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ABSTRACT

In this thesis the cobalt trifluoride fluorination of a series of
perfluoroalkyl-pyridine, -pyrimidine, -pyrazine, -pyridazine, and -toluene
derivatives is described. In general, these gave good yields of the
corresponding cyclohexadiene andmonoene derivatives.

The photochemistry of a number of the new dienes has been studied.
Irradiations led to ring opening and fragmentation reactions which were
analogous to those shown by corresponding hydrocarbon systems.

Various reactions with fluoride ion have been investigated. Addition of
fluoride to perfluoro-l-aza-4-isopropylcyclohexa-1,3-diene gave the stable
perfluoro-1-aza-4-isopropylcyclohex-3-enyl anion. The reaction of N,N'-bis-
1,3-diazacyclohex-2-enyl led to an interesting rearrangement involving
internal nucleophilic attack at a saturated position.

Reactions of some of the new dienes with diazomethane are also described.
These gave bicyclic products arising from 1,3-dipolar addition followed by
elimination of either nitrogen or hydrogen fluoride.

The chemistry of perfluoro-2,5-diazahexa-2,4-diene has also been studied.
Reactions with fluoride ion in solution gave only dimers, but the reaction
with caesium fluoride in the vapour phase provided a new and convenient
route to perfluoro-1,3-diaza-l1-methylcyclopent-2- and -3-enes. Defluorination
over heated iron filings gave a new imidazole derivative, a reaction which
represents the first synthetic route to a compound of this type. A series of
similar reactions using iron, nickel, and platinum were only partially
successful . Photochemical reactions were unsuccessful.

A preliminary investigation into the chemistry of perfluoro-1,3-diaza-1-
methylcyclopent-2- and -3-enes is described. Reactions with caesium fluoride

led to dimerization,but products arising from nucleophilic displacement of




vinylic fluorine were obtained on reaction with hexafluoropropene in the
presence of fluoride ion. Hydrolysis led to a new diazacyclopentadione

derivative arising from addition-elimination at both C2 and C4 positions.




NOMENCLATURE

1) 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.

2)A capital F in a ring (e.g. ) denotes that the ring and all

F
~

its unspecified substituents are fully fluorinated.
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INTRODUCTION



General Introduction

The main differences in properties between fluorocarbon and
hydrocarbon systems arise mainly from the difference in electro-
nega£ivities of fluorine and hydrogen and the effects arising from
the influence of non-bonded electron pairs on the fluorine atom.
Consequently functional groups in fluorinated molecules are in
completely different electronic environments in comparison with their
hydrocarbon analogues, which leads to very different, though often
complementary chemical reactions.

Owing to their high chemical and thermal stability fluorocarbons
have found many industrial applications. For example, polytetrafluoro-
ethylene has proved to be a very useful polymer which, apart from a
high degree of chemical and thermal stability has a very low coefficient
of friction and is used widely in the manufacture of dry bearings, as
a coating for non-stick cooking utensils, etc.

The use of fluorine containing compounds in the pharmaceutical
industry is becoming increasingly common and a major impact of fluorine
chemistry on drugs is in the area of steroids. Methods have been
developed to introduce fluorine into all of the available positions in
the steroid nucleus resulting in fluorinated steroids, some of which
exhibit considerably enhanced pharmacological aétivity. Many non-
steroidal fluorinated compounds have also found medicinal applications.
For example, fluorinated anaesthetics are now widely used, whilst
5-fluorouracil has been used successfully in the treatment of cancer.

Fluorinated compounds have also found many uses in agriculture,
either for killing pests, or controlling disease.

Other uses of fluorocarbons include such diverse areas as surfactants,
URHAM Un, VEHS/
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dyes, fire extinguishers, aerosol propellants, refrigerants, coolants
for sealed electrical systems, etc.

This thesis intends to discuss the chemistry of fluorinated
aza-alkenes, a class of compound which has been known for some time but

has been subject to little more than superficial investigation,




CHAPTER 1

SYNTHESIS OF FLUORINATED AZA-ALKENES

1A GENERAL METHODS

1A.1 Pyrolysis of perfluoroalkylamines

The first examples of fluorinated aza-alkenes were prepared in 1953
by the pyrolysis of tri(perfluoroalkyl)amines.! Direct pyrolysis of

tri(perfluoroethyl)amine gave perfluoro-2-azabut-l-ene (1).

745°C
(CoFs)3N ——— (,FgN=CF, + CyF, + CjFg
GRAPHITE
TUBE (1)

The method can be used to prepare many higher homologues of (1), the
structures of which depend upon the nature of the perfluoroalkyl
group used.

o
i.e. [CF3(CFy)s]aN 2422820°C cp.(cr,) oN=CF,

However, direct pyrolysis yields compounds which contain a terminal
difluoromethylene group attached to nitrogen. Compounds containing
internal imine groups have been obtained using various catalysts and
pyrolyses over mixtures of AlF; and Al,03 !, and with Pt metal? have

proved successful.




500-550°C
(C2F5) 3N ——— CF3CF2N=CFCF3
AlF3.A1,04

500-550°C
(C3F7) 3N —_ CF3CF2CF2N=CFCF2CF3
A1F5.A1,04

Pt TUBE

(n—Cng) 3N _— CF3CF2CF2CF=NCF3 (43%)
650°C

1A.2 Pyrolysis of polyfluoroalkylazides

The pyrolysis of the azide (2) has been reported to yield the

aza-alkene (3)?

NaNj 270-280°C
CF3CF=CF, —— CF3CHFCF)N3 ——— CF3CFHN=CF,
C2H50H Pt
0°C (2) (36%) (3) (86%)

This is one of the few examples of this type of reaction, however
the presence of hydrogen as a functional group lends itself to various
possibilities i.e. removal of HF to give a diene.

More recently, the conversion of (2) to (3) has been achieved
photochemically", the mechanism of which is particularly interesting

since it must invoke a nitrene intermediate and a 1,2-alkyl shift.

_N2
CF3CHFCF,N3 —— CF3CHF-CF2{§: —— CF3CHFN:CF,
A

(2) (3)



1A.3 Nitrosation of perfluoroalkenes

Trifluoronitrosomethane reacts quantitatively with tetrafluoro-
ethylene to give mainly an oxazetidine derivative (4). Pyrolysis of

(4) gives perfluoro-2-azapropene (5).°

ROOM TEMP. A
CFNO + CF,CF, ————— CF3-N—0 » CFyN=CF, + COF,
l l 550°C
CF,-CF, (5)
(4)

Subsequent investigations® together with the ease of availability of
perfluoronitrosoalkanes® have shown that this is a good general method
for the preparation of fluorinated aza-alkenes.

A
RFN-O + CF,CF, —> RF-N——O — RFN=CF2 + COF,

F,C—CF,

RF = CZFS’ C3F7
It must be noted that this method is restricted to the preparation
of compounds containing a terminal difluoromethylene group since the
ease of reactivity of perfluoronitrosoalkanes with perfluoroalkenes

decreases with increasing numbers of substitutents on the alkene.

1A.4 Reductive defluorination of perfluoroalkyl-amines

Dicyclopentadienyliron and dicumenechromium have been used
successfully as reducing agents to introduce a >C=N group into
fluorocarbon structures in high yield.” Secondary fluoroamines give

good yields of internal perfluoroaza-alkenes.




(CSH 5) 2Fe
Cst?Cst -— C2F5N=CFCF3

F (84%)

The method has also been used in the pfeparation of cyclic aza-alkenes.

(C5H5)2Fe

T—Z T

(94%)

More interesting is the application of the reaction to the preparation

of compounds containing the >C=NF group from difluoroamines.

(CsHs) oFe
C3F7CF2NF2 — C3F7CF=NF
(82%)
F_ NF, F
(C5H5)2Fe
—_—p
(78%)

Dienes have also been successfully prepared by reductive defluorination.

F,NCF,CF,CF,NFy ———— EN=CFCF,CF=NF




1A.5 Reaction of fluorinated ketones with primary amines

Methods of preparation discussed so far have included only those
in which perfluoroaza-alkenes are synthesised. The reaction of
fluorinated ketones with primary amines provides a method of obtaining
aza-alkenes with hydrogen or an alkyl group attached directly to
nitrogen.® Hexafluoroacetone (6) can be reacted with ammonia and the
resultant product (7) dehydrated with a base and POCl; to give the
aza-alkene (8) .

NH, OH BASE 0 POC1 4

(CF3),C0 —— (CF3)2t-NH2 —_— (CF3)2éNH2 —— (CF3),C=NH

(6) (7) (8) (70%)

The reaction seems to be of a general nature and various primary
amines have been used giving yields of 60-80%.

RNH,
(CF3),C0 ——  (CF3),C=NR (60-80%)

BASE

POC13

R = H, alkyl, aryl

Similar attempts to prepare aza-alkenes from fluorinated ketones and
amines have only been partially successful.® An interesting application
of the method has been found in the synthesis of perfluorinated azines.!®
Hexafluoroacetone azine (9) can be prepared from hexafluoroacetone (6)

and hydrazine.

HoN-NH, OHH H OH NR3  F3C_ _CF3
(CF3) €0 —————— (F3C) ,C—N—N—C—~(CF3), — C=N-N=C
-~ ~
POCl3 F,4C CF3

(6) (9) (65%)



Previously reported syntheses of fluorinated azines!l-13 are complicated
and proceed in several steps. The chemistry of (9) is particularly

interesting and is discussed later.

1A.6 Reaction of perfluorothioacetone dimer with primary amines

A novel method of synthesising fluorinated aza-alkenes with hydrogen,
alkyl or aryl groups attached directly to nitrogen has involved the
use of hexafluorothicacetone dimer (10).!* Compound (10) can be prepared '
directly from hexafluoropropene and sulphur in sulpholane in the presence

of KF, and will react with primary amines to give fluorinated aza-alkenes.

KE _S RNH,
CFyCF=CF, + S ———— (CF3),C_  >C(CF3), ——> (CF3),C=NR
~ /
SULPHOLANE S

(10)
[R = H, C3F7, Cng, C6H5, XCGHQ (X = 0-Me, -Cl, -OMe, m-CH3, -F, -CF3,

-C3F5, -Cl1, p-Me, -F, -C3H;, -Cl, or -OMe)]

The dimer (10) can also be reacted with hydrazine to give hexafluoro-

acetone azine (9) but this is only present as the minor of two products.
NH,NH,

(10) ——— (CF3),C=N-N=C(CF3), + (CF3),C=NNH,

(9) (11%) (43%)

A variation of this reaction using substituted hydrazines has provided
convenient routes to fluorinated aza-alkenes containing additional

functional groups.




NH2CONHNH2 (CFa) 2C=NNHCONH2 (90%)
D.M.F.

~——__D.M.F.

PhNHNH, > (CF3),C=NNHPh (66%)

(10)

1A.7 Photochemical syntheses

General synthetic methods discussed so far have mainly been concerned
with the preparation of compounds containing a single C=N function.
Fluorinated diaza-dienes have been prepared from the photolysis of
perfluoro-2,3-diazabuta-1,3-diene (11).15 Irradiation of (11) gave
almost quantitative conversion to perfluoro-2,4-diazapenta-1,4-diene (12).

hv
CFy=N-N=CF, - CF,=N-CF,-N=CF, + N,

(11) (12)

This can be rationalized on the basis of the decomposition of (11)
into CF2=N radicals and difluorocarbene. Photolysis of (11) in the
presence of difluorodiazomethane as a source of difluorocarbene
resulted in the formation of the first four members of the series of
diaza-dienes.
hv

(11) — CF»=N-(CF,);-,-N=CF,

CF,N,
Additional members of the series were produced when photolysis of (11)
was carried out in the presence of various fluorinated alkenes. This

is summarized in Table 1.



CO-REACTANT

PRODUCT

% CONVERSION

:CF2

CF2=CF2

CF3CF=CF,

CF3CF=CFCF3

CF,=CFC1

CF,=N-CF,-N=CF,
CF,=N- (CF,), -N=CF,
CF,=N- (CF,) 3-N=CF,
CF,=N- (CF;) 4-N=CF,
CF,=N-CF,-N=CF,
CF,=N- (CF,) -N=CF,
CF,=N- (CF,) 3-N=CF,
CF,=N-CF,-N=CF,
CF,=N-CF(CF3)-CF,-N=CF,
CF,=N-CF,-N=CF,
CF,=N-CF(CF3) -CF(CF3) -N=CF,
CF,=N-CF,-N=CF,

CF2=N'CF2-CFC1—N=CF2

13

57

10

11

66

17

30

12

25

TABLE 1 - FLUORINATED DIAZADIENES

1A.8 Miscellaneous

10

Silver(I) and silver(II) fluorides have been used to prepare fluorinated

aza-alkenes from corresponding brominated derivatives.l®

CBT2=N-N=CBT2

AgF
70°C

CFp=N-N=CFBr

AgF2

———  CF3N=NCF,4 (92%)

100°C

AgF

———  CF,=N-N=CF,  (33%)

125°C
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Dechlorinations, either thermal or by reaction with Hg have been used

to prepare compounds containing the C=NF group.!’

A
Cl1,C=NF + C1F —— Cl1,FCNFCl ——— CI1FC=NF
OR Hg
A
Cl1FC=NF + Cl1F — C1F,CNFCl1 ——— F,C=NF
OR Hg

Dehydrofluorination of fluorinated amines with KF has provided a
comparatively simple synthetic route to various fluorinated aza-alkenes.!8
Perfluoro-2-azapropene (S5) can be prepared by dehydrofluorination of

hexafluorodimethylamine (13).

HF KF
CCl13N=CCl, —> (CF3),NH —————— CF3N=CF, (70%)
140-150°C
(13) (5)

Similarly the dehydrofluorination of phenyltrifluoromethylamine (14)
provides an example of the general nature of the reaction.

KF
PhNHCF3 ————— PhN=CF,

140-150°C
(14)

More recently the reaction has been used in the synthesis of

perfluoro-2,5-diazahexa-2,4-diene (16).19-2!

HF NaF
C1,C=NCC1,CC1,N=CCl, —> CF3NHCF,CF,NHCF; —————— CF,=NCF,CF,N=CF,
70°C ROOM TEMP.

(15)

/
CF4N=CFCF=NCF34

(16)



The presence of fluoride ion causes isomerization of the initial
product (15) and (16) is obtained exclusively. The chemistry of (16)
prepared by this method is discussed at some length in subsequent

chapters.

1B HETEROCYCLIC COMPOUNDS

1B.1 Azacyclopropenes

The formation of fluorinated azacyclopropanes has been reported
frequently.2272% Examples of fluorinated azacyclopropenes however
are very rare. Perfluoro-2-methyl- (17) and -3-methyl-(18) azacyclo-

propenes have been prepared from the azide (19).25

(CaHs) 5N-BF,

CF3CHFCF, N, )x(77/ >§:77/

(19) (17) (18)

Perfluoro-2,2-dimethylazacyclopropene (20) has been prepared in a

similar way?22

(CHe)sN-BF3  CFq
(CF3) ,CHCF,N; —— ™
32 213 F3C r\{

(20) (72%)

Examples of fluorinated diazacyclopropenes are more common. The

reductive defluorination reaction with dicyclopentadienyliron

(section 1A.4) has been used as a general method of preparation26728

12
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(Cs H5)2Fe

RLCF(NF3) 5 ;>‘i:”

(R, = F, CoFs, CsFyy, CF,CICFCICFs)

The reaction can also be used to prepare bis(perfluoroalkyl)diaza-

cyclopropenes.

(CS 5) 2Fe

(Re) C(NF3) 5 F>< I

(RF = CF3, C2F5)

Further evidence for the stabilizing influence of fluorine in small
ring systems 1s provided by the remarkable stability of fluorinated
azacyclopropenes.?> Direct reaction of (17) with HF leaves the

3-membered ring system intact.

AUTOCLAVE

___F 25°C N
FONT v HF — v RO\
i N
H

(17)

1B.2 Azacyclobutenes

Four membered ring systems containing the C=N group are extremely
rare. The only examples are those in which the azacyclobutane ring
is part of bicyclic or polycyclic systems. The photolyses of various
perfluorocalkylpyridines have given stable azabicyclo[2.2.0]hexa-2,5-
diene derivatives.2? Similarly the diazacyclobutadiene derivatives

(21), (22}, and (23) have been prepared from the photolysis of



perfluoroalkylpyridazines. 30

R
N ) Re
hv R R.. F F
Re Rp F N R N
N R F F
(99%) (1%)
Re F Rg
F
RF hv RF / RF RF/ / F
R R N * N
N~ “F F F F Rp
(55%) (45%)
F CF3
FaC @CFE; hy F 7 RF
—_——— N
R, S Rp F3C” g
F
[RF = CF(CF3)2]
R
F F B NS g
R
N
(@) W SLTT [Qj
R, - F Rp SRR
: F
(21)
R
F "F g
+ “ ” +
N
P o F
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The generation of an azacyclobutadiene intermediate is postulated
to explain the formation of (22) and (23). The only example of a
diazacyclobutene (24) has been prepared by two methods. Reaction of

(CN), with AgF, in a copper tube gives (24).3!

Cu TUBE N— F,
(CN), + AgFy —————
105-115°C N— F,
(24)

Similarly (24) can be prepared by fluorination of the diethyl ester

(25) with CoF4.32

F2 __N—COOC2H5 COF3
—_— (24)
Fob——N-CO0C,Hs  160°C
(25)

The nature of this reaction is interesting since compounds containing
-N=N- groups have been shown to lead exclusively to loss of nitrogen

on fluorination with CoF;. (See Chapter 3 section E.)

1B.3 Azacyclopentenes

Perfluoro-1-azacyclopent-1-ene (26) was first prepared by reductive
chlorination of tetrafluorosuccinimide (27) followed by reaction with

an AgF/AgF, mixture,33

F2 F2 PC15 F2 F2 AgF/AgFZ

— _—_— F
- ¢i\~N l§0 OR PhPCl, c12[ N/;lCI N
H
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A more convenient method was electrochemical fluorination of pyrrole

followed by thermolysis to give (26).

ELECTROCHEMICAL
| FLUORINATION F A F
= | I A, |
Fe =
N N N
F

I
H

(26) (50%)

Electrochemical fluorination has also been used to prepare various
substituted derivatives and reductive defluorination with dicyclo-
pentadienyliron used to obtain the substituted perfluoroazacyclo-

pentenes 3",

=
—
~
)
OOZC]
m
=
-Z
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N
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H F
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Examples of fluorinated 1,2-diazacyclopentenes are rare. Perfluoro-
1,2-diazacyclopent-1l-ene (28) can be prepared from the fluorination

of CF,(CN), with AgF,3% .

AgF, N—/—N
CF2(CN)2 —_—
100°C Fo Fa
AUTOCLAVE Fy
(28)

Various methods for the preparation of diazacyclopentadienes have been
reported. The diketone (29) gives the perfluorinated diene (30) on

reaction with [N,Hg ][CF3C00 ]. 36

. ) HN ——N
(NpHs) " (CF4C00) |
20°C F
(29) (30) (100%)

Reaction of hexafluoro-2-butyne with (CF3),CN, has been used to

prepare the diazadiene (31).37

150°C N——N
CF3C=CCF3 + (CF3)2CNy — F4C

CF4
FsC ¢

(31) (35%)

A convenient synthetic route to perfluoro-1,3-diazacyclopentenes
involves the fluoride ion induced isomerization of perfluoro-2,5-
38, 39

diazahexadienes , the preparation of which was described in section

IA.7. The isomerization of perfluoro-2,5-diazahexa-1,5-diene (32) to

perfluoro-2,5-diazahexa-2,4-diene (16) is accompanied by intramolecular
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cyclization to give the diazacyclopentenes (33) and (34).

P
CF,=N-CF5CF,-N=CF, = CF3N=CFCF=NCF,

(32) (16)
R
Q
N
CF5 CF4
[
2 CF
\Nr// 2
F — F — F
N N N
©)
(33) (34)

Yields of (33) and (34) are low since cyclization is followed by
dimerization. The chemistry of (32) and (16) with fluoride ion is
discussed in more detail later. Similarly intramolecular cyclization
occurs during the isomerization of perfluoro-2,5-diaza-3,4-dimethyl-

hexa-1,5-diene (35) to give (37).

F CF4
| | N /
CF3 CF3 ' 4
(35) /R

CF3 37y (30%)

Interestingly dimerization does not occur in this system due to the

'blocking' effect of the vinylic CF3 group.




1B.4 Azacyclohexenes

Perfluoro-1-azacyclohex-1-ene (38) has been prepared by numerous
methods. Many of these involve thermolysis of perfluoropiperidine,
(39) prepared by electrochemical fluorination of pyridine, in the
presence of various metal catalysts.“0-%2 yijelds are generally low.
Defluorination of (39) with Ph3P“%3 or dicyclopentadienyliron** gives

excellent yields of (38).

PhaP, 20°C 86%

. TOLUENE .
S . Z

N (CsHys) ,Fe 93% N

F

(39) (38)

Electrochemical fluorination has provided a route to many perfluoro-
alkylpiperidines from pyridine precursors“> and some of these have been
successfully defluorinated to give substituted perfluoroazacyclo-
hexenes. Perfluoro-2,6-dimethylpiperidine for example yields

perfluoro-1l-aza-2,6-dimethylcyclohex-1-ene on defluorination with

Phyp."3
A Ph4P i
20°C P
F3C N CFyq F3C7\ (7 CF,q
F
(86%)

Fluorination with high valency metal fluorides, particularly CoF,,
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has provided an interesting synthetic route to fluorinated aza-
alkenes from aromatic precursors. Compound (38) can be prepared by

fluorination of pentafluoropyridine with a CoF,/CaF, mixture."®

COF3/C3F2
<:::> “Toc F ¢ CFN=CEC,F,
-
N N

(38) (63%) (10%)

The reaction can be used to prepare fluorinated azacyclohexadienes,
however the reaction with pentafluoropyridine, even under conditions

of heavy CoFjdepletion , gave only a small amount of a 1,3-diene (40),

COF3/C3F2 ///
Q) e O C
DEPLETED N N
N REAGENT N N
120°C
[
(40) (2%) (38) (61%)

Only when chlorine is introduced into the -4-position are substantial

amounts of dienes observed in the product mixture.

Cl1 Cl F Cl
CoF4/CaF, -
OO GREC
120°C N NS
N N N




The fluorination of tetrafluoropyrazine with CoF5 gave a 1,4-diaza-

1,3-diene (41) but, interestingly, tetrafluoropyrimidine gave a dimer

(42).
N C0F3/CaF2 /N
F
80°C ~
N N

(41) (29%)

CoF3/CaF,
O -l RN
N

N 175°C N

¢

The proposed mechanism for CoFj3 fluorination involves the intermediacy
of radical cations in the fluorination process“®,“7 initiated by a

l-electron transfer.

F
F F -le
O
F F (CoFj3)
N
F Fy
+F. F o F2 -le etc. F2 Fz
(CoF3y) F Q- Fo CoFj4 N Fy
N N




The production of the dimer (42) from tetrafluoropyrimidine is strong

support for this type of mechanism.

22



CHAPTER 2

THE CHEMISTRY OF FLUORINATED AZA-ALKENES

2A  INTRODUCTION

The fluorine atom, although it has seven valence electrons, is
only slightly larger than the hydrogen atom, and since it is also
the most electronegative element the differences between the chemistry
of fluorocarbon and hydrocarbon systems arise largely from electronic,
rather than steric, effects.

In view of this it is possible to predict some of the properties of
fluorinated aza-alkenes. The substitution of hydrogen in an aza-alkene
by fluorine or perfluoroalkyl groups reduces the electron density
at the C=N bond which makes the aza-alkene even more electrophilic in

character and therefore very reactive towards nucleophilic attack.

2B REACTIONS WITH NUCLEOPHILES

2B.1 O Nucleophiles

The affinity of fluorinated aza-alkenes towards nucleophiles is
illustrated by the reaction of perfluoro-2-azapropene (5) with
water.>:® Uncontrolled hydrolysis leads to complete degradation.

H,0
CF4N=CF, — (€O, + NH4F + HF

(5)

However the isocyanate (43) is obtained when (5) is reacted with a

deficit of water.

23
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H,0 ~2HF
CFN=CF, ——r [cp3y-CF2} —— CF4N=C=0
i OH
(5) (43)

Compounds not containing a terminal difluoromethylene group show a
more moderate reaction with nucleophiles, which is illustrated by
the hydrolysis of the diaza-diene (16) giving N,N'-bistrifluoromethyl-

oxamide (44)48,

2H,0
CF 3N=CFCF=NCF; —— CF ;NHCOCONHCF
-2HF
(16) (44)

Reactions with alcohols also proceed via a similar addition-elimination
mechanism, and reaction of (5) with alcohols in the presence of

Et3N leads to disubstituted products“3.

2ROH OR
CF3N=CF, —— CF3N=C (60-69%)
2HF SOR

R = CH3, Csz, (CH3)2CH

Addition of ROH followed by elimination of HF leads to a mono-
substituted species which is itself activated towards further
nucleophilic attack hence disubstitution occurs readily. Compounds
containing the C=NF group tend to favour monosubstitution. Addition of
ethanol to the imine (45) leads to (46) only since elimination of HF
is impossible, however, compound (47) gives monosubstitution and

elimination of HF to give (48)°0 on reaction with methanol.




CF4 CoHsOH  CFs 028
~C=NF —— C-NHF
-~ -~
CF3 Et3N CFy
(45) (46)
CFy _ CHsoH |cFy M€ -HF CF3_
C=NF — SC-NHF | — ~ C=NF
F F MeO
(47) (48)

Compounds containing the C=NR group (R = phenyl, substituted phenyl)
react with alcohols but conditions are more harsh since the electron
donating effect of the phenyl substituent renders the C=N bond less
reactive towards nucleophiles.>!

KOH _NHR
(CF3),C=NR  ——— (CF3)2C\\ (20-51%)

BOILING OMe
MeOH

The reaction of perfluoro-l-azacyclohex-l-ene (38) with nucleophiles
is interesting since loss of fluorine from both C2 and C6 sites occurs,
indeed, addition of an excess of sodium methoxide or phenoxide to

(38) leads to trisubstitution,%2,53

F NaOR .
— RO
X RO —~~0R
N N
(38)
(R = Me, Ph)

Monosubstitution can be achieved under mild conditions with a

1 molar proportion of a suitable nucleophile and reaction of

25
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sodium pentachlorophenoxide or sodium bistrifluoromethylnitroxide

with (38) yields the imidic esters (49) and (50) respectively.52

F (49) (79%)
NaOCgCl1
(38) ROOM TEMP.
ROOM TEMP. F (50) (70%)

N/ ON(CF3)»

An interesting example of elimination of fluorine from the C6 position
only occurs when the substituted azacyclohexene (51) is reacted with
sodium methoxide or caesium bistrifluoromethylnitroxide giving
compounds (52) and (53) respectively.S“ Further reaction of (52)

with an excess of methanol provides the piperidine derivative (54).

MeOH
F N F
MeO F MeO OMe
Fal o\ 7 CF3~ g~ ~CF3
NaOMe H
Room TEMp. (02 (68%) (54) (85%)
P CF
CF3 - 3
F
51
1) ROOM TEMP . (CF3)é§O L cr,
3 N

(53) (93%)
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The reaction of perfluoro-2,5-diazahexa-2,4-diene (16) with nucleophiles
has received much attention. Reaction can occur via standard addition-
elimination or alternatively by internal cyclization giving an

azacyclopropane derivative.

Nu__~NCF3
ADDITION
ELIMINATION F3CN7 F
Nu
%:jiiN‘CF3 Nu F.\Ej::N-CF3
—_—
FsC-N~ F F3C-N“ F
(16) INTERNAL

F
CYCLIZATION Nu—;’w(N'CFa

N—cr,

Products arising from internal cyclization have only been observed
in reactions with lactams®>, in particular piperidine and caprolactam

which react with (16) to give the azacyclopropane derivatives (55)

and (56).
F
/OH CH3CN o -CF3
(16) + _ -
XN -10°C Ce
SNON
/ C:H )/ \CF3
(CH2)n 2J,
n=4 (55) (77%)
n =5 (56) (78%)

In all remaining reactions with alcohols and phenols internal
cyclization does not occur and monosubstituted straight chain products

are obtained in good yields>? ,
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Laocc RO IR
(16) + ROH ——
L
F3CN” F
(65-85%)

(R = Me, Et, Ph, 2,4-CgHsCl,, 4-CgH,Cl, 4-CgH,NO,)

Substitution is achieved at both unsaturated sites in the molecule

when a 2:1 excess of nucleophile is used.%®

L30° - _40°C ROL_NCF
(16) + 2ROH ——
(CH3)2C0 F,CN7 OR

(75-100%)

(R = Me, Et, 2,4-CgHCl,)

2B.2 S Nucleophiles

Reactions of fluorinated aza-alkenes with sulphur nucleophiles
have been less widely exploited, however, the chemistry shows a
parallel with that of oxygen nucleophiles with addition-elimination
being the main mode of reaction. Perfluoro-2-azapropene (5) reacts

with hydrogen sulphide to give trimethylisothiocyanate®7,

H,S ' -2HF
CF3N=CF, —— [ép3y- F%J ——  CF3N=C=$S
-78°C H SH
(5) (60%)

and reaction of (5) with thioethanol and thiophenol proceeds via a

similar addition-elimination mechanism giving (57) and (58)




respectively. >’

EtSH (57) (30%)

0°c
CF 3N=CF, 150°C

(5) PhSH
CF 3N=CFSC6H 5

(58) (44%)

Interestingly, disubstituted products are not observed which indicates
that (57) and (58) are not as susceptible to nucleophilic attack as
their oxygen analogues.

Compounds containing the C=NR group (R = phenyl, substituted phenyl)
also react with thiols>! but conditions, as with corresponding alcohols,
are more harsh and, interestingly, reaction with HSCH,COOH leads to an
internal cyclization with elimination of water giving a novel series

of five-membered heterocyclic compounds.

C,HsSH _NHR

(CF3) ,C=NR —_— (CF3)2C

KOH SC,Hs
HSCH,COOH

Et,N (21-61%)

BOILING BENZENE R o
_NHR
SCH,COOH \.S
(46-85%)

Perfluoro-2,5-diazahexa-2,4-diene (16) will react with thiophenols
to give the corresponding addition elimination products and reaction

of (16) with an equimolar amount of 4-chlorothiophenol gives the
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monosubstituted product (59).5° Disubstitution occurs to give (60)

when a 2:1 excess of 4-chlorothiophenol is used.5®

F_NCF, E_NCF,
= 4-C1C¢H,SH 7
—_—
/ ‘40°C /
FsCN F (CH3),CO0  CFaN” S
(16)
Cl
EXCESS
4-C1CgHySH (59) (82%)
-70°C  Et,0
Cl
S /NCF3
(60) (68%)
o’
CFN S
1

2B.3 N Nucleophiles

Reactions of amines with fluorinated aza-alkenes lead to a variety
of products depending mainly on the nature of the amine. Perfluoro-
2-azapropene (5) reacts with secondary amines to give monosubstituted
or disubstituted products via elimination of HF.“?

