.M;
i
a1 |
i | g |
9 ]
]
]
N : 2
@ 1
:ua ! 251
1
I .
@ﬁ,L I |J1.{All Lwl I} - T' : _L ' e
' ' tes 208 388 488
FEAK MASS ZHT . FEAR MASS ZHT .
NO . BASE NOD ., RASE
1 28.13 2.84 36 150.89 15,99
2 28,99 7.83 37 151.96 055
3 30.92 1427 38 162.97 2,00
32.03 Q.87 39 166.95 Le4a
) 33.13 0.69 40 168.92 0.%1
é 47.08 2,91 41 175.9%5 Q.95
7 49 .87 Q.62 42 176.95 120
3 50.93 18.50 43 178.%91 0.95
4 &0.98 0.58 44 180,89 1.17
10 63.08 0.62 4% 194.90 G722
i1 48.97 34.71 46 195.88 Q.40
12 69.91 0.47 A7  200.80 1.13
13 7%.03 725 48 206.90 0.84
14 /7096 0055 49 2080&‘8 : 2000
15 78.93 3.97 S50 228.94 1.78
16 80.90 0,87 51 231.94 1.27
17 81.925% 100,00 52 250.86 0.84
18 82.97 2.59 53 276.89 1.31
19 P0.90 0.76 54 326.88 0.55
20 2% .01 2,29
21 9246.98 @32
22 97 .96 0.35
23 PR.P4 0.47
24 PP .87 8.70
25 100.94  32.74
26 101.98 0,84
27 112,96 6,23
28 118.9% 4,88
29 128.9% 0.66
30 130.91 50.33
A1 131.94 2,04
32 143,92 0.47
33 144.,9% 0.74
34 146,89 0.51
35 148 .9l 0-91
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e f 9
d-0<a CFZCFH CFB'

F3H
0 bFé

2,3,3-Trif1uoroe2=(1,1,2,3,3,3—h@xafluoropropy1)trifluoro~1,4-di6xan,
isomer C (177), .

No.95

' 1 0 1 [l . [ '

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 _ 400

_ R
SHIFT ~ FINE STRUCTURE RELATIVE et
(p.p.m) COUPLING CONSTANTS (Hz) TRTENSITY | ASSTGHMENT
Tu
4.80 D of M, J=44 1 : £
5.30° o D of M, J=50 1 CFH, c or d
Pr
77.0 N 3 -
80.7, 81.7, |
83.7, 87.7, | Overlapping AB'_ 4 b and
9007° ‘ CF2O, d or c
119.8, 125.2, .

129,0, 131.2, Series of M's 4 a, e, and
134,0, 141.7. CFH, ¢ or d
213.8 M 1 f




LV .

No.95

MWt 346

1

dod

13

1

AALAS o

180




CFCF,CF.CEOCF

3

~415=

2" 2 3

Perfluoro butyl methyl ether. (178).

No Spectrﬁm.

SHIFP
(popo.m)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGNMENT

No Spectrum,




MWt 304

-416~

No96

21

i

MJ L Lapd ¥ Bl LAAMAAAAAE o v

288

MAGH

b S
388
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CRORCECF

3

2-2° 3

Perfluorobutane., (179).

No.97

No spectrum,

SHIFT
(p.pem)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGNMENT

No Spectrum,
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. 238

M.Wt

No.97

208

119

188

180

ML




a b ¢
CF, CF, CF,-0-

d e
CF CR

E’FZ CE, Ck

~419=

CF

273

273

Perfluoro 1-ethylbutyl propyl ether (180).

M

No.98
‘LOOO 35‘00 30I00 25I00 ZOIOO 18'00 16‘00 MOO 1200 1000 : 400
- —
SHIFT FINE STRUCTURE I RELATIVE
(popem) COUPLING CONSTANTS (Hz) INTENSTTY | ASSIGHMENT
r
83.5 M 2 c
84,0 I 3
85.0 1 | L a, £, i
6
85.4 M J
122.3 M 2 )
125.7 M 2
r b, e; g,
128,2 M » n,
132.5 M 2
141.7 M a




=420~

MW, 504

No.98

- 159
8
2
-
L]
3"
119
g .
® ! T ¥ v [, : } trvereeey
6@ 208 308 488
FEARK MASS LHT
NO . BASE
i 28,13 2.44
2 32,02 0,055
3 hé. 12 0.29
4 68,926 51.10
] 692.06 21.31
é 69 .91 Q.63
7 99.87 1.89
g 117.06 Q.47
? 118.08 0.29
10 118.97 23.39
11 119.41 3.33
12 119.93 0.52
13 130.93 4,20
14 146.87 0.89
19 149.92 0.63
16 168.93 100.00
17 169,62 11.55
18 169.87 3.36
19 180.93 1.39
20 196.87 2.20
21 218.94 0,538
22 230.87 7+33
23 231 .96 0.47
24 318.79 769
25 3J19.90 0,55
26 3A34.90 0.47
27 384,72 0.68
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Perfluoro 1-propylbutyl butyl ether (182).

No.99

T Ty

No.99

t 1 ]
4000 3500 3000

2500

2000 1800

1600

1400

1000

800

600 400

140,3

SHIFT FINE STRUCTURE RELATIVE -
(Popom) COUPLING CONSTANTS (Hz) TNTENSTTY | ASSTGNHENT
82,0 M 2 4
84.5 I 9 a, h, k
121,5 M 4 £, 1
128.0 M 6 b, g, J
129,0 M 2 c
M 1 e
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M.Wt. 604

No.99 .

X 10
é 219 :
|
I
i
]
[l 1
=) N
|
[
|
L}
|
[ |
@ '
- {
e T :
]
]
2 !
@ [
. !
[
]
¢
~N 1397
@ 1
281 369
LT
L 3
et 4 N )
Qa Ll L3 AR A d ésé v ™ T T lsBB
FEAK MALSY ZHT .
NQ . BAGE
1 28,13 1.74
2 3091 Q.39
3 47,09 0.48
4 S0.95 0.61
o H8.97 100.00
& 46990 1.09
7 7.0l 0.74
3] P92 4,346
? 113,06 0.52
10 118.96 32.04
11 119.94 0,83
12 130.97  S51.57
13 131,98 1.79
14 149,95 0,92
LS5 150,99 1,358
16 168,93 5H50.57
17 169.92 1,70
18 180,96 8.67
19 196.98 3.66
20 218.92 94.94
2 219.89 4,49
22 230.97 @55
23 232,03 Q.61
24 269.00 0.74
25 280.98 11.60
26 282,03 0.83
27 318.97 0.83
28 330,92 0.61
290 368.88 10,59
IO F69.93 O.74
31 396,94 1.87
33 434.95 0.8
33 Skbt-BO 07




a b cd e f g
CEBCFZ CEZ CE2 CEZ CF2 CE

~423=

3

Perfluoroheptane (181).,

v
No.100

W00 3500 3000 2500 2000 1800 1600 100 1200 1000 80 600 400
SHIFT FINE STRUCTURE RELATIVE -
(Popom) COUPLING CONSTANTS (Hz) tnrENsTTy | ASSTGNMENT
e

8403 M 6 a , g
124.,7 M 2 d
125,2 M 4 c, e
128,8 M 4 b, £
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MWt 388

No.100

881

180

FEAR
NQ .

LW D LN

ot
o

12
13
14
19
16
17
i8
19
20

21

MASS ZHT .
BRASE

28,13 2.20
30.92 0.83
32,03 0.47
68.98 100.00
69,91 0.94
P9.94 .22

118.98 30.56
119.96 - 1,095
130.99 28.30

132,03 0.98
149 .95 2.89
1648.928 63,32
169.97 2.2
180,96 8,53
197.01 0.69
200.00 0,80
218,95 32.27
2192.93 1.63
230.98 2.71
268,97 4.34
281.00 3.83

T
3e8




a b ¢
CF, CF, CF,

d

-425f

h g f
(5 05
Ck, CF-0-CFCE
93 i

3

Perfluoro di(1-methylbutyl) ether (183).