XH //F
CF3N=CF, ——  CF3N=C__ (70-72%)

X
(5)

(X = NEt,, NMe,, piperidino, morpholino)




Ry NH _NMey
CF3N=CFNMe, —— CF3N=C (49-51%)
“NR,

(R = Me, Et)

Reactions with primary amines are more interesting since there are now

two hydrogen atoms available for elimination, indeed, compound (5)

reacts with aniline giving almost equimolar amounts of (61) and (62).°8

The formation of the carbodi-imide (62) is easily explained by the
elimination of a second mole of HF from (61).

Et,0
(5) + CgHgNH; ——— CF3N=CF-NHCgHg + CF3-N=C=N-CgHsg

-35°C
(61) (62)

Similar reactions carried out in the presence of KF to facilitate
removal of all available HF lead to the exclusive formation of
carbodi-imides.

Et,0 2KF

(5) + ArNH, ———— CF3N=C=NAT (70-80%)
-35°C

(AI‘ = C6H5-, p-MeO—CGHL,)

The removal of a second mole of HF is more difficult in reactions

with aliphatic amines and further distillation from KF is required

to obtain the carbodi-imides.58

Et,0 KF KF
(5) + RNH ———— CF3N=CFNHR —————— C(CF3-N=C=N-R
-35°C DISTILLATION

(46-72%)

(R = CoHs5, C{CHj3)3, CgH;;, CH»CH=CH,)
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This is probably due to the different influence of alkyl and aryl

groups on the proton elimination.

Reactions of (5) with various aniline derivatives in the presence

of Et3N lead to the formation of dimers and trimers of the carhodi-

imide%9 and compound (5) reacts with 4-methoxyaniline to give the

dimer (63a) (72%), whereas aniline gives the trimer (64a) (67%), and

2,6-dimethylaniline gives a mixture of (63b) and (64b).

(5)

. Ar

ArNH,
_—
THF
Et 4N
20%¢
ArN CF
X 3
||
N—C
FiC” har
(63)
= 4-MeOC¢H,
= 2,6-Me,CcHy

: Ar

CFyN=C=NAT

CF4
ArNQb //N\\ ﬁ;NAr
C C
| |
F3C N\ /N CF4
C
(1
NAT
(64)
: Ar = Ph

: Ar = 2,6—M62C6H3

Elimination of two moles of HF to give carbodi-imides is only possible

with aza-alkenes containing a terminal difluoromethylene group.

Internal fluorinated aza-alkenes react with amines to give substituted

products via the usual addition-elimination reaction which is shown

with perfluoro-4-aza-2,2-dimethylpent-3-ene (65).

CF3N=CFC(CF3)3
(65)

(R

R,NH

Me, Et)

I CF3N=?-C(CF3)3

(52-78%)
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N-Fluoroimines behave differently in their reactions with amines.
Compounds containing a vinylic fluorine atom react as expected, and
compound (47) reacts with ammonia and dimethylamine giving products

due to nucleophilic attack followed by elimination of HF 61

CF3\\ R,NH CF3\\
/,C=NF —_ //C=NF
F -78°C  RyN
(47)
(R = H, Me)

whereas compounds not containing a vinylic fluorine atom eliminate
HF in a different manner leading to some interesting products.
Compound (45) reacts with ammonia and primary amines to give novel

diazacyclopropane derivatives.62

CFj RNH, F,C_NH
~
C=NF — [
Cry” 20°C  F4C NR
(45)

(R = H, Et, Ph)

The proposed mechanism for this involves elimination of HF to give

a nitrene intermediate,

RNH, RNH, _ N-H INSERTION F4C NH
(45) —— (CF3),C-NHF —— (CF3),C-N: - :><::
NHR  -HF NHR F4C NR

A different mode of behaviour is displayed in reactions with
secondary amines, and the reactions of (45) with dimethylamine and

diethylamine lead to the formation of products in which an N-N bond
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is formed.®1:62

CFy_ R,NH
CsNF —— (CF3),C=N-NR,
cry” 20°C
(45)
(R = Me, Et)

This is explained by a similar nitrene formation followed by a

1,2-shift.
R,NH RoNH _1,2-SHIFT
(45) —— (CF3)p(-NHF —— (CF3),C-N: ————— (CF3),C=N-NRy

NR,  -HF NR,

The reaction of perfluoro-l-azacyclohex-l-ene (38) with secondary
amines has been the subject of recent investigation®?, and mono-

substituted products arising from replacement of the imino-fluorine

atom are observed when a two molar proportion of amine is used.

R,NH
F — F
0°C-ROOM TEMP. _
N N NR,
(38) (61-81%)

[R2 = Mez, Etz, (CHZ)ZO(CHZ)Z’ CHz(CH2)3CH2, XPh (X = Me, Et)]

(A two molar proportion of amine is required since HF reacts with
amines to give alkyl ammonium fluorides.)

The reaction of (38) with excess ammonia leads to loss of fluorine
from both C2 and C6 positions, however, this is not observed in reactions

with other amines.




2NH 4
(38) _ F
- 3HF _

© HNFZWN H,

When the corresponding 2,6-disubstituted compound (51) is reacted
with an excess of ammonia elimination of only two moles of HF is

possible and the piperidine derivative (66) is formed.>"

2NH 4
F D
F P _2HF HoN NH,
F3C N CF3 F3C N CFq
H
(51) (66) (84%)

Perfluoro-2,5-diazahexa-2,4-diene (16) reacts with amines to give
the expected addition-elimination products. Diethylamine and
morpholine react with (16) to give the monosubstituted products (67)
and (68) respectively.55

Me,NH — MeyN_ NCFj
CF3N=CFCF=NCF; —— ~

Et20 //
(16) -40°C F3CN F
N\ )

Et,0 (67) (75%)
-4ooc\UH

O/’\\W

L\\//ﬁ:jfiNCF3

F3CN” F

(68) (87%)
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Reaction of (16) with an excess of amine leads to reaction at the

second unsaturated site giving disubstituted products>®.

R,N NCF
R, NH 2N 3
(16) —
-30 - -70°C
Et20 F1CN~~ NR,
(85-100%)
R.NH2 [R2 = H2, Mez, (CHZ)ZO(CHz)Z]
-90°C
Et,0
i
R-N NCF4
/
F3CN~” "N-R
i

(65-85%) (R = Ph, Me)

The reactions of (16) with nucleophiles having electronic peculiarities
are particularly interesting®3, and the novel bis-tetrazole (69) is

formed when (16) is reacted with sodium azide.

(- NER: NN
NaN; <gL ;ﬁ Ny K\\ §-CF3
(16) ——ob F NCF3 > > ><
e
_F3CN/ | N—/N
(69)

The reaction of (16) with isonitriles is even more interesting since
this leads to compound (70) which is formed without elimination of

HF.
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B + 7] .
RN=C = _ [
- ks b NCF e RN=C_NCFy
F Z
(16) —— > —
ROOM
TEMP. F4CN” F | F4CN~  C=NR
L 3
[R = (CHj)4C, 2,6-MeCgHj, cyclohexyl] (70) (51-61%)

2B.4 C Nucleophiles

Reactions of fluorinated aza-alkenes with carbon nucleophiles have
not been well exploited, however, the heptafluoroisopropyl anion,
prepared from hexafluoropropene and fluoride ion, has been used to
obtain the substituted azacyclohexene (71) from perfluoro-1l-aza-

cyclohex-1-ene (38).6%

C3Fg
F —_— F
— CsF _
N [C3F7 ]
(38) (71)

In general this is not a good method since many fluorinated aza-alkenes
and dienes readily oligomerize in the presence of fluoride ion

(see Section 2C).

2B.5 Bifunctional nucleophiles

The reaction of perfluoro-2,5-diazahexa-2,4-diene (16) with
bifunctional nucleophiles has been thoroughly investigated®5-63
since many of the products formed have been found useful as fungicides
and insecticides. In view of the virtually unlimited number of
bifunctional nucleophiles, an arbitrary break down into three groups

is necessary. An example of each type of reaction is given.




1) Urea derivatives react readily with (16) to form heterocyclic

ring systems with two hetero atoms.

Ry R1
‘//NH F //NCFa -2HF N //NCF3
0=L\\ + —> 0=C ~
NH F~ XINCF, N NCF,
kz R2
(16)
This is illustrated by the reaction of the urea derivative (72) with

(16) to give imidazolone derivative (73).

NH F._ _NCF
~ 3
0=C + :Iff

BENZENE //N //NCF3

o o X
N ~

NaF N NCF 4

“SNH F” XINCF, \
C,Hs REFLUX C,oHe
(72) (16) (73)

2) Thiourea derivatives react with (16) through their

to produce heterocyclic ring systems with two different hetero atoms.

Z-H SH F~_NCF; -2HF
- 3
$=C ~ z=¢” + :]zz — Z=C
N-H “NH F~NINCF,
Ry R
(16)
(2 = 0, NR)

isomeric form

SNTONINCE,

Ry

The reaction of diphenylthiourea with (16) to give (74) is a good

example of this reaction.
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_SH F~(~NCF3 ACETONE J/S _— NCF3
N=C__ + —_— N= t:l:;;
NH F” "X NCF4 NaF N NCF4
ROOM
TEMP.

(16) (74) (85%)

3) Amidines react with (16) through their isomeric form giving various

polycyclic products.

Z/-\ Z/‘\ Z/\
K\_ N \\\ N-H F\ NCF3 -2HF \ N NCF
€7 = s ij — \c/'ijgi
N-

NH, H F~ NCF,4 Y NCF4

(16)

An example of this is given by the reaction of (16) with 2-amino-

benzothiazole (75) to give the tri-cyclic compound (76).

S\\rg,NH S\WC;N ~~NCF3
NH ;
“_—;:I;;NCF3
(75)

. CH4CN (76)(92%)
[+
F NCF4 NaF 0°C
X
F -~ SNCF,q

(16)
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A different mode of reaction is shown when the stereochemistry
of the bifunctional nucleophile is not ideal for internal cyclization®>,
for example hexan-1,6-diol reacts with two moles of (16) to give

compound (75a).

ACETONE F /)CF3F3CN\\ F
(16) + HO(CHp)gOH ——
NaF

=
_apoc  F3CNT TO(CH,) 607 SNCF

(75a) (82%)

An interesting example of this is provided by the reaction of
perfluoro-2-azapropene (5) with the pyrazine derivative (76a) to give

compound (77) .49

CFgN=CF, + HN NH — F3CN=CFN NCF=NCF 4

(5) (76a) (77) (30%)

Interestingly, a variation on the reaction of perfluoro-2,5-diaza-
hexa-2,4-diene (16) with bifunctional nucleophiles occurs when .two
different nucleophiles are used. This type of reaction has been well

exploited®” and can be generalized in the following sequence:

1 1
F::Echpa R X:]ijCF3 Ry RV NCF
—_—— _—
Faon> N HF g ien®E HE L onZ yR?
(16)

(X =0,S, NR¥) (Y = 0, S, NR%)



An example of this is provided by the 'one pot' reaction of (16) with

ethanol followed by dimethylamine to give the disubstituted product

(78) .
C,HsOH
IN ACETONE |C2MSON NCF3 | oy nn CollsO~ NCFs
_;’gfc F3CNZ F F3CNT TN(CH3),

(78) (68%)

2C REACTIONS WITH FLUORIDE ION

The fluorinated diazadienes (12), (32), (79), and (35) (see
Section 1A.7 for synthesis) readily isomerize in the presence of
alkali metal fluorides to give the corresponding internally

unsaturated compounds. 39

F
CF,=NCF,N=CF, —_— CF3N=C=NCF,
(12) i
F
CF,=NCF,CF,N=CF, — CF3N=CFCF=CF,4
(32) )
F
CF,NCF,CF(CF3)N=CF, ~ —— CF3N=CFC(CF3)=NCF;
(79) )
F
CF,NCF(CF3)CF(CF3)N=CFy —— CF3N=C(CF4)C(CF4)=NCF,
(35)

This was thought to occur via an SNZ' mechanism involving initial
attack by fluoride ion leading to a nitranion intermediate.

Perfluoro-2,5-diazahexa-2,4-diene (16) shows isomerization and
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dimerization in the presence of fluoride ion in sulpholane?!l, 38
according to scheme 1. Compound (16) reacts either directly with
fluoride ion to give the anion (80) which further reacts with (16)
followed by intramolecular cyclization to give (82), or via its
isomeric form (32) which internally cyclizes to the anion (84) which
on elimination of fluoride ion gives the diazacyclopentenes (33) and
(34) . Further reaction of (84) with (33) leads to the dimer (86), and
the proportion of each product in the mixture depends upon reaction
conditions. Although none of the nitranion intermediates could be
observed, various trapping experiments have proved successful,
indeed the extremely electrophilic hexafluoroacetone reacts with
(80) followed by internal cyclization to give the novel heterocyclic

compound (87).

_ - _
i CF, CFy FFs
| ~
) . N —C—CFs
F
(16) —— F2 T2 | ot 0-
FaoN ¢!
. L N
(80) -
-F
cF, CFy
N CFj
F, 0
NCF

(87)




N
|
CF,4 (81)

T (16)

CF,

| E- F NCF3

N- =
— F3CN®=~ S F

(80) - (16)
N/CF3 N/CF3
F — F
(34) (84)
(33)
N
. ~CFa FaCs
“
(33)
F4C

SCHEME 1
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The less electrophilic cyanuric fluoride reacts with the nitranion

(84) to give the triazine derivatives (88) and (89).

_CFy
N
3y
N

(84)

(16) -—— (32) — (83 —

F
o O o
x P AN P I
N ¢ N N E + N N - N-CF;4

(88) (89)

There are examples of more stable nitranions which can be observed by
n.m.r. spectrometry. The bistrifluoromethylaza anion, (CF3)2N- (90),
prepared from perfluoro-2-azapropene (5) and CsF in acetonitrile, is
reported to show a broad singlet at 112.2 p.p.m. (CFClj reference).’?
The reactivity of (90) as a nucleophile has been demonstrated in
various trapping experiments’0, and substitution of bromine occurs with
ethyl bromoacetate and allyl bromide .

CsF BrCH,CO0C,Hg 0

- P
CFyN=CF, ——— (CF3),N > (CF3),NCH,C~ (45%)
s) CH4CN S0C,Hs

(90)
\\\\ BrCH,CH=CH,
(CF3)2NCH2CH=CH2 (43%)

All three chlorine atoms are replaced when (90) is reacted with

cyanuric chloride.’0




CF3N=CF, N(Cr3)2
N//A\\N CH,CN <::>
Lé;;;J CsE (CF3)2N/L\ JI\N(CF3)2
(62%)

The aza-anion (90) is also very reactive towards fluoroalkenes, and

reaction with perfluorocyclobutene gives the disubstituted product

(91).
CsF
F — F
DIGLYME
N(CF3),

(91) (82%)

More recently (90) has been isolated as a stable salt from the reaction

of bis(trifluoromethyl)amine with triethylamine.’!

(CF3) ,NH + EtsN — (CFy),N NHEt,

An interesting reaction between perfluoro-4-aza-2,2-dimethylpent-
3-ene and CsF has been reported®? to give the anion (90) together
with the perfluoro tertiary butyl carbanion (92) which are trapped
with PhCH,Br.
CsF i PhCH,Br
CF4N=CFC(CF3), —— | (CF3),N (90) ——— PhCH,N(CF3), (52

+ (CF3)5C” (92) + PhCH,C(CF3)3 (39

The reaction of perfluoro-l-azacyclohex-l-ene (38) with caesium

fluoride in acetonitrile has been reported to give the perfluoro-l-aza-

45
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cyclohexyl anion (93)72, which can be observed by n.m.r. spectroscopy
and shows broad signals at 66.1, 129.4, and 133.3 p.p.m. (CFCl,
reference). The anion (93) seems to be a remarkably stable species
since an appreciable amount of dimerization occurs only after a
number of days which is in contrast to the more rapid dimerization

of perfluoro-2-azapropene (5).73 Trapping of (93) with methyl iodide

gives the N-methyl derivative (94a).

CsF
CH4CN
F — F
20°C
N N
(93)
20 DAYS
Mel \\\\\
X//// « ROOM TEMP.
F F
A i
T N N F
CHs (13%)

(94a) (69%)

2D MISCELLANEQUS

2D.1 Cycloadditions of hexafluoroacetone-azine

Due to the structure of the molecule and the electron withdrawing
effect of the trifluoromethyl groups, hexafluoroacetone azine (9)
(see section 1A.5 for synthesis) would be expected to undergo
cycloaddition reactions with electron rich alkenes and alkynes.
Compound (9) reacts with numerous electron rich and electron deficient

74-82

alkenes and alkynes , and in view of the virtually unlimited

number of possibilities it is necessary to present a general reaction
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reaction scheme. This is shown in scheme 2.

Compound (9) will react with an alkene to give the 1,3-dipolar
imine (94) which can be reacted with the same alkene to give (96),
a different alkene to give (97), or an alkyne to give (98).
Similarly (9) will react with an alkyne to give the eneimine (95)
which can be reacted with the same alkyne to give (99), a different
alkyne to give (100), or an alkene to give (101). The reaction .is
described as a '"criss-cross'" cycloaddition [(1,3-2,4)-addition] and has
been shown to occur via two (3 + 2)-cycloadditions since the
intermediate 1,3-dipolar imines (94) and (95) can in many cases be
isolated.”’’ The reaction is a versatile one since alkenes and alkynes
containing a wide range of functional groups can be used, and this
is illustrated by the reaction of (9) with l-ethoxypropyne followed

by reaction with the dimethyl ester (102) to give (103).

F3C__ H4C-C=C-0C,Hs N
=N _CF3 HEXANE - '/ ’
F4C N=C_ 3 '
CF4 ROOM TEMP. - -
(9) 3% CF,4
H5C,0  CF4 CF, ‘////ﬁggéozc—CEC-COZCH3
N
o</ | €O, CH (102)
3 / 24-13
N
F3C CF,4 CO,CH 3

(103) (52%)

An interesting application of this reaction is in the synthesis of
the aromatic pyrazole derivatives (104) from the reduction of the

intermediates (95) by reaction with lithium aluminium hydride




R!
- CF3

R N-

N

R )

N CF3

RZ // | +

F3C 7 “CFy
(95)

R1-=-R2

R3_E-RH
R ——a
R® R6

SCHEME 2

CFy
R3 N RS
] 6 (97
RY N~ R
R R CF,
R3 N
o L )R (98)
Fq Fj

Q\N .
=" | % (o)

CFy
R1 CFj
\ CF3
N
R2—(7/ | R3 (100)
N 7
F4C
CFj R"

(101)




followed by pyrolysis,83
CF
3 ]
R! N/J R
I~
VR CF3  LialH, o CHOCR)
l R
R _—
- NH
F.C F,C
3 3
CF, CF3 \\\éx
~CFH

(95)

R2
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Rl
4i;:r\‘scmcr
CF4

(104)

A novel route to pyrazole derivatives has been found via the reaction

of ethoxyalkynes with hexafluoroacetone azine (9) to give (105),

which on standing at room temperature isomerize to give pyrazole

derivatives (106).8%

CF,
) EtO _~CF,
RC=COEt // 'y 1-2 DAYS
o) — R ROOM TEMP.
\ .
F4C CF,
(105)

(R = H, Me)

R OLt

¥-C(CF3)
—N
CF4

(106) (52-87%)

An interesting feature of the reaction is that formation of (106)

from (105) must involve a 1,4-migration of a trifluoromethyl group.




50

2D.2 Reactions with diazomethane

The dipolar addition of diazoalkanes to suitably activated alkenes
has been well established in the hydrocarbon field for many years,842
Dipolar addition to fluoroalkenes has received little attention and
there are few examples of addition to fluorinated aza-alkenes.

Hexafluoroacetone azine (9) reacts with CH,N, to give the N,N'-
bicyclic triazoline (107), however, the intermediate 1:1 adduct is

not isolated.®8°

CH,N, CF; CFq
CF3 CF3 Etzo H /CF3
>;N_N<< - H N-N=C_
CF4 CF3  ROOM N=—/N CF3
TEMP.
(9)
K//fthz
H H
H 7__ﬁij>ﬁ{
N =N

F3C CF4
(107) (48%)

Reactions with other fluorinated aza alkenes have proved more complex.86
The 2-azahex-2-ene derivative (108) reacts with CHyN, to give the
azacyclopropane derivative (110) via an elimination of nitrogen from

the intermediate (109).

N
CHzNz -~ ~
-

Et,0
CF3N=CFCF,CHFCF, —_— CF 3N——CFCF,CHFCF4
0°C
(108) (109)

|
CH
/\?

(110)
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However, reaction of the octafluoro-2-azahexa-2,4-diene (111) with
diazomethane is more complex; an azacyclopropane derivative (116) is

the major product and this is accompanied by the corresponding derivative
(115) but now containing a CH,F group (ratio 71:29); This apparent CH,
insertion into a C-F bond has been explained by a 1,2-fluorine shift

with elimination of nitrogen from the intermediate (112) to give (113),
which further reacts with CH,N, giving (115) via elimination of nitrogen
from (114) (see Scheme 3).

Perfluoro-2-azahex-2-ene (117) reacts with diazomethane giving three
compounds, (118), (119}, and (120),'showing that all three types of
reaction are taking place (see Scheme 4).

Inter;stingly, the reaction of perfluoro-l-azacyclohex-1-enc (38)

with diazomethane gives products due to elimination of N, (121) and

HF (122) (ratio 1:10) only and no product formed by a CH, insertion is

observed.
CH,N,
F —_—_—
~
N N ,;HZ

(121) (122)




(111)

CH,
/7 N\
F3CN — CFCF=CHCF;

(116)

CH
//\?//CHZF
CFaN—C
™ CF=CHCF;

(115)

Et,0

0°C

-N2

SCHEME 3

N
/2N
N7 T CH,

\ /
CF3N — CFCF=CHCF4

——

(112)

1,2-SHIFT
-N,

?HZF
CF3N=C-CF=CHCF 4

(113)
lCHzNz

/N\
N/ CH,

o/
CF3N — C-CP=CHCF
CH,F

(114)
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CH,N,
Et20
CF3N=CF(CF,),CF3 _—
0°C
(117)
[(118):(119):(120) = 6:2:1]

SCHEME 4

CH,
N
CF3N—CF(CFy) ,CFy

(118)

N
72N
N7 T cH,

\ /
CF3N— CF(CF,),CFy

(119)
+
CH .
/\Z/CH2F
CF3N—C
(CF2) 2CF3
(120)
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2D.3 Organometallics

Reactions of fluorinated aza-alkenes with organometallic compounds
have not been well investigated. The synthetic use of perfluoro-
isopropenylimino lithium (123), prepared from n-butyllithium und

perfluoroisopropylimine (8)87, has however been demonstrated.

nBuLi + (CF3),C=NH — nBuH + (CF4),C=NLi

(8) (123)

The majority of the chemistry of (123) has been concerned with exchange
reactions with various inorganic halides88,89  however some interesting

compounds containing N=S have been prepared.??

/
\\\\\\\\\\*

(CF3) ,SF, (CF3),CFN=S(CF3),

(123)

+ (CF3) ,C=NC(CF3) ;N=S(CF3),

The reaction of (123) with fluorinated acid chlorides has provided a

route to fluorinated aza-alkenes containing a carbonyl group.?!

RCOCI Q
(123)  ———  (CF3),C=N-C-R,
-196°C

(Rp = CF3, CyFs)

More recently the reaction of fluorinated aza-alkenes with Grignard

reagents has been described?zPerfluoro-Z—azapropene {5) reacts with
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phenyl magnesium bromide to give the substituted aza-alkene (124).

PhMgBr _F
CF3N=CF; —————  CF3N=C__
Et,0 Ph
-70--20°C
(5) (124) (50%)

Under similar conditions the reaction of (5) with propyl and butyl
magnesium bromides gave only the hydrolysis product of the intermediate
substituted aza-alkene.

RMgBT H20
(5) —— [CF3N=CFR] —— CF3NHCOR

(78-80%)

(R = Pr, Bu)

An interesting example of the use of a mercury derivative is in the
reaction of perfluoro-l-azacyclohex-1l-ene (38) with mercury(Il)bis-
trifluoromethylnitroxide to give the mono- and di-substituted products

(50) and (125).

[(CF3)2NO]2Hg
F - F
~ SEALED TUBE //
N ROOM TEMP . N ON(CF3)
(38) (50) (59%)
* F F
P
(CF4) ,NO N ON(CF3),

(125} (6%)
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2D.4 Stereochemistry

Stereochemistry about the C=N bond in fluorinated aza-alkenes has
been the subject of much discussion.?3-%6 Studies by n.m.r. spectroscopy
have shown that compounds of the type CF2=NRF (RF = branched perfluoro-
alkyl) show separate fluorine signals at low temperatures which, on
warming, merge into a single broad signal due to rapid isomerization
about the C=N bond. Perfluoro-2-aza-3-methylbut-l-ene (126) shows an

AB type pattern in its e nim.r. spectrum at -42°C which collapses

into a single broad peak on warming®“ consistent with rapid isomerization.

F 63 kJ/mol  F i
mo

el _CFy SeaNT Scry

7 CF F

(126)

(The barrier to inversion estimated from the variation of peak widths

with temperature.)

In contrast to these branched systems, compounds of the type F2C=NRF
(RF = n-perfluoroalkyl) do not display rapid isomerization at room
temperature.®® The heptafluoroisopropyl imine of hexafluoroacetone (127)
has been of particular interest because of the low barrier to inversion
(54 + 12 kJ mot1).23 It has been suggested that steric effects alone

cannot account for this and a linear transition state stabilized by

negative hyperconjugation has been proposed.?’




FsC CF,
CF3 C=N-C-F
FsC_CF F4C CF, F4C
c=N" TF; = 1 = C=N_  CFy4
F4C F3C SCF
FsC_ , CF3 _ CFy
(127) C=R=C F
F3C CFy
L |

This has led to a study of various N-fluoroalkyl and N-alkyl
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imines of

the type (CF3),C=NR [R = CF(CF3),, CH(CF3),, CC1(CF3),, CHs, CH(CH3),,

C(CH3) 3], the calculated barriers to inversion of which have been found

to be more consistent with steric interactions than negative hvper-

conjugation.98




DISCUSSION
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CHAPTER 3

SYNTHESIS OF PERFLUORO-AZA- AND -DIAZA-CYCLOHEXADIENE DERIVATIVES

BY COBALT TRIFLUORIDE FLUORINATION

3A  INTRODUCTION

In this chapter the fluorination of a series of perfluoroalkyl-
pyridine, -pyrimidine, -pyrazine, and -pyridazine derivatives is described.
For comparative purposes the fluorination of various perfluorotoluene
derivatives is also described.

Precursors were prepared from alkylation reactions between the
appropriate parent aromatic compound and hexafluoropropene in the
presence of fluoride ion using an atmospheric pressure static gas
system developed by workers at this®3,100 and other!0! laboratories.

Fluorinations were carried out using cobalt trifluoride containing
calcium fluoride in order to moderate the reactivity and it is possible
that calcium tetrafluorocobaltate is formed in the system, since formation
of similar salts and their use as fluorinating agents has been demon-
strated. 102,103

The proposed mechanism for fluorinations of this type involves a
series of radical-cation intermediates (see Section 1B.4) and is
well described in the literature.“® In general the nature of the
products described in this chapter are consistent with this type of

mechanism.




3B PYRIDINE DERIVATIVES

3B.1 Fluorination of perfluoro-4-isopropylpyridine

Fluorination of perfluoro-4-isopropylpyridine (128) with a 1:1
mixture of CoF; and CaF, at 118°C gave a complex mixture of products
with two major components identified as perfluoro-l-aza-4-isopropyl-
cyclohexa-1,3-diene (129) and perfluoro-1-aza-4-isopropylcyclohexa-

1,4-diene (130) from their n.m.r. spectra.

J = 20 Hz J = 26 Hz
CoF3/CaF, )
O e oy oy
118°C
s ~
N N F N F
(128) (129) (60%) (130)(18%)

Compound (129) showed a signal at 52.5 p.p.m. (Int. 1), characteristic
of an imino (-CF=N-) fluorine"“®, which was strongly coupled (J = 20 Hz)
with a signal at 107.2 p.p.m. (Int. 1), characteristic of a vinylic
fluofine. The‘structure of (130) was deduced on the basis of a

triplet (J = 26 Hz) at 57.8 p.p.m. (Int. 1) (-CF=N-) due to coupling
with an adjacent -CF,- group. The i.r. spectra of (129) and {130)

showed both compounds to contain two unsaturated sites. Remaining
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n.m.r. and other spectroscopic data agreed with the assigned structures.

A third component was obtained from a mixture of the minor
components collected from a series of similar reactions and was

identified as perfluoro-1-aza-4-isopropylcyclohex-1-ene (131).

(131)
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The n.m.r. spectrum of (131) showed a signal at 55.9 p.p.m. (Int. 1)
and three AB type signals characteristic of CF, groups with
non-equivalent fluorine atoms. The presence of signals at 18}1.3
(Int. 1) and 184.3 (Int. 1) p.p.m.. characteristic of 'tertiary'
fluorine atoms confirmed this structure.
The formation of dienes as the major products is in contrast to
the fluorination of pentafluoropyridine“®, where a 1,3-dienc is
formed as a minor product and only under conditions of heavy CoFgq
depletion. This is understandable since the replacement of fluorine
by a perfluoroalkyl group would be expected to influence stability
in such a way as to make the intermediate dienes more easily isolated.
It is interesting that a diene corresponding to the structure (132)

was not observed although there is no reason to suggest any inherent

(132)

difference in stability between the skeletal structures of (129) and
{132), therefore the absence of (132) must be attributed to the effect
of fluorine., It is well established!0%,105 that an isomer having
fluorine attached to an olefinic centre is less stable than isomers

of the same compound, having only perfluoroalkyl groups attached to
the centre, due to electron pair repulsions involving non-bonding

electron pairs on fluorine and n-electrons.




Isomer (132) has three vinylic fluorine atoms and, therefore, would
be expected to be of higher energy than (129) and (130) which contain

only two such fluorine atoms.

3B.2 Fluorination of perfluoro-2,4-di-isopropylpyridine

Fluorination of perfluoro-2,4-di-isopropylpyridine (133) at 118°C
gave an inseparable mixture of perfluoro-1-aza-2,4-di-isopropyl-
cyclohexa-1,3-diene (134) and perfluoro-l-aza-2,4-di-isopropylcyclo-
hexa-1,4-diene (135) but, surprisingly, these were accompanied by
perfluoro-1-aza-2,4-di-isopropylcyclohex-1-ene (136) as the major
product. Fluorination of (133) at 170°C gave an excellent yield of
(136) only.

J = 7 Hz J = 26 Hz

CoFg/CaF, \\\\ \\\\
QL e CCL -
o

N N N
(133) (134) (26%) (135)(26%)
F
=
N

(136) (45%)

COF3/CaF2

(133) W (136) (89%)
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The structure of (136) followed from its n.m.r. spectrum; signals at
72.3 (Int. 6) and (76.1) (Int. 6) p.p.m. showed the presence of two
perfluoroisopropyl groups and signals at 179.6 (Int. 1), 183.2 (Int. 1),
and 191.0 (Int. 1) p.p.m. were characteristic of 'tertiary' fluorine
atoms. The remaining three AB type signals between 90.8 and 130.2 p.p.m.
confirmed the structure. Signals in the n.m.r. spectrum of (134) and
(135) were more difficult to assign. Four multiplets, each of intensity
6, in the region 75 to 78 p.p.m., together with four 'tertiary'
fluorine signals between 184 and 192 p.p.m. indicated the presence of
four perfluoroisopropyl groups. The absence of signals in the low
field region of the spectrum indicated that there were no imino
fluorine atoms present. A doublet (J = 26 Hz) at 91.1 p.p.m. (Int. 2)
was assigned to the 1,4-diene (135) since the fine structure
indicated coupling to an adjacent vinylic fluorine atom. Similarly a
triplet (J = 7 Hz) at 110.1 p.p.m. (Int. 2) was assigned to the
1,3-diene (134) since the fine structure indicated coupling to an
adjacent CF, group. Signals at 101.2 (Int. 1) and 103.0 (Int. 1) p.p.m.
were indicative of two vinylic fluorine atoms but could not be
unambiguously assigned due to lack of fine structure. The infrared
spectrum of the mixture showed absorptions at 1642, 1688, 1718, and
1740 cm-! showing the presence of two compounds each containing two
unsaturated sites. |

The absence of an isomer of type (132) is further evidence of the
stability gained by having a perfluoroisopropyl group, rather than
a fluorine atom, attached to an olefinic centre.

The 1:1 ratio of (134) and (135) produced in this reaction is
in contrast with the ratio of dienes produced from the fluorination

of perfluoro-4-isopropylpyridine (128) where the 1,3-diene is the
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major isomer and it is not immediately clear why this should occur.
It is possible that the reaction may simply involve kinetic, rather

than thermodynamic, control.

3B.3 Fluorination of perfluoro-2,4,5-tri-isopropylpyridine

Reaction of perfluoro-2,4,5-tri-isopropylpyridine (137) over CoF;/CaF,
at 138°C gave one major product identified as perfluoro-l-aza-
2,4,5-tri-isopropylcyclohexa-1,4-diene (138). This is understandable
on the basis of stability influences already discussed i.e. compound
(138) contains no vinylic fluorine atoms and would therefore be

expected to be the most stable isomer.

CoF3/CaF,
Q g
138°C

N

(137) (138)(62%)

The n.m.r. spectrum of (138) was complex and indicated a 2:1 ratio

of rotational isomers at room temperature.

JAB = 176 Hz J = 58 Hz
CFy .CFy4
(P Coa i
FC F3' 0
FsC._ / NCE, WEETIE
o [0
F3C{ e F2 / ~ F2
F
~
Fa NN NCR(CFy) 5 W FaNN TSR (cry),
J = 75 Hz
(138a) (138b)

2:1 at room temperature

—
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The structures were assigned on the basis of coupling constants of
the 'tertiary' fluorine atoms attached to the two adjacent
perfluoroisopropyl groups. A high field AB type signal centred at

159.6 and 164.7 p.p.m. = 176 Hz) indicated the presence of two

(JAB
strongly interacting 'tertiary' fluorine atoms and was assigned to
structure (138a), whereas a triplet at 161.8 p.p.m. (coupling with
CF,) and a septet at 170.9 p.p.m. (coupling with CF(CF3},) were
assigned to the 'tertiary' fluorine atoms of structure (138b). A
broad signal at 67.9 p.p.m. (Int. 2) indicated the presence of a
CF, group adjacent to nitrogen and the remaining CF, group was
observed as two separate signals at 98.9 and 99.9 p.p.m. (total
intensity 2).

The presence of rotational isomers of (138) is not surprising
as steric interactions between perfluoroisopropyl groups attached

to positions C4 and C5 must be considerable, indeed, the parent

compound (137) has also been shown to display rotational isomerism.106

3B.4 Fluorination of perfluoro-2,4,6-tri-isopropylpyridine

Fluorination of perfluoro-2,4,6-tri-isopropylpyridine (139) at
145°C gave a complex mixture of products from which no single
compound could be isolated, however, a study by g.l.c.-m.s. indicated
that the mixture contained a mono-ene derivative (M+ = 695) and

several diene derivatives (M+ = 657).
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CoFy/CaF, Complex mixture containing
— mono-ene and various dienes
142°C
- —
~
F | F
N~ N
.
(140) {141) {142)

It is likely that all three dienes (140), (141), and (142) were present
since each contains one vinylic fluorine atom and therefore, on the
basis of stability influences already discussed, have very little

difference in stability.

3C PYRIMIDINE DERIVATIVES

3C.1 Fluorination of perfluoro-4,6-di-isopropylpyrimidine

Fluorination of perfluoro-4,6-di-isopropylpyrimidine (143) at
172°C gave an excellent yield of perfluoro-1,3-diaza-4,6-di-isopropyl-

cyclohexa-3,6-diene (144).

COF3/C3F2
Ol e 7
~_" ‘\\//N
(143) (144)(83%)

The structure of (144) followed simply from its n.m.r. spectrum. A
sharp singletat 73.2 p.p.m. (Int. 2) was assigned to the CF, group
adjacent to both nitrogen atoms. The remaining CF, group appeared

as a triplet (J = 30 Hz) indicating coupling to two equivalent
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fluorine atoms and, interestingly, the same coupling constant was
shown by a signal at 193.5 p.p.m. (Int. 2) attributable to two
equivalent 'tertiary' fluorine atoms.

The exclusive formation of (144) provides further evidence for
the preference of a perfluoroalkyl group, rather than a fluorine
atom, attached to an olefinic centre.

The reaction is interesting because of the striking difference
in the nature of the product formed i.e. (144), in comparison with
the dimer (42), which is obtained from the fluorination of the parent

compound tetrafluoropyrimidine (145).%6

C0F3/CaF2
@ NG

NN Ny N—N 2N
(145) (42)

The difference can be accounted for by a consideration of the nature

of the radical cation intermediates (146) and (147).

-le \\~N +  F N COUPLING
(145) —— | F — | F — % (42)
CoFgq NCJ N/J

(146)

+ ~
“le Xy, R Xy +F
(143) —— | — F — s (144)
COF3 N%‘ \N) . [COFa]‘

(147)




Transfer of fluoride ion to the radical cation intermediate (146)
can occur at a position para to nitrogen leading to coupling through
nitrogen-stabilized delocalized radicals. However, transfer of
fluoride ion to the radical cation (147) at a position para to
nitrogen is obviously inhibited by perfluoroisopropyl groups, there-

fore transfer meta to nitrogen is more likely.

3C.2 Fluorination of perfluoro-2,4,6-tri-isopropylpyrimidine

Fluorination of perfluoro-2,4,6-tri-isopropylpyrimidine (148) at
183°C gave only one major product identified as perfluoro-1,3-diaza-

2,4,6-tri-isopropylcyclohexa-3,6-diene (149).

COF3/CaF2
() — = e
NT:I:/N 183°C NT:I:,N

(148) (149) (63%)

The structure of (149) was obvious from its n.m.r. spectrum which
showed remarkable similarity to that of the di-isopropyl derivative
(144). Signals at 76.5 (Int. 12), 110.6 (Int. 2), and 191.7 (Int. 2)
p.p.m. indicated the presence of two equivalent perfluoroisopropyl
groups and a CF, group and signals at 73.7 (Int. 6) and 184.7
(Int. 1) p.p.m. confirmed a third perfluoroisopropyl group. The
remaining 'tertiary' fluorine atom was observed at 113.0 p.p.m.
which at first sight seems at very low field, however, this can be
attributed to the presence of two adjacent nitrogen atoms.

The exclusive formation of (149) is interesting since a 1,3-diene

of the type (150) should now be possible as neither (149) nor (150)
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have fluorine atoms attached to an unsaturated site.

B n
/J\Tr/;\\T/L\ not observed
N_. _~N
X
(150)

This striking selectivity, therefore, reveals another factor which
almost certainly governs the choice between these two isomers.
Isomer (150) would have severe eclipsing interactions which are

obviously minimized in isomer (149).

3D PYRAZINE DERIVATIVES

3D.1 Fluorination of perfluoro-2,5-di-isopropylpyrazine

Reaction of perfluoro-2,5-di-isopropylpyrazine (151) over
CoF3/CaF, at 156°C gave perfluoro-1,4-diaza-2,5-di-isopropylcyclo-

hexa-1,4-diene (152) exclusively.

N N

CoF,/CaF, =
Ol e F
< 156°C Pz
(151) (152) (87%)

The n.m.r. spectrum of (152) was simple showing only three signals. A
triplet (J = 29 Hz) of septets (J = 6 Hz) at 191.7 p.p-m. indicated
tertiary fluorine atoms coupled to both CF, and (CF3), groups and a
doublet (J = 29 Hz) at 88.5 p.p.m. was assigned to ring CF, groups.

A remarkable feature of the spectrum is the complex fine structure

exhibited by the 'tertiary!' fluorine atoms indicating that the
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perfluoroisopropyl groups must be in a fixed position with the CF4
groups orientated towards nitrogen. This phenomenon is not
observed in the majority of the dienes already discussed where
'tertiary' fluorine atoms usually appear as high field broad signals,
however, it is not unknown since the perfluorotri-isopropylpyridine
derivatives (137) and (139) also exhibit this behaviour. 106
The formation of (152) is in contrast with the product formed from
the fluorination of tetrafluoropyrazine itself since this is reported
to vield a 1,3-diene (41).4%
N CoF4/CaF, Z
Ol G
N 80°C \\N

(41)(29%)
The effect of substitutents in the C2 and C5 positions thus provides
further evidence that products which minimize the number of fluorines

directly bonded to an unsaturated site are preferred.

3E PYRIDAZINE DERIVATIVES

3E.1 Fluorination of perfluoro-4,5-di-isopropylpyridazine

Fluorination of perfluoro-4,5-di-isopropylpyridazine (153) showed
a marked contrast to the reactions of related systems.aFour products
were obtained, the formation of which involved loss of nitrogen
from (153). These were identified as perfluoro-2,3-dimethylpentane
(154), perfluoro-2,3,4,5-tetramethylhexane (155), and a mixture of

e1s(156)- and tranc-perfluoro-2,3,4,5-tetramethylhex-3-ene (157).
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N C0F3/CaF2
(:::>l —_— (CF3)2CF$FCF2CF3
N 163°C CFs

(154) (12%)

+ (CFg)ZCF$FCF3
(CF3) ,CFCFCF,4

(155) (9%)

(CFq) ,CF CF(CF3)y  (CF3),CF _ CF3
+ TN + ——
F3C CF4 F,C CE(CF3),
(156) (157)

Inseparable 1:2.5 mixture (53%)

The n.m.r. spectrum of (154) showed a broad signal at 71.9 p.p.m.
(Int. 9) indicating three trifluoromethyl groups in similar chemical
environments. Signals at 82.4 (Int. 3), and 115.1 (Int. 2) p.p.m.,
characteristic of a perfluoroethyl group, and signals at 177.9 (Int. 1)
and 181.8 (Int.l1l) p.p.m., characteristic of two 'tertiary' fluorine
atoms, were in agreement with the proposed structure. The mass
spectrum (M-F = 369) and the absence of absorptions above 1300 cm™!
in the infrared spectrum showed (154) to be a perfluorcheptane
derivative.

The n.m.r. spectrum of (155) showed four signals at 69.0 (Int. 6),
72.1 (Int. 12), 166.6 (Int 2), and 170.3 (Int. 2) p.p.m. in
agreement with the proposed structure, which was confirmed as a
perfluorodecane derivative from its infrared and mass (M-F = 519)
spectra.

Isomers (156) and (157) were inseparable and were characterized

as a mixture. A quartet at 161.4 p.p.m. (J = 50 Hz) was assigned




to the 'tertiary' fluorine atoms of the irans isomer (157) due to the
magnitude of the coupling with adjacent CF; groups, whereas the
'tertiary' fluorine atoms of the c¢is isomer (156) were observed as
a broad signal at 159.3 p.p.m. Signals at 56.6 and 57.6 p.p.m.
(total intensity 6) were assigned to the cts(156) and trans(157)
isomers respectively on intensity grounds. Assignments are supported
by a consideration of stability since the trans isomer (157) should
be the preferred form on stereochemical grounds. Absorptions in the
infrared spectrum at 1725 and 1740 cm~! indicated that two different
unsaturated compounds were present.

The reaction obviously provides a novel synthetic route to some
unusual fluorinated alkenes; indeed the fluorination of perfluoro-
3,5-di-isopropylpyridazine (158) leads to the alkenes (159) and (160)

via a similar loss of nitrogen.107

F_ CF,CF(CF3), (CF3),CF _F

N COF3/CaF2
O e T - X
No 13250 Cryy RN CFy

F CF
/N
(CF3),CF  CFj

(158) (159) (25%) (160) (25%)

It is reasonable to assume the formation of the diene (161) as an
intermediate during the fluorination of (153), since this would be
the preferred isomer on the grounds that it contains no vinylic
fluorine atoms. Thermal elimination of nitrogen from 1,2-diazines

is well known in hydrocarbon chemistryl99,110 and can lead to either
ring opened or cyclic products; therefore loss of nitrogen from (161)

could give the cyclobutene derivative (163), or the diene (162),
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either of which would give compounds (156) and (157) on further

fluorination.
‘ _CF,
COF3 | E lN ‘Nz
B — Y\l —_— ~
~ CF,
(153) (161) (162)
-N
x/;/ x/E;F3
Coy F3C CF(CF3), (CF3),CF Cly
|F o I ' I
F3C CF(CF3), F4C CF(CF3) 5
(163) (156) (1573

3F TOLUENE DERIVATIVES

3F.1 Fluorination of perfluorotoluene

Fluorination of perfluorotoluene (164) at 68°C gave a mixturc containing
one major and three minor components. The major component was identified
as perfluoro-1l-methylcyclohexene (166) and the minor components as
perfluoromethylcyclohexane (165), perfluoro-l-methylcyclohexa-1,3-diene

(167), and perfluoro-1-methylcyclohexa-1,4-diene (168).

CF, Fe~ CF4 CF,
CoF4/CaF,
—_— +
Ol
(164) (165)(11%) (166) (48%)
CFy CF,
~
+ + F
NS

(167) (9%) (168) (15%)
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The structure of (165) was obvious from its n.m.r. spectrum; signals
observed at 71.8 (Int. 3) and 190.8 (Int. 1) were characteristic of a
trifluoromethyl group and a 'tertiary' fluorine atom respectivelyv,

The remainder of the ring CF, groups showed three distinct AB type
signals (4:4:2) between 122 and 145 p.p.m. Similarly the structure

of (166) followed from its n.m.r. spectrum which showed a doublet

(J = 21 Hz) of triplets (J = 8 Hz) (Int. 3) at 61.2 p.p.m., indicating
a CF3 group coupled to both CF, and CF, confirming the position of the
unsaturated site. This is further confirmed by the fact that the
chemical shift occurs at ~10 p.p.m. to lower field than that of the
corresponding CF5 group in the saturated compound (165). A single
absorption at 1710 cm-! in the infrared spectrum showed (166) to contain
only one unsaturated site.

Identification of the dienes (167) and (168) was more difficult.
Both gave six distinct signals in the ratio 3:2:2:1:1:1 in their n.m.r.
spectra but fine structure was complicated and assignments could not
be made on this basis. The fact that both showed two absorptions
between 1680 and 1780 c¢m-! in their infrared spectra and both showed
parent ions at M" = 274 in their mass spectra was enough to eliminate
all structures other than (167) and (168). Structures were finally
assigned on the basis of ultraviolet spectra in which the 1,3-diene
{167) showed a strong absorption (loge = 3.68) at 255 nm, indicating
the presence of conjugation, whereas the 1,4-diene (168) showed a
much weaker absorption (loge = 2.08) at 264 nm.

Interestingly the effect of a trifluoromethyl group attached to the
ring seems to be very similar to the effect of a hetero-atom in the
ring since the reaction is somewhat parallel to thatof pentafluoro-

pyridine, which gives a mono-ene (38) as the major product, together




with a minor amount of the 1,3-diene (40) under mild conditions."“®

O o
N DEPLETED N/
REAGENT

(40) (2%)

(38) (50%)

The formation of a fully saturated derivative (165) from the

fluorination of perfluorotoluene (164) and no saturated derivative

from pentafluoropyridine is understandable since the latter would

involve a relatively weakl!!l N-F bond.

3F.2 Fluorination of perfluoro-4-isopropyltoluene

Reaction of perfluoro-4-isopropyltoluene (169) over CoF;/Cal, at 83°C

gave a mixture containing two minor and two major components. The major

components were identified as perfluoro-1l-methyl-4-isopropylcyclohexa-

1,3-diene (170) and perfluoro-l-methyl-4-isopropylcyclohexa-1,4-diene

(171). Only one of the minor products was isolated and was identified

as perfluoro-l-methyl-4-isopropylcyclohex-3-ene (172).

CF4 CFj
CoFj3/CaF,
—_—

83°C

CF(CF3), CF(CF3) 5

(169) (170)(25%)

CF(CF3),

(172) (10%)

GF4

CF(CF3),

(171)(25%)

CF;

F CF(CFj),

(173) (3%)
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The identification of the dimers (170) and (171) was again difficult.
Both displayed seven distinct signals in the ratio 6:3:2:2:1:1:1 in
their n.m.r. spectra but examination of fine structure gave little
information. Both compounds showed two absorptions between 1670 and
1750 ecm-! in their infrared spectra and each gave a parent ion of

M" = 424 in their mass spectra; information which was enough to exclude
all structures other than (170) and (171). Structures were assigned

on the basis of ultraviolet spectra in which the 1,3-diene (170) showed
a strong absorption (loge = 3.84) at 251 nm indicating conjugation,
whereas the 1,4-diene (171) showed a much weaker absorption (loge = 2.24)
at 275 nm. The structure of the mono-ene (172) followed from its n.m.r.
spectrum. A shift at 73.1 p.p.m. (Int. 3), indicative of a CF3 group
attached at a saturated position, confirmed the location of the double
bond. A broad signal at 106.6 p.p.m. (Int. 1) and three AB type signals
between 100 and 137 p.p.m. showed the presence of a vinylic fluorine
atom and three CF, groups and a multiplet at 188.7 p.p.m. (Int. 1) was
characteristic of a 'tertiary' fluorine atom. The presence of only one
unsaturated site was confirmed by an absorption at 1702 cm-! in the
infrared spectrum. The fourth and most minor component, although not
formally identified, was probably perfluoro-1l-methyl-4-isopropylcyclo-
hex-1-ene (173) since examination of the product mixture by g.l.c.-m.s.
showed a parent ion at M = 462 and a mass spectrum similar to that of the
isomer (172).

In this case the reaction shows a parallel with the fluorination of
perfluoro-4-isopropylpyridine (128) in that dienes are produced as the
ma jor products with mono-enes present in only minor amounts. Moreover,
the preference of perfluoroalkyl groups over fluorine atoms attached to

unsaturated sites is again demonstrated.
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The fact that (172) is formed in preference to its isomer (173) is
probably due to the greater steric barrier presented by the perfluoro-

isopropyl group to addition of a fluorine atom.

3F.3 Fluorination of perfluoro-m-xylene

Perfluoro-m-xylene (174), prepared by defluorination of perfluoro-
1,3-dimethylcyclohexane over heated iron filings!l2, gave one major
component on fluorination at 80°C. This was not unambiguously identified
as spectroscopic data were consistent with either perfluoro-1,3-dimethyl-

cyclohex-1-ene (175) or perfluoro-1,3-dimethylhex-3-ene (176).

F3C CF3 COF3/C8F2 F3C CF3 F3C CF3
- OR
80°C
(174) . (175) (176)
(66%)

The n.m.r. spectrum showed signals at 62.3 (Int. 3) and 74.4 (Int. 3)
p.p.m. indicating the presence of a CF3 group attached to an unsaturated
position and a CF3 group attached to a saturated position; a broad signal
at 176.3 p.p.m. {Int. 1) showed the presence of a 'tertiary' fluorine atom.
A signal at 103.6 p.p.m. (Int. 1) and three AB type signals between 104
and 149 p.p.m. indicated the presence of a vinylic fluorine atom and
three CF, groups respectively. Distinction between either structure
could not be made on the basis of an examination of the fine structure.
An absorption at 1704 cm”! in the infrared spectrum and a parent ion of
M+ = 343 (M-F) in the mass spectrum was consistent with both (175) and
(176).

It is not immediately obvious why dienes are not produced in this
reaction, however, a parallcel does occur in the fluorination of a mixture

of 3- and 1-substituted pyridine derivatives to give the dicene (177)
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and the mono-ene (178).107

N

Ok
S F CFs
C0F3/CaF2 RN
. } -5 F CFy + [:F
120°C
~ ~

CF4 N N
<:::> (178) (177)
N J

Obviously a trifluoromethyl group at the 4-position has inhibited
reaction. This is consistent with the radical cation mechanism since

it is established that an olefinic position with fluorine attached is
much more susceptible to nucleophilic attack than a corresponding
position attached to perfluoroalkyl.l05 Clearly, on this basis, transfer
of fluoride ion to the intermediate (179) would occur more readily

than a similar transfer to intermediate (179a).

+ X X
-le +F +F e
X X X X
F F
(179)
X [ X + X
-le +F” +F: E\\
X X j X
(179a)

(X = perfluoroalkyl)
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CHAPTER 4

THE CHEMISTRY OF SOME PERFLUORO-AZA- AND -DIAZA-CYCLOHEXADIENE DERIVATIVES

4A  PHOTOCHEMISTRY

4A.1 Introduction

Fluorine and perfluoroalkyl groups have been used successfully as
substituent labels for the study of skeletal rearrangements in aromatic
systems!13,11% and an unusual mechanism has been established to explain
the photochemically induced 1,3-shifts in fluorinated pyridines and
pyridazines!1®, involving the intermediacy of para-bonded species.

The formation of para-bonded species could, in principle, occur
during the irradiation of aza- and diazacyclohexadiene derivatives in

an analogous manner.

The photochemistry of the new fluorinated aza- and diazacyclohexa-
diene derivatives was, therefore, of considerable interest. Surprisingly,
irradiations lead to a different group of rearrangements which were

analogous to those shown by corresponding hydrocarbon systems.

4A.2 Irradiation of perfluoro-l-aza-4-isopropylcyclohexa-1,3-diene

Irradiation of perfluoro-l1-aza-4-isopropylcyclohexa-1,3-diene (129)
gave one major component identified as perfluoro-1-(methylimino)-3-

i1sopropylcyclobut-2-ene (180), present as a 1:2 mixture of isomers




79

(180a, b), which were assigned on the basis of chemical shifts and

hv
;\\ 254 nm Fy F + Fp F
< VAP PHASE :
N PN N
CF;3 FaC
(129) (180a) (180b)

1:2 (87%)

coupling constants. The n.m.r. spectrum of the mixture showed a triplet
(J = 8 Hz) at 62.7 p.p.m. and a doublet (J = 18 Hz) at 62.1 p.p.m.
(total intensity 3) indicating the presence of two CF3 groups, in
slightly different chemical environments, coupled to adjacent CF,

and =CF groups and were assigned to structures (180b) and (180a)
respectively. Four signals at 80.9 and 112.2 p.p.m. (180a), and at

89.8 and 104.4 p.p.m. (180b) displayed indistinct fine structure but
were assigned on intensity grounds. Geometric isomers arising from

the stereochemical integrity of nitrogen in fluorocarbon imines is well
known?8 and was discussed in section 2D.4. Barriers to inversion are
thought to be mainly influenced by steric effects but heating the mixture
of (180a) and (180b) up to 90°C did not reveal any degree of coalescence
between the n.m.r. signals. It is not surprising that the barrier to
inversion would be affected by incorporation of the carbon of the imine
group into a 4-membered ring.

In an earlier experiment!l® the irradiation of (129) gave a compound,
to which the structure (181) was originally assigned, but it now seems
more likely that this was in fact compound (182). However, in subsequent
repeats of this experiment the major product has always been (180) together

with (182) in minor proportions.
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F(CF3),

hv F Fl

— _— >
cm=N

(129) - (182)

E] + Fl
F3C-N4/ N
CF4

(180b) (180a)

The structure of (182) has now been assigned on the basis of a
signal at 136.7 p.p.m. (Int. 1) in the n.m.r. spectrum which is
consistent with a 'tertiary' fluorine atom that has been shifted to
lower field, due to the presence of adjacent nitrogen. The fact that
the signal displays a doublet (J = 19 Hz) of triplets {J = 7.5 Hz) is
also more consistent with structure (182) since it shows coupling to
CF, and =CF groups which would be unlikely for any fluorine atom in
structure (181). Two very broad signals at 32.9 p.p.m. (Int. 1) and
51.2 p.p.m. (Int. 1) were characteristic of an N=CF, grbup and signals
at 96.1 p.p.m. (Int. 1) and 114,0 p.p.m. (Int. 2) were assigned to ring
fluorine atoms.

The ring opening of cyclohex-1,3-dienes, giving trienes is well
known!17,118 and analogous processes involving some heterocyclic

systems have also been reported.l!9
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Clearly, analogous ring opening of (129) to the triene (181)
occurs, followed by ring closure to give (182). Further conversion of
(182) to (180) could involve an allylic rearrangement induced by the
presence of 'adventitious' fluoride ion, or a photochemically induced
1,3-shift of fluorine. The latter seems more likely since the
conversion of (182) to (180) occurs very readily and the amounts of
fluoride ion available could only be very small. The ready ring closure
of (181) to give (182) is understandable, in view of the known propensity
of fluorinated dienes to give corresponding cyclobutenes.!20

The behaviour of (129) upon irradiation is thus understandable,
although in contrast to the irradiation of perfluorocyclohexa-1,3-diene

(183), where formation of the para-bonded species (184) has been observed.l2!

(183) (184)

4A.3 Irradiation of perfluoro-1,4-diaza-2,5-diisopropvlcyclohexa-1,4-

diene

In contrast, irradiation of perfluoro-1,4-diaza-2,5-diisopropyl-
cyclohexa-1,4-diene (152) gave > 90% conversion into a mixture containing
equimolar amounts of perfluoroisobutyronitrile (185) and a compound

identified as perfluoro-2-aza-3-isopropylbutadiene (186). No products
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arising from rearrangement of (152) were observed.

hv \
_N 254 nm N
] _ . X
¢ VAP PHASE (CF3)2CHEN v /ll\\ PY
N \ NTTOF
(185)  (CF3),CF
(152) (35%) (186) (58%)

The structure of (186) followed simply from spectroscopic data; two

very broad signals at 42.6 p.p.m. (Int, 1) and 55.9 p.p.m. (Int. 1)

showed the presence of N=CF, and signals at 83.1 (Int. 1) and 93.0

(Int. 1) p.p.m., characteristic of vinylic fluorine atoms, were

observed. Two absorptions at 1732 and 1805 cm™! in the infrared spectrum

and a parent ion of M" = 295 in the mass spectrum confirmed this structure.
Formation of (185) and (186) from (152) represents a rare example of

a photochemically induced retro-Diels-Alder reaction.

4A.4 Irradiation of perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-

diene
Irradiation of perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-
diene (144) gave both perfluoroisobutyronitrile (185) and perfluoro-
2-aza-3-isopropylbutadiene (186) together with a third product, identified

as perfluoro-3,5-diaza-2-isopropyl-7-methylocta-1,3,5-triene (187).

J=%6 Hz
77N CF(CF3)
= S 32

ho J=62 Hz\\{/F rrfii

| k| 254 nm l
_ 2454 nm, P :§J

N VAP PHASE (CF3) ,C N F

(144) (187)(48%)

+ (185)(11%) + (186)(17%)
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The structure of (187) was deduced from spectroscopic data. Absorptions
at 1678, 1731, and 1799 cm™! in the infrared spectrum and a parent ion
of M = 490 in the mass spectrum showed it to be a triene derivative
which was isomeric with the starting material (144).

Two signals at 77.7 (Int. 1) and 91.3 (Int. 1) p.p.m., which could
be distinguished on the basis of observed coupling constants, were
assigned to the =CF, group and a very broad signal at 41.8 p.p.m.

(Int. 2) was assigned to both iminofluorine atoms. [t is not surprising
that these should be coincidentally equivalent due to the nature of
their chemical environment and the broad nature of the signal.

Obviously a retro-Diels-Alder reaction is taking place similar to
that which occurred during the irradiation of {152), however, (187)
must be formed in a competing reaction which is particularly interesting

since it must involve ring opening incorporating a 1,3-fluorine shift.

F

(CF3) ,CF CF(CF3) 5 (CF4),CF P CF(CFy),

Fa

Y ~
b — N
F <:) F
(144) (187)

The nature of the stereochemistry about the imine groups is a point of

particular interest but no information on this was available from the

n.m.r. spectrum.

4A.5 Irradiation of other related compounds

Irradiation of the related fluorinated aza-alkenes (136), (42), and
{130) under similar conditions did not lead to product formation and in

all cases > 95% recovery of starting material was obtained.
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(136) (42) (130)

The fact that (136) and (42) do not react is understandable since quite
different retro-Diels-Alder reactions would need to occur. A comparable
retro-Diels-Alder reaction could, in principle, occur with (130) but

this would involve the elimination of a fluoro-alkyne, which are known

to be high energy species.!?22

4B THERMAL REACTIONS

4B.1 Introduction

The thermal rearrangement of perfluoroalkyl substituted pyridazine
derivatives, giving pyrimidine and pyrazine derivatives, has been
recently reported.!23 Various crowded fluorinated compounds, used as
a source of free radicals, were found to promote these rearrangements
and a free radical promoted formation of valence isomers has been
proposed. (See overleaf)

Similar thermal reactions were attempted with the fluorinated
diazacyclohexadienes (144) and (152) in order to promote analogous

rearrangement. This, however, did not occur.
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4B.2 Pyrolysis of perfluoro-1,3-diaza-4,6-di-isopropylcyclohexa-3,6-diene

Pyrolysis of perfluoro-l,3-diaza-4,0-di-isopropylcyclohexa-3,6-diene (144)
at 275°C in a sealed nickel tube gave a mixture containing mainly
starting material and a minor amount of one other component, identified

spectroscopically as the defluorination product (143}.

)IE/\F/\Q)\ 275°C N@

Ni TUBE
16 hrs ~

(144) (143) (+10% conversion)

A similar experiment using perfluoro-3,4-dimethylhexane as a source of
radical was found to give ~50% conversion to (143). It is not surprising
that this type of reaction should occur since defluorination of
saturated and partially saturated cyclic fluorocarbon svstems over hot
metal surfaces is well knownll2 but it is not obvious why a greater
conversion was achieved with perfluoro-3,4-dimethylhexane. It is more
likely that this is simply a result of unobserved differences in reaction

conditions.