No.101

No.101

| 000 3500 3000 2500 2000 1800 1600 1400 1000 800 600 400
L -

. . v-\w ™ 3 m v

SHITT . FINE S':L‘RU(,M{RJ? RELA:EVE ASSTGNMENT
(popem) COUPLING CONSTANTS (Hz) INTENSITY

e

80,0 M

3 e 4 J

81.3 M

84,2 T, J=11 3 a, f

122.8 M 2 ¢, h

127.5, 128,2, M 2 b, g

136.8 M 1 a , 1
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MWt 554 No. 101

8
a-
o
[=:]
i 119
268
-
191
"
@ A L 'l ll" l v l" I | l Ls '._']_' ‘ L l T I M i
8 2s@ ' ’ ) ' s8@
FEAK  MASS  %ZHT. FEAK  MASS  %MT.
NO . BASE NO, RAGE
1 28,13 1,82 34 269.70 7.46
2 30,91 0.44 37 271.19 0.34
3 32,02 0,44 A 272.25  0.30
4 50.94 3,07 39 384.94 3,14
5 468,92 100,00 40 385,97 0.30
& 69,45 4,39 41 485,07  2.46
7 70.26 0,44
8 96,99 1.18
9 99,87 1,11

\ 10 100.9% 0.44
« 11 113.00 1.52

! ' 12 117.73 0.30
13 118,95 51.00
14 119.55 5.16
15 120.30 037
16 121.59 0.37
|- : ' 17 121.24 0.51
w 18 122,05 0.37
19  122.34 0.44

| ' 20 130.99 10.93
| 21 131.33 0,37
‘ 22 132,09 0,57
23 149.9%5 0.84

24 1%0.98 1.5%

\ 2% 163,01 2.43
26 168.99 577

27 179,42 0.40

\ 28 180.91 34,46
: 29 181.59 6ol

‘ , 30 183.01 0.44
o 31 196.94 0,51
32 246,90 0.84
33 250.88 2,50

3 265.83 0.5 3S AbB-8\ 4wl
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N»o.'iOZ j

No.102
4000 35I00 25l00 20'00 18'00 16'00 1Lb0 12‘00 10'00 8(')0 660 l.(|'10
! ! T
(Bepem) COUPLTNG CoNSANDS (8z) | Titiwsrry | ASSEGNMENI

1?2

81.3 M 3 a, e
124,1 M 9 ¢
126.9 M 2 P, d
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MWt 288

No.102

&3l

169

L 4 T T
168 208
FEAK MASS AHT .
NO . RASE
1 27.25 Q.63
2 28.13 100.00
3 29.02 1.93
4 A0.922 5.93
tl 32.01 23,29
b 39.82 3 G
7 40.98 0.63
8 44,11 0+63
k4 45 .16 1.88
10 G9?.02 2,80
11 68.96  63.605
12 62.90 072
13 74,12 1.49
i4 ?6.83 246G
1% 118,93 26.47
16 119.92 0.48
17 130.91 4,19
18 149.84 1.01
19 168.92 P35
20 180.89 2.6
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a b
CF3 CFZ CF 0- C‘F EF [FB

CF{% CFZ EE

CF CF3

Perfluoro di ( 1-ethylbutyl) ether (184).

No.103

No.103
‘1-000 35l00 30I00 25I00 20'00 18'00 16‘00 11:00 10IOO 8(')0 660 L00
L
SHIFT FINE STRUCTURE RELATIVE VR
(Popem) COUPLING CONSTANTS (Hz) INTENSITY | AOSIGNHENT
. 19F
8 o M ° .
E 3 (a , &)
84.8 M 3 and (f , 1)
120,7 M 2 ’
123,7- M 2 and (d , 3)
128,0 M 2 o, k
130.8 M 1 c , i
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MWt 654 No.103
BT
s T
|
]
I
I
L}
|
[ ]
® 139 )
1
[}
1
l
2’ P !
1
3] !
o= 1
I
i
8] !
31
T = + 7T
]
I
d !
8 ' 447
[
|
I
|
" 1 1
@ T -V W v v v trovy M AAd TYveY MR ¢
258
FEAK MASS ZHT, PEAK MASS ZHT
NO . RASE NO . BASE
1 28.13 6+ 35 36 5B35.24 0.85
2 30.91 0.30
3 32,02 1.26
4 68.41 0.38
5 68.98 100,00
é 69 .38 0,32
7 692.92 1.35
8 ?7.01 0.26
9 ?9.20 1.20

10 117.91 0,26
11 118,97 75.44
12 119.30  3.48
13 119.96  1.87
14 130.96 12,92
15 132,02 0,50
16 146.98 0.73
17 149.90  0.32
18 166,76  0.35
19 167,09 0,32
20 167.67 0.26
21 168,95 60.64
22 169.64  3.42
23 180,96 15.76
24 181,98 0.56
25 196,97 0,50
26 218,98 1,32
27 229,51 0,32
28 230,90 34,42
29 231,61 @ 5.82
30 280.90 0.56
31 318.84 30.70
32 319.62 5.29
33 330.94 0.38
34 447,02 0.85

35 u85.08 \+ 70
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Perfluoro 2-propyloxepane (186).

=2

No.104

131.0, 131.8,
134,2, 136.3.

No. 104

W00 300 3000 2500 2000 1800 1600 1400 1000 800 | 600 400

o i PR o1, AT i
(Zfi) 'cowggg géﬁgg;\ggg (Hz) ?ﬁ;ﬁrﬁvgy ASSIGHMERT
1%

82.0 M 2 f

84.3 T, J=11 3 i
123,3, 124.5,

127.0, 128.0, Overlapping AB's 13 b, ¢, d, e,
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M. Wt. 466

No. 104

=I:}]

J_lﬂ' l lv

1

AT . FrE v M
BAGE N,
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RN 4

053
AT ¥
100.
;‘0 ;
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Perfluoro~-octane (187).

No.105

No.105

1000

600 400

] 000 3500 3000 2500 2000 1800 1600 - 1400
3 e ORI 1 = T AT ) N
TET | e et T ot
[ , :

'84.5 | M (T) 3 a,h
124.3 M 2 4, e
124,.8 M 2 ¢, f
128.8 M -2 b, 8
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MWt 438

=
-
«n

No.105

12}

o 4

119

219

- . ——— A ——— e = - e e . - - . - -

FEAR

NO .

288

MABE

4

28,13
29,02
AG. 92
X202
4. 1Y
G740
U% .04
HB.P9
6T 93X
@709
9y .98
112,03
120.00
131.04
1E2.07
150.02
169.08
170.06
181.0%
21906
220.08
231,14

269,07

AT .
BaGE
Aed2
0.8%
150
Q.73
0 3%
1L.02
&
10000

1o 0%

PO

e &
DhH &N
(el
1767
O &7
0549
DALER
.72
B B0
13,49
e 5
Le93
NS
Q.96
[N
078

LIS
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Perfluoro-2-propyloxetane., (188)

No Spectrum,

SHIFT
(pop.m)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGNMENT

No Spectrum,
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MWt 316 No 106

x%g a3

- get

| 1.1 Lo
ARt MAARAS L

FEAK MASS Z INT

ND., EASE
1 28,13 1.59
2 30.90 4.9
3 32,02 0.66
A 47,08  5.98
5 49,86 2.93
é 50.94  0.37
7 62,01  0.27
8 66,07 0,49
® 68,96 81.83

10 69,90 1,00
11 77.99 0,49
12 80.92  3.74
13 92,99  3.39
14 97,01 2,32
15 £9.89 100.00
16 100.96 2.76
17 108.96  1.37
18 111.99  1.44
19 113.02  0.51
20 118.95 64,35
21 119.93 1.59
22 130,12  0.32
23 130.97 100,00
2 146.98 2,59
25 149,90  0.73"
Ré 150,93  0.85
27 158.97  0.37
28 161,94  0.51
29 168.91 36,09
30 169.89  1.03
31 180.94  3.44
32 196.98  2.32
33 218,94 0,32
34 230,87 0,56

35 akq4.93.  0-3b
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Perfluoro 2-methyl-S-propyloxolane (190),

No.107

=t

No.107

t v

4000 3500 3000

2500 2000 1800 1600 1400

1200 1000 800 600 400

- ~

T = 7 R 2 e

128,0, 129,5,
131.5, 132,2,
133.7, 135.5,
138,2, 140,0,

SHIFT FINE STRUCTURE RELATIVE ASSTGHMENT
(popom) COUPLING CONSTANTS (Hz) INTENSITY z HEE
D
83,7 M (D of D, J=11 and30 3 e
84.3 M (T J=11) 3 h
119.2, 121,8, A
122.3, 124,73,
125.3, 126,3,
126.8, 127.7, A

> Overlapping AB's 10 a, b, ¢, 4,
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M. Wt 416 No. 107
_ ¥ 18
3 ]
{
]
131 |
2 l
]
i 397
:
2" |
) 309
]
= 24b
'
]
- !
s : 347
|
v :
8 1 |
W ' : Y]
T [ : T:
-] L ..[ ook ,‘l. #y f .:_J :
100 200 T 3\ ' 409
FEAK MASS ZHT . FEAK MASSHS ZHT.,
NQ BRASE NO. BASE
1 28,13 B.69 36 247.89 2.54
2 30.91 1.00 37 258.90 2,70
3 32.02 1.62 38 280.92 0.96
4 47 .08 2.83 39 296.91 1.46
5 90.94 0 0.594 40 308.87 .70
é 68.96 100,00 41 346.%0 3.33
7 69.91 1.16 42 396.82 b, 99
a8 G297 0,62 43 397.91 Q.75
9 P46.98 22.00
10 P7.96 0,58
11 PP.87 28
12 108.91 Q.96
13 111.%96 0.50
14 113.00 1,04
1% 118.97 31.45
16 119.95 0.79
17 127.99 0.54
18 130.93 84.73
19 131.%964 3,29
2 142,92 0,62
21 1446.94 6,36
22 149.89 12,98
23 150.94 237
24 138.94  0.67
25 161.97 0,:30
26 168,95 17.01
27 1469.92 0.62
28 180,93 11.31
29 181.98 0.62
30 1946.90 0.96
31 199.86 Q.92
32 218,95 3.45
33 230:91 8.36
- 3k a31.92  ©-ba 35 Aub-37  41-9b
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No.108
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Perfluoro 2-methyl-2-propyloxolane (189).