4B.3 Pyrolysis of perfluoro-1,4-diaza-2,5-di-isopropylcyclohexa-1,4-diene

Pyrolysis of perfluoro-1,4-diaza-2,5-di-isopropylcyclohexa-1,4-diene
(152) gave a 72% recovery of starting material only. No products due

to rearrangement or defluorination were observed.
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4C REACTIONS WITH FLUORIDE ION

4C.1 Reaction of perfluoro-1,1'-bis-1,3-diazacyclohex-2-enyl with fluoride

ion
The reaction of fluorinated aza-alkenes with fluoride ion, giving
isomerization and oligomerization via nitranion intermediates, is well
known and is described in section 2C.
The reaction of perfluoro-1,1'-bis-1,3-diazacyclohex-2-enyl (42) with
caesium fluoride in the absence of a solvent at 150°C gave, apart from
recovered starting material, one other product which has been identified

as perfluoro-4-methyl-1,2,5,7-tetraazatricyclo(3.3.1.02-6)undec-4-ene (188).

CsF N
F F o FC F | F\)—CF4q
N—N_ 150°C
X N 16 hrs N//ﬁ
(42) (188) (42%)

Identification of (188) was difficult due to the unusual and unexpected
nature of the molecule. A parent ion at M' = 418 in the mass spectrum

and elemental analysis showed it to be isomeric with the starting material
(42) and a single absorption at 1720 cm-! in the infrared spectrum
indicated the presence of only one unsaturated site. The n.m.r. spectrum
displayed a series of AB type signals between 89 and 118 p.p.m. and a
singlet at 127.1 p.p.m. (Int. 2) showing (188) to contain five CF, groups.
A singlet at 107.5 p.p.m. (Int. 1) was consistent witha 'tertiary'
fluorine atom shifted downfield by the influence of three adjacent
nitrogen atoms and the remaining signal at 60.5 p.p.m. (Int. 3) was
characteristic of a CF3 group attached to an unsaturated site. The presence
of a CF3 group is a clear indication that ring contraction has taken place
during the reaction and the absence of any other signals in the low

field region of the spectrum indicated that there were no imino-fluorines
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present.

Spectroscopic evidence alone, however, does not discount the possibility
of other similar structures. The signal at 107.5 p.p.m. could be
interpreted as being due to a vinylic fluorine atom and a structure of

the type (189) could, in principle, be a possibility. However, this would

FyC N__N
BDL
i .
(189)

imply the presence of four bridgehead nitrogen atoms and it is difficult
to see how such compounds could have formed from the starting material
(42).

The proposed mechanism.for the formation of (188) is unusual in that

it involves internal nucleophilic attack at a saturated position.

FY F

(42) ; F m = /r

-F-  NQ N—N N- -N
\\V/di\__;::ﬁ;/ \\Y/ \N

F
(190) N[:jé?

(191)

\\B
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The reaction must proceed via initial addition of fluoride ion to (42),
giving the nitranion (190), followed by internal nucleophilic attack to
give (191) since this is the only possible reaction pathway other than
return to (42). The ring contraction of (191) to give (192) apparently
occurs via an internal attack at a saturated position. Clearly, further
attack by fluoride ion could occur at position A or B in the intermediate
(192), but attack at position B would simply cause return to (191),
whereas attack at A would give the nitranion (193). Both processes could
clearly be taking place simultaneously, but conversion of (192) to (193)
is non-reversible. Elimination of fluoride ion from (193) would give the
observed product (188).

A similar reaction carried out using sulpholane as a solvent proved
even more remarkable giving a product mixture containing three components,
two of which were readily identified as starting material (42) and the
product obtained previously (188). The third and most major product (194)

was not identified.

\
F > CsF N —N
N
, SULPHOLANE F< F :>CF3 + (194)(42%)
N 16 hrs \ / structure
120°C N unknown
B/ (188) (14%)
N
(42)

The mass spectrum of (194) showed a parent ion of M" = 423 which is
consistent with a molecular formula CgN3F,s5. This is remarkable since

it would involve addition of a fluorine atom to,and elimination of a

nitrogen atom from, the starting material (42) (CgNyF14), moreover,

elemental analysis and chemical-ionization mass spectrometry agreed
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with this molecular formula. The n.m.r. spectrum of (194) showed
six separate signals in the ratio 3:2:2:4:2:2., A triplet (J = 13 Hz) at
56.9 p.p.m. (Int. 3), characteristic of a CF3 group attached to either
an unsaturated site or a nitrogen atom, was the only signal showing any
fine structure; all other signals were fairly sharp singlets. This
indicated that compound (194) contained a CF3 group and six CF, groups
only. An absorption at 1688 cm~! in the infrared spectrum indicated
the presence of only one unsaturated site. It is difficult to see how such
a compound could be produced from (42) hence no structure is proposed.
Perfluoro-1-azacyclohex-1-ene (38) was also heated to 150°C with
caesium fluoride since this is related to (42) and could, in principle,
show a similar ring contraction via internal attack at a saturated

position.

[ ]

This did not occur and > 95% recovery of (38) was obtained. It is not
obvious why reaction did not occur since compounds (42) and (38) are
closely related species, however, it may be that the internal cycliz-
ation of (93) is a higher energy process and may be simply achieved by

an increase in reaction temperature.
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4C.2 Reaction of perfluoro-l-azacyclohex-1-ene with fluoride ion

The reaction of perfluoro-l-azacyclohex-1-ene (38) with fluoride ion
has been reported to give the stable perfluorocyclohexyl anion (93).°®
The reaction was carried out in acetonitrile and an n.m.r. spectrum
of the solution showed three broad signals at 66.1 (Int. 4}, 129.4
(Int. 4), and 133.2 (Int. 2) p.p.m. indicating that the product was in
equilibrium with its precursors,

A similar reaction was carried out using sulpholane as a solvent and,
after stirring a solution of (38) in sulpholane with an excess of caesium
fluoride for 38 hours, an n.m.r. spectrum of the solution showed three
fairly sharp signals at 62.3, 127.1, and 131.1 p.p.m. Clearly, chemical
shifts are within experimental error of those reported by Banks and
co-workers®® but, in contrast, the sharp nature of the signals indicates
that the equilibrium is in favour of the nitranion (93). This provides
an example of the influence of solvent on the stability of anionic

species.

F-
N// N
(38) (93)

Even on warming to 50°C, signals in the n.m.r. spectrum of (93) did
not show any marked broadening.

A further indication of the stability of (93) was given when BFgj-
etherate was added to a sample of this solution. An n.m.r. spectrum
showed that only a small amount of the starting material (38) had been
regenerated and the presence of new signals between 51 and 135 p.p.m.
indicated that (93) had reacted with BF3, possibly giving the

perfluoroazacyclohexyltrifluoroborate anion, in preference to elimination




o
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of fluoride ion.

BF4 \\ _

(93) —_— F N-BF,

4C.3 Reaction of perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene with

fluoride ion
Perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129), on stirring
with caesium fluoride for 20 hours at room temperature in the absence
of a solvent, gave a mixture containing both the 1,3-diene (129) and

the 1,4-diene (130).

~ F- -

F e — F

- -

N N
(129)(83%) (130)(17%)

The position of the equilibrium is not surprising since the stability
gained by conjugation would make (129) the favoured form. More interesting
is the mechanism of isomerization, since this must involve a nitranion
intermediate which, in principle, could be observed by n.m.r.

Stirring perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129) in
acetonitrile with an excess of caesium fluoride gave a homogeneous
solution from which a sample was removed and n.m.r. spectra were recorded
at temperatures between -30°C and 50°C. At -30°C a series of fairly
sharp signals were observed at 48.5 (Int. 2), 57.7 (Int. 2), 74.0 (Int. 6),

101.2 (Int. 1), 108.3 (Int. 2) and 183.9 (Int. 1) p.p.m. It was possible

to assign these signals to the anion (196) on the basis of the differences
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in chemical shifts between perfluoro-l-azacyclohex-1l-ene (38) and its

corresponding anion (93).

136.5 131.1
137.7 e 124.1 127.1 2 1270
Fy F, F, Fy
95.172 N7 Fsq.s 62.3 2~ n~""262.3
(38) (93)

Taking into account the change in chemical shift on going from (38)

to (93) it is possible to calculate a series of expected chemical shifts

for the anion (196).

4.5 R f 1072 (04 N
| F F
- 2 2
102.8 "2 SN F 5205 (»70) N (60
(129) (196)

calculated shifts

It is clear that the chemical shifts observed are not far removed from

those calculated and can be assigned to (196) on this basis.

74.0 (F3C),CF 183.9

108.3 F, T "N F 101.2

Fp

Fa
57.2 N 48.5

(19%)
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On raising the temperature, exchange broadening was observed
which was more significant in the signal at 48.5 p.p.m. and was
accompanied by the appearance of two additional signals at 56.4 and 104.0
p.p.m. of equal intensity. Total integrations showed that these were due
to a species which did not contain a 'tertiary' fluorine atom, but did
contain CF3 groups, which can only be consistent with the formation of

the isomeric ion (197).

AN 104.0
F = F

N N~ 56.4
(196) (197)

Further increase in temperature was accompanied by increased exchange
broadening but further reactions occurring meant that the anion (196)
was not observed on cooling back to room temperature.

Addition of BF3-etherate to a sample of the solution gave an equilibrium
mixture of the 1,3- and 1,4-dienes (129) and (130) which were easily
identified from their n.m.r. spectra.

Addition of methyl iodide to the remainder of the solution, followed
by stirring for a further 24 hours, gave one product which was identified
as N-methyl-l-aza-4-perfluoroisopropyl-2,2,3,5,5,6,6-heptafluorocyclo-

hex-3-ene (198).
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AN N CH,41 ~
F e sm— F _ F
_ ,
N N w
CH,4
(129) (196) (198) (65%)
lBF3:OEt2
RN o
L\\F + F
< ~
N N
J(129) _(130),
gl

Signals in the !9F n.m.r. spectrum of (198) at 89.5 (Int. 2), 103.7
(Int. 2), 105.7 (Int. 1), and 111.5 (Int. 2) p.p.m. were characteristic
of three CF, groups and a vinylic fluorine atom and were assigned to
ring fluorines. A singlet at 1.9 p.p.m., characteristic of a CHy group,
was observed in the H n.m.r. spectrum and absorptions in the infrared
spectrum at 1723 and 2970 cm-! indicated the presence of a single

unsaturated site and C-H bonds respectively. The structure was confirmed

. + .

by a parent ion of M = 391 in the mass spectrum.
An identical experiment was carried out using sulpholane as a solvent.
N.m.r. studies showed that spectra were not significantly different from

those obtained using acetonitrile at corresponding temperatures.
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4D REACTIONS WITH DIAZOMETHANE

4D.1 Introduction

Reactions between fluorinated aza-alkenes and diazomethane were
described fully in section 2D.2.

In general, products are obtained via one or more of three mechanistic
pathways86:
a) addition of CH,N, followed by elimination of HF giving a triazacyclo-
pentadiene derivative,
b) addition of CH,N, followed by elimination of N, giving an azacyclo-
propane derivative,
c) addition of CH,N, accompanied by elimination of N, and a 1,2 fluorine
shift, followed by further addition-elimination giving an azacyclopropane
derivative containing a CH,F group.

All three modes of behaviour are displayed in the reactions of
diazomethane with the various fluorinated azacyclohexadienes described

in this section.

4D.2 Reaction of perfluoro-1l-aza-4-isopropylcyclohexa-1,3-diene with

diazomethane

The reaction of diazomethane with perfluoro-1-aza-4-isopropylcyclo-
hexa-1,3-diene (129) gave a complex mixture of viscous liquids containing
five components but only three of these were separated. These were
identified as 4-(perfluoroisopropyl)-2,2,3,3,5,6-hexafluoro-1-azabicyclo-
[4.1.0]hept-4-ene (199), 4-(perfluoroisopropyl)-2,2,3,3,5-pentafluoro-
1,8,9-triazabicyclo[4.3.0)Jnona-4,6,8-triene (200), and 4-(perfluoro-
isopropyl)-6-(fluoromethyl)-2,2,3,3,5-pentafluoro-1-azabicyclo[4.1.0]-

hept-4-ene (201).




~ CH,yN, N 2
F _— F + F
-~ ~
N N N~ ™¢cH
AN \ /
(129) (199) (9%) (200)(14%)
AN F //gzll Hz
+ LF
N7\~ CH,-F
S’
CHy ™S Joa44 nz

(201)(29%)

The structure of (199) followed from spectroscopic data. A high
field signal at 169.5 p.p.m. (Int. 1) indicated the presence of a
second 'tertiary' fluorine atom showing that addition across a double
bond had occurred and the presence of a signal at 88.6 p.p.m. (Int. 1),
due to a vinylic fluorine atom was enough to confirm addition had
taken place across the C=N bond, since addition across the C=C bond
would have left an imino-fluorine atom (N=CF), the chemical shift of
which would be expected to occur at much lower field. The !H n.m.r.
spectrum showed two singlets at 2.47 and 2.63 p.p.m. indicative of a
CH, group. Absorptions at 1692, 3030, and 3120 cm-! in the infrared
spectrum and a parent ion of M" = 271 in the mass spectrum confirmed
this structure.

The !°F n.m.r. spectrum of (200) was similar to that of (199), the
main difference being the absence of a second 'tertiary' fluorine type
signal indicating that this had been eliminated. The !H n.m.r. spectrum
showed only one signal at 7.88 p.p.m. characteristic of a vinylic
hydrogen atom. The structure was confirmed by the mass spectrum (M+ =

379) and absorptions at 1458 (C=C), 1677 (C=C) and 3150 (C-H) cm~! in

97
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the infrared spectrum.

The n.m.r. spectra of (201) were more complex. The H n.m.r.
spectrum gave signals at 2.48 and 2.63 p.p.m. which were assigned
to the bridging CH, group and a doublet (J = 44 Hz) of doublets (J = 11 Hz)
at 4.40 p.p.m. indicative of a CH, group coupled to two separate fluorine
atoms. The 19F n.m.r. spectrum showed a triplet (J = 44 Hz) at 225.6 p.-p.m.
(Int. 1) which was obviously assigned to the fluorine belonging to the
CH,F group. Absorptions at 1688 (C=C) and 2975 (C-H) cm-! in the infrared
spectrum and a parent ion of M' = 385 in the mass spectrum confirmed
this structure.

The reaction of (129) with diazomethane thus behaves in an analogous
manner to reactions of similar fluorinated aza-alkenes reported by
Coe and Holton8® (section 2D.2). The first step seems to be the 1,3-

dipolar addition of CH,;N, to give the intermediate (202).

r 7 r ]
CH,N, AN 1,2-F-SHIFT AN
(129) _— F F _—_ F
-N, -~ CH,F
N CH N
e |
L —N L '
-N, (202) -HF (203)

N N \~CH N CH
\CH = \\!:/ ’
2 N N
(199) (200) (204)
1N,
~J
F
SN CH,F
AN

(201)
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This then follows three different competing reaction pathways; elimination
of N, to give (199), elimination of HF to give (200), or elimination of
N, with a 1,2-fluorine shift to give the intermediate (203), which then
further reacts with CH,N, to give (201) via elimination of N, from (204).
Interestingly, products due to addition across the C=C bond are not
observed. This is probably an indication of the lower energy of the LUMO
of the C=N bond, in comparison with that of the C=C bond, since the
mechanism of the initial 1,3-dipolar addition involves interaction between

the HOMO of CH,N, and the LUMO of the alkene.8%2

4D.3 Reaction of perfluoro-l-aza-4-isopropylcyclohexa-1,4-diene with

diazomethane

The reaction of perfluoro-l-aza-4-isopropylcyclohexa-1,4-diene (130)
with diazomethane gave a complex mixture containing two major, and at
least five minor, components. Only the two major products could be
separated and were identified from their n.m.r. spectra as the

derivatives (200) and (201) observed in the previous experiment.

N ~
“ CH N, F + F
F - CH,F
N// N N NCH
\
(130) CH2 N=p
(201) (15%) (200) (7%)

Obviously compounds (200) and (201) must be formed from the 1,3-diene
(129), which is understandable since-the formation of HF in any reaction
of (130) would cause equilibration to take place giving the 1,3-diene
(129) and, since this is the dominant isomeric form, the formation.of
(200) and (201) would follow. However, the nature of the remaining

product mixture was unknown and it could well be that this contained
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small amounts of addition-elimination products derived from the

1,4-diene (130).

4D.4 Reaction of perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene

with diazomethane

Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144) reacted
with diazomethane to give one product which was identified as 4,6-bis-

(perfluoroisopfopyl)-2,2,5,S—tetraflu0ro-1,3-diazabicyc10[4.1.O]hept—

3-ene (205).
CH,N,
| F — | ¥
N\ N N N/CH2
~ ~
(144) (205) (53%)

The !9F n.m.r. spectrum of (205) contained an AB type signal centred
at 63.3 and 71.1 p.p.m. which was assigned to the CF, group adjacent
to the nitrogen atoms due to its low field position. Remaining
signals indicated the presence of a second CF, group and two non-
equivalent perfluoroisopropyl groups. The !H n.m.r. spectrum displayed
two singlets at 1.73 and 2.37 p.p.m. characteristic of a bridging CH,

group. Confirmation of the structure was given by a parent ion of

M" = 504 in the mass spectrum and an absorption at 1700 cm-! (C=N)

in the infrared spectrum.
The fact that reaction did not take place at the second unsaturated
site is surprising, however, there is no reason to believe that this

would not occur in the presence of an excess of diazomethane.
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CHAPTER §

THE CHEMISTRY OF PERFLUORO-2Z,5-DIAZAHEXA-2,4-DIENE

SA INTRODUCTION

The chemistry of perfluoro-2,5-diazahexa-2,4-diene (16) that has been
developed so far is described in Chapter 2, but this is concerned
exclusively with nucleophilic reactions and fluoride ion induced
dimerizations.

In this chapter the chemistry of (16), prepared by dehydrofluorination
of N,N-bis(trifluoromethyl)tetrafluoroethylenediamine using sodium
fluoride?!, is further investigated. Reactions with fluoride ion are
described, together with a preliminary investigation into photochemical

and thermal reactions.

5B REACTIONS WITH FLUORIDE ION

5B.1 Reaction with alkali metal fluorides in sulpholane

Perfluoro-2,5-diazahexa-2,4-diene (16) reacts with sodium fluoride
giving the dimers (82) and (86) as major products.21,38 The
proportion of each in the product mixture depends on reaction conditions,
indeed at -30°C compound (82) is formed exclusively?l, whereas at 120°C

compound (86) is the preferred product.38

,‘\““RM UNIVERBITY
SuENCE LB
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CF4

F,yC Jc=NT
A F

F (82)(85%)

o N
NaF -30°C

F
N
CF
CH4CN NGO
CF,
N=CFCF=NCF
CF3N=C 3 Fac
5 N
(16) NaF\IEB\C\\\* ,
SULPHOLANE L\\i/ ___lL\F (86) (88%)

z

Reactions of (16) with NaF, KF, and CsF in sulpholane at room temperature
were carried out since, in principle, this is an ideal system for an
investigation into the effect of alkali metal cation on the activity

of fluoride ion. In all cases dimers (82) and (86) were produced as

the major products, but a third dimer, identified as perfluoro-spiro-1,3,6,9-
tetra-aza-3,6,9-trimethylnon-l-ene (206), has now been observed in

reactions with KF and CsF.
CFq
' N ~CF3

3
(206)

The proportion of products from each reaction is shown in Table 2.
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MF (82)% (86)% (206)%
NaF 76 24 0
KF 43 50 7
CsF 37 57 6
TABLE 2

The structure of compounds (82) and (86) followed from spectroscopic

data which were consistent with those reported in the literature?!,38,

but identification of the third and previously unknown dimer (206) was

more difficult. A parent ion in the mass spectrum at M" = 456 and an

absorption at 1742 cm-! in the infrared spectrum indicated a dimeric

species with only one unsaturated site. A broad multiplet at 57.8 p.p.m.

(Int. 6) and two signals at 90.7 (Int. 2) and 91.2 (Int. 2) p.p.m. in

the n.m.r. spectrum were consistent with two CF3 groups and two CF, groups

in similar chemical environments. This is consistent with structure

(206) due to the symmetrical nature of the saturated part of the molecule.
The mechanism of formation of dimers (82) and (86) is described in

detail in section 2C, but the proposed mechanism for the formation of

(206) is more interesting (Scheme S), since it must involve attack by

the anion (80) on the cyclic derivative (34) giving the anion (207),

which on elimination of fluoride ion gives the intermediate (208). Addition

of fluoride ion to (208) gives (209) which isomerizes to (210), via an

interesting intramolecular cyclization, and elimination of fluoride ion

from (210) gives the dimer (206).




CF3N=CFCF=NCF,4 F
= S
(16)

N
F3CN=CFCF2-§E;;\\\\\ ~
——N
(80) F
)

|
CFyq
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4
Fy N N -F
F )
~
N
|
C

N
Fy CF,

(207)

SCHEME 5

/N=CF2
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F
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CFs

!
N
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>
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3
CFy  CFj
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CF4
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N
F, !
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\
CFR, CFs

(209)
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The formation of (206) has therefore occurred via reaction of (16)
in its straight chain form with the cyclic analogue (34), which is
reasonable since both compound (34) and the straight chain anion (80)
are involved in the formation of dimers (82) and (86) and must be present
in significant amounts.

It is not clear why (206) was not observed in the reaction of (16)
with NaF, but the change in activity in fluoride ion with differing

alkali metal cation has been demonstrated and indicates CsF > KF > NaF.

5B.2 Vapour phase reaction with caesium fluoride

The cyclic products perfluoro-1,3-diaza-1-methylcyclopent-3-ene (33)
and perfluoro-1,3-diaza-1-methylcyclopent-2-ene (34) were obtained
exclusively when compound (16) was passed over caesium fluoride at
220°C in a flow of nitrogen.

CsF

N—— N
CF4N=CFCF=NCF; ~ ————
. F + | F
220°C
16) VAP PHASE N N
( CFy CFy
(33) (16%) (34) (65%)

The structure of (33) and (34) followed from spectroscopic data which
were consistent with those reported in the literature38, but this
represents a new and convenient method of preparation since these
compounds were previously isolated only as minor products during the
dimerization of (16).38 It is not surprising that (33) and (34) are
formed exclusively, since reaction in the vapour phase would be

expected to inhibit dimerization.



106

5B.3 Vapour phase reaction of a mixture of dimers with caesium fluoride

A mixture of dimers of compound (16) containing (86) (27%), (82)
(67%), and (206) (6%) gave a four component mixture when passed over
CsF at 220°C in a flow of nitrogen. These were spectroscopically
identified as dimers (82) (67%) and (206) (6%), together with the

diazacyclopentene derivatives (33) (10%) and (34) (17%).

CFs F
FiC_ _{ENCFEI [ |
[N>7 * N Y F43CN__-NCF,
NCF,
B =
[

NCF
(86) (27%) (82)(67%)3 \er,
Cs CF3 CF3 (206) (6%)
_220°C_ N
VAP PHASE < * <N__ + (82)(67%) + (206)(6%)

(34)(17%) (33)(10%)

Clearly the dimers (82) and (206) have remained unchanged, whereas
dimer (86) has been converted to a mixture of monomers (33) and (34).
This is understandable since the nature of compounds (82) and (206)
obviously makes simple conversion to monomers impossible, whereas a

simple process is available for conversion of (86).

€h

CFy |
/_‘ s f“»/F _— (33) + (34)
[/>— X *5 NI

CF

3 b \\CF3

(86)

The reaction therefore provides another convenient route to the
diazacyclopentene derivatives (33) and (34), since compound (86) can

be obtained exclusively from the dimerization of (16) (section SB.1).
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5C DEFLUORINATION REACTIONS

5C.1 Introduction

Reactions of fluorocarbon systems over heated metal surfaces have
been mainly concerned with the formation of aromatic species from
saturated and partially saturated cyclic systems!!2?, although successful
defluorinations using acyclic precursors have been reported.1232

The defluorination of perfluoro-2,5-diazahexa-2,4-diene (16) could,
in principle, give a convenient synthesis of tetrafluoropyrazine via

the carbene intermediate (211),
- -

F[iN\\CF3 F[iN\‘CFZ [: ::
—_— —
Flay . CFs Flay - CF2

L (16) (211) =

Nevertheless, various reactions with heated iron, nickel, and platinum,

described in the following section, did not achieve this.

5C.2 Reactions over hot metal surfaces

The vapour phase reaction of perfluoro-2,5-diazahexa-2,4-diene (16)
over Fe filings at 340°C in a flow of nitrogen gave, together with
unreacted starting material, one other compound identified as perfluoro-

N-methylimidazole (212).

Fe —_—
CF3N=CFCF=NCF — J_ .
340°C AN
CF3

(16) (212)(30%)
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The structure of (212) followed from spectroscopic data. Confirmation
that defluorination had taken place was given by a parent ion of
M" = 190 in the mass spectrum and absorptions in the infrared spectrum at
1622 and 1730 cm~! indicated that two unsaturated sites were present.
The n.m.r. spectrum contained a signal at 58.6 p.p.m. (Int. 3) character-
istic of N-CF3, but the remaining three signals at 107.8 (Int. 1),
153.0 (Int. 1), and 165.2 (Int. 1) p.p.m. were more characteristic of
fluorine atoms attached to an aromatic nucleus.!2%

This reaction therefore represents the first synthetic route to a
perfluorinated imidazole derivative.

The formation of (212) could occur via the carbene intermediate (213)
which could undergo intramolecular cyclization giving (212), via the

intermediate (214), or via internal nucleophilic attack at nitrogen.

—

] [P
Fe N 3CF F Y F
(16) — Pl - A—ﬂ/»
340°C pa N FL—=—N
L F o L J
(213) (214)

B I“CF3 ) l

It is not immediately obvious why (212) is formed in preference to
tetrafluoropyrazine, but formation of the latter would imply the
di-carbene intermediate (211), and since this requires removal of four
fluorine atoms from (16) would inherently be a much higher energy
species than the intermediate (213).

Another possible mechanism for the formation of (212) could involve
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isomerization of (16) to the diazacyclopentene derivatives (33) and (34)
as the first step, followed by defluorination, however, the reaction of
(33) and (34) over Fe filings at 340°C was attempted and led only to
recovery of starting materials, a result which does not support this
mechanism.

Although conversion to (212) was reasonable (+60%), recovery was
low (v50%), and in view of this a series of reactions were attempted
using Fe, Ni and Pt under various conditions, the results of which are
summarised in Table 3. In most cases compound (212) was obtained but
only in minor amounts, together with significant amounts of recovered

starting material (16) and diazacyclopentene derivatives (33) and (34).

CF
A N
CF 3N=CFCF=NCF, —_— E\F l’
VARIOUS AN
(16) METALS (212)
CF4 CF4
N SN
- L * I [ + o (16)
N N
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Reaction conditions % recovery % in product mixture
(212} (33} (34) (16)

[+]
Pt metal, 480°C, 88 0 11 6 83
N, flow system
Ni turnings, 380°C,
N, flow system 93 0 0 0 100
Sealed Ni tube

? 4 :

290°C, 18 hours 83 9 ! 38 39
Sealed Ni tube with
Ni turnings, 300°C, 42 ) 9 20 66
18 hours

Sealed Ni tube with
Fe filings, 300°C, 67 6 13 28 53
18 hours

TABLE 3

5D PHOTOCHEMISTRY

SD.1 Introduction

The photochemistry of conjugated 1,3-dienes has been well investigated
and various products are obtained, depending on the nature of the substrate
and reaction conditions.

In many cases irradiation of dienes and polyenes ieads to cis-trans
isomerization about one or more unsaturated sitel2?5 but the most
common reaction is ring closure giving cyclobutene derivatives!26,127

as illustrated by the irradiation of hexa-2,4-diene (215):

\
\

~ 254 nnm

(215)
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Bicyclobutanes are also formed!28, although these are mostly
observed as minor by-products of ring closure reactions and, since
such compounds are generally unstable, a suitable trapping agent

must be used cf. the irradiation of penta-1,3-diene (216).

hv CH 304 CHj
IO — <<:[>>__ >

(216)

The potential photochemistry of perfluoro-2,5-diazahexa-2,4-diene (16)
is therefore interesting since reactions of the fluorinated aza- and
diaza-cyclohexadiene derivatives, described in section 4A, have shown
a parallel with reactions of their hydrocarbon analogues. Another
interesting possibility is the occurrence of 1,3-fluorine shifts

giving the isomer (15).

CF3N=CFCF=NCF3 i CF2=NCF2CF2N=CF2

(16) (15)

So far, however, none of these processes has been observed.

5D.2 Irradiations of perfluoro-2,5-diazahexa-2,4-diene

The ultraviolet spectrum of compound (16) displayed a broad but
fairly weak band between 210 and 290 nm (X , 228 nm; loge , 2.54),
max max
but vapour phase irradiation of (16) at 254 nm gave a 93% recovery of
starting material and no other product was observed. A similar irradiation
using a medium pressure broad band Hg lamp and n-pentane as a solvent
also failed to promote reaction, and even on addition of a 4:1 molar

excess of p-xylene as a potential sensitizer, products were not observed.
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It is not clear why compound (16) should be photochemically inert,
but a possible explanation could be an initial n —+ =n* transition
giving an unreactive intermediate which, upon decay, returns to (16)

exclusively.

5D0.3 Irradiations in the presence of ketones

Cycloadditions between ketones and alkenes giving oxetene derivatives
are well known and has been observed in fluorinated systems!2%, but vapour
phase irradiations of perfluoro-2,5-diazahexa-2,4-diene (16) at 300 nm
in the presence of acetone and hexafluoroacetone respectively did not
lead to product formation and in both cases ~95% recovery of starting

materials was obtained.

SE THERMAL REACTIONS WITH ALKENES

S5E.1 Introduction

The possibility of cycloadditions of perfluoro-2,5-diazahexa-2,4-diene
(16) with alkenes is interesting since the carbon-nitrogen skeleton of
the molecule is isoelectronic with that of hexafluorocacetone azine (9)
and could, in principle, undergo similar {3 + 2] cycloadditions (see

section 2D.1).

F3C_ F F3C
N= >N _ CFj
—N\ F4C N?_—<
F CF3 CFj
(16) (9

Alternatively, since compound (16) is an electron deficient 1,3-diene,
[4 + 2] cycloadditions with electron rich alkenes should be possible, in

an inverse electron demand Diels-Alder reaction.
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CFy
I

l =
. ;7N(\ - o AN
F \(N\ F I '
|

CF, CFq ]

In practice, however, neither of these reactions was observed.

5E.2 Attempted cycloadditions

An equimolar mixture of compound (16) and cyclohexene gave a product
mixture consisting of two layers when heated to 80°C for 100 hours. The
lower layer was identified as unreacted (16) only, more interestingly
the upper layer was shown to contain one major component, the mass
spectrum of which was consistent with a dimer of cyclohexene, (M+ = 164).
No other products were observed.