o

No.108

4000 3500 3000 2500 2000 1800 1600 1400

1000 800 600 400

SHIFT . A © FINE STRUCTURE ' RELATIVE

(Popom) COUPLING CONSTANTS (Hz) INTENSTTY | ASSICGHMENT
e
7308 M 3 ’ h
82,1, 88,0 - AB, I ;=141 2 a
83.8 M (T) 3 g
115.5 M | 2 ]
118,7, 120,3 i » 2
*b, c, e, T
126.,0 M 2
129.1, 133.0 AB, J =248 2
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M. Wt. 416 No.108
% 18
8 T N
{
]
1
]
@ ]
-] !
169 '
|
: a
a7 : . 397
! 281 ST
2 :2!»5 397
i
J
g 2‘b
]
}
5 i
gJ 119 :
| 328
[ !
s I. :Jal l. Lerperoreiriprmriederd 'uL Lbvedberety L‘l ’ l. d . : '
180 208 e8| 468
FEAK MASS ZHT ., FEAK  HMASS AHT .
NQ . RASE NO . BRASE
1 27,26 1.58 36 177.95 0.68
2 28.13 4,92 37 180.90 23,06
3 29.02 4,51 38 181,94 1.26
4 30.93 8.44 39 192.92 1.13
bo] 32.02 1.04 40 196.90 8.17
é 40,99 Q.54 41 197.96 Q.54
7 43,11 0.50 42 208.84 4,38
8 45,17 2,03 43 211.94 0.54
< 47.08 1.17 44 218.99 3.79
10 49.87 0.81 45 227.97 3,52
11 30,93 2.03 46 228.99 0.59
12 39.03 2:57 47 230.94 7.54
13 68.97 100,00 48 . 232.00 Q.45
14 &9 .91 1.31 49 246.90 36.60
15 74,12 1.40 50 247.89 2.12
16 92.94 0.99 51 238.%0 4,63
17 26.93 25.77 52 280.92 Y.37
18 @7.93 Q.77 83 2946.86 3,02
19 929.84 16.06 54 308.91 6,63
20 108.89 1.17 589 0 327.92 1.53
21 113.01 1.17 56 346.91 4,78
22 118.96 19.45 57 3946.82 S.91
283 119.96 0.54 58 397.92 0.48
249 127.99 0.50
2% 130,94 12.68
26 131.97 0.77
27 142,93 1.49
28 146.995 1.40
29 149.89 2.358
30 150,97 0.50
31 158,95 1.44
32 161.95 1.35
33 162.97 0.59
3% 16893 73.65 35 16993 QBw




a b

CH CF2

K

w0 A=y n

d

FCRC

e

~441-

f
R O

Perfluoro 3-methylhexane (109).

Np.109

No.10%
IAOOO 35IOO 30IOO 25l00 20'00 18&)0 16'00 1Lb0 12'00 10‘00 860 6CI)O /o(')O
SHIFT FINE STRUCTURE RELATIVE ASSTGNEENT
(popom) COUPLING CONSTANTS (Hz) INTENSITY |
73,7 M 3 g
83,5 M 3 a
84,2 | M 3 f
115.8 M 2 d
118.9 M 2 b
126,8 M 2
M

187.0
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MWt 388

No.109

5
"
87 3 169
2
5
"
T 269
I I I T i N ,TJ ,
188 280 388
FEAK MASS AHT
NO . BAGE
1 2725 1.98
2 28,13 1.55
3 292.02 b+ 24
4 30,92 11.57
o 40,99 0.68
) 43,11 0.82
7 45,16 3.48
8 99.01 4,84
4 68.95 100,00
10 49 .89 1.11
i1 74,15 2.90
12 97.00 1.16
13 P9.89 He71
14 113.04 0.82
15 118.%9¢6 58.03
16 119.92 1.31
17 130.94 14,13
18 149,92 2.61
19 150,95 2764
20 163.00 0.68
21 1468.91 37.45
22 149.90 179
23 178.93 0.58
24 180,91 19.22
25 181.94 0.82
26 196.97 1.74
27 218.86 1.79
28 228.9% 1.06
29 230,95 7,02
30 268,932 P54
Xl 269,92 0:.63
32 280.91 4,79

33 213,89

13
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Perfluoro 2-(1~-methylpropyl)oxolane (192).

No.110

No.110

4000 3500 3000

2500 2000 1800 1600 1400 1200 1000

136.0, 137.8,
140.5, 142.5.

185.3

800 600 400
|- . — y
SHIFT - FINE STRUCTURE RELATIVE v o
GHNMENT

(pepom) COUPLING CONSTANTS (Hz) INTENSITY ASSIGHHE
r
T3.3 M
, 3 N
74.5 M
83.8 M 3 g
85.5, 86.8,
87.7, 89,5, Overlapping M's 2 d
90.0, 92,0,
117.8 M 3 a, f
126,2, 126,7, }
128,0, 128,8,
130.2, 133.2, > Overlapping AB's’ 4 b, ¢
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M.Wt. 416 No. 110
8
19
-
® g9 188
a1
®
& 8
N 1
Tl 259
@‘I"/!Lrh'. . 10 4 ‘IJ.' l'.lll 'II |xl 'l' | l' .
: 108 288 308 Y1)
FEAK MASS “HT . FEAK MASS ZHT,
NO. RASE NO . BASE
1 2726 0.54 36 230.94 11.71
2 28.13 Fe b 37 231.96 0.79
3 29.03 1.12 38 246.94 1.83
4 30.92 2.957 39 258.88 11.09
5 32,02 1.04 40 259.89 0.66
é 4%.18 0,62 Al 277 .96 2.45
7 47.10 1.33 42 280.94 4,07
g8 49 .88 Q.75 43 308.90 660
9 59.038 0,62 44 327.97 0.50
10 68.99 75.08 4% 346.97 1.79
i1 469 .93 0.921 46 396.91 4.44
12 74,16 0.58 47  397.89 0.62
13 G65.97 2.28
14 ?9.88 75.87
1% 100.95 1.93
16 108.92 1.62
17 118,99 37.13
18 119.97 0.75
19 130.96 15.57
20 131,99 Q.79
21 142.96 1.04
22 149.89 100,00
23 150,95 3.45
24  158.95 2.62
25 161.98 1.04
26 168B.96 91.49
27 1469.96 2.49
28 180.95 26.79
29 181.97 1.33
30 192,93 1.4%
31 196.92 17.98
32 197.90 0.62
33 208.87 0.96
I An.a3 {. a5 35  alg.oa 33
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No.111

No.111

4000 3500 3000

2500 2000 1800 1600 1400

1000 800

600 400

SHIPT
(popo.m)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSTITY

ASSIGNMENT

195

83.3, 87.7

113.7, 114.3,

115,0, 116.8,
117.3,:122,2,
124,3, 127.2,
128.7, 130.2,
130.7, 131.3,
131.8, 132,3,
133.0, 134.0,
136.7, 138.7,
140.0, 142,5,
143.0, 145,0,
147.7,

186, 7

AB, Jop=136

> Overlapping AB's

15

a, b, ¢, £,
gy 1, 1y Jo
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M.Wt, 478

No. 111

g
@
2 ni
u
21
8
1]1 | 193 243
® L | ul II'J.IL.I I,IPI..lvl, v 1 'l. r
258 i sea
FEAK MASS ZHT . FEAK MASS ZHT
NO . RASE NQO . BASE
1 28.13 1.21 346 320,97 0.70
2 30.91 0.70 37 330.95 0.74
3 47.09 0,88 38 342,93 1.44
4 68.98 27,98 39 361.99 1.40
5 87.96 2.09 40 370.99 0.61
é ?23.04 0.51 41 A430.92 2.00
7 ?7.04 1.63 42 458,89 6.84
8 ??.94 60.47 43 459,95 0.88
® 100.98 1.30
10 109.00 0.56
11 118.98 Se35
12 130.99 12.62
13 143.03 1.91
14 149.95 100,00
15 150.99 3.4%5
16 155.04 0.70
17 158.99 0.93
18 162.01 2.98
12 148,98 49.44
20 169,97 1.96
21 180.96 Gel7
22 193.01 12.01
23 194,06 0,70
24 197.01 P59
25 211.98 1.35
27 230.98 4.98
28 242.99  11.54
29 244,02 0.74
30 R2AWBE.00 0.74
31 258.97 1.68
32 281.00 4.0%
33 289.95 Q.7
3 a93:-a5 3.5
3% 308%.9% 2.5,
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Perfluoropropylcyclohexane (194).