A similar reaction of (16) with 2-methylbut-2-ene at 80°C for 140 hours
showed parallel behaviour in that a lower layer, consisting of unreacted
(16) only, and an upper layer were observed. The latter contained
several components, the mass spectra of which were consistent with dimers
of 2-methylbut-2-ene, (M' = 140).

Obviously cycloaddition reactions have not occurred and the formation
of the hydrocarbon products can be explained by an acid catalysed
dimerization, since compound (16) is very susceptible to hydrolysis with
subsequent elimination of HF, and even a minor amount of water would
produce enough HF to promote dimerization.

Both reactions were repeated at 150°C for 24 hours using carefully
dried precursors and, in both cases, a dry black residue was obtained
from which no products could be isolated.

It is understandable that compound (16) does not behave in a mannerv
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similar to hexafluoroacetone azine (9) in its reactions with alkenes since
this would involve the formation of an unusual intermediate (217), but

it is not clear why [4 + 2] cycloadditions do not occur.

[ —
F3C N N-
e
CF
CF4 (9) 3
_ ,
F N-CF4 N-CF3
~ X F
e F N +
, |
CF3 (16) CF, (217)
L J

S5F HYDROLYSES

SF.]1 Reaction with a 2:1 molar ratio of water

The reaction of compound (16) with a 2:1 molar ratio of water in
sulpholane gave one product identified as N,N'-bistrifluoromethyloxamide
(44) from spectroscopic data, which were consistent with those reported

in the literature.%8

2H,0
CF4N=CFCF=NCF; ———————  CF3NHCOCONHCF,
SULPHOLANE
(16) ROOM TEMP. (44) (82%)

5F.2 Reaction with a 1:1 molar ratio of water

A similar reaction of (16) with a 1:1 molar ratio of water again
gave compound (44) as the only product.

The hydrolysis of fluorinated aza-alkenes is well known (see section
2B.1) and proceeds via initial attack of H,0 followed by elimination of

HF. Clearly the formation of (44) from (16) is quite consistent with this,
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although it is not immediately obvious why reaction with an equimolar
amount of water does not lead to the partially hydrolysed product (218).
It is probable, however, that the electron withdrawing effect of the
adjacent carbonyl group in the intermediate (218) makes the remaining

C=N bond even more susceptible to nucleophilic attack.

H,0 0 F H,0
(16) — CFNH-C-C=NCF3| ——  (44)
-H

(218)
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CHAPTER 6

THE CHEMISTRY OF PERFLUORO-1,3-DIAZA-1-METHYLCYCLOPENT-2-ENE AND

PERFLUORO-1,3-DIAZA-1-METHY LCYCLOPENT - 3-ENE

6A INTRODUCTION

The diazacyclopentene derivatives (33) and (34) were previously
only obtained as minor products from the dimerization of perfluoro-
2,5-diazahexa-2,4-diene (16) (see section 1B.3) and consequently, their
chemistry has not been explored. However, the new route to (33) and
(34) via thé vapour phase reaction of (16) with CsF (see section 5B.2)
now makes this study possible.

In this chapter a preliminary investigation into the chemistry

of compounds (33) and (34) is described.

6B FLUORIDE ION INDUCED REACTIONS

6B.1 Reaction of perfluoro-1,3-diaza-1-methylcyclopent-2-ene with caesium

fluoride
The reaction of compound (34) with caesium fluoride in sulpholane
gave complete conversion to a single dimer (86). An examination of the
solvént layer by !°F n.m.r. gave no indication of the intermediate
nitranion (84), but addition of methyl iodide gave one product which was
identified as l-methyl-3-trifluoromethyl-2,2,4,4,5,5-hexafluoro-1,3-

diazacyclopentane (219).
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- F
N-———J SULPHOLANE Z{T\:)
N

(34) (84)

Mei//// gb\\\f34)

N/CF3
] K
F3C’}k\\//N“CH3 N =
(219) (93%) N
F
~CF,
(86)

The structure of (219) followed simply from spectroscopic data.
Four signals in the !%F n.m.r. spectrum in the ratio 3:2:2:2 and a
singlet in the 'H n.m.r. spectrum at 2.43 p.p.m., characteristic of
a CHs group, were observed. A parent ion at M' = 262 in the mass spectrum
and a single absorption at 2960 cm-! in the infrared spectrum confirmed
the structure.

The formation of (219) clearly demonstrates the existence of the
nitranion intermediate (84), but the fact that this was not observed
due to the rapid formation of the dimer (86) is in contrast to the
related perfluoroazacyclohexyl anion (93) (see section 4C.2), where
significant dimerization occurs only after a number of days.

The reason for this difference is not obvious, but it may be an
indication of the difference in position of equilibrium between the
two systems, since this was shown (section 4C.2) to be greatly in
favour of the anion (93), which would make dimerization difficult as

the amount of (38) present must be minimal.
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F _ F —_— F
< L
N y N
F
(38) (93)

AF ~— LF ~— LF
\N -F N F N/

(34) (84) (33)

Similar differences in stability have been observed in cyclic
carbanion systems and are attributed to eclipsing interactions.!30
Clearly, such interactions would be minimised in the nitranion (93).

Interestingly, the reaction has further demonstrated the use of
dimer (86) as a convenient source of compounds (33) and (34) in fluoride

ion induced reactions.

6B.2 Reaction of a mixture of perfluoro-1,3-diaza-1-methylcyclopentenes

with hexafluoropropene in the presence of caesium fluoride

A 1:4 mixture of compounds (33) and (34) gave a complex mixture of
products when reacted with an excess of hexafluoropropene, in the
presence of caesium fluoride in sulpholane at 50°C. Separation gave
dimers and trimers of hexafluoropropene, together with two other
components identified from spectroscopic data as perfluoro-1,3-diaza--
l-methyl-2-isopropylcyclopent-2-ene (220) and perfluoro-1,3-diaza-1-

methyl-4-isopropylcyclopent-3-ene (221).
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F3C\ ' F3C\ C3F6 F3C\
N N F CsF N
—_—— +
F
N SULPHOLANE )/KN
50°C
(33) (34) (221) (220)
S S—
1 : 4 1 3

(74% total yield)

The n.m.r. spectrum of (220) was similar to that of the parent
compound (34). The absence of any signal due to a vinylic fluorine atom
and the presence of signals at 77.0 (Int. 6) and 189.6 (Int. 1) p.p.m.
indicated that this had been replaced by a perfluoroisopropyl group.

A parent ion of M' = 378 in the mass spectrum and an absorption at

1648 cm™! in the infrared spectrum supported this structure. These data
could also be consistent with the isomer {221), however, the structure
was unambiguously assigned on the basis of coupling constants in the

n.m.r. spectrum,.

J=4l 5 Hz J= 11 Hz J=6.5Hz

3c’\ —<

KFZ JSSHz-—& \N/L

FaC— c{ Fk

3 2N\ g2 C—CFs
CF3

CEg
(220)
(221)

Similarly, the n.m.r. spectrum of (221) was not significantly
different from that of the parent compound (33). Signals at 78.5 (Int. 6)
and 196.6 (Int. 1) p.p.m. again indicated that the vinylic fluorine atom
had been replaced by a perfluoroisopropyl group. Observed coupling

constants, together with a parent ion of M' = 378 in the mass spectrum
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and an absorption at 1680 cm~! in the infrared spectrum confirmed

the structure.

6C HYDROLYSES

6C.1 Hydrolysis of perfluoro-1,3-diaza-l-methylcyclopent-3-ene

The reaction of perfluoro-1,3-diaza-1l-methylcyclopent-3-ene (33)
with an excess of water in sulpholane at room temperature gave one
product identified as 1-trifluoromethyl-5,5-difluoro-1,3-diazacyclo-
penta-2,4-dione (222).

J=12 Hz

F3C_ H,0 F3C/\’\

/
N SULPHOLANE N F,
F ikl
[__ / ROOM TEMP. le\\ L
N 0

N o
H
(33) (222) (42%)

The structure of (222) followed simply from spectroscopic data,
indeed the 19F n.m.r. spectrum showed only two coupled signals at 58.3
(Int. 3) and 95.1 (Int. 2) p.p.m. and the !H n.m.r. spectrum showed
only one broad signal at 4.9 p.p.m., characteristic of an N-H group.
The structure was confirmed by a parent ion of M" = 204 in the mass
spectrum and strong absorptions at 1788, 1844 and 3100 cm-! in the infra-
red spectrum.

The probable mechanism for the reaction must involve initial attack
by H,0, followed by elimination of HF giving thé intermediate (223),
clearly this is further activated towards nucleophilic attack by a
second molecule of water followed by further elimination of HF giving

(222).
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N N
N N
kF OH2 — K&F — kF F
N N N
O B I
(33) l _2HF
F4C [F4C FaC 7
3 3 BN
N -HF N H,0 N
F F F 2 . F
0 oH” NN \N
N 0 \ 0 0
B i B |
(222) (223)

Interestingly the reaction has demonstrated addition-elimination

involving loss of fluorine from both C2 and C4 positions, behaviour
which is also shown by perfluoro-1l-azacyclohex-l-ene (38) in its reactions

with nucleophiles3? (see section 2B).

6C.2 Hydrolysis of perfluoro-1,3-diaza-1-methylcyclopent-2-ene

Similarly, the reaction of perfluoro-1,3-diaza-1-methylcyclopent-2-ene
(34) with an excess of water in sulpholane at room temperature gave one
product which was identified spectroscopically as compound (222),
previously obtained from the hydrolysis of (33).

It is understandable that the same product is obtained from the
hydrolysis of (33) and (34), since addition-elimination at both C2 and
C4 positions in compound (34) would be expected to lead to (222) via a

similar mechanism.



F3C

k
\
N

(34)

H,0
SULPHOLANE
—_—_—

ROOM TEMP.

(222)(38%)
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INSTRUMENTATION

Spectroscopic data were obtained using the following spectrometers:
i.r., Perkin-Elmer 457 or 577; u.v., Pye Unicam S.P. 800; mass,
A.E.I. MS9 or V.G. Micromass 12B linked with g.l.c.; n.m.r., Varian
A56/60D, EM 360L, or Bruker HX90E. Chemical shifts are quoted relative to
external trichlorofluoromethane and tetramethylsilane. G.l.c was carried
out using a Varian Aerograph 920 fitted with a gas density balance
detector or a Pye 104 fitted with a flame ionization detector. Three
columns were used: Column O, 30% SE30 on Chromosorb G60-80; Column A,
20% di-isodecylphthalate on Chromosorb P; and Column Z, 17% 2-cyano-
ethylmethylsilicone on Chromosorb P. Fischer-Spaltrohr MMS 200 and
HMS 500 columns were used for fractional distillation. Carbon, hydrogen,
and nitrogen analyses were obtained using a Perkin-Elmer 240 Elemental

Analyser. Fluorine analyses were obtained using the literature method.!3!
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CHAPTER 7

EXPERIMENTAL TO CHAPTER 3

7A COBALT TRIFLUORIDE FLUORINATIONS - GENERAL PROCEDURE

All fluorinations were carried out in a small stirred nickel reactor
containing cobalt trifluoride (150 g) and calcium fluoride (150 g).
Reactants were dropped from a suitably modified burette directly into
the reactor, through which a steady stream of nitrogen was flowing.

Products were collected in a liquid air cooled trap.

7B  PYRIDINE DERIVATIVES

7B.1 Perfluoro-4-isopropylpyridine (128)

Compound (128) (20.0 g, 62.7 mmol) was fluorinated at 118°C. The
product (22.5 g) was shown by g.l.c. (Column A at 80°C) to consist of
a complex mixture of liquids with two major components. Separation

by preparative scale g.l.c. gave perfluoro-l-aza-4-isopropylcyclohexa-

1,3-diene (129) (60%) (Found: C, 26.9; F, 68.9; N, 4.2%. CgFy3N requires
C, 26.9; F, 69.2; N, 3.9%). Amax(cyclohexane) 231 nm (e 5060), spectra

no. 1, and perfluoro-l-aza-4-isopropylcyclohexa-1,4-diene (130) (18%)

(Found: C, 26.7; F, 68.9; N, 4.3%. CgF13N requires C, 26.9; F, 69.2;
N, 3.9%). Spectra no.2. Minor components from a series of similar
reactions were collected and separation by preparative scale g.l.c. gave

perfluoro-l-aza-4-isopropyl-cyclohex-1-ene (131) (Found: C, 23.7; F, 71.8;

N, 5.9%. CgF|sN requires C, 24.3; F, 72.2; N, 3.5%). Spectra no. 3.
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7B.2 Perfluoro-2,4-di-isopropylpyridine (133)

(a) at 118°C
Compound (133) (9.5 g, 20.3 mmol) was fluorinated at 118°C. The
product (10.5 g) was not completely separable by g.l.c. (Column A at
80°C and Column O at 120°C) but fractional distillation gave a mixture
of perfluoro-1-aza-2,4-di-isopropylcyclohexa-1,3-diene (134) (26%)
and perfluoro-l-aza-2,4-di-isopropylcyclohexa-1,4-diene (135) (26%),
b.p. 142°C. (Found: C, 25.9; F, 70.7; N, 3.1%. Calculated for C;,FigN:

C, 26.0; F, 71.2; N, 2.8%.) Spectra no. 5, and perfluoro-1l-aza-2,4-

di-isopropylcyclohex-1-ene (136) (45%), b.p. 153°C. (Found: C, 23.9;

F, 73.7; N, 2.9%. C,F,{N requires C, 24.2; F, 73.2, N, 2.6%.)
Spectra no. 4.
(b) at 170°C
Compound (133) (17.1 g, 36.5 mmol) was fluorinated at 170°C. The
product (17.5 g) was shown by g.l.c. (Column A at 80°C) to consist of

one major component. Purification by fractional distillation gave

perfluoro-1l-aza-2,4-di-isopropylcyclohex-1-ene (136) (89%), identified
by comparison of spectroscopic data with those of a sample obtained in

a).

7B.3 Perfluoro-2,4,5-tri-isopropylpyridine (137)

Compound (137) (8.1 g, 13.1 mmol) was fluorinated at 138°C. The
product (6.3 g) was shown by g.l.c. (Column A at 80°C) to consist of
one major component. Purification by preparative scale g.l.c. gave
perfluoro-1-aza-2,4,5-tri-isopropylcyclohexa-1,4-diene (138) (62%)

(Found: F, 73.3%. Cy,F,y5N requires F, 73.8%). Spectra no. 6.
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7B.4 Perfluoro-2,4,6-tri-isopropylpyridine (139)

Compound (139) (7.0 g, 11.3 mmol) was fluorinated at 145°C. The
product (4.8 g) was not completely separable by g.l.c. (Columns O and
A at various temperatures) and fractional distillation proved unsuccessful.
A detailed study by g.l.c.-m.s. showed two major components, the first
of which (M+, 657) was consistent with any of the dienes (140), (141),
and (142), but the complexity of the mass spectrum suggested a mixture
of all three. The second component (M+, 695) was consistent with a

mono-ene.

7C PYRIMIDINE DERIVATIVES

7C.1 Perfluoro-4,6-di-isopropylpyrimidine (143)

Compound (143) (13.4 g, 29.6 mmol) was fluorinated at 172°C. The
product (13.5 g) was shown by g.l.c. (Column A at 60°C) to consist of
one major component. Separation by fractional distillation gave

perfluoro-1,3-diaza-4,6-di-isopropylcyclohexa-3,6-diene (144) (83%)

b.p. 129°C, (Found: C, 24.8; F, 69.2; N, 5.6%. C;oFgN, requires
C, 24.5; F, 69.8; N, 5.7%). Xmax(cyclohexane) 263 nm (e 380), spectra

no.7.

7C.2 Perfluoro-2,4,6-tri-isopropylpyrimidine (148)

Compound (148) (20.2 g, 33.6 mmol) was fluorinated at 183°C. The
product (18.5 g) was shown by g.l.c. (Column A at 90°C) to consist of
a complex mixture of liquids with one major component. Separation by

fractional distillation gave perfluoro-1,3-diaza-2,4,6-tri-isopropyl-

cyclohexa-3,6-diene (149) (63%) (Found: F, 70.9%. Cy3FyyN requires

F, 71.2%). Amax(cyclohexane) 257 nm (e 500), spectra no. 8,
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7D PYRAZINE DERIVATIVES

7D.1 Perfluoro-2,5-di-isopropylpyrazine (151)

Compound (151) (12.8 g, 28.3 mmol) was fluorinated at 156°C. The
product (11.6 g) was collected as a low melting white crystalline
solid. Recrystallization (60°-80° petroleum ether) gave perfluoro-

1,4-diaza-2,5-di-isopropylcyclohexa-1,4-diene (152) (87%) (Found:

C, 24.5; F, 69.3; N, 6.3%. CypF,gN, requires C, 24.5; F, 69.8;

N, 5.7%). Amax(cyclohexane) 256 nm (¢ 220), spectra no. 9,

7E  PYRIDAZINE DERIVATIVES

7E.1 Perfluoro-4,5-di-isopropylpyridazine (153)

Compound (153) (21.2 g, 46.9 mmol) was fluorinated at 163°C. The
product (17.8 g) was shown by g.l.c. (Column A at 60°C) to be a
mixture containing one major and two minor components. Fractional

distillation gave perfluoro-2,3-dimethylpentane (154) (12%) b.p. 83°C.

(Found: C, 21.9; F, 78.2%. C4F,¢ requires C, 21.6; F, 78.4%), spectra
no. 10, and perfluoro-2,3,4,5-tetramethylhex-3-ene (156, 157)(cZs +
trans isomers, 1:2.5) (53%) b.p. 126°C. (Found: C, 23.8; F, 76.2.
Calculated for CyyF,p, C, 24,0; F, 76.0%). Spectra no. 12. Separation

of the pot residue by preparative scale g.l.c. gave perfluoro-2,3,4,5-

tetramethylhexane (155) (9%) (Found: C, 22.4; F, 77.3%. CyoF,, requires

C, 22.3; F, 77.7%). Spectra no. 11.

7F TOLUENE DERIVATIVES

7F.1 Perfluorotoluene (164)

Compound (164) (16.1 g, 68.2 mmol) was fluorinated at 68°C. The
product (18.0 g) was shown by g.l.c. (Column Z at 60°C) to contain one

major and three minor components. Separation by preparative scale g.l.c.
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gave perfluoromethylcyclohexane (165) (11%), (Found: C, 24.2; F, 75.7%.
C7F;y requires C, 24.0; F, 76.0%), spectra no. 13, perfluoro-1l-methyl-
cyclohexene (166) (48%), (Found: C, 27.0; F, 73.2%. C;F;, requires

C, 26.9; F, 73.1%), spectra no. 14, perfluoro-l-methylcyclohexa-1,3-

diene (167) (9%), (Found: C, 30.6; F, 69.2%. C;F,q requires C, 30.7;
F, 69.3%), Amax(cyclohexane) 255 nm (e 4833), spectra no.l15, and

perfluoro-1-methylcyclohexa-1,4-diene (168) (15%) (Found: C, 30.5;

F, 69.1%. C;F,9 requires C, 30.7; F, 69.3%), Amax(cyclohexane) 264 nm

{e 120), spectra no. 16.

7F.2 Perfluoro-4-isopropyltoluene (169)

Compound (169) (20.1 g, 52.1 mmol) was fluorinated at 83°C. The

product (12.5 g) was shown by g.l.c. (Column Z at 95°C) to consist of
two major and two minor components. Separation by preparative scale

g.l.c. gave perfluoro-l-methyl-4-isopropylcyclohex-3-ene (172) (10%)

(Found: C, 26.0; F, 73.7%. Cy¢F,g requires C, 26.0; F, 74.0%), spectra

no. 17, perfluoro-1l-methyl-4-isopropylcyclohexa-1,3-diene (170) (25%)

(Found: C, 28.5; F, 71.8%. CyoF; requires C, 28.3; F, 71.7%), Amax

(cyclohexane) 251 nm (e 6871), spectra no. 18, and perfluoro-l-methyl-

4-isopropylcyclohexa-1,4-diene (171) (25%) (Found: C, 28.3; F, 71.7%.

Ci1oF16 requires C, 28.3; F, 71.7%), Amax(cyclohexane) 275 nm (e 172),
spectra no. 19. The fourth and most minor component was not isolated,
however the mass spectrum was consistent with perfluoro-1-methyl-4-

isopropylcyclohex-1-ene (173) (3%) (M+, 462) .

7F.3 Perfluoro-m-xylene (174)

Compound (174) (5.4 g, 18.9 mmol) was fluorinated at 80°C. Products

(5.0 g) were shown by g.l.c. (Column A at room temperaturc) to consist
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of one major component. Purification by preparative scale g.l.c. gave

a compound which was not unambiguously identified but spectroscopic
data were consistent with perfluoro-1,3-dimethylcyclohex-1-ene (175) or
perfluoro-1,3-dimethylcyclohex-3-ene (176) (66%) (Found: C, 25.1;

F, 73.8%. Calculated for CgF,,, C, 26.5; F, 73.5%). Spectra no. 20.




CHAPTER 8

EXPERIMENTAL TO CHAPTER 4

8A PHOTOCHEMISTRY

8A.1 Irradiations - General Procedure

All irradiations were carried out using a Rayonet R.P.R. 208 reactor
equipped with eight 15 W low pressure mercury lamps emitting at 253.7 n
Starting materials were transferred under vacuum into a 34 x4 cm silica
tube, degassed and sealed under high vacuum. After irradiation products
were similarly transferred into a liquid air cooled trap attached to an

inflatable bladder.

8A.2 Perfluoro-l-aza-4-isopropylcyclohexa-1,3-diene (129)

Compound (129) (4.3 g, 12.0 mmol) was irradiated for 72 hours. The
product (3.9 g) was shown by g.l.c. (Column A at 80°C) to consist of
a mixture of liquids with one major component. Preparative scale g.l.c.

gave perfluoro-1-(2-aza-allyl)-3-isopropylcyclobut-2-ene (182) (70%)

(Found: C, 27.0; F, 69.3; N, 4.1%. CgF 3N requires C, 26.9; F, 69.2;
N, 3.9%). Spectra no. 21.

In all subsequent experiments compound (182) could not be obtained
in any significant quantity, and a new product (180) was obtained. A
typical example is as follows:

Compound (129) (3.8 g, 10.6 mmol) was irradiated for 72 hours. The
product (3.5 g) was shown by g.l.c. (Column A at 80°C) to consist of

one major component. Preparative scale g.l.c. gave perfluoro-1-methyl-

imino-3-isopropylcyclobut-2-ene (180) (87%) (Found: C, 27.2; F, 68.7;

N, 4.1%. CgF,;3N requires C, 26.9; F, 69.2; N, 3.9%). Spectra no. 22.

130
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8A.3 Perfluoré—l,4—diaza-2,S-diisopropylcyclohexa—1,4-diene (152)

Compound (152) (3.2 g, 6.S‘mmol) was irradiated for 340 hours.
Products consisted of a gas (1.1 g), identified as perfluoroisobutyro-
nitrile (185) (35%), by comparison of spectroscopic data with those of
an authentic sample, and a liquid (1.9 g), shown by g.l.c. (Column A
at 60°C) to consist of a minor amount of (185) and one major component.

Preparative scale g.l.c. gave perfluoro-2-aza-3-isopropylbuta-1,3-diene

(186) (58%) (Found: C, 24.2; F, 70.5; N, 4.7%. C¢F N requires C, 24.4;

F, 70.8; N, 4.7%). Spectra no. 23.

8A.4 Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144)

Compound (144) (3.7 g, 7.6 mmol) was irradiated for 140 hours. The

product (3.5 g) was shown by g.l.c. (Column A at 60°C) to consist of

four components. Preparative scale g.l.c. gave compounds (185) (11%)
and (186) (17%) identified by comparison of spectroscopic data with

samples obtained in 8A.3, and perfluoro-3,5-diaza-7-methyl-2-isopropyl-

octa-1,3,5-triene (187) (48%) (Found: C, 24.7; F, 69.2; N, 6.2%.

CygF1gN, requires C, 24.5; F, 69.8; N, 5.7%). Spectra no. 24. The
fourth component was identified as starting material (144) by comparison

of spectroscopic data (yields based on amount of (144) consumed).

8A.5 Related compounds

(a) Perfluoro-l-aza-2,4-diisopropylcyclohex-1-ene (136)

Compound (136) (4.6 g, 8.4 mmol) was irradiated for 137 hours. The
product (4.5 g) was shown by g.l.c. (Column A at 60°C) to consist of
one component, identified spectroscopically as stafting material (136)

(98% recovery).
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(b) Perfluoro-N,N'-bis-1,3-diazacyclohex-2-enyl (42)

Compound (42) (2.7 g, 6.5 mmol) was irradiated for 235 hours. The
product (2.6 g) was shown by g.l.c. (Column A at 80°C) to consist of
one component, identified spectroscopically as starting material (42)

(96% recovery).

(c) Perfluoro-l-aza-4-isopropylcyclohexa-1,4-diene (130)

Compound (130) (2.0 g, 5.6 mmol) was irradiated for 70 hours. The
product (1.9 g) was shown by g.l.c. (Column A at 60°C) to consist of
one component, identified spéctroscopically as starting material (130)

(95% recovery) .

8B THERMAL REACTIONS

8B.1 General procedure

Starting materials were added to a 30x 2.5 cm oven dried nitrogen
purged nickel tube which was sealed and heated to the required temper-
ature in a Carius furnace. Products were obtained by transferring under

vacuum into a liquid air cooled trap.

8B.2 Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144)

(a) at 275°C

Compound (144) (3.3 g, 6.7 mmol) was heated to 275°C for 16 hours.
The product (2.4 g) was shown by g.l.c. (Column A at 60°C) to consist
of two components, identified as starting material (144) and perfluoro-
4,6-diisopropylpyrimidine (143) (~10% conversion) by comparison of

g.l.c.-m.s. data.




(b) at 275°C with perfluoro-3,4-dimethylhexane

Compound (144) (2.9 g, 5.9 mmol) and perfluoro-3,4-dimethylhexane
(~0.2 g) were heated to 275°C for 16 hours. The product (2.0 g) was
shown by g.l.c. (Column A at 60°C) to consist of two components
similarly identified as starting material (144) and perfluoro-4,6-

diisopropylpyrimidine (143) (~50% conversion).

8B.3 Perfluoro-1,4-diaza-2,5-diisopropylcyclohexa-1,4-diene (152)

Compound (152) (3.3 g, 6.7 mmol) was heated to 275°C for 16 hours.
The product (2.4 g) was shown by g.l.c. (Column A at 60°C) to consist
of one component, identified spectroscopically as starting material

(152) (72% recovery).

8C REACTIONS WITH FLUORIDE ION

8C.1 Perfluoro-1,1'-bis-1,3-diazacyclohex-2-enyl (42)

(a) in the absence of a solvent

Compound (42) (3.3 g, 7.9 mmol) was transferred under vacuum into
a 10 ml Carius tube containing dry CsF (0.5 g). This was sealed under
high vacuum and heated to 150°C for 16 hours with vigorous shaking.
Volatile material was vacuum transferred into a liquid air cooled trap.
The resultant liquid (2.3 g) was shown by g.l.c. (Column A at 80°C)
to consist of two components. Separation by preparative scale g.l.c.

gave starting material (42) and perfluoro-4-methyl-1,2,5,7-tetra-
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azatricyclo{3.3.1.02'%Jundec-4-ene (188) (42%) (Found: C, 23.0; F, 64.0;

N, 13.2%. CgFy4N, requires C, 23.0; F, 63.6; N, 13.4%). Spectra no. 25.

(b) in sulpholane

Compound (42) (1.1 g, 2.63 mmol) was transferred under vacuum into
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a 10 ml Carius tube containing dry CsF (0.5 g) and sulpholane (3 ml).
This was sealed under high vacuum and heated to 120°C for 16 hours
with vigorous shaking. Volatile material was vacuum transferred into

a liquid air cooled trap. The resultant liquid (0.9 g) was shown by
g.l.c. (Column A at 80°C) to consist of three components. Separation
by preparative scale g.l.c. gave starting material (42), compound (188)
(14%), and a new product (194) (42%) which was not identified. (Found:
C, 22.8; F, 66.6; N, 9.9%. Calculated for C8N3F15, C, 22.7; F, 67.3;

N, 9.9%). Spectra no. 26.

8C.2 Perfluoro-1l-azacyclohex-1-ene (38)

(a) in the absence of a solvent

Compound (38) (2.0 g, 8.2 mmol) was transferred under vacuum into
a 5 ml Carius tube containing dry CsF (~1.0 g). This was sealed under
high vacuum and heated to 150°C for 64 hours with vigorous shaking. Volatile
material was vacuum transferred into a liquid air cooled trap. The
resultant liquid (1.9 g) was shown by g.l.c. (Column A at room temperature)
to consist of one component, identified spectroscopically as starting

material (38) (95% recovery).

(b) in sulpholane

Compound (38) (1.45 g, 5.9 mmol) was added to a 10 ml flask containing
dry CsF (1.0 g, 6.6 mmol) and sulpholane (5 ml). This was stirred at
room temperature for 38 hours. An n.m.r. spectrum of the homogeneous
solution showed fairly sharp signals at 62.3, 127.1, and 131.1 p.p.m.
which were assigned to the perfluoroazacyclohexyl anion (93). Exchange
broadening was not observed on heating to 50°C. Addition of BF3 etherate

gave a solution which was shown by n.m.r. to contain only a small amount
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of (38). Other signals between 51 and 135 p.p.m. indicated that another

species was present but these were not assigned.

8C.3 Perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129)

(a) in the absence of a solvent

Compound (129) (1.0 g, 2.8 mmol) was stirred with dry CsF (0.5 g)
at room temperature for 20 hours. Volatile material was vacuum transferred
into a liquid air cooled trap. The resultant liquid (0.9 g) was shown
by n.m.r. to consist of a mixture of starting material (129) (83%) and

the isomeric 1,4-diene (130) (17%).

{b) in acetonitrile

Compound (129) (2.0 g, 5.6 mmol) was added to a 10 ml flask containing
dry CsF (1.0 ¢, 6.6 mmol) and acetonitrile (5 ml). This was stirred at
room temperature for 25 hours and a sample of the resultant homogeneous
solution was taken for subsequent n.m.r. experiments.

N.m.r. spectra were recorded at various temperatures betweem -30°
and 50°C and observed signals were assigned to the nitranion (196)
(section 4C.3). Addition of BF3 etherate gave a solution which was shown
by n.m.r. to contain an equilibrium mixture of starting material (129)
and the isomeric 1,4-diene (130).

Methyl iodide (0.92 g, 6.5 mmol) was added to the remainder of the
solution followed by stirring for 24 hours. Water (5 ml) was added and
the lower fluorocarbon layer separated. The resultant liquid (1.7 g)
was shown by g.l.c. (Column A at 70°C) to consist of one major component.