P

No.112

4000 3500 3000 2500 2000 1800 1600 1400

1000

600 400

SHIFT FINE STRUCTURE

(pop.m)

COUPLING CONSTANTS (Hz).

RELATIVE
INTENSITY

ASSTGNMENT

B
8406

117.4,
1246,
128, 1,
132.1,
141,38,
145, 3,

190.6

121.1,
126,5,
130.1,
135.7,
144,5,
147.9.

} Overlapping AB's

14

b, ¢, 4, e,
f, 8, he
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M.Wt. 450

No. 112

881

119

1€

i
ey

|
b}

FEAK
NO .

12
13
14
1%
16
17
18
19
20

21

[ k)

Aa
23
24

S
25

26
27
e
P
29

30

......

MALS

282,13
30.92
X2.02
AP 03X
P97
xR 12
9P .29
119,07
120,05
131.10
132.11
143,12
150,04
162,12
L& .05
170.00
181.06
182.1%
19X3.12
219.06
231.11
22,15
243.10
284,06
262,08
281,14
282,15
2EEL. 09
331 .08
FZ2. 04
XAKL 10
3BLa12
W3- 1L

AHT .
BAGE

7.72
0.732
L84
100.00
1.20
0.79
bbb
26,06
0.51
18,758
0 ] ()8
0,85
1.74
3.62
39,04
1.33
1é6.26
0.5
2.36
0. 8¢
7.89
0,38
697
0.48
Q.92
G.98
0. 58
0.964
B.67
0.79
075
0.44
2 42
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03F Fe Fz. No.113

No.113

v 1 I I [} 1 [ ] '
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

L

SHIFT ' FINE STRUCTURE RELATIVE

| e
(Pop.m) COUPLING CONSTANTS (Hz) INTENSTTY | ASSTCHMENT

19

85079 _8706 ABQ JF‘F=130 2 d
118,0 M 1 » a

121.7, 126.5,
126,9, 127.5,
128,3, 129.2,
130.7, 131.8,
133.2, 135.3,
136,0, 136,5,
140.8, L

> Overlapping AB's 12 b, ¢, £, &,
» n, i.

184,0 M 1 e
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M.Wt. 428 No. 113
"y X 19 ’
> T
-1 ]
|
'
]
!
‘ |
g :
1
1
° -
1
1
g‘ : 479
]
5] }
- !
t
3-1 :
i
t
19 e
? t 281 4 e
13 193 !
N 2#
]
]
]
|
. ]
® 'llh JI J' 11 1 l. ‘l l;lll l l;ﬂ l | 'I l | | l
188 T 288 " 3ze@ 489
FEAK MASS “HT . FEAK MASS AHT .
NO . RASE NO . RASE
1 22,93 20.17 36 193.10 23,01
2 27 .26 1.77 37 1%4.11 1.42
3 28,14 4,26 38 197.07 7.29
4 29,03 4,37 32 205,13 Q.79
5 30.94 772 40 208.99 1.30
é 32,03 Q.99 41 212,07 2.13
7 41 .02 0.43 42 231.04 5.16
a8 43,15 0.67 43 232.07 0.43
Q@ 45,20 1.54 44 243,11 20,33
10 47 .11 1.10 45 244,11 1.38
11 52,07 2:60 46 259.03 6.74
12 6b6.83 0.43 47 260,03 0.71
13 69.01 28,25 48 262.07 1.06
14 71.07 0.59 49 271.09 0,71
15 74,18 1.62 50 281.08 2:60
16 23,05 1.14 51 293.07 1.85
17 97,09 1.38 52 309.09 2,48
18 PP.PH 70,17 53 312,12 2.0%
19 101.00 2.01 54  321.08 0.79
20 109.01 1.50 5% 331.11 0.75
21 112,05 0.31 56 359,04 0.67
22 1192.05 b6.26 57 381.08 2.92
20 131.04 23,40 58 382.10 0.43
24 132,08 0.99 59 409.15 5.95
25 143.09 3.90 60 410.12 Q.75
26 130.03 100.00
27 131.07 3,59
28 1855.13 Q.95
29 159,03 1.89
30 1462.08 2.52
31 169.06 30,89
32 170.07 1.22
I3 171,09 0.39
3 IB). Ol 7 68 35 \B2.0% o413
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Perfluoropropylbyclopentane (196).

No.114

3500

No.114

3000

2500 .2000 1800

1000 800

400

187.5

4000 600 100 1200 600
% - —]
SHIFT FINE STRUCTURE RELATIVE . .
(popom) COUPLING CONSTANTS (Hz) INTENSTTY | ASSIGHMENT
Pr
84,0 M (T J=10) 3 h
18,7, 122.5,
127a59' 129059 :
. 1 ]
133.0, 134.0, Overlapping AB's 12 2’ ;’ s e
’ -3
138080 i
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M.Wt. 400 No. 114
- 281 '
8
.
@ 131
18t
2"
231
.
118 163
.
188
3
@_Jl,.ll.ll_‘ 1 e [ A
188 268 388 400
FPEAK MASS “HT. FEAK MASS ZAHT .
NQ . RASE NO. BASE
1 2726 1.468 36 197.04 1.02
2 28.14 S5.71 X7 205,10 0.59
3 29.03 4,36 38 212.06 2,45
4 30.93 8.78 39 225.17 0.44
] 32,03 1.13 40 231.07 8B2.27
) 43.13 0.48 41 232.10 3.70
7 45,19 2+12 42 243,09 b,59
3 49 .90 0.40 43 244,12 0.55
5 59.06 2.96 44 259,08 0.99
10 692.01 94.33 4% 262,12 0.73
11 69 .95 Q.99 446 281,01 100.00
12 74.16 1.32 47  281.92 6.81
13 23.02 1.68 48 293.08 4.06
14 29.94 15.45 49 294,17 0,70
15 100,929 0.48 S50 331.05 3.88
16 112.04 Q.55 51 381.09 13.43
17 113,06 1.10 52 381.80 4.36
18 1192.03 30.34
12 120.00 Q.66
20 131.02 75,29
21 132.04 2.37
22 141.86 0.33
23 143.07 2:.96
24 150,01 3.62
25 151.05 Q.66
26 155,14 Q.59
27 162,03 4,83
28 169.04 31.18
29 170.01 0.95
30 181.01 6&62.45
J1 182.03 X.92
32 189,52 033
%“ 120;68 : Ooaé
T 133Ok te.d3
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A
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2
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Perfluoro 2-cyclobutyloxolane (197).

No. 115

No.115

4000 3500

3000

| 2000 1800 1600 1400

2500

VSHIFT
(pep.m)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSTGNMENT

194

84.3, 88.5
120.7

124.0,
128.7,
130, 3,
132.0,
134,5,
135,7,

191,7

127.7,
129.7,
130,8,
133.7,
135.2,
140,2,

AB, Jpp=132

.

*  Overlapping AB's

10

b, ¢, £, 8
h,




188
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MWt 378

No. 115

g
@
a
2
2
258
N 1
131 1
I et el L] I | JTS’ L,L J Lrvvermdteroreeehierrermeprerie N
@ "~ Yea . 208 38 489
FEAK MASY AHT . FEAK MASS ZHT .
NO ., RASE NQO . RASE
1 28,13 2400 36 281.02  1.27
2 30.91 1.23 37 309,04 2.2
3 4709 0.81 38 331.14 0.68
4 48.96 Q.42 39 ZH9.05 0.93
% HP.00 14,23
& 71.04 0.72
7 84,01 1.44
P PX.0b 234
10 @7 O7 0.76
11 9997 100.00
12 1Q1.01 2.91
13 109.00 4,20
14 112.06 0.464
1% 119.04 2.97
16 131.06 ?.,98
17 143,11 2,65
18 150,00 18,34
19 141,04 0.81
20 199,01 2:46
21 162.05 8.20
22 163,05 0.38
23 169.03 ?.81
24 181,03 8,70
25 182.08 0,55
26 193,08 R ]
27 197,06 2,17
28 209,01 4,71
29 212.07 1.15
X0 231,04 b6.62
31 243.10 2,06
32 259.08% 21.87
33 g&g.og 1.40
.t .
i 2807 °o&
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No. 116

-

No.116

4000 3500

3000

2500 2000 1800 1600 1400

1000

600 400

SHIFT
(p.p.m)

FINE STRUCTURE

COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGNKENT

Zr
79.4, 93.5

116,8,
122.0,
125,5,
129.8,
131.2,
131.8,
134.8,
138.8,
143.5,

184,0

121,2,
124.7,
126,2,
130.7,
131.5,
134, 3,
138.5,
140, 2,
145.2,

AB, J,,=160

' } Overlapping AB's

15

a, b, ¢, d,
gy hy, 1, Jo




108
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M.Wt. 478

No. 116

721}

o e e e - T - . = o - Ropme e W o] 2

243

g-
2
1?5
& il
459
R 281 431
l xv
- il l'l '!—'ﬁ IIIII : rl - hll l Pl L e v
250 see
PEAK MAGS AHT . FEAK MAGS AT N

12

15

RASE

28.13 1.47
47 .09 0,60
P2.99 .60
?6.99 1.27
?9.89 100,00
100.96 2426
108.94 1.19
118.932 g.06
130.93  4G.11
131.97 2.34
142.96 206
146.94 052
146 .91 1.39
1%58.91 1.43
161 .93 15l
168.90 $.48
180.89 P
192.946 719
193.98 Q44
19697 0.56
19¢.88 Je4l

204,99 .11

208.94 Q.75
211.94 0.71
218.89  10.48
230.92 4,80
242.92 8.06
243,95 0.71
244,90 L9l
2834.91 107
258,88 4,53
:aiggo-j‘?é) .:soj%
0% .87 ‘.* g‘l

NO .