Purification by preparative scale g.l.c. gave N-methyl-1-aza-4-perfluoro-

isopropyl—2,2,3,5,5,6,6—heptaf[gprocyg]thx-S-ene (198) (65%) (Found:

C, 27.4; WU, 0.6; F, 67.7; N, 4.0%. CogF 3N requires: €, 27.0; H, 0.8,
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F, 68.0; N, 3.6%). Spectra no. 27.

(c) in sulpholane

An experiment identical to that described in (b) was carried out
using sulpholane as solvent. N.m.r. studies showed that spectra were
not significantly different from those obtained using acetonitrile

at corresponding temperatures.

8D REACTIONS WITH DIAZOMETHANE

8D.1 General procedure

Diazomethane ether azeotrope, prepared from p-tolylsulphonylmethyl-
nitrosamide by the literature method!3?, was added slowly to a neat
sample of the substrate at room temperature until a permanent yellow
colour was established. Excess diazomethane and ether were allowed
to evaporate off and products were obtained from the residual oil by

vacuum sublimation.

8D.2 Perfluoro-l1-aza-4-isopropylcyclohexa-1,3-diene (129)

Compound (129) (2.6 g, 7.3 mmol) gave a yellow viscous liquid (1.8 g)
on reaction with diazomethane. This was shown by g.l.c. (Column O at
200°C) to consist of five components. Separation by preparative scale

g.1l.c. gave only three pure components identified as 4-(perfluoroisopropyl)-

2,2,3,3,5,6-hexafluoro-1-azabicyclo[4.1.0)hept-4-ene (199) (9%) (Found:

C, 29.3; H, 0.25; F, 66.2; N, 3.9%. CqHyF 3N requires: C, 29.1; H, 0.54;

F, 66.6; N, 3.8%), spectra no. 28, 4-(perfluoroisopropyl)-2,2,3,3,5-

pentafluoro-1,8,9-triazabicyclo[4.3.0]nona-4,6,8-triene (200) (14%)

(Found: C, 28.5; H, 0.4; F, 60.6; N, 10.9%. CqHF,,N3 requires: C, 28.5;

H, 0.26; F, 60.2; N, 11.1%), spectra no. 29, and 4-(perfluoroisopropyl)-




137

6- (fluoromethyl)-2,2,3,3,5-pentafluoro-1-azabicyclo[4.1.0)hept-4-ene (201)

(29%) (Found: C, 31.3; H, 1.0; F, 63.8; N, 3.5%. CjgHyF 3N requires:

C, 31.2; H, 1.04; F, 64.2; N, 3.6%), spectra no. 30.

8D.3 Perfluoro-1-aza-4-isopropylcyclohexa-1,4-diene (130)

Compound (130) (2.6 g, 7.3 mmol) gave a yellow viscous liquid (1.6 g)
on reaction with diazomethane. This was shown by g.1.c. (Column Q at
200°C) to be a complex mixture containing two major and at least five
minor components. Separation by preparative scale g.l.c. gave two
major components which were identified as compounds (201) (15%) and

(200) (7%) previously obtained from the 1,3-diene (129).

8D.4 Perfluoro-1,3-diaza-4,6-diisopropylcyclohexa-3,6-diene (144)

Compound (144) (1.5 g, 5.7 mmol) gave a pale yellow viscous liquid
(1.1 g) on reaction with diazomethane. This was shown by g.l.c.
(Column O at 150°C) to consist of two components. Separation by
preparative scale g.l.c. gave starting material (144) and 4,6-bis-

(perfluoroisopropyl)-2,2,5,5-tetrafluoro-1,3-diazabicyclo[4.1.0]hept-

3-ene (205) (53%) (Found: C, 26.3; H, 0.3; F, 68.2; N, 5.3%. CqiHaFigN,

requires: C, 26.2; H, 0.4; F, 67.9; N, 5.5%). Spectra no. 31.
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CHAPTER 9

EXPERIMENTAL TO CHAPTER 5

9A REACTIONS WITH FLUORIDE ION

9A.1 Reaction of perfluoro-2,5-diazahexa-2,4-diene (16) with alkali

metal fluorides in sulpholane

(a) Na¥

Compound (16) (3.2 g, 14.0 mmol) was stirred with NaF (~1.0 g) in
sulpholane (5 ml) for 70 hours at room temperature. Volatile material
was vacuum transferred into a liquid air cooled trap. The resultant
liquid (2.9 g) was shown by g.l.c. (Column A at 60°C) to contain two
components. Separation by preparative scale g.l.c. gave the known dimers
(82) (76%) (spectra no. 36) and (86) (24%) (spectra no. 35), identified
by comparison of spectroscopic data with those reported in the

literature.2!,38

(b) KF
A similar experiment using KF gave the dimers (82) (43%) and (86)

(50%) together with a third component identified as perfluorospiro-

1,3,6,9-tetra-aza-3,6,9-trimethylnon-1l-ene (206) (7%) (Found: C, 21.0;

F, 66.6; N, 12.1%. CgF,¢N, requires: C, 21.1; F, 66.7; N, 12.3%).

Spectra no. 37.

(¢) CsF
Similarly, an experiment using CsF gave a mixture of dimers (82)

(37%), (86) (57%), and (206) (6%).
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9A.2 Vapour phase reaction of perfluoro-2,5-diazahexa-2,4-diene (16)

with caesium fluoride

Compound (16) (10.9 g, 47.8 mmol) was passed through a silica tube
containing caesium fluoride at 220°C in a flow of nitrogen (contact
time ~70s). The product was collected in a liquid air cooled trap. The
resultant liquid (8.8 g} (81% recovery) was shown by g.l.c. (Column A
at room temperature) to consist of two components. Separation by preparative
scale g.l.c. gave the known compounds (33) (16%) (spectra no. 33) and
(34) (65%) (spectra no. 34), identified by comparison of spectroscopic

data with those reported in the literature.38

9A.3 Vapour phase reaction of a mixture of dimers with cacsium fluoride

A mixture of dimers of compound (16) containing (86) (27%), (82)
(67%), and (206) (6%) (5.5 g) was passed through a silica tube containing
caesium fluoride at 220°C in a flow of nitrogen (contact time ~15 s). The
product was collected in a liquid air cooled trap. The resultant liquid
(4.5 g) was shown by g.l.c. (Column A at 65°C) to consist of four
components, identified as compounds (33) (10%), (34) (17%), (82) (67%)

and (206) (6%) by comparison of g.l.c.-m.s. data.

9B DEFLUORINATION REACTIONS

9B.1 Reactions of perfluoro-2,5diazahexa-2,4-diene (16) over hot metal

surfaces

(a) with Fe filings in a flow system

Compound (16) (4.7 g, 20.6 mmol) was passed through a silica tube
containing Fe filings at 340°C in a flow of nitrogen (contact time 30 s).
The product was collected in a liquid air cooled trap. The resultant

liquid (2.3 g) was shown by g.l.c. (Column A at 70°C) to consist of two
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components. Separation by preparative scale g.l.c. gave starting

material (16) and perfluoro-N-methylimidazole (212) (30% based on g.l.c.

analysis) (Found: C, 25.2; F, 59.7; N, 14.6%. C,F¢N, requires: C, 25.3;

F, 60.0; N, 14.8%). Spectra no. 39.

(b) with Pt metal in a flow system

Compound (16) (6.0 g, 26.3 mmol) was passed over Pt metal at 480°C in
a similar flow system (contact time ~35 s). The resultant liquid (5.3 g)
(88% recovery) was shown by g.l.c. (Column A at 60°C) to consist of three
components, identified as compounds (33) (11%), (34) (6%), and (16) -

(83%) by comparison of g.l.c.-m.s. data.

(c) with Ni turnings in a flow system

Compound (16) (4.5 g, 19.7 mmol) was passed over Ni turnings at
380°C in a similar flow system (contact time 40 s). The resultant
liquid (4.2 g) (93% recovery) was shown by g.l.c. (Column A at 60°C)
to consist of one component, identified spectroscopically as starting

material (16).

(d) in a sealed Ni tube

Compound (16) (5.4 g, 23.7 mmol) was added to a 30x2.5 cm dry Ni
tube, sealed and heated to 290°C for 18 hours. Volatile material was
vacuum transferred into a liquid air cooled trap. The resultant liquid
(4.5 g) (83% recovery) was shown by g.l.c. (Column A at 60°C) to consist
of four components, identified as compounds (212) (9%), (33) (14%), (34)

(38%), and (16) (39%) by comparison of g.l.c.-m.s. data.



(e) in a sealed Ni tube with Ni turnings

A similar reaction of compound (16) (5.5 g, 24.1 mmol) in a sealed
Ni tube with Ni turnings (~21 g) at 300°C for 18 hours, gave a product
mixture (2.3 g) (42% recovery) containing compounds (212) (5%), (33)

(9%), (34) (20%), and (16) (66%).

(f) in a sealed Ni tube with Fe filings

Similarly, compound (16) (5.5 g, 24.1 mmol) was heated to 300°C
for 18 hours in a sealed Ni tube containing Fe filings (v18 g). The
product mixture (3.7 g) (67% recovery) was shown to contain compounds

(212) (6%), (33) (13%), (34) (28%) and (16) (53%).

9C PHOTOCHEMISTRY

9C.1 Irradiation of perfluoro-2,5-diazahexa-2,4-diene (16)

{(a) in the vapour phase

Compound (16) (4.2 g, 18.4 mmol) was transferred under vacuum into
a 34 x4 cm silica tube, degassed and sealed under high vacuum. This
was irradiated for 46 hours (253.7 nm, low pressure Hg lamp). Volatile
material was vacuum transferred into a liquid air cooled trap. The
resultant liquid (3.9 g) (93% recovery) was shown by g.l.c. (Column A
at 70°C) to consist of one component, identified spectroscopically as

starting material (16).

(b) in n-pentane

Compound (16) (4.0 g, 17.5 mmol) was dissolved in n-pentane (100 ml)
and irradiated using a broad band medium pressure Hg lamp. Samples were

removed at 30 minute intervals and analysed by g.l.c. (Column A at 60°C).

After 12.5 hours no significant decrease in the concentration of (16)
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could be observed. Examination of the resultant solution by n.m.r.

confirmed that reaction had not taken place.

(c) in n-pentane with p-xylene

A similar irradiation of compound (16) with a 4:1 molar excess of
p-xylene was carried out. The resultant solution was shown by n.m.r.

to contain only starting materials.

9C.2 Irradiation of perfluoro-2,5-diazahexa-2,4-diene (16) in the

presence of ketones

(a) with acetone
Compound (16) (4.7 g, 20.6 mmol) and dry acetone (1.2 g, 20.7 mmol)

were transferred under vacuum into a 34 x4 cm silica tube, degassed and

sealed under high vacuum. This was irradiated for 29 hours (300 nm, Hg
phosphor lamp). Volatile material was vacuum transferred into a liquid
air cooled trap. The resultant liquid (5.6 g) was shown by g.l.c.-m.s.

to contain only starting materials (95% recovery).
y g y

(b) with hexafluoroacetone

A similar irradiation of compound (16) with hexafluoroacetone was

carried out. This led to a 94% recovery of starting material.

9D THERMAL REACTIONS WITH ALKENES

9D.1 with cyclohexene

(a) at 80°C
Perfluoro-2,5-diazahexa-2,4-diene (16) (4.0 g,17.5 mmol) was
transferred under vacuum into a 50 ml Carius tube containing cyclohexene

(1.44 g, 17.6 mmol). This was sealed under high vacuum and heated to
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80°C for 100 hours. Volatile material was vacuum transferred into a

liquid air cooled trap. The resultant liquid (4.4 g) consisted of two

layers, the lower of which was shown hy g.1l.c. (Column A at 60°C)

to consist of one component, identified spectroscopically as |
starting material (16). The upper layer was similarly shown to consist

of one major component, the mass spectrum of which was consistent with

a dimer of cyclohexene (M+ = 164).

(b) at 150°C
A similar reaction of compound (16) (4.1 g, 18.0 mmol) with cyclo-
hexene (1.5 g, 18.3 mmol) at 150°C using carefully dried precursors

gave a dry black residue (4.0 g) from which products were not obtained.

9D.2 with 2-methylbut-2-ene

(a) at 80°C
A reaction similar to that described in 9D.1 (a) was carried out
using compound (16) (4.3 g, 18.9 mmol) and 2-methylbut-2-ene (1.33 g,
19.0 mmol). The resultant liquid (4.5 g) consisted of two layers, the
lower of which was again identified as unreacted (16) only. The upper
layer was shown by g.l.c. (Column A at 100°C) to consist of several
components, the mass spectra of which were consistent with dimers of

2-methylbut-2-ene (M' = 140)

(b) at 150°C
A similar reaction of compound (16) (4.1 g, 18.0 mmol) with 2-methyl-
but-2-ene (1.3 g, 18.6 mmol) at 150°C using carcfully dried precursors

gave a dry black residue (3.9 g) from which products were not obtained
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9E HYDROLYSES

9E.1 Reaction with a 2:1 molar ratio of water

Perfluoro-2,5-diazahexa-2,4-diene (16) (2.1 g, 9.2 mmol) was stirred
with water (0.34 g, 18.9 mmol) in sulpholane (10 ml) at 15°C for 85
hours. The solution was extracted with ether (2x10 ml). Ether was
allowed to evaporate off leaving a white solid (1.7 g) which, on vacuum
sublimation, gave N,N'-bistrifluoromethyloxamide (44) (82%) (M+, 224)
(spectra no. 40), identified by comparison of spectroscopic data with

those reported in the literature.“®

9E.2 Reaction with a 1:1 molar ratio of water

A similar reaction of compound (16) (2.1 g, 9.2 mmol) with water

(0.17 g, 9.4 mmol) again gave compound (44) (77%) as the only product.
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CHAPTER 10

EXPERIMENTAL TO CHAPTER 6

10A FLUORIDE ION INDUCED REACTIONS

10A.1 Reaction of perfluoro-1,3-diaza-l-methylcyclopent-2-ene (34) with

caesium fluoride

Compound (34) (2.1 g, 9.2 mmol) was stirred with dry caesium fluoride
(1.35 g, 9.5 mmol) in sulpholane (3 ml) at room temperature. After 30

minutes a lower fluorocarbon layer was observed which was shown by

n.m.r. to contain the dimer (86) only. Examination of the upper solvent
layer by n.m.r. gave no indication of the intermediate nitranion (84).
Methyl iodide (1.35 g, 9.5 mmol) was added and the solution stirred for
a further 22 hours. Volatile material was vacuum transferred into a
liquid air cooled trap. The resultant liquid (2.2 g) was shown by g.l.c.
(Column A at 80°C) to consist of one major component. Purification by

preparative scale g.l.c. gave l-methyl-3-trifluoromethyl-2,2,4,4,5,5-

hexafluoro-1,3-diazacyclopentane (219) (93%) (Found: C, 23.1, H, 1.3;

F, 64.8; N, 10.6%. CgH3FgN, requires: C, 22.9; H, 1.2; F, 65.3; N, 10.7%).

Spectra no. 38.

10A.2 Reaction of a mixture of perfluoro-1,3-diaza-1-methylcyclopentenes

(33) and (34) with hexafluoropropene in the presence of fluoride ion

Caesium fluoride (~1 g) and sulpholane (5 ml) were added to a nitrogen
purged 25 ml flask which was evacuated and exposed to an atmosphere of
hexafluoropropene (3.8 g, 25.3 mmol) stored in a bladder. The mixture
was heated to 50°C with stirring. After ~15 minutes a 1:4 mixture of

compounds (33) and (34) (1.5 g) was injected through a septum and




stirring was continued for a further 20 hours. Volatile material was
vacuum transferred into a liquid air cooled trap. The resultant liquid
{3.4 g) was shown by g.l.c. (Column A at room temperature) to consist
of a complex mixture of liquids with six components. Separation by
preparative scale g.l.c. gave dimers and trimers of hexafluoropropene,

together with perfluoro-1,3-diaza-1-methyl-4-isopropylcyclopent-3-ene

221) (Found: C, 22.2; F, 70.2; N, 7.8%. CoF4,N, requires: C, 22.2;
144V2

F, 70.4; N, 7.4%), spectra no. 41, and perfluoro-1,3-diaza-1-methyl-

2-isopropylcyclopent-2-ene (220) (Found: C, 22.3; F, 70.6; N, 7.7%.

C7F{yN, requires: C, 22.2; F, 70.4; N, 7.4%), spectra no. 42. (1:3

ratio, total yield 74%).

10B  HYDROLYSES

10B.1 Hydrolysis of perfluoro-1,3-diaza-l-methylcyclopent-3-ene (33)

Compound (33) (0.80 g, 3.51 mmol) was stirred with water (0.2 g,
11.1 mmol) in sulpholane (3 ml) at 15°C for 60 hours. The solution was
extracted with ether (2x3 ml). Ether was allowed to evaporate off

leaving a white solid (0.3 g). Purification by vacuum sublimation gave

1-trifluoromethyl-5,5-difluoro-1,3-diazacyclopenta-2,4-dione (222) (42%
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)

(Found: C, 23.7; H, 0.6; F, 46.3; N, 13.6%. C4,HFsN,0, requires: C, 23.5;

H, 0.5; F, 46.6; N, 13.7%). Spectra no. 43,

10B.2 Hydrolysis of perfluoro-1,3-diaza-1-methylcyclopent-2-ene (34)

A similar reaction of compound (34) (1.16 g, 5.1 mmol) with water
(0.2 g, 11.1 mmol) gave compound (222) (38%), identified by comparison

of spectroscopic data, as the only product.
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COMPOUND INDEX

Spectra no.

1)
2)
3)
4)

5)

6)

7)

8)

9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

20)

21)
22)

23)

Perfluoro-1-aza-4-isopropylcyclohexa-1,3-diene (129)
Perfluoro-1-aza-4-isopropylcyclohexa-1,4-diene (130)
Perfluoro-l-aza-4-isopropylcyclohex-1l-ene (131)
Perfluoro-l-aza-2,4-di-isopropylcyclohex-1-ene (136)
Perfluoro-1-aza-2,4-di-isopropylcyclohexa-1,3-diene (134) and
perfluoro-l-aza-2,4-di-isopropylcyclohexa-1,4-diene (135)
Perfluoro-1-aza-2,4,5-tri-isopropylcyclohexa-1,4-diene (138)
Perfluoro-1,3-diaza-4,6-di-isopropylcyclohexa-3,6-diene (144)
Perfluoro-1,3-diaza-2,4,6-tri-isopropylcyclohexa-3,6-diene (149)
Perfluoro-1,4-diaza-2,5-di-isopropylcyclohexa-1,4-diene (152)
Perfluoro-2,3-dimethylpentane (154)
Perfluoro-2,3,4,5-tetramethylhexane (155)

C78(156)- and trans(157)-perfluoro-2,3,4,5-tetramethylhex-3-ene
Perfluoromethylcyclohexane (165)

Perfluoro-1-methylcyclohexene (166)
Perfluoro-1-methylcyclohexa-1,3-diene (167)
Perfluoro-1-methylcyclohexa-1,4-diene (168)
Perfluoro-1-methyl-4-isopropylcyclohex-3-ene (172)
Perfluoro-1-methyl-4-isopropylcyclohexa-1,3-diene (170)
Perfluoro-1-methyl-4-isopropylcyclohexa-1,4-diene (171)
Perfluoro-1,3-dimethylcyclohex-1-ene (175) or perfluoro-1,3-dimethyl-
cyclohex-3-ene (176)
Perfluoro-1-(2-aza-allyl)-3-isopropylcyclobut-2-ene (182)
Perfluoro-1-(methylimino)-3-isopropylcyclobut-2-ene (180)

Perfluoro-2-aza-3-isopropylbutadiene (186)
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24) Perfluoro-3,5-diaza-2-isopropyl-7-methylocta-1,3,5-triene (187)

25) Perfluoro-4-methyl-1,2,5,7-tetra-azatricyclo[3.3.1.02-%]Jundec-4-ene (188)

26) Compound (194). Structure unknown

27) N-Methyl-l-aza-4-(perfluoroisopropyl)-2,2,3,5,5,6,6-heptafluorocyclo-
hex-3-ene (198)

28) 4-(Perfluoroisopropyl)-2,2,3,3,5,6-hexafluoro-1-azabicyclo[4.1.0]-
hept-4-ene (199)

29) 4-(Perfluoroisopropyl)-2,2,3,3,5-pentafluoro-1,8,9-triazabicyclo-
[4.3.0]nona-4,6,8-triene (200)

30) 4-(Perfluoroisopropyl)-6-(fluoromethyl)-2,2,3,3,5-pentafluoro-1-
azabicyclo[4.1.0]hept-4-ene (201)

31) 4,6-Bis(perfluoroisopropyl)-2,2,5,5-tetrafluoro-1,3-diazabicyclo-
[4.1.0]hept-3-ene (205)

32) Perfluoro-2,5-diazahexa-2,4-diene (16)

33) Perfluoro-1,3-diaza-l-methylcyclopent-3-ene (33)

34) Perfluoro-1,3-diaza-1-methylcyclopent-2-ene (34)

35) Perfluoro-4-(3-methyl-1-imidazolidinyl)-1-methyl-2,5-dihydroimidazole (86)

36) Perfluoro-1,3-dimethyl-2-methyliminomethyl-5-methyliminotetrahydro-
imidazole (82)

37) Perfluorospiro-l,3,6,9-tetra-aza%,6,9-trimethylnon—1—ene (206)

38) 1-Methyl-3-trifluoromethyl-2,2,4,4,5,5-hexafluoro-1,3-diazacyclo-
pentane (219)

39) Perfluoro-N-methylimidazole (212)

40) N,N'-Bistrifluoromethyloxamide (44)

41) Perfluoro-1,3-diaza-1-methyl-4-isopropylcyclopent-3-ene (221)

42) Perfluoro-1,3-diaza-1-methyl-2-isopropylcyclopent-2-ene (220)

43) 1-Trifluoromethyl-5,5-difluoro-1,3-diazacyclopenta-2,4-dione (222)
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APPENDIX 1

N.M.R. SPECTRA

The following abbreviations are used in this appendix:
S, singlet; D, doublet; T, triplet; Q, quartet; Qu, quintet; Sp, septet;
M, multiplet,

Unless otherwise stated spectra were recorded as neat liquids using
CFCl3 and TMS as external references for 19F and lH spectra respectively.

For 19F spectra upfield shifts are quoted as positive whilst for IH

spectra, downfield shifts are quoted as positive (delta scale).
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

1. Perfluoro-l-aza-4-isopropylcyclohexa-1,3-diene (129)

52.5 D, J = 20 1 a
ab
76.8 Broad M 6 d
102.8 Broad S 2 f
107.2 D, Jba = 20 of M 1 b
114.5 D, J _=350fM 2 ' e
ec
185.0 Broad 1 c
d F3C\ //Fc d F3C\ ,/FC
FyC—C F3C—C
e Fp @ ™XF b e F(Z~7 N, b
fF F a f F, _JF a
NN~ N
(129) (130)

2. Perfluoro-1-aza-4-isopropylcyclohexa-1,4-diene (130)

57.8 T, J = 26 1 a
ab

77.6 Broad M 6 d

88.6 b, J = 20 2 f
ec

100.2 Broad M 1 e

103.0 Broad M 2 b

188.2 Broad M 1 c
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
3. Perfluoro-l-aza-4-isopropylcyclohex-1-ene (131)
55.9 T, J, =29 1 a
ab
73.2 M 6 e
89.9, 98.0 JAB = 249 2 g
112.1, 117.7 JAB = 317 2 borf
120.1, 129.8 JAB = 308 2 forb
181.3 Broad 1 cord
184.3 Broad 1 d or ¢
e f
(CF4),CFd FS (F5C),CF¢ Fd
£ Fy F, b g Fp E, c
g Fz /F a h F2 / b
N N C(CF3)»
(131) (136) ‘a
4, Perfluoro-1-aza-2,4-di-isopropylcyclohex-l-ene (136)
72.3 Broad M 6 b or f
76.1 M 6 forb
90.8, 101.0 JAB = 258 , 2 h
103.5, 112.8 JAB = 336 ‘ 2 cor g
119.6, 130.2 JAB = 290 2 gorc
179.6 Broad 1 d or e
183.2 Broad 1 eord

191.0 Broad M 1 a
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Shift Fine structure Relative Assignment
p.p.m, J values in Hz intensity
5. Perfluoro-1-aza-2,4-di-isopropylcyclohexa-1,3-diene (134)

and perfluoro-1l-aza-2,4-di-isopropylcyclohexa-1,4-diene (135)
75.5 M 6 b, e, bor ¢
76.5 M 6 b, e, bor ¢
76.8 M 6 b, e, b or ¢
77.6 M 6 b, e, bor ¢
91.1 D, Jyupr = 26 2 g
98.4 Broad 2 c'
101.2 Broad M 1 c or f'
103.0 Broad 1 ¢ or f!
110.1 T, Jgf =7 2 g
119.2 Broad M 2 £
184.3 Broad 1 d or d
186.6 Broad 1 dor d
187.9 Broad 1 a or a
191.6 Broad 1 a or a'
1
(C§3)2 Fd (C:3)2 Fd‘
£ Fy (" TNES £ F 77 ONES
g Fy - b g' Fy s b!
N C(CF3), N C(CF3),
(134) "a (135) 2

Recorded as an inspeparable 1:1 mixture of isomers. .
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Shift Fine structure Relative Assignment
p-p.m, J values in Hz intensity
6. Perfluoro-l-aza-2,4,5-tri-isopropylcyclohexa-1,4-diene (138)
67.9 Broad 2 h and h'
70.8 Broad M 12 d, g, d' and g
74.7 Broad M 6 b and b'!
98.9 D, Ja'c' = 38 c'
2

99.9 D, J = 38 C

ac

= - ! 1
159.6, 164.7 JAB 176 e' and f
161.8 T, th = 75 - f
170.9 Sp, J = 58 - e

eg

190.3 T, J .., = 38 1 a and a'

aca'c

Recorded as a 2:1 mixture of rotational isomers at room temperature

(138) 2:1 at room temperature

7. Perfluoro-1,3-diaza-4,6-di-isopropylcyclohexa-3,6-diene (144)

73.2 S 2 a
77.2 M 12 b
113.9 T, J = 30 2 d
dc
193.5 T, ch = 30 of Sp, 2 c
J =6
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Shift Fine structure - Relative Assignment
p.p.m. J values in Hz intensity
8. Perfluoro-1,3-diaza-2,4,6-tri-isopropylcyclohexa-3,6-diene (149)
73.7 Broad M 6 a
76.5 Broad M 12 d
110.6 Q, er = 32 2 f
113.0 Broad 1 C
184.7 Broad 1 b
191.7 T, Jef = 32 of Sp, Jed = 6 1 e
f
F F, F° F b d
(CF3) 5 C(CF3), e E Q\ C(CF3), | |
b d 2/[ F3C-C—C-CF,-CF
a F F £ g
. N : F2 :
CF3),¢~ T F (Cga)zg " ©°
( 33)2F c a
b
(149) (152) {154)
9. Perfluoro-1,4-diaza-2,5-di-isopropylcyclohexa-1,4-diene (152)
76.6 M 12 . b
88.5 D, J =29 4 C
ca
191.3 T, Jd .. =29 0of Sp, J ., =6 2 a
ac ab
Recorded as a solution in dg-acetone
10. Perfluoro-2,3-dimethylpentane (154)
71.9 Broad M 9 a, b, and d
82.4 D, Jgf = 19 3 g
115.1 Broad M 2 f
177.9 Broad » 1 core

181.8 Broad 1 e or ¢
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
11. Perfluoro-2,3,4,5-tetramethylhexane (155)
69.0 Broad 6 e
72.1 Broad 12 a and ¢
166.6 Broad : 2 b or ¢
170.3 Broad 2 d or b
b d
a a'
F F F F . . I
CF3-C—C ——F-— F-CF3 :>t::<i: j:>j::<ij
I | (CF » -z 2
CF, CF; CF; CF, (CF3) ,CF CF(CF3), (CF3),CF CFq
b C b' c!
C e o ,
1:2.5
(155) (156) {157)
12. Cis(156)- and trans(157)-perfluoro-2,3,4,5-tetramethylhex-3-ene
56.6 Broad a
6
57.6 Broad a'
72.3 Broad M 12 b and b'
159.3 Broad } ¢
2
= ~ t
161.4 Q, Ja’c' 50 c

Recorded as a 1:2.5 mixture of isomers
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
13. Perfluoromethylcyclohexane (165)
71.8 D, J =6o0fT,J =14 3 a
ab ac
122.8, 133.6 JAB = 295 4 ¢ or d
125.2, 142.5 JAB = 289 4 d or ¢
126.7, 144.6 JAB = 292 2 e
190.8 Broad 1 b
4 a
F,C P CF3
Fo Fy ¢ f F, F b
F2 F2 d [S] F2 F2 C
F, Fy
e d
(165) (166)

14. Perfluoro-1-methylcyclohexene (166)

61.2 D, Jab = 21 of T, Jaf = 8 3 a

112.5 - Broad 2 f

114 .4 Broad 1 b

123.3 b, J =19 2 c
cb

137.1 S 4 d and e
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
iS. Perfluoro-1-methylcyclohexa-1,3-diene (167)
56.9 D, J =24 of T, J 3 a
ab ac
108.0 Broad M 1 b
116.6 Broad 2 f
124.3 T, J =17 2 e
ef
149.1 M 1 cord
151.0 M 1 d or ¢
CryY
f Fz(/ ~~F b F b
€ F2 / F ¢ F2C
F
d
(167)
16. Perfluoro-l-methylcyclohexa-1,4-diene (168)
61.2 D, J =18 of T, J 3 a
ab a
106.4 Broad M 2 f
115.9 Broad M 2 c
117.8 Broad M 1 b
155.6 M 1 e or d
161.4 M 1 d or e
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Shift
p.p.m.