36
X7
28
R3S
40
41
42

311 .91
33084
342,91
343,94
RG890
430, 49
A458.71

GAGE

D A7
Q&7
B.26
Q83
0.48
214
D0
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f g h i
C%C%C%E%
F

%Zb :

Perfluorobutylcyclopentane (199).

No.117

No.117
4000 3500 3000 2500 2(;00 18b0 1660 11.'00 12|00 10I00 860 6(')0 1.60
_ ]
SHIFT FINE STRUCTPRE RELA}EVE ASS [ CNMENT
(pope.m) COUPLING CONSTANTS (Hz) INTENSITY
_19F
83.3 T, J=11 3 i
z _
117.0, 121.7,
123,0, 126,.3,
127.8, 128.5, > Overlapping AB's 14 b, ¢, 4, &,
132,2, 133.3, £, g, he
137080 J
186.3 M 1 a




53

-458«=

M.Wt. 450 No.

«i

17

821

!

[

181

Ly

T
| |

l

IR

4N

n

FEAKR
NO .

o~ Do

-
i

N

10
11
12
13
14
15
14
17
18
1e
20
21

o ]

Aer S
23
24
25

-
26

27
28
29
30
31
32
33
35

MASBE

28,13
29,03
30.92
32,02
5)8 ¢ ?'\.J
&9 . 88
71.01
9R. 9P
9,90

118.94

119.91

130.91

131 ,9%

142,94

149 . 8R

161 .91

1468.90

146 .89

180.92

181 .54

192,96

193,95

204,96

211.9%

218,89

D19 .90

REOLOF

230 .95

242,68

243,54

2461 .91
280.89

A4a.47

I |
258

ZHT
RAGE

3.47
Q.44
G.69
Q.97

100.00

1.2

Q57
089
10,55
3bH.69
Q.93
70,91
2451
2.63
226
4.08
28,69
Q.93
49,33
2,02
146,69
0.97
0.57
2,10
12.57
.61

mY G

WAl e
2813
6.10
Q.57

Q.85

1.37

P72

a.30

g e e . — e = — - - —

FrE A MALS AHT .
NO BAGE

ZaH o J30.82
Z7 3B .93
a8 342,90
X9 30,91
40 430 .49
41 431,79

24 &81.78 6.4

L1 o35

1ebG
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No.118

No.118
IL 000  35C0 30b0 2 SIOO 20'00 18'00 1660 11.'00 10b0 8('30 660 400
SHIFT FINE STRUCTURE RELAEIVE ) ~ o
(p,p.m) COUPLING CONSTANTS (Hz) INTENSITY ASSIGHMENT
ke
81.3 , M 2 £

122,2, 123,5, W
125,8, 126,8,
127.7, 130.3,
131,0, 132.0, ¢ Overlapping AB's 17 a, b, ¢, d,
133.3, 134.3, e, h, i, J,
135.2, 136.0, ]

136.5, 141.0,

183.7 M 9 e




© =460~

M.Wt, 528

- No.118

- 11"‘9
3 |
1
t
i
i
i
@ ]
@ )
i
|
1
i
!
2 |
9 1
' 181
!
2 ]
i
I
o 169
8 1
'
i .
: 23 393
1
]
8 ' 29 293
QT !
|
i
RIRN
t
| !
® L‘v J| . 18 vll + l T MARAS B AR T

MALG AT .

it

28
oy

13

sae
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No.119

I4000 35|QC 30'00 2500 20'00 18.00 16'00 1400 ‘IOIOO 860 6(I)0 40C
SHIFT FINE STRUCTURE RELATIVE ] .
(Popom) COUPLING. CONSTAKTS (Hz) TNTENSTTY | ASSIGNHENT
194

84,3 M (T J=10) 3 3

117.7, 122.8, ]

124,8, 127.2,

128.7, 129.2, > Overlapping AB's 16 b, ¢, d, e,
133.0, 134.2, ' f, g, h, 1.
138.7.

J
18700 M 1 a
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M.Wwt. 500

No.119

861

131

L.!,|41

T T M v T
258

PRI MASH AHT .
NCY . BALGE

1 28013 e D8
TP, 0 b4
X202 1edl
5 AL 0% 100,00
G GY L Y 1 Gd
& QR
7 10G.01
& 11905
@ 120,03
Lo 13110
L 1381
12 1484312
1
i
I

13 150,04
14 162012
LS 16%.07
1éd 170.08
172 181.13
8 182101
19 19311
20 194,09
210 200,03
LE QU207
P A 4 I

22010

[ IS SR 0%, 1 AP A

35

ag\.\7

WHT .

BEEE

1.9

588




~463-

0.2F Ee sz. : No.120 :

No.120

4000 3500 3000 2500 2000 1800 1600 1400 1200 .1000 800 600 400

L — _—
™ r TURE TIVE
(bop.m) COUPLING CONSTANTS (Hz) | InENsiry | ASSTOHENT
e
78.2, 81.0, )
82.5, 84,8,
85.3, 87.8, » Overlapping AB's 6 b, ¢, d
92,0, 95.0, '
97.8., J
121,2, 122,3, A
124,8, 125.7,
127,0, 130.8, ¢ Overlapping AB's 9 a, T, g b,
132,0, 132,7, | e
135,7, 140.2, ]

185.5 M 1 e




188

-464~

MWt. 444

No.120

6e1

13

119

122

@ QL Q5
80 10100
o L L% Q0
13102
14304
LES
1ERD G4
1HZ 08
18099
(RN S

164 Qd

488
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a f g h
3 EEZCFZOEFB
bEZ er
"R e

Perfluoro 2-cyclopentylethyl methyl ether (203).

No.121

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

SHIFT . "~ FINE STRUCTURE T RELATIVE .
(pop.m) COUPLING CONSTANTS (Hz) TnrENsITY | ASSTGNMENT
19, :

5898 M 3 h
88.3 M | > g

122,2, 127,3, )
130.3, 132,0,
133.3, 135,0,
138.0.

Overlapping AB's i0 V b, ¢, d, e,

188.0 M 1 a
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M.Wt. 416

No.121

881

12

h

—g—

FEAK MG & ZHT .
NO . BASE

13607 .73
143.06 .81

146201 P&

FEO0 P

AL .0

488
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a f g
F EFZE
BT e
o

Perfluoroethylcyclopentane (204).

3

No.122
4000 3500 3000 2500 2000 18;30 16‘00 142]) 10;30 860 6(')0 40'0
SHIFT T FINE STRUCTURE RELATIVE
(Pep.m) COUPLING CONSTANTS (Hz) TNrENsTTY | ASSICGHMENT
)
84.5 M 3 g

122.8, 127.5, A
130.3, 132.0, Overlapping AB's 10 b, ¢, d, e,
133.3, 138.0,

188, 3 M 1 a




46

~ No. 122

@91

1§

31

1

FEAK
N

8 NP
13
14
15
14
17
18
1e
20
21
ey
22
23
24
25
28
oy o
W S
24
29
30
31

Xy
(WO

33

290X
XOL.9X
203
WYL 00
&8, 94
HP PR
PE. 0%
GG
112.07
11902
119.928
131.02
132,00
LXE .08
143,046
3o 00
L8Y .01
146204
180.9%
182.0%
18%,03
19X:.08
194,190
212,05

2801 .G

282,09

2330.95

AHTY

&

BAGE

8.
0

)
*

1.

Q0
Qo
34

30

0.7

\t)() ¢

[
7 wd
ry oy

A A

0 ¢

Pé)
L&

v

AT B2
1ed
160

R
wlt

Qe
4,
1
DI

&

B B N

[

00

388

[

© Fad

Y
P2
Y3
4%

QA

70,97

oy
P NS

1"

333.01\

488

0813
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No.123
d F: [%: C

c -b
Perfluoro 2-(2-chloroethyl)oxolane (205),

No.123

t

! ‘ ' ' \ ' 0 ' A t \ . '
400 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400

=

SHIFT FINE STRUCTURE RELATIVE | oo oo
(p.pom) COUPLING CONSTANTS (Hz) | InTmmsTey | ~o9LGHH
70,5 M | 2 £
8502, 87.4 AB, T =136 2 4
125,2 M 1 4 a
119,8, 124,7 AB, I =282 2
129009.13904 ABD JFF=260 2 : b9 c, e

131.3 M 2
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MWt 3325

No.123

- 189
3
.
T 197
2 & 297
188
o
- T 119
27 158
14%
y
® dig L,; 1| Loy JJH 4|| NAR et Jl . .
180 208 388
FPEAK MASS AHT . FEAR MASS ZHT .
NO. BRASE NO . RASE
1 2725 0.73 36 145,02 Q.44
2 28.13 3.0 37 146,94 25.60
K] 29.03 2.38 38 147.93 1.01
4 30.92 4,69 39 148.88 Q.72
] 32.02 0:.63 40 149.93 37.90
T 3%.16 Q.54 41 150.96 1.43
7 45,17 1.27 472 158,94 0.89
2 47,09 2.85 43 161.96 1.74
Q@ 49 .87 1.14 44 166,00 0.60
10 59.01 1.90 45 167 .93 0.41
11 66 .05 O.60 46 168.92 100.00
12 A8. 96 72.72 47 169 .92 317
13 &Y .20 0.86 48 177 .95 0.73
14 74,13 1.01 49 180,93 .17
15 g80.92 0.86 50 181.95 0.41
1é 84.97 60.30 1 184.93 3eb4
17 85,97 0.886 92 186.92 1.11
18  86.94 20.31 B3 196.95 68.97
19 87.93 041 B4 197.93 2.88
20 P2.96 1.48 55 0 198.88 2.82
21 Pb.96 7.00 S56  208.96 1.33
22 99.87  51.59% 57 212.94 Q+54
23 100.95 1.17 58 224,94 0.86
24 108.95 2.31 99 227 .94 225
29 111.97 0,73 60 230.92 Y. 32
RE 115,98 2.19 61 231 .95 0O.44
27 117.98 0.82 62 246,90 0.76
28 118.95 44,71 63 294.91 H7.22
29 119.92 Q.86 b4 297.74 4.47
30 127.97 1.0% &% 298.94 O.41
3l 130,93 34,79 hbb L2297 0.38
X2 131,96 1.0%5
33 134,97 BP9 :
3L 13.95  2.00 235  \k3.9% ©-8
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No. 124

ﬂ'i-

No.124

4000 3500 3000 25:00 20|00 182)0 16I00 11:00 12'00 10.00 860 6<I)0 460
SHIFT FINE STRUCTURE RELATIVE _n
(p.pom) COUPLING CONSTANTS (Hz) InrENsTTY | ASSIGHMENT
r

85,2 M 3 £
86.9, 88.8 AB, Jp.=130 2 a
127.7 M 1 a
127.7, 131.6 AB, JFF=294 2

130059 140,7 AB, JFF=243 2 b9 c, e
132,7 M 2




4724

M. Wt.

159

316

No. 124

g1

131

Uerrdrresds

FEAK MALBSE
M.

1 Q2H .13
& KG.?1
A REL02

B A7 .09
¥ A%, BHé
& H8 .04
; &9 . 90
2 Q0,94
e 84500
G B86.79
1 $3.01
2 G701
A Y90
4 100.94
So108.964

l\'l\ ' | l ¢ (/N.‘

w0 LRGL.90
13113
13X .95
134.98
142,95
fll? S0 14%,. 31
QH1A4H 93
27 147.9%
149.8%

PO 15093
O AEE. O
FL 16195
X2 1AR, 9D
TE 160, BE

3

178.9%

AHT .
BAGE

4,053
210
1.02
K40
1.08
97 .54
Lol
Och7
P00
067
099
ﬁ,?-

J. « 3
140
030
43,23
120
.61
70,83
G322
2408
(e '3 &
() + } :
() ¢+ \.. .\‘..
836
0,38
44,81
.28
L P
10

10000

XaA8
o.47

208

FEAK
N U 3

3
s
36
39
4Q
41
4%
43
44

35

WHT .
1,{ Ry

MASH

181 . P &
LPé .97
197 .96
190,90
')0‘ 57!
,) ' " & / RS

230.93
)(\‘() LB
297 .89

Q50

180.98,  L403
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EFB EFB

SRS

c2

bZ

Perfluoro 2-(2=chloro=1-methylpropyl )oxolane (207).

No.125

==

No.125

4000 3500 3000

' 1} ' +
2500 2000 1800 1600

1400

1000

)

800 600 400

SHIFT
(pop.m)

FINE STRUCTURE
COUPLING CONSTANTS (Hz)

RELATIVE
INTENSITY

ASSIGNMENT

195

—e—cry

70.7,
72.5,
75.7,
78.7,
83.7,
86.2,
88.8,
94,0,

71.7,
73.8,
77.0,
79.7,
85,2,
87,2,
91.3,
96.2,

106.7,
112, 3,
115,8,
119.7,
127.2,
129, 5,

134.7,
136,2,
139.3,
141.7,

111.0,
113.8,
117.3,
124.2,
128.0,
131,7,

135, 5,
137.3,
140,5,

175,0 and 184.7

> Overlapping M's

* Overlapping AB's

M and M

d, g, h

a, b, ¢, £




~4T4-

M.Wt. 4325

O

No.125

881

198

%

B e ekttt B 3

-
e —
-]

L

|H |

.

lee

FEAK
NO .

10

12

-

0 o~d

3

BY P Rt b ek el R
& I~ L8

<

21
oy

28
23

.
ALty

.......

MASS

280,13
ED.92
A0
47 .08
bé .04
HBL.P0
69 .89
21.99
85,00
B6.99
X002
7 .00
P9 .91
100.9%5
108964
113.00
115.98
L17.:96
118.9%
130,93
131,92
133.93
134.97
134,96
1946 .949
148.91
149,90
150.93
1E8.91
185,94
1L&H7 .20
TAH .95
180.92
\81. A3

208

AHT .
BASE

4711
2.240
8.37
21T
L35

100.00
0.93
3.84

32,053
P.04
Q.59
2.24

38,91
1L.73%
0,93
L.48

18.93%
4.99

18 .42

Y370
4.60
1.31

28.35
®.00

15.00
4,52

39.33
207
1.23

22.94
7,45

19 .39
731
1. 8b

FEAK
NO

35

380

MAGS

184.93
186.92
196.94
1928.90
212.89
218.93
230.94
246 .92
274,92
318.08

330.80

62,90

182.93 ©O-1&

AHT .

131
.00
300
2407
11.729
1.48
2315
279
1+31

<88
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aF\ /0500

5
¥

aF

sz

5 e

Perfluoromethoxymethylcyclohexane (208).,

No.126

4000 3500

3000

2500

2000 1800 1600 1400

1200 1000 800

BC')O 1.60

L ——

SHIFT FINE STRUCTURE RELATIVE e
(pop.m) COUPLING CONSTANTS (Hz) INTENSTTY | ASSICHMENT

195

5807 Mg J=9 3 h

73.0 M 2 g

19,1, 122,8, W

124.5, 127.8,

129.5, 132,.3, _

137.6, 141.3, } Overlappiqg AB's 10 b,fc, d, e,

143.3, 146.5,

1487, 1]

189.7
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M.Wt. 416

No.126

881

13

FEAK MAGSHS
NO.
1 28,13
2 47 .09
3 68.97
4 69,91
w 23,02
é ?9.94
7 118.98
g 130.97
? 132.01
10 135.03
11 136.03
12 143,03
13 158,96
14 161.99
15 180.93

16 192.98
17 230.94

18 242.91
19 280.95
20 308.88

21 330.87
22 331.91

AHT .
RASE
1.25
0.33
100.00
1.20
0,38
1.50
2.28
8.68
0.33
29.18
0.64
0.39
0.33
2,25
.73
0.97
2.39
2,81
1.67
1.53
4,09
0.33

480
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b Eé EZ Fo
¢ E G e
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Perfluoromethylhexane (209).

No 127
4000 3500 3000 2500 2000 18.00 15.00 1LI00 : 12'00 10‘00 560 L(')O'
L
SHIFT FINE STRUCTURE RELATIVE S
(popom) COUPLING CONSTANTS (Hz) THrENSTTY | ASSIGNMENT
. 19F'
7208 M 3 g
~ -
119,7, 122,7,
124,8, 127.8,
129.3, 132.8, , .
38,2, 141,2, [ Overlapping AB's 10 b»fce d, e
143.2, 146.3, )
148, 5,
191,2 i 1 a




861

18

~478

M. Wi, 350

No.127

188 208

FEAK MASS AHT .