Fine structure
J values in Hz

Relative
intensity

Assignment

17, Perfluovo-1l-methyl-4-isopropylcyclohex-3-ene (172)

73.1
76.9
78.2
106.6
100.3,
114.2,
120.7,
185.5

188.7

18. Perfluoro-l-methyl-4-isopropylcyclohexa-1,3-diene

M
D, J, = 28 of M
gh
M
Broad
117.2 JAB = 286
119.9 JAB = 314
136.4 JAB = 296
D, Jed = 52
M
F
f 3C\\C—*~Fe
8 Fy¢~
h F, Fod
j B Fp ¢
F3C™F
a b
(172)

e
(CF3)2CFd

fF,
g Fp
CF,

a

(170)

F ¢

Fb

61.0

77 .0

105.5

112.4

118.1

120.2

184.2

D, Jab

D, J
ec

M

M

Broad

Broad

Broad

18 of M

20 0f T, J . =7
a

f

(3]

[

(170)
3

6

o]
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
19. Perfluoro-1-methyl-4-isopropylcyclohexa-1,4-diene (171)
60.7 D, J, =19 0of T, J = 8 3 a
ab ag
77.3 D, J .= 24 6 e
ef
103.5 Broad 2 ¢
105.6 ’ Broad 2 g
106.0 V. Broad 1 f
113.1 Broad M 1 b
187 .4 T, J, =37 of M 1 d
dc
e d
CF3),CF
(CF3), P
f F Fy, ¢ Fsy F
g F F b FsC \\//ﬂ\
F CFq
Fj Fo
a
(171) (175) (176)

20. Perfluoro-1,3-dimethylcyclohex-1-ene (175) or perfluoro-1,3-dimethyl-

cyclohex-3-ene (176)

62.3 M 3 -
74 .4 M 3 -
103.6 M 1 -
104.9, 123.8 Jyp = 293 2 -
127.4, 137.0 Jyg = 304 2 -
128.7, 148.6 Jpp = 298 2 -

176.3 Broad 1 -
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
21. Perfluoro-1-(2-aza-allyl)-3-isopropylcyclobut-2-ene {182)
32.9 V. Broad 1 aorb
51.2 V. Broad 1 b or a
78.2 M 6 e
96.1 Broad 1 d
114.0 Broad M 2 g
136.7 D, J ,=190f T, J =7.5 1 c
cd cg
186.4 Broad 1 f
dl J
Freicry, © dEC(Cry),© FC(CF3)y°
t L
g F, Fd e F, F b AN
F
c
r’\J'/Fb N\_ a a' /N
C. CF3 F3C
F
a o . Y
(182) (180) 1:2
22. Perfluoro-1-(methylimino)-3-isopropylcyclobut-2-enec (180)
62.1 D, J, = 18 a
ab 3
62.7 T, Ja'e’ = 8 } a'
79.9 M 6 c and ¢!
80.9 Broad } b
1
89.8 Broad b!
104 .4 Broad M e'
2
112.2 M } e
187.7 Broad M 1 d and d'

Recorded as an inseparable mixture of isomers
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
23. Perfluoro-2-aza-3-isopropylbutadiene (186)
42.6 V. Broad 1 aorb
55.9 V. Broad 1 b or a
78.9 S 6 d
83.1 D, er =29 of T, Jfab = 15 1 f
93.0 D, J =59 o0of D, J. =29 1 e
ec fe
187.0 D, J =59 1 c
ce
ERC(CF4)
e f h3 2
F F b fr
k a /£§
L b, 0 N
(CF3),CF N R FA /)Fe
d C N
r :
(C 3)2C%
'
(186) (187)
24. Perfluoro-3,5-diaza-2-isopropyl-7-methylocta-1,3,5-triene (187)
41.8 Broad 2 e and f
76.6 Broad M 6 ¢ or h
77.7 D, J . = 26 1 a
ab
77.9 Broad M 6 h or ¢
= - 7
91.3 D, de 62 of D, Jba 26 1 b
182.2 Broad M 1 g
185.9 D, J = 62 1 d
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Shift Fine structure Relative Assignment
p.p-m. J values in Hz intensity

25. Perfluoro-4-methyl-1,2,5,7-tetra-azatricyclo[3.3.1.02-6]Jundec-4-ene (188)

60.5 S 3 a
89.9, 100.5 JAB = 230 2 d
- )
105.8, 108.7 JAB = 186 2
132.2, 141.0 JAB = 259 2
94.6 D, J = 146 1 b, e, fand g
117.5 D, J = 146 1
127.1 S 2 )
107.5 S 1 C
e FC
2/—N N
£ F, <F§< \ CF,°
N™N
gFZ bFZ
(188)

26. Compound (194). Structure unknown

56.9 T, J =13 3 -
95.3 S 2 -
99.5 S 2 -
101.8 S 4 -
136.0 S 2 -
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

27. N-Methyl-l-aza-4-(perfluoroisopropyl)-2,2,3,5,5,6,6-heptafluorocyclo-

hex-3-ene (198)

76.9 Q, Jde =5 3 d or e
77.3 Q, Jed =5 3 e or d
89.5 D, Jgf = 22 of T, Jgh = 7 2 g
103.7 Broad 2 h
105.7 Broad M 1 C
111.5 D, J = 28 2 b
bc
186.1 Broad M 1 f
1
1.90 S - a
e
CF4
e |
F”Cd
CF;
gk, NF e
h F, N F, b
|
CHy
a

(198)
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

28. 4-(Perfluoroisopropyl}-2,2,3,3,5,6-hexafluoro-l-azabicyclo(4.1.0]-

hept-4-enc (199)

19
__F
76.4 M 3 e or f
77.7 M 3 f or e
C = .
88.4, 109.7 Jyp = 207 2 j
88.6 Broad M 1 d
103.2 Broad 2 h
169.5 D, J = 23 1 C
cd
183.9 Broad 1 g
Iy
2.47 S 1 aorb
2.63 S 1 b or a
CF3f
g F7| “CF3¢
h F, (7 ™N\\F d
] F2 F ¢
N\ P
Cb
~H
a
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity :
29. 4-(Perfluoroisopropyl)-2,2,3,3,5-pentafluoro-1,8,9-triazabicyclo-
[4.3.0]nona-4,6,8-triene (200)

Lok
75.8 Q, ch = 5.5 3 c or d
76.2 Q, Jdc = 5.5 3 d or ¢
101.1 Broad M 1 b
101.7 T, Jgf =4 2 g
109.1 D, J = 30 of M 2 f

fe
182.9 T, J . = 30 1 e

ef
Iy
7.88 S - a

d
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

30. 4-(Perfluoroisopropyl)-6-(fluoromethyl)-2,2,3,3,5-pentafluoro-l-aza-

bicyclo[4.1.0)hept-4-ene (201)

19

75.3 M 3 g or f
77.2 M 3 forg
80.8 Broad 1 e
84.8, 106.1 JAB = 207 2 k
96.9, 101.6 J = 284 j
AB 2 ]
183.3 Broad 1 h
225.6 T, J = 44 1 d
dc
1
2.48 S 1 aorb
2.63 S 1 b or a
4.40 D, J = 44 of D, J = 11 2 C
cd ce
- B
h CF £
. For” ONF e
] C d
K F, \ CH,-F
—C-H b
H
a

(201)




Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

31. 4,06-Bis(perfluoroisopropyl)-2,2,5,5-tetrafluoro-1,3-diazabicyclo|4.1.0]-

hept-3-ene (205)

i
= 2

63.3, 71.1 JAB 211 2 a
74.5 M 3 d or ¢
76.4 M 6 j
76.6 M 3 e or d
99.5 Broad 2 g
184.7 Broad M 1 f
189.6 Broad M 1 h
Iy
1.73 S | c or b
2.37 S 1 b or ¢

f

2
< F
Fy),CE ~
3 2C\T//A\\r:%jECF3 d
| it CF3N=CF-CF=NCF

N\\//N b a b

F .

N (16)
{205)

32. Perfluoro-2,5-diazahexa-2,4-diene (16)

27.5 Q, Jy, = 14 2 b

"

59.7 D, J 14 6 a

ab
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
33. Perfluoro-1,3-diaza-1-methylcyclopent-3-ene (33)
59.9 M 3 a
73.7 Broad 2 b
84.8 T, J_, =15 1 c
cd
93.6 Broad M 2 d
d F Fe d F Foc F Ff
2 ’ 2 2 8 f j 2 '\l Ier
aF3L-y\[ l! aF3C-N_ __N a Fac_;\/N_K/N-C% d
Fy F Fy Fs
b b b ¢
(33) (34) (86)

34. Perfluoro-1,3-diaza-1-methylcyclopent-2-ene (34)

59.7 D, Jab =11 of T, Jad =7 3 a

75.2 Broad S ] b

98.8 Broad S 2 C
= 2

102.0 Q Iy, =7 2 | d

35. Perfluoro-4-(3-methyl-1-imidazolidinyl)-1-methyl-2,5-dihydroimidazole (86)

57.2 Qu, Jd—ec = 7.5 3 d
58.1 Qu, Ja—bg = 6.5 3 a
63.9 Broad S 2 e
70.4 Q, Jba = 6.5 2 b
83.9 Broad M 2 C

93.6 M 4 f and ¢
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity
36. Perfluoro-1,3-dimethyl-2-methyliminomethyl-5-methyliminotetrahydro-
imidazole (82)
24 .2 Q, Jed = 14 1 e
55.4 D, er = 3 of Q, Jf—cg = 7.5 3 f
55.6 T, J = 16 3 a
ag
57.9 D, J = 6.5 3 b
bc
58.9 D, J = 14 3 d
de
78.0 Broad M 2 g
99.6 Broad M 1 C
F N-CF; d d
AN 2 CFy ¢ ;
I F c
g Fp _-N-CF3 _
b f F,m/N N F a
N [
\CF% a CF3
g
(82) (206)
37. Perfluorospiro-1,3,6,9-tetraaza-3,6,9-trimethylnon-l-ene (206)
57.8 Broad M 6 d and g
58.5 Broad S 3 b
71.4 Broad S 2 c
83.4 Broad S 1 a
90.7 M 2 e
91.2 Q, Jfg = 8.5 2 f
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

38. 1-Methyl-3-trifluoromethyl-2,2,4,4,5,5-hexafluoro-1,3-diazacyclopentane

(219)

19

59.7 T, Jcb =7 0f T, ch = 6 3 C
_ b

72.3 Q, ch 7 2

96.6 Q, Jdc = 6 of T, Jde = 8 2 d

100.0 T, J = 8 2 €

ed
n
2.43 S - a

d F, Fo e d F Fc
l L ‘ | CF3-N-C0-CO-N-CFy

/N\/N\ /N\¢N a H H
F3C F CH3 F3C F b
c b2 a a b
(219) (212) (44)
39. Perfluoro-N-methylimidazole (212)
58.6 T, Ja-bd = 15 3 a
7.8 =

10 Q, Jba 15 1 b
153.0 Broad M 1 c ord
165.2 Broad M 1 d or ¢
40. N,N'-Bistrifluoromethyloxamide (44)
LoF
59.1 S - a
1H
10.05 Broad § - b

Recorded as a solution in dg-acetone
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

41. Perfluoro-1,3-diaza-1-methyl-4-isopropylcyclopent-3-ene (221)

60.0 T, J = 6.50f T, J =55 3 a
ae ab
75.2 Q, Jba = 5.5 2 b
78.5 D, JdC = 6.5 of T, Jde = 2.5 6 d
98.0 Broad 2 e
196.6 Sp, ch = 6.5 1 C
a F3C\N F2 e o F3C\N F2 e
LA I
2 >~ B
b FZ N C(CF3)2 (CF3)2C N Fp d
F d C
C
(221) (220)

42. Perfluoro-1,3-diaza-1-methyl-2-isopropylcyclopent-2-ene (220)

56.9 D, J =41.50f T, J =11 3 a
ab ae

77.0 D, Jcb = 5.5 of Q, Jca = 2 6 C

102.6 S 2 d

103.9 Q, J =11 2 e
ea

189.6 Q, Jba = 41.5 of Sp, JbC=5.5 1 b
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Shift Fine structure Relative Assignment
p.p.m. J values in Hz intensity

43, I-Trifluoromethyl-S,S—difluoro-l,3-diazacyc]openta-2,4-dione (222)

!

58.3 T, J =12 3 a
ac

95.1 Q, J = 12 2 C
ca

I

4.90 Broad S - b

0
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MASS SPECTRA
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18

RNB7 71 R.N.BARNES - -
::;,xtﬁus < 2 NO.1 MW 357 2B—-JAN-81
7 Y

30893

]
\
)
[]
]
)
i
]
I
|
1
1
)
1
]
l a7
'
1
1
!
]
' 298
'
1
1
1 114 18 243
[} 8
1
1
1 138 2
| .
L b L
Q_J 'LA. . Hulnl l! l—. ll'l 1 ) " I 4 l
120 208 ' ) 388 ! ! J P T
PEAK  HASS  XHT. PEAK  MASS  XHT.
NO. BASE NO. BASE
1 28.13 100,00 54 250,99 0.54
2 28.22  3.69 55 268.95 2.12
. 3 29,00 1.25 56 287,92 13.41
4 30.92 0.85 57 288.43 3.44
5 32,02 21.29 58 289.82 0.27
b 32.08 4,08 59 293,02 0.59
7 39.84 2,22 60 306.93 1.00
8 44,12 0.73 61 338.00 7.67
9 49.86 0,39 62 338.61 4.37
10  59.06 0.34 43 356.91 19.88
11 68.58 .29 64 357.96 3.69
12 68.98 75.53
13 6%.18 2.71
14 469.88 0.63
15 76,02 0.68
16 78.88 0.39
17 80,90 0,37
18 B4.96 0.61
19 92.989  2.S6
20 95.02  1.84
21 95.20 0,32
2 99.90 1.42
23 114,02 7.69
24 118,95 2,32
25 124,02 0,54

26 130.95 1.10
27 137.97 3.52
28 142,98 2.81
29 143,92 .24
30 145.01 0.90
31 149,94 0.78
32 155.02 0.78
33 161.97 0,51
34 168,94 2,532
. 35 173,99 Q.39
36 176,01 0.63
37 180.97 0.42
3g 187.98 ?.16
39 188.9%90 0.46
40 1922.%4 3.44
41 194,01 0.27
42 199.89 7.89
43 200.94 0.59
44 05,01 0.87
45 207,00 0,42
46 218,%7 Le%4
47 24,03 0.27
48 248,00 4.22

492 .9 051
10 AL, R0 0.9
Ot LAD L a.n7
H2 LAl (L)

S8 rav.d RPN
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RNB7 41 R.N.BRANES - -
CAL1CAL19 NO 2 M W 3 5 '7 28-JAN-81
x °
Lad 7 T
] ! 2479
]
1
t
J 2g8
@ 1
1
]
)
1
)
4
2 1
|
)
- 1
- ]
]
t
2 X 183
: 2Te
: 19¢
h e
b 2
[ ]
a . 219
t 1
[} I} 119 S
!
]
O.M« ! ,a Lo il . él ] 1
109 280 288 ’ es T
PEAK  MASS  ZHT, PEAK  HASS  ZMT.
NO. RASE NO. BASE
1 28.13 100,00 54 149,76  0.41
2 28,19 13.45 55 154.82 1,44
3 28.25 S5.36 S4 155.02  0.41
4 28,34 0,99 57 1648.8Y 2.87
s 29,00 2.37 58 173.86 1.00
6 29.06 0.41 59 177.52 0.83
7 29.09 0,50 40 180.82 0.99
8 29.83 0.86 61 147.93 &.76
14 29.98 0.86 42 188.2% 3.15
10 30.93 1,55 63 180.84 0,47
11 31.52 0.49 64 191,44 0.39
12 32.02 23,96 65 192.84 .28
13 32.08  6.60 66 193,24 4,2
14 35,39  0.52 67 193.92  0.58
15 36.99 0.58 68 194,44  0.72
16 39.85 2,951 &9 194,83 0.64
17 44,13 1.02 70 195.91 0.52
18 45,18 0.61 71 196,53 0.66
19 49,90 0.44 72 199.78 657
20 . 48.06 0.47 73 200,20 .27
21 48,22 0.64 74 201.25 0,64
22 68,45 1.13 75 201,77 0.58
23 68.94 68.44 76 206.11 Q.64
24 69.06 13.64 77 218.89 3,92
25  49.25 5.72 78 219.80 0.64
26 49.77 1.48 79 220,51  0.47
2z 69.94 0.61 80 22&.11 0,47
28 70,04 0.52 81 230,14 0.36
29 74,01 0,44 B2 237.97 23
30 81.2 0.55 83 238.54 S5:16
31 82,93 0,69 84 239.70 0.30
32 ?2.95 1,60 B85S 240,59 0.5H4
a3 4,96 0.86 B8A 243,24 29
34 99.83 2.13 B? 244,49 0.41
. 35 113.97 0,97 B8 245.18 0.39
36 114,22 0.30 Qy  250.17 2.40
37 118,98 2.76 20 269.20 5.33
B 119,49 0,97 ?1 271.01 0.722
39 119.86 0.64 P2 285.598 0,364
40 124,05 0.66 93 2046415 0.52
41 126,04 0,58 94 206,44 0.03
A2 127.70 0.41 ?5  ru/7.78 12.02
a3 120.02 0.75 26 4B 47 .09
44 130.96 2.02 97 Q9.7 .58
45 13t.29 0,720 98 311.78 0.47
A6 1372.20 Q.91 ©ve AL4H.97 C.61
47 131,42 [V X ) 100 RICEE PO 9 MR A
AQ 140.8 0.5 104 KT T3 0.4/
49 1400.97 1.74 102 AN019 2.7
40 194,17 0.6Y9
) 144.93 207
o> 1AL an Q. he

R

140,09

[
RN
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RNB?7 27 R.N.BRRANES No.3 MW 395 28-JAN-81
CALICAL1S °
2 x3
g 145 I 1960
i
'
]
1
)
. ;
® 1
. '
I
'
)
\
4 !
t
1
w \
= i
'
J 1
» ]
@ )
1 226
, % e
1 176
]
8 '
1
118 ! 326
]
| | ]
i
n"b’h.l‘.”, Ly .l', 1 S— —
188 208 ass 488 )
PEAK  MASS  XHT,
NO. BASE
1 27.86 0.78
2 27,99 1.19
3 28,06 0,86
, 4 28.13 100.00
S 28.19 18,408
4 28.24 8.2 k
7  28.34 .23
;] 29.06 0.78
9  30.91 1.10
10 32.02 17.70
11 32,08 7.15
12 39.86 3.03
13 44,12  1.59
14 49,86 0,78
1S 49.99  0.53
16  68.73  1.14
17 69.06 43.34
18 69.18 12.96
19 69,32  7.15
20 &9 .94 0.70
21 70.13  1.14
22 72.35 0,94
23 74.02  1.31
24 95.11  2.09
25 99,92 1.51
26 100,12 0.4%
27 114.04  3.07
28 119,03  4.42
29 131,04 2,25
30 138,08 0,82
31 144.99 42,03
32 145.28 15.33
33 145,81 4.2
34 146.99 1,02
. 35 176.08  3.39
36 1681.02 1,35
3z 161,34 0.61
39 108.06 0,65
39 192,93 0.94
40 22A%.99 4,66
A1 226.52  0.82
A2 237.93 1.80
43 a46.08 1.92
44 324.73 1.02
1% 374,88 0,53
ET 176.33 4,2%
47 377.94 1.10
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RNBS 28 R.N.BARNES ’ : 28-APR-
v rcuias No. 4 MW 545 eeArn-ai
- as—182
8 +8ss
o '
8 .
8] T 295 .
8] T
e R N TTEON 41; l]l l bide 4LA11 _Jl . .I 'v:_JAJ r ey AJ -~ I .
8 258 : Sas Ml

: PEAK MASS ZHT., PEAK HASS ZHT,

NO. BASE NO. BASE
1 20,13 2,42 54 713.33 0.3
2  30.92 0.34 55 219,23  0.37
3 32,02 0.56 $6 228,03 0.37

4 4A9.HY 0,37 7 220.01 0,49

S5 . 68,47 0,29 58 226.11 A41.54

6 69,00 98.u3 SY 204,90  4.46 :

7 49.20 A% 40 231.09 2,22 ]
8 69,44 0.47 61 238,05  0.44 ‘

®  &9.80 1.20 62 243,19 1.25 !
10 76.10 1.07 63 245,07 1i.0é
11. B0.97 0.85 64 250,08 0.88
12 93.07 0.61 65 2SH.14 0,42
13 95,09 0,32 66 262.09 0.3%
.- 14  98.15 0.27 67 274.21 1.90
15  98.37 0.37 68 281.06 H.98
14 98.62 0.39 69 7B1.64 3,93
17  99.96 100,00 70 280.15 1,54
18 101.00 2.5v 71 295.03 36.75
19 112,07 0.4y 72 296.06 5,03
20 114,12 1.47 73 300.0v  0.44
21 119,01 4,40 74 307.27 0.24
22 126.12  o.v8 75 324.07  0.8%
23 130.99 17.73 76 331.13 4,22
24 131,24  1.93 77 338.11  0.34
25 131.61 0,32 78 363,13 0.24
26 132,01 0.49 79 350.14  0.46
27 137,99 1.64 0 357,32 V.49
28 143.07  0.93 81 376.30 4.57
29 145,03  4.18 g2 308.14 0,93
30 146,04  0.32- 83 43H.24  0.81
31 149.93 1.93 84 457,19  0.74
32 162,01 A4 85 474.05% 0,37
33 143,14 0.27 86 A476.20  7.01
34 164,03 0.44 87 SD&.00 5,98
35 149,03 0.44 88 544.0v  2.17

36 172,11 o9

37 172,37 0.49
38 173.80 0.61
39 1746.08 604
40 177.01 051
41 178,74 .32
42 179.61 0.14
43 111,05 4467
44 101.02 A4.7%
AS 108,14 0.41
44 193,14 1.04
47 1¥4.14 0,30
10 v th 0,47 .
A9 200,00 tont
b1 20N A [V
13 T U TV 1o0h
HD0H, 1Y LU
43 RS AN A [V |
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RNB1S 13 R.N.BRRNES
Ot s CRLIT2)

No.5

D o G Seon. Fimmasswrete Etovimeea

MW 507

S ere ) PN N RE L VA L -

186

28-APR-81

[}

108

41!<1LJ_1{L&_J [!L_Jn TR

. .y { {
258 X A L4 v*- L4 vooe
PEAK HASS XHT.
NO. BASE
1 28.13 6.63
2 32.02 2.29
3 49.01 100.90
4 49.13 19.18
S 4H9.90 1.93
4 23.04 1.8t
7 99.9¢9 3.98
8 1ta.11 3.42
9 11%.02 .65
10 131.04 4,10
11 143.313 3.78
2 15011 1.01
13 155.12 2,29
. 14 142,06 1,57
15 181,02 Q.17
16 193.07 6.88
17 200.0% 2,53
18 205.09 1.33
19 226.25 2.17
20 231.09 1.81
21 241.082 2,065
22 243,18 40,35
23 243.i1
24 250.18
25 255.11
26 242,08
27 281.2
28 295.16
29 300,19
30 301.05
31 312,01
32 3t12.58
33 819,11
34 338.06
3% 343.03
36 3U0.16
37 388,00
18
39
A0 t.v4%
41 10.98

507.30 7.8
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RNB22 9 R.N.BRARNES . 23-JUN-81
R 23 NO., 6 MW 6 57 .
o
8 2878
. g'
g#
a.
333
8 ‘
0
L]
-1
® ' l'. . l.. Al AI oL 11]
L) - T ¥ L) L) - L
258 SAS ' i)
PEAK MASS  XHT. PEAK  MASK  XNT.
NO, RASE NO. HASE
1 28.13 . 2.33 $4 342,93 1,46
2 29,02 t.ti8 55 349.94 2,13
3 30,93 2.82 56 351,06 0.45 !
4 44,59 1.88 §7 354,90 1,01
8 45,18  0.68 58 361,07 0.56
4 59.02 0.70 59 374.22 0.73
7  68.57 1.01 60 375.96  0.70
8 48.9? 100.00 &1 378,49  0.38
? 469,40 0.45 62 3u7.4B  0.66
10 69,89 1,05 63 38Y.,349 0.45
11 74.17  0.59 64 392,79 45,71
12 113.98 0.64 45 394,20 7.49 N
13 118.95  2.20 86 396,62 0.63
14 130.93  0.46 67 392,87 3,41
15 144,97  0.64 48 400,89 0,91 }
16 147,89 1.57 49 406.32  0.,4%
17 168.94 0,59 70 408,30  0.%6
18 173,52  0.42 71 409,83  0.47
19 175.98 1,22 72 412,01 1.11
20 180.91 1.67 73 438,04 0.66
21 199,98 0.45 74 442,92 0.80
22 205,01 0.9R 75, 450,02 1,05
23 223,97 0.52 74 461,90 20.03
24 225,97 8.82 77 462,82 4,70
25 206,99 0.73 78 464.00 0,35
24 234.00 1.08 79 469.11 1,22
. 27 287,06  0.52 80 473.%2 0,49
28 242,96  1.57 81 475,97 . 0,80
29 244,93 0.5 82 AB2.94  0.94
30 253.75 0.45 g5 500,13 5,12
31 254,95 2,02 #4  S49.015 18,71
T 254,01 0.59 85 550.98 4,25
33 268,91 0.63 86 Ni&H.8L 0.52
34 200.87  0.44 87 75,99 2,20
35 28%.98  0.H0 a4 587,90 1.0t
36 T9E0% 0.9t HY 400,03  0.56
A7 293,82 0.49 YO0 619,05  0.87
a8 294,99 777 91 424,01 1.05
49 V9N,¥7 0,70 92 634,94 0.5
40 299,94  0.44 93 437,00 8,64
41 304.47 14.46/ P4 430,54 6.93 ‘
A2 305.%51  6.79 95 657,32 0,02
4% Joa.n0 0L hY
44 309.04 0,52
A% 314.10 0.4
A48  ID04,0%  0.HO
A7 A6 Q0 2enl
an 307,00 0,45 :
45 AR 0% 0.a
A JAi.A) (. An
(3 | AR PR P
®r LAY, 44 [YINE A4

Y

[E
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ANBE 7 R.N.BARNES N 7 M W i - -
oicAL2s 0. 490 25-FEB-81
] x4
[l af T
8 0 4883
)
. 1
' |
t
4 1
2 0
]
]
[}
]
288 '
8 ) H
. ]
)
» ]
- '
'
J )
F 3 1
1
[
. [
1
174 H
J !
8 148 1
'
)
| | '
Ll L, L
" . |
-] e A | Add  § L“! l:“ I; 9 ' Y ek T s 4 ."t‘ Y v
PEAK  MASS  XHT. PEAK  MASS  ZHT,
NO. RASE NO. BASE
1 69,03 .78.353 %4 297.24 4,53
2 145.21 16426 55 299,41 0.39
3 147.39 0.54 56 302,33 0.76 .
4 167.75 0.44 57 316.40 0,42
S 167.91 0.27 58 31s.88 0.29
6 168.76 0.56 59 317,72 0.27
7 169.78 0.54 40 318,31 0.37
8 173.72 25.23 61 320,97 7.30
? 180.21 5.34 62 322,15 4,58
10 188.18 1.52 43 328.87 0.74
11 189.40 0.39 64 331.28 0,27
12 190,16 0.%51 65 333,39  3.13 )
13 190.71 0.47 66 364.43 0.98 e
14 191.04 0.44 67 371,32 0,29
15 191.46 0.39 68 383.29 1.79
16 191,78 0.29 69 421,66 0.44
17 192.24 0.49 70 433.62 1.57
18 192.49 0.39 71 450.B1  0.34
19 193.44 0.54 72 452,52  1.54
20 195.32 t.22 73 468.80 0.37
21 197.66 0.71 74 471,32 1.76
22 198.64 0.29 75 484.33 0.34
23 200.24 1.89 76 4%0.23 4.90
24 206.15 100.00
25 227,11 9.87
26 229.H9 5.63
. 27 234,05 0,32
28 234,80 0.49
29 235,63 0.42
30 238.26 0.49
31 238,23 0.56
32 239.88 0.47
33 240.70 0.%9
34 241,40 0.34
35 244,59 5.93
36 246,06 4,95
37 24B.03  0.64
38 249.51  0.34
39 250.51 0,54
40 251,27  0.51
41 253,44  0.69
2 255,10 0.47
43 25605 0,39
44 257,49 0.4Y
45 250,48 0,44
AL DER 06 [ 2 Jad
A7 280,09 0.3
A 260.49  0.ar
Yy SH1 .44 0,47
"o VAAL LS 1.00
X S P LRI R
AR ) B R
MR Mit, 14 w2
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TERLS MU No. 8 MW 64Q M
Bl 1 cas

- ] |

E LT T

B T O 1

FEAK HASS ZHT .
NU. BASE

S P KR
Q A2.02 4,44
3 AH.YZ 100.60
4 &9 .91 3.2
k] Y9 .v4q 4.43
s 130.97  3.61
7 1ai.10 2,79
B 16R.YR 407
Y9 4,60
10 24.04  10.84
270,99 14,12
12 OH2.99 3012
14 295.00 10.34
14 374,05 2.96
15 375.99 14,79
16 3v4.93 2,63
17 413,90 3.28
18 425.94 18,72
19 432,98 3.45
20 444.93 20,20
21 470.91 4,43
27 . 482.87 18,39
23 485,83 a.11 .
24 4v4,96 4,11 :
25 508.96 3,12
26 513.98  8.37
27 533,05 12,61
28 S€2.88 14,42
29 583,96  3.61
30 402.14 18,23
31 649.80 4,43
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No. 9
ZTE

m

]
] J_nll_r A

PEAN

CUNPAD )=

MASS

28.13
A% ,01
76.12
114,09
1.06.10
133,02
tid.07
145.08
176,11
THL .06

g R e

XHT .
BASE

3.11
1ol
3.50
2.98"
[7S
4,15
d.446
¥ e60
TR
1.56
3.1

Soh01L 100000

AR K P B4
fA5.14
264.07
29%.12
294602
333,16
3592.20
383.11
421,17
471,21
471,60
av0.2s

b6.49
1.95
720
b..86
?8.27
Y. /1
4.15
%.4%5
bet?
2.98
BRI K}
24,25
d.11

Ei

E1
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ANB13 & R.N.BRANES No.10 MW 388 28-APR-B1
- g1 4
8 H 2440
, '
]
: .
8] |
|
]
8
]
g !
. ‘
[]
o ]
ot ]
"
8 "
0 ]
18 ' '
'
- 1]
8 T !
v
[]
. _l 1 IA, | 1 | | N : AJ J, l
LS S s+ s B o e Ta T ——p—

PEAR MASS ZHY.

NG, BASE

1 26,43 1.9

2 30.v2  0.53

3 32,03 0.4l

4 49,00 100.00 ,
S  49.93 .10

6 100,00 1.67

7 119,06 28.31

A 120,00 0,90

? 131,08 a1y

10 143.12 0.45
11 t50.10 Qe
12 16Y.12 3.0
13 181.12 19.57
t4. 182,07 0.02
15 143.11 1.72
16 200.13 0,548
17 212.10 .02
18 219.07 t.70
19 L31.0v 10.029
20 232,04 0.74
21 243.11 1.76
22 250,06 0.53
23 262.11 0.%90 : .
24 281,07 12,21
2% 081.64 b.66
26 319.14 1.44
27 331.12 0.74
' 28 349,17 0.%0
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g T H sass
. X
]
J 3 '
:
!
!
!
h
d ¢
8 i
|
a2 ]
E
& !
]
] .
!
! .
i ]
8 ™ v
H 1
|
[ A v L I ] L 4 v LJ "'_'"L" L il 'l’ LI —‘ v M
] 288 : £88’

PEAK MASS

NO.

. 1 28.13
2  4AY.R9

3 7.2

4 48.98

5 49,41

6 49,91

7 93.01

8 100.02

? 119.06

10 331,08

11 150,00

12 ta9.17

13 181,13

14 182,05

* 1S 200.13
16 219.20

17 231,13

18 243.16
19  250.06
20 255.u8
21 269.13
2W 2B1.146
23 293,24
24 295,29
2B 331.13
24 343,11
27 393.22
28 431,27
29 411,45

XHT.
- HASE

1,00
0.44
Q.87
100,00
4.7
1e68
0.46
0.44
&30
5. 20
1./4
1.13
15%,56
0.RG
.34
0:76
2.37
1.4R0
0.44
0.32
0.74%
2.71
0.68
0.22
1.48
112
046
1.18
[ Iy
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No. 12

[ 3}

D D €5 D e D R S D . o w e gg

£a.