NO. - RASE
28.13 2.58

2 30.93 O.46
3 68.98 100.00
4 6?.91 1.04
¥ 3,02 1.00
6 ?29.94 14.77
7 118.98 6.91
8 130.9% 78.86
9 132.01 2.70
10 143.03 . 1.37
11 149.95 3,37
12 162.01 10.45
13 163.01 0,358
14 169.00 0.79
153 180.96 51.77
16 181.99 2.29
17 193.01 .33
18 211.98 1.21
19 230.98 ?.11
20 232,05 0,54
21 242,935 7.82
22 244.02 0,54
23 261.96 S4¢37
24 280,95 7.99
25 282.00 0.67
26 330.89 4,224

488
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Adduct of tributyl borate and hexafluoropropene (£9).

No.126

2500 2000 1800 1600 1/.2)0

1000 800 600 400

1200
L
SHIFT FINE STRUCTURE RELATIVE )
(Popom) COUPLING CONSTAKTS (Hz) INTENSITY | ASSIGNMENT
x
1,05 M(broad)
1, M(broad 2.
47 (broad) S 4 CH30H20H2
1.97 M(broad)
o
3.82 M(broad) )
4,50 M(broad) Fo1 CHO and
» CHF.
5.10 M(broad) J
19
X
75.7 M 3 CF5
109.5, 117.0,
120,7, 122.0, Series of M's 2 CF,
125,0.
211,5 M
1 CFH
213.0 N




=480~

M. Wt. -680 No. 128
s
Ss
8]
21 4r
P
A
@ 223
528
- ‘«L.wLLA_,L.L » LrJ rovedobeny . N il
258 588
FEAK MASS ZHT . FPEAK MASS ZHT .
NQO ., RASE NO . RABE
4 2741 23.46 P46 120.95 7.81
S 28.26 ?.31 102 126.926 13.19
) 29.11  32.64 104 128.89 b.+26
Q? 30.98 27.82 108 132.946 11.29
14 38,21 15.43 110 134.99 13.93
16 40.86 39.61 116 140.88 11.55
17 41 .95 13.30 120 144,95 .60
18 43.00 43.56 126 150.86 8.46
19 44,02 10.42 130 154.9% 19.11
20 45,02 8.94 133 158.86 13.64
22 47,00 28.25 135 160.88 9.99
24 48.89 7476 141 167.02 Gedl
26 50.85 19.95 147 173.01 428
28 52.99 b.14 155 182.92 18.51
30 35.05 89.356 156 184.82 16.035
31 56,05 71.41 158 186.%94 722
32 97.04 100,00 171 202.91  25.62
34 58.93 19.78 173 204,93 8,33
40 64.99 35.64 186 220.839 G312
44 é8.87 31,73 187 222.87 36.06
464 70.94 ?.37 291 314,7% ?.00
48 73.00 42.88 250 334.75 19.33
52 76:95 40.87 260 378.84 7436
54 78.86 S.98 274 510.446 0.54
64 88.93 7.84 275 527.18 7+10
66 ?0.93 22.87 276 H28.33 19,33
468 P97 6,03 277 GR9.37 3.82
70 ?4.97 17.80 278 530.41 071
76 100.91 ?.34 279 621.90 0.28
78 102.%96 7 .84 280 623.81 Q.25
80 104.99 Te32 281 659.75 0,42
84 108.8%9 11.63 282 677.20 8.92
88 112,93 10,035 283 678,55 2415
92 Wb98 7 A0 11%-95 13.3% 334 &T4.41  ©O.37
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CH,CH, CH, CHOF Boldd .
3122 |
CK CFH-CR
f 3 g h 2
1,1,1,2,3,3, eHe>:af1uoroheptan=4-oi (70).
No.129
L .4000 35|00 30.00 25'00 ZOIOO 18|00 16b0 11.'00 12'00 1(;00 3(.)0 560 4(')0

A I B - e
l

0.9 M(broad) 3 a

1.4 M{broad) 4 b, ¢
3.6 M(broad)

- 2 d , e

4,1 M(broad)

5.1 M(broad) 1 g

lzg .

76.3 M 3 f
111.2, 116.1, ]

117.3, 118.6,

123.3, 125.1, Overlapping AB's 2 h
128.5, 130.1,

134,2. )

198,8, 200.4,

201.9, 203.3, Series of M's 1 g




482~ -

M.Wt. 224 No.129

c X 18
° T
2 i
i
a :
' 1
| 1
8 :
1
]
i
l
27 43 ‘? :
1
= |
'
|
& :
1
. T
' 154
N E 174
: 1 ‘]7 141
, .
! X
. | i L
128 ' o ! Y
T I
g
2.8
0. A8
10008
s 7407

70 18593 o070
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g |
CFB CFH SFZ | No.130

Chy CH, CH, - -of
CF CFH CF)

1 1,1,2 3 3-Hexafluoro-4-(1,1,2,3,3, 3-hexafluoropropyl )heptan~4=0l (71).

TV

No.130

t ' ‘ ' 1 1 1 ' [ ' . '
4000 3500 3000 2500 2000 1800 1500 1400 1200 1000 800 600 400

Loz __
(§?§f§> coupiigg igﬁggiggg (Hz) §§¥§§§¥§Y ASSIGNMENT
Ty
1,00 M(broad) 3 a
1.73 M(broad) 4 b, ¢
3,80 : M(broad) d
4,70 D of M(broad), J=44 ' }' ’ £, 14
122_

7307 M i 3 g 9 j

116.7, 118.7,
121.7, 124.0, Series of M's 2 e , h
127.5, 129.0,

210.7 M
1 £, 1
213,0 M
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M.Wt. 374 No. 130

.
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COLLOQUIA AND CONFERENCES.

The Board of Studies in Chemistry requires that each postgraduate

research thesis contains an appendix listing;

(a) all research colloquia, research seminars, and lectures arranged
by the Department of Chemistry and the Durham University Chemical
Society during the period of the writer's residence as a postgraduate
student;

(b) details of the first-year postgraduate induction course; and

(¢) all research conferences attended and papers read out by the
writer of the thesis, during the period when the research for the thesis

was carrieé out,

A, RESEARCH COLLOQUIA, SEMINARS, AND LECTURES.

1. Durhem University Chemistry Depariment Colloguia.

Academic Year 1979-1980,

21 November, Dr. J. Muller (University of Bergen), "Photochemical

reactions of ammonia®.

28 November, Dr. B. Cox (University of Stirling), "Macrobicyclic
cryptate complexes: dynamics and selectivity"o

5 December., Dr, G.C. Eastmand (University of Liri;'erpool)9 "Synthesis
and properties of some multicomponent polymers".

12 December., Dr, C.I. Radcliffe, "Rotor motions in solids",

18 December. Dr. K.E. Newman (University of Lausanne), "High pressure

multinuclear N.M.R. in the elucidation of mechanism
of fast simple inorganic reactions",

30 January, Dr. M.J. Barrow (University of Edinburgh), "The
structures of some simple inorganic compounds of
silicon and germanium - pointers to structural trends

in group IV",



6_February.

23 April.

14 May.,

21 May,

10 July,
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Dr., J.M.E. Quirke (University of Durham), "Degredation’
of Chlorophyll~a in sediments".

Mr. B. Grievson (University of Durham), "Halogen
radio-pharmaceuticals”,

Dr, R. Hutton (Waters Associates), "Recent developments
in multi-milligram and multi-gram scale preparative
high performance liquid chromatography".

Dr, T.W. Bentley (University of Swansea), "Medium

and structural effects on solvolytic reactions".

Prof., D. DesMarteau (University of Heidelberg), "New

developments in organonitrogen fluorine chemistry".

Academic Year 1980-1981,

7 October,

15 October,

12 November,

19 November,

3 December.

18 December,

18 TFebruary.

25 February.

Prof., T. Fehlner (Notre Dame University, Indiana),
"Metalloboranes- cages or co-ordination compounds®,
Dr., R. Alder (University of Bristol), "Doing chemistry
inside cages- medium ring bicyclic molecules",

Dr. M. Gerloch (University of Cambridge), "Magneto-
chemistry is about chemistry®.

Dr. T. Gilchrist (University of Liverpool), "Nitroso-
olefineé as synthetic intermediates",

Dr, J.A. Connor (University of Manchester),
"Thermochemistry of transition metal compounds”.

Dr. R.F. Evans (University of Brisbane), "Some recent
communications to the Australian Journal of Failed
Chemistry",

Prof. S.F.A. Kettle (University of East Anglia),
"Variations in the molecular dance at the crystal ball",
Dr, K. Bowden (University of Essex), "The transmission

of polar substituent effects",
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4 March. Dr. S. Cradock (University of Edinburgh), "Pseudo-
linear pseudohalides".

18 March, Dr. P.J. Smith (Int. Tin Research Institute),
"Organotin compounds- a versatile class of organo-

metallic derivatives”.

6 May. Prof, M. Szwarc, F.R.S., "Ions and ion pairs",
8 May. Prof. H.F. Koch (Bathaca College, U.S.A.), "Proton-

transfer during elimination reactions".

13 May. Prof. H. Fritzer (University of Graz), "Simple methods
to construct representations for discrete symmetry
groups”,

14 lMay. Prof, H. Fritzer (University of Graz), "The interplay
of permutational and geometrical symmetry of certain
electronic systems”,

10 June. Dr, J. Rose (I.C.I. Plastics Division), "New
engineering plastics",

17 June, Dr, P. Moreau (University of Montpellier), "Recent
results in perfluoro-organometallic chemistry".

24 June, Dr. S.A.R. ‘nox (University of Bristol), "Coordination
and reactivity of organic species at dinuclear
metal centres",

26 June, Prof A.P. Schaap (U.S. Office of Waval Research, Lordon)

"Mechanism of chemiluminescence and photooxygenation",

Academic Year 1981-1982.
14 October, Prof., E. Xluk (University of Katowice), "Chemo-
luminescence and photo=-oxidation",
28 October, Dr. R.J.H. Clark (University College, London),
"Resonance Raman spectroscopy“.
6 November. Dr. W. Moddeman (Monsanto Research Labs., St. Louis,

Wissouri), "lligh energy materials".



18 November,

25 November.

2 December,

30 November,

20 January.

27 January.

3 February.

10 February,

17 Tebruary.

24 February.

3 March,

17 March.,

7 April,

5 May.
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Prof. M.J. Perkins (Chelsea College, London),

"Spin trapping and nitroxide radicals”.

Dr., M. Baird (University of Newcastle), "Intra-
molecular reactions of carbenes and carbinoids".

Dr., G. Beamson (University of Durham), "Photoelectron
spectroscopy in a strong magnetic field".

Dr. B.T. Heaton (University of Kent), "N.M.R. studies
of carbonyl clusters”.

Dr. M.R. Bryce (University of Durham), "Organic
metals",

Dr., D.L.H. Williams (University of Durham),
"Nitrosation and nitrosoamines".

Dr. D. Parker (University of Durham), "Hodern
methods of determining enantiomeric purity™.

Dr. D. Pethrick (University of Strathclyde),
"Conformation of small and large molecules".

Prof, R.D. Chambers (University of Durham), "Recent
reactions of fluorinated internal olefins",

Dr., L. Field (University of Oxford), "Applications

of N.M.R. to biosynthetic studies on penicillin".

Dr. P, Bamfield (I.C.I. Organics Division),

"Computer aided design in synthetic organic chemistry".

Prof, R.J. Haines (University of Natal),
"Clustering around Ruthenium, Iron, and Rhodium",
Dr, A. Pensak (DuPont, U.S.A.), "Computer aided
synthesis",

Dr, G, Tennant (University of Edinbu rgh),
"E:ploitation of the aromatic nitro-group in the

design of new heterocyclisation reactions”.



7 May °

26_May.

14 June,

28 June,

2 July.
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Dr. C.D. Garner (University of Manchester), "The
structure and function of Molybdenum ceatres in
enzymes",

Dr, A. Welch (University of Edinburgh), "Conformation
patterns and distortion in carbometalloboranes",
Prof., C.M.J. Stirling (University College of Wales,
Bangor), "How much does strain affect reactivity?".
Prof. D.J. Burton (University of Iowa), "Some aspects
of the chemistry of fluorinated phosphoniun salts

and their phosphonates",

Prof., H.F. Koch (Ithaca College, U.S.A.), "Proton
transfer to and elimination reactions from localized

and delocalized carbanions",

2. Durham University Chemical Society Lectures.

; Academic Year 1979-=1980,

18 October,

25 October,

1 November,

8 November,

15 November,

24 January.

Dr. G. Cameron (University of Aberdeen), "Synthetic
polymers - Twentieth century polymers",

Prof, P. Gray (University of Leeds), "Oscillatory
combustion reactions".

Dr. J. Ashby (I.C.I. Toricological Lab.), "Does
chemically-induced cancer make chemical sense?".
Prof., J.H. Turnbull (Royal Military College,
Shrivenham), "Luminescence of drugs".

Prof., E.A.V. Ebsworth (University of Edinburgh),
"Stay still you brute; the shape of simple silyl
complexes",

Prof, R.J.P. Williams (University of Oxford), "On

looking into biology's chemistry".



14 Tebruary.

21 February.

28 Tebruary.

6 March,
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Prof. G. Gamlen (University of Salford), "A yarn
with a new twist - fibres and their uses".

Dr, M.L.H. Green (University of Oxford), "Synthesis
of highly reactive organic compounds using metal
vapours",

Prof, S.F.A, {ettle (University of East Anglia),
"Molecular shape, structure, and chemical blindness”.
Prof. W.D. 0llis (University of Sheffield), "Novel

molecular rearrangements",

Academic Year 1980-81,

These lectures were organized by the author while President of the

society for the year 1980-81,

16 October.

.23 Qctober,

30 October,

6 November,

13 November,

4 December,

22 January.

29 January.

Dr., D. Maas (University of Selford), "Reactions a
go-go",

Prof. T.M. Sugden (University of Cambridge), "Some
reactions of metals in high temperature flames",
Prof, N. Grassie (University of Glasgow)},
"Inflammability hazards in commercial polymers".
Prof, A.G. Sykes (University of Newcastle),
"Metailoproteins: an inorganic chemists approach”,
Prof. N.N. Greenwood (University of Leeds),
"Metalloborane chemistry",

Rev, R. Lancaster (Ximbolton School, Cambridgeshire),
"Fireworks",

Prof, E.A. Dawes (University of Hull), "Magic and
mystery through the ages".

Mr, H.J.F. MacLean (I.C,I. Agricultural Division),

"lManaging in the chemical industry in the 1980's",



5 February.

12 I'ebruary.

1 Z March,

7 May,

22 Qctober,

29 October.

12 November,

19 November,

26 November,

3 December,

28 January.

11 February.

18 February,

25 Vebruary,
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Prof. F.G.A. Stone (University of Bristol),
"Chemistry of carbon to metal triple bonds".

Dr, I, Fleming (University Of Cambridge), "Some
uses of silicon compounds in organic synthesis",
Prof. W.P. Jencks (Brandeis University, Massachusetts)
"When is an intermediate not an intermediate”.

Prof. M. Gordon (University of Essex), "Do scientists

have to count?".

Academic Year 1981-=1982.

Dr, P.J. Corish (Dunlop Ltd.), "What would life be
like without rubber?".

Miss, J.M. Cronyn (University of Durham), "Chemistry
in archaeology".

Prof. A.I. Scott (University of Edinburgh), "An
organic chemisgt!s view of life in the N.M.R. tube",
Prof. B.L. Shaw (University of Leeds), "Big rings
and metal~-carbon bond formation",

Dr. W.0. Ord (Northumbrian Water Authority), "The
role of the scientist in & regional water authority".
Dr, R.E, Hester (University of York), "Spectroscopy
with lasers".

Prof. I. Fells (University of Newcastle), "Balancing
the energy equation".

Dr. D.W., Turner (University of Oxford),
"Photoelectrons in a strong magnetic field",

Prof. R.K. Harris (University of East Anglia),
"N.M.R. in the 1980's",

Prof. R.0.C. Norman (University of York), "Turning

points and challenges for the organic chemist".
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4 March, Dr. R. Whyman (I.C.I. Runcorn), "Making metal

clusters work",

B, POSTGRADUATE INDUCTION COURSE.

In each part of the course, the uses and limitations of the

various services available were explained by those reponsible for them.

Departmental organisation - Dr. E.J.F. Ross
Electrical appliances and infra red - Mr. R.N. Brown
spectroscopy

Chromatography and microanalysis = Mr, T.F. Holmes
Atomic absorption spectrometry and = MNMr. R, Coult

inorganic analysis

Mass spectrometry = Dr. M, Jones

N.M.R. spectrometry - Dr. R.S. Matthews

Glassblowing techniques = Mr, W.H, Fettis and
Mr. R. Hart

Safety matters = Dr, M.R. Crampton

C. RESEARCH CONFERENCES ATTENDED.

Annual Chemical Congress of the Chemical Society, Bristol, April 1979
Symposium in honour of Prof. J. Chatt, Caﬁbridge, 1 April 1980.
Annual Chemical Congress of the Chemical Society, Durham, 9=11 April 1980
International Symposium: Metallo-organics in Organic Synthesis,
Swansea, 14=17 July 1980.
7th European Symposium on Fluorine Chemistry, Venice, 15-19 September 1980
A paper was presented by the author titled "Free radical additions
of ethers to fluorinated olefins", R.D. Chambers, B. Grievson, and
N.M. Kelly.
Annual Chemical Congress of the Royal Society of Chemistry, Guildford,

7-9 April 1981,
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Annual Chemical Congress of the Royal Society of Chemistry, Aston
in Birmingham, 30 March = 2 April 1982.

Graduate Symposium, Durham, 21 April 1982.
A paper was presented by the author titled "Free radical addition
to fluorinated alkenes. A probe for information on structure and

reactivity in radicals and new syntheses",
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