PEAK

z
o
.

VBN DUUN

NASS

28.13
32.01
47.10
47.91
o0.28
68,45
58.94
69.335
67.09
119.068
131.10
150.06
181.14
219.28
231.05
243.19
255.10
293.21
305.23%
321.13
330.85
343,08
373.27
459,16
481.36

XHT.
BASE

5,38
1.47
1.02
t.22
1.15
0.03
100.00
0.44
0.%90
1.02
1.02
1.09
1.54
.03
0.B3
1.4
2.11
3.45
t.54
1.73
1.02
10.89

1.54 .

0,44
2.50

193
28-RPR-81
1861

roane




ANB2S S R.N.BARNES

MW 350

R i L G

194

23-JUN-81

LG No. 13
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-4 1643
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-
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.
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BN I A B I PR I P N T
ies P I pregy
FEAK MASS ZMT .,
NOY, BASE
1 28.18 7.79
P 30.92 0.89
K J2.048 2.01
49 AB.97 100,00
V] 6%. 12 7 .00 ~
& AP Y O.v1
7 6Y.43 0.67
2] &Y ,.53 1.34
9 6HY .82 1,952
10 720.04 0,79
11 2,73 1.68%
12 99,45 12.11
15 110.93 S.60
14 129.42 0.91
19 129,83 0.73
14 130.92 6%5.37
17 131.23 8.83
189 13:1.87 2.96
19 132.89 1,10
20 133.18 0.79
21 142,94 0.91
22 149.88 2.6
2 141 .94 767 >
24 180.93 41.02
25 11 .49 1.64
2 192,93 3.23
27 211.94 0,91
‘ 28 210,93 5.94
29 232,038 Q.79
30 242.90 5,42
31 261,98 3.96
32 280,14 Se64
33 S340.80 2.4
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3
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1
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1= ' 288 ags
PEAK  MASS ZMT, PEAK  MASS  XHT.
NO. BASE NO, HASE
1 28,13 13.15 54 311.97  1.71
2 30,92 1.a3
3 32,02 3.1
4 68.97 48,79
5 49,06 8,09
6 69.91 0.84
7 90.45  0.86
8 92.98 8.48
9 94,04 1.40 N
10 96.59 0.86
11 99,90 17.98
12 100.98 1.0t
13 112.00 1.63
14 118,99 1,17
15 124,02 2.08
16 128.44 1.0
17 130.94 15.80
1R 142,96 27.55
19 143,42 1.0t
20 144,00 1.63
21 149.95 1.17
22 154,53  1.01
23 155,00 5.99 .
24 161,93  5.21 -
25 173.99  1.17
26 1H0.95  6.61
27 181.98 1.56
28 192,93  9.34
29 200.17  0.78
30 200,54 1.0l
31 202.84 eIy
32 204,43 1,17
33 204,91  B.O2
34 205,70 1,01
35 206.01 1.17
36 210.46 1,25
37 211,90 100.00
38 212.66 14.24
39 214,13 1.17
40 215.%4  1.01
41 216,51 1,40
. 42 220,80 .17
a5 wnin 1.01
14 1.0
AN Tsu.Pt 0,70
46 281,03 0.93
N 20 Q.71
A AR H4.u6 .
EU MR S AR BN X o
o4 AR

e

ST

1,
9,704
1.8
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ANB28 14 R.N.BARNES 23-JUN-81
criom e No.15 MW 274 ‘
o
on 28S.
8 1292
g.
8 i5s .
® ¢
o0
o T ¢
aw 186
]
o
._.g" .
' i
a
137
[=:] v ¥ dovel vI l lvl Sk 4"L&“L'+' v *‘"“"” v T
108 s 283 -] !
PEAK HASS ZHT . FEAK MASS XHT .
ND. HALLY NO, kASE
1 23.13 13.08 54 242.99 1.01
2 30,92 Q.24 55 254.97 42.61
3 32,03 3.94 Hé  JUS5.70 P20
4 AR.97 77.94 57 259.04 1.08
3 69,08 12,50 8 /272 V77
& A9.92 ) X< I 59 274.06 50.35
V4 L8 13,92 60 274.81 10.29
8 10%.04 t.7/8 At 275.82 0.85
9 111,02 2.24 62 276,39 1.01
10 117.04 9.51
t1 118.07 1.14
12 124,02 5,34
13 130.94 3.79
14 114.01 3.09
1h 142,96 t1.78
16 150.62 1.08
17 153.47 0.93
18 153,73 1.01
19 154,00 0.77
20 1%4.47 0.77
21 155.07 55.45
22 1%4.02 J. 548
23 162.03 4,722 .
24 163.08 0.83
25  1A3.27 1.24
26 1467.01 2.09
27 173.96 3.%24
28 1RO.92 1.459
29 115,92 34.74
30 184,17 14.77
31 1R46.90 3.02
32 194.68 1.31
33 01.43 0.93
34 201.98 O.H5
3% 202,46 1.39
Is P02, - 1.14
37 L03.47 1.31
A4 204,847 100,00
39 0N.AY O 11,37
40 P07.14 1.47
44 Q00,24 104
a4 M0P.49 1.01
AL 210,70 .01
a4 1. 1.01
4% 210064 0.5
46 P14.74 1.01
A7  M5.44 1.01
afn 21AN0 s 04 .
L L AR IV AR] o 1.0
no LT S VIR 3¢ §
Y ST .81
n2 AR A
R B R S
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RNB27 12 R.N.BRANES 23-JUN-81
w3 No. 16 MW 274
vo
2 12
gi
[-C]
g ‘
155 258
] 274
.
'S
186
[ ]
,g*
9
J 4 l l_J,J | . IJ‘J doopelt l 441
-] v ) T v ~r v L v T L ke T T v Lo
a8 -] 88
FEAK MNASS AHT .
NO EASE
1 2018 16,59
2 40,91 1.61
3 a0 3. 30
4 GR.YB 75056
5 384! 1.52
I3 Y. 10.35
7 10h.02 1,344
8 112,00 3.03
¢ 117,00 72
10 124.02 4,02
11 130.92 3.1
12 135.96 1.96
13 142.v6 1,43
14 th4.97 2,90
M 15 155,498 5.48
16 142,04 1,52
17 142,01 1.25
18 173,99 6451
19 18%,93 33,27
W0 18A.11 14,34
21 1R4.92 3.57
22 19%.05 0.98
23 203,79 0.%8 .
24 204,95 100.00
25 20%.67 13,83
26 216.94 4,19
27 224,01 14.99
28 225,03 1.43
W 235.97 3.84
30 254.93 52,0t
31 255.53 18.02
32 273.93 48.97
I3 274.%0 3.7%




R hemsciican i , :

oL TR '*"“54“?""""“' o e« apes SAD b s £ o ARG s v

198
RANB29 & R.N.BARNES ' 23-JUN-81
quoum No.17 MW 462 .
on £3 5
g8 ' sass
]
. ]
]
§ .
1
&7 '
]
i
]
]
;
a1 H na w3
§
]
& ]
&a ] 2’3
'
I .
8] ! .
! s
' 19 R 7%
]
1
-~ .
. : .
] 3
| I ’
]
@-Fvvvl——‘ ! l J—‘lh 1 di J
L i L . v v Y L - ™
8 258 sen
PEAK  MASS  XNT, FEAK  MASS  ZHT,
NOD. BASE NuU. HASE
1t 28.13  45.20 54 260D.04 0.32
2 30.92 0.32 55 2H0.94  0.79
3 32,01  0.9% 56 285,90 0,44
4 49.87 0.32 57 290.19 0.39 -
5 85.06 , 0,27 568 290,683 0.34
6 66,69 0.27 59 291,87 0,29
7 66,82 0,37 60 192,96 .08
B 68,94 0,27 41 293,95 ° 0,37
9  47.47 0.34 62 294,84 0.32
10 68.03 0,44 63 303,36 0.32
11 60.16 0.37 64 304,89 10,82 .
12 60,29 0.42 &% 305,73 4.76 !
13 6B8.97 100.00 66 309,12 0,27
14 6Y.16  4.27 67 311.98 11,84
' 15 69.54 0.7 &8 312,86 5.5
16  49.85 1.61 69 314,03 0.34
17 70.28 0,29 70 315,19 0,44
18 72,15 0.37 71 342,91 2,17
19 72.46 0,37 72 355,05  A4.86
20  92.97  0.39 7?3 358,48 0.32
21 99,92 0.4 74 370,96 0,34
22 118,96  6.25 75 373.82  6.03
23 119.94 0,42 S 760 374,94 4,05
24 124,02 0,49 77 376.19 0,27
25 130.91 1.68 74 377.67  0.24
26 142.96 0.81 79 492,75 7.94
27 149,92 0,44 BO 294,607 4,00
28 155.00 0.95 81 395.97 0,27
29 141.98  0.44 gl 401.18 ° 0.2
30 168,97 0.37 83 438,80 0.22
31 174.0% 0,39 84 440,61 0.37
32 1HO.95 1.6H 85 443,00 12,14
35 181,94 0.32 846 444,09 3,79
34 18D.HO 0,02 87 461.96 0,61
35 185,98 0.4
36 192,93 1.70
37 193,91 0.27
30 204.94 1.10
39 20N.94 0,32
40 700,24 0.37
4t 211,94 0.34
42 214.90 0,78
A% 20A,93 0,42
: Y I 0.29
A5 1,20
a6 0,34 . .
A/ .50
a 4,93 .
4 [
L6 4.4/

O,
[V B
el
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ANB31 22 A.N.BRANES ) — JUN~
a3 No.18 MW 424 2700 ®
Q
- tﬁf
-] 1297
81
2]
(2]
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°
e l v | e a M l-l l T l 5 l I
a 14 L Bt 12 R Ay RAGES Ae MR A L v v
as8 £as
PEAK  MASS  XHT,
NO . RAGE
1 28,13 3,74
2  68.23 0,91
3 68,25 0,91
4 44,33  1.82
5 4H.H1 100.00
4 48.99 18,32
7 49.20  1.00
8 49.35 1,00
9 49.44 1.1
10 AY.?73 1,55
11 118,85  2.10
12 1a2.82 1,37
13 149,83 1.2
. 14 155,03 1,09
) 15 167.0% 1.19
16 180,97 2.84
17 185.01 T.10
18 204.94 2.83
19 211.87 0.4.
20 2146.90 %5.79
21 217.84  1.37
22 234.00  7.46
23 234,98 1.37
24 242,97 2.28
25 254,90 10.03
26 254,06 1.37
a7 25671 1.19 '
28 265,10, 1.00
29 266,04 1,00
30 264.84 20,60
31 267.4% 1B.80
32 249,34 1.00
33 285.95 0,11
44 2R7.07 1.37
35 297.98  1.00
36 303,78 1.0
37 SO0n. 21 [ BARS T HY
R{] A172.0% 4.6%
a9 ZaL.00 1.0
A0 RRANE 5%
At 3N4.78 4.0
I ST EEE TR Y |
a4 SZ2an? 1.44
44 404,490 AL PP
LI IO A | 17.0%
Né& A06 .11 1.9
47 a4, t2

1A 48
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o qunz3 No. 19 MW 424 '
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B'e T T L s T - v T ‘l L ENAAQAR AR
PEAK  MASS  XHT,
NO. HABE
1 28.13 15.28
2 32.01 3.75
3 68.97 100.00
4 204.88 3.75
S L14.06 Y.
& 235,92 12.33 3
7 2UG4,91 16.42
8 24A.89 132,71
9 267.93 5.09
10 285.v0 R.A%
11 304.89 2¥.49
12 3b.91 12.60
13 317.06 3.49
14 33%.R2 15,55
" 15 354,87 42.43
14 355,91 5.09
17 404,93 28.15
18 405.94 4.83
19 423.971 6.43
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No. 20
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MW 3 6. 2 ) 23-JUN-81

CRLsOrLIT23
xe
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g1 : a¢2
' - rr
- H eed
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1
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@ ¥ ¥ A O ¥ T ¥ 7 % ¥ ¥
189 288 308 . o e
PEAK  MASS  XNT,
NO. BASE
1 28.13 16.78
2  30.92 3.70
3 32,01  5.64
4  38.46 B.93
S  68.97 100,00
&  49.91 2.40 !
7 %2.97  3.70
8 99.90 13,07 N
9 130.54 3.70
. 10 142,91 3,27
t1 100.89  3.92
12 192,92 2,61
13 204.%4 8.50
14 211.93  89.93
: 15 242,85 9,37
16 254.91 10,46
17 241.96  5.01
18 273.87 9.15
19 292.87 3.92
20 342.79 10.24
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cALicRL1a No. 21 MW 357 '
8 191
.
.
%
sl ? .
1,0 lr arl
128 288 - 288 . 88 ©
PEAK MASS XHT .
 NO. BASE
b 28,10 41.36
2 31.98 7.85
3 68.99 100.00
4 114,035 10.99
S 160.10 11.52
& 199.97 6.28
7 243,01 10.99
8 207.97 14.14
9 357.04 8.%0
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ANB134 8 RA.N.BRANES

oty No.22 MW 357

13-JAN-B1
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® ] i :'l.l'%".l J lll grobreersrerrepremrvibpreeersqeosrrp——r———y

PEAK HASS AHT.
NO. BASE

1 28.10 30.32
2 30.87 0.51
3 3t.98 3.60
4 39.83 0,351
] 47.09 0.48
é 49.68 0.44
7 68.64 0.40
] 46.98 100.00
9 &9.14 7.97
10 49.89 1.46
11 76.09 0.62
12 92.01 0.80
13 ?3.03 3,66
14 93.05 1.98
19 99.91 1.43
16 112.00 0.31
17 114,05 10.33
18 119.05 0.84
19 124.09 0.48
20 131,07 1.35
21 138.09 S.27
22 139.09 0.40
23 143.07 3,55
24 145.08 0.77
23 14%9.92 0.51
26 155.01 0.73
27 1469.10 2.20
20 1746.14 0.%91
29 188.00 11.47
30 1886.98 0.70
31 192.97 3.70
32 199.89 35.96
33 200.95 0.59
34 204.98 0.48
35 219.1S5 2.18
34 2368.04 3.77
37 239.01 0.40
30 243.08 J.93
39 249.%91 3.66
40 268.%7 1.02
41 286.01 ?.95
42 292.94 0.482
43 306,92 0.9
44 337.85 1.17
45 354,91 19.80
46 357.8% 4.79
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sy No.23 MW 295 28-hPR-a1
o
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188 : C BB 288
PEAK HASS “ZHT.
NO. BASE
1 27.91 1.79
2 28,00 1.34
3 20.13 21.28
4 30.93 2,08
S 32.03 7.59
- 49.89 3.42
7 69.02 100.00
8 76.12 13,24
4 84,31 1.34
10 93,10 4.32
11 100.00 2.03
12 107.13 3J.12
13 114.11 6.40
14 126.10 4,91
15 131.05 6.70
16 138.06 11.16
17 145.12 ?.23
18 1597 .46 1.44
19 1462.05 2.03
20 176.12 73.81%
21 177.12 4,481
22 1n1.01 4,32
23 184.08 4.61
24 195.06 2,98
25 226.15 89.14
28 226.75 22.32
27 245.26 2.98
28 276.23 12.50
29 295.29 2.44
30 296.23 2.53
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PEAK MASS ZHY .
NO. RASE
1 20,13 2.14
2 68,49 0.67
3 69.00 100.00
4 A9.14 9.95
S 6%.90 o.v43
6 114.17 0.85
7 138.08 1.16
8 176.18 1.8
9 18H3.08 0.5
10 207.14 0.73
13 226.%6 Q.92 .
12 233%.13 Q.92 '
13 285.20 299
14 293.31 0.47
13 314.09 Q.87
14 343.09 6.10
17 334.14 1.16
18 371,24 1.59
19 383.11 256
20 421,00 19.20
21 421.77 13.48
22 471.43 12.57

490.37

2.75
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MASS

21.79

26,13

30.91

49.87

68.%4

49.28

75.95

94.89

992.84
108.93
109.54
111.96
114.00
118.90
120.93
130.87
144.95
147.94
148.35
148.72
149.08
149.93
150.15
154.00
135.76
158.98
159,91
173.01
174,14
175.92
181.07
186.43
190.02
195.00
204.65
20%.02
207.40
200.081
209.99
210,85
212,22

217.16

J17024

BARAFE R

AT |

XNT.
BASE

1.29
S.41
2,32
1,80
48.06
1.93
3,35
1.93
24,58
L.67
1.29
1.16
8.11
3.73
2.19
2,70
2.32
1,42
1.93

1.67

2,06
1.29
1.67
3.73
1.16
6.56
1,42
2,43
1.16
1.42
1.54
1.2
1,29
2.83
1,54
4
1.67
4,50
1,93
2,06
1.73
100,00
24,50
1.00
1.93%
Leta7
L2
.08
1.vs
el
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PEAK  MASS  ZHT,
NO. BASE
54 260.93  1.35
S5 298.89  3.09
S6 299.46  1.42
S7 308.17  1.42
58 308.89  4.89
59 309.94  1.29
60 311,09  1.93
&t 312,03 ' 1.47
62 313.14 1.29
43 313.58  2.19
64 314,37  1.67
65 317.%8 55.21
66 V.26 19.05
67 348,70 .32
&0 39,59 29.47
49 401.98 1.42
70 4A172.77 12.74
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PEAK
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MASS

28,13

30.91

32.02

4£8.98

99.35

99.48

99.92
100.92
114.05
118.97
158.96
164.00
170.93
189.94
213,92
215,90
05,97
245,93
303.%0
315.87
314,90
3%53.85
403,92
422,73
423,36

ZHT,
BALE

4,08
0.HS
0,92
14.94
0.74
0.98
100,00
2,39
4.%4
1.10
5.03
29
0.98
0.68
2.21
0.80
1.17
1.23
2.3
10.74
1.3%
0.68
12,09
13.57
11.66
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PEAK  MASS  XHT.
NO. BASE
1 28.18 25.90
2 29,02 10,34
3 50,92 16,73
4 32.03  4.37
5 33,13 3.98 .
6 45.17 7.17 !
7 SY.08  9.96
8  aD.96 22,71
? 130.90 5.98
. 10 142.98 S.18
11 155,00 5,90
12 192.86 10,76
13 242.05 100.00
14 244.38 4.34
. 15 243.87  7.17
16 252.92  6.37
17 271.97 /.57
18 T87.44  4.37
19 ow2.v4 5.50
20 303.03 5.18
21 311,91 S59.34
22 312,96  4.77
23 371.93 35,46
24 3PN 7.7
285 f3v.78 b.87
2 J71.94 17.13
27 U972 PSP,
. 20 390.76 12,75
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PEAK MASS XNT .,
NO. BASE
1 27.99 1.44
2 28.13 100.00
3 28,246 2.29
4 29.00 4,09
S 29.05 1.46
é 32,03 14.13
? 33.12 3.73
a 39.64 2,29
o 87.195 3.42
10 468.93 34.22
11 49.06 23.95
12 71,06 4.43
13 71.21 1.32
14 85.07 3.73
13 91.93 2.29
16 92.94 3.37
17 99.02  1.93
18 111,97 3.37
19 113.98 1,93
20 142,97 2.17
21 148.96 7.22
22 180,90 2,08
23 193,00 11.43
24 193.88 2.17
25 212,03 2.69
26 243.08 3,97
27 262.1% 15.04
20 271.92 1.93
29 289.0S5 1,81
30 290.05 13,60
31 300,15 9.39
32 301,93 1,56
33 302,39 2,08
34 311.84 1.81
35 321.96 2.53
36 350.10 2.53
37 3%4.17 a.54
38 3468.95 8.90
39 370.54 1.32
40 370,91 1.08
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PEAK MABS ZHT.  PEAK MASS  XHT.
NO. BASE NO. BASE
1 28.14 50.94 54 264,05 1.02
2 30,88 1.42 55 282.10 100.00
. 3 30,94 1.65 56 300.86 1.73 ‘
.- -4Q 32,02 10.61 $7 332.07 8.57 . :
° - T8 39,86 1.18 58 350.94 22,72 =
é 30.94 1.34 S9 378.95 3,07
7 60.98 75.94
8 49,91 1,49
9 75.05 2.20

10 85,01 1.18

11 93.00 3.07

12 96,04 1.81

13 98.97 - 1.81

14 99,95 2,20

15 113,02 2.04

16 114,03 S5.97

17 117,09 1.34

18 118,93 1.26

19 119,92 1,73

20 136.97 .13

21 138.02 0.94

22 142,86 1.81

o : 23 143,09 1.73
. 24 144,01 3.54
: 25 149.11 0.88

26 134,95 4,80
27 161.%6 3.77
28 162.84 1,73
29 163,13 1,42
30 147,92 2.44
31 181,96 21,15
32 183,02 | 1.65
33 186,02 2,99
34 184,98 13,60
. 35 188.12 0.86
36 193,00 1.73
37 193,97 4.64
38 198,75 0.86
39 199.17 1.10
40 204,92 14.86
41 205,91 1.18
42 212.74 20.83
43 213,92 2,12
44 216.03 0,94
45 217.99 1,49
46 225,02 3,93
47 231,99 47.01
48 232,82 15,02
49 237,06 3.685
30 243.03 1.42
51 244,05 1.73
. %2 255,03 3,07
53 242,94 9,75
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‘PEAK
NO.

CANGUD WN »

HASS

28.14
29.00
30.71
32,02
33,13
39.84
44.131
50.94
59.02
39.94
45.14
68,93
69.90
73.05
73.03
77.00
77.96
80.688
81.97
83,02
88.99
93,04
95.07
96.06
98.04
98.95
99.92
100.995
112.91
113,935
118,98
119.98
131.00
132.03
137.03
143.01
144,04
146.04
149.95
150.90
155.03
156.99
162,03
163.04
164,03
147.99
168.90
169.97
174.97
177.04
120.0%
180.90
102,00

XHT.

PASE .

69.43
2.27
1,47

12.68

13.48
1.87
2,00
o.za
2.94
4.27
2.00

61.95
1.47
1.74
2.00
3.34
8.01
1.20
1.47
2,27
1,20
2.40
2.54
6.01
1.47
1.4?
1.60
1.34
2.94
4.84
4,01
1.47
1.34
2,27
3.87
1,74
2,00
1.34
2.94
1.8?7
2,00
1.20
1.87
2.54
3,74
2,54
4.14
1.4?
1.34
1.34
1.07
2,40
?.08

PEAK’

NO.

84
55
56
57
56
s9
60
61
62
63
64
45

46
&7
re]
69
70
71
72
23
74
75
76
77
78
79
80
a1
a2
e3
84
as
as
87
a0
ay
90
o1
92
93
94
95
%6
97
98
99

100

101

102

tod

104

10%

104

HASS

162.96
1685.98
187.00
188,02
192,99
194.00
195.04
196,05
197.046
198.98
199.96
200.99
201.99
204.98
207.04
208.00
212,04
213.04
214.04
215.05
216.05
217.02
2168.02
218.935
219.96
224,99
224.05
227.06
228.04
231,02
232.00
233,02
237.00
237.99
243.05
243.99
246,03
247.06
249.95
2%50.97
254.93
257.03
2461.99
262,97
263,99
246.04
260.97
276.00
277,01
261,84
Q00,04
su4.0h
207.006

XHT.
BASE

1.47
1.74
8.14
1,47
2,54
2,54
1.74
3.07
2,27
1.74
2,00
2.80
1.34
6.14
2.00
1.47
1.74
8095
7.88
1.47
4,41
1,74
1.87
8.54
2,00
2.14
2,40
2.80
1.74
1.60
17.49
3,07
9.21
2.14
2.00
1.87
4.67
4.67
1.34
3.20
1.74
1,47
1.34
4,27
5.34
27.77
2.00
1.07
1.20
0,32
272.10
2. 00
1.807

PEAK
NO.

107
108
109

110°

111
112
113
114
115
116
117
118
119
120
121
122

123

124
125
126

Mwl.lz

749

HASS

208.07
294,11
297.06
301.01
3056.01
306.92
J15.681
317.17
319.90

332.02

332.97
334.08
333.135
337,07
346.03
351,37
365.90
366.94
378.94
385.09

ZHT .
BASE

2.27
2.80
2.80
1.60
1.74
1.34
100.00
24.43
2.94
3.87
1,34
1.87
1.34
1.34
1.74
8.41
7.08
1.74
2,27
20.96

988
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PEAK- MASS  XHT. PEAK  MASE  XMT, PEAK  MASS  XHT.
NO. BASE ND. BASE ND. PASE
i  20.13 43,30 S4 130.98 0,93 107 220,04 1.27
2 29.00 0.66 $5 131.97 0.39 108 221.17 0.39
3  30.92 0.59 56 133.09 0.27 109 225,48 2.37
4 32,02 11,58 57 135.09 0.29 110 227.15  0.54
5 33.12 5.57 S8 137.04 0.46 111 228,02 0.29
6 39.84 1,25 59 138.00 0.71 112 240.09 S.01
. 7  43.15  0.46 40 138.54 0.32 113 241.64 0.3?
8 44.13 0.71 61 139,91 49,40 114 245.03 33.70
9 45.17 0.446 62 140,72 4,08 113 246.25 4.37
10 46.14 0.56 43 142,10 0.42 116 247.99 0.37
11 49.88 0,51 64 143.06 0.54 117 249.9a  0.27
12 50.95 4.08 65 145,07 6.37 118 254.01 0.29
13 5%5.18  0.46 66 145.96 0.27 119 258.20 2.81
14  S56.15  0.49 67 146.15  0.49 120 243.88 0.42
15 57.15  1.12 &8 147.10  0.51 121 245.89 0,63
16 59.02 1.10 69 149,05  1.34 122 269.87 0.39
17 64.13 0.85 70 150.02 0.56 123 275.97 0.43
18 68.95 38.05 71 152,05 1.25 124 283,05 0.32
19  49.28 0.32 72 154,04 0.27 125 285.05 0.34
20 69.37 0.32 73 157.07 1.03 126 208.05 0.29
21  49.52 0.34 74 158.02 0.71 127 289.95 3.27
22 49.91 1,05 75 159.06 0.98 128 294.98 0.43
23 71.01  0.95 74 162,10 0.54 129 294,06 0.29
24 73,03 0.29 77 163.02 2.42 130 296.95 0.44
25 73.01  0.54 76 164,06 0.51 131 299.95 0.27
26 76,00 3,93 79 166.10 0.34 132 308.18 1.54
27 76,96 3.79 80 167,09 0,27 133 314.85 0.44
28 77.94  4.47 81 169,99 0.32 .- 134 315,96 1.10
29 78.87 0.46 82 171.04 0.81 135 319.85 0.54
30 ©2.99 0.42 a3 174,84 0,22 136 335.13  4.47
31 ©5.04 0.8) 84 175,07 3.76 137 346.95 0.48
32 @89.88 2.08 85 176,04 2.95 138 349.96 0.42
33 90.96 0.29 86 177.06 0.44 139 344.90 0,51
34 92.74 0,27 87 160.97 4.42 140 349.84 0.76
35 93,02  0.63 88 181.95 0.54 141 387.78  0.32
34 93.33 0.22 89 1683.06 0.39 142 389.75 1.25
37  94.07 0.61 90 185.10 0.78 143 408.00 0,32
38 95.07 1.66 91 188.04 ©0.32 144 415.20 1.54
39  96.04 4.76 92 109,00 0.29 145 434,34 8.B4
40 97,05  0.49 93 109.98 3.39 146 434.47 4.18
a1 99.92  0.56 94 191,03 0.24 147 451,72 0.32
42 102,01  0.49 95 193.00 0,56 148 452.90 0,27
43 107.05  0.61 96 194,98 1.29 149 . 454,53 0,32
44 108,99 1,05 97 196,02 0,76 150 455.42 0,27
43 112,00 0,32 98 197,03 0.37 151 455.94 0.29
46 113,00 2,37 99 199.98 0.32 152 457.87 7.11
47 114.01  3.76 100 202.00 0.05 153 440.20 0.34
40 113.04 0,29 101 204,38 0.29 1%4 464.82 0,464
49 110.%96 0.42 102 204.91 0.22 155 485,05 4,91
%0 119.92 0.44 103 200.82 100,00 156 503.57 5.79
o1 120.%97 0.81 104 20%.79 11.,%0 157 3504.461 4.93
92 105.04 0.44 105 211,10 4.08
o3 126,07 0.463 104 21%.20 0,20
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PEAK MASS  XNT.
NO., BASE
1 28.13 77.08
2 28.22 2.S
3 ° 29.00 0.84
-, ‘4 30,92 0.98
S 32,03 14.90
& 39.84 1.48
7 aa.12  0.90 .
8 45.18 0.32
9  49.88 1.64
10 6B.26 0.27
11 48.98 100.00
12  49.25 3.68
13 49.83 2.03
14  70.37 0.27
15 76.02 0.90
16 80.87 0.42
17 B84.97 0,32
18 91.96 0.24
19  94.84 0,27
20  95.05 . 21.76
21 94.04 0.76
22 114.03 60.76
23 114.70 3.98
24 119.04 0.27
25 121.03 $.23
26 121.36 0.22
27 122.05 0.44
28 140.01  4.27
29 141,04 0.29
30 152,10 0.32
31 159,05 &.42
32 159.89 0.29
33 160.05 0,51
34 183.08 8.77
33 103,38 4.47
36 184.10 0.46
37 190.09 0.63
38 206,01 0.46
39 209.03 1.48
40 228.10 4.69
a1 229,08 0.42
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PEAK MASS  ZHT.
NO. BASE
3 27.99  0.37
2 28,13 100.00
3 28,23 5.40
"4 29,00 1,09
S 29.85 0.48
& 30.92 1.56
7 32,02 21.20
8 39.84 2,55
.9 a4.13  1.39
10 45.14 0.58
11 49.88  6.35
12 68.46 0,31
13 48.99 70.10
14 69.23  3.47
15 49.87 1.53
16 76,02 1,19
17 84.99 0,44
18  94.01 . 0.41
19  94.23  0.51
20  94.97 61.62
21 95.59 8.32
22 94,30 0.37
23 96.39 0.44
24 113.97 14.68
25 114.53 0.34
26 114.97 0.63
27 120.91 B8.87
28 121.98 0.61
29 144.97 0,51
30 158.26 0,41
31 156.91 19.71
32 159.48 S.93
33 163.99 0.44
34 182.94  0.37
35 208.89 5,23
34 209.81  0.41
37 227.99  1.56
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PEAK MASS XHT.

NO. BASE
1 28.13 97.83
2 28.32 0.39
3 28.99 1.40
.. 4 29.61 0.50
S 30.90 2,47
é 32,02 20.87
? 39.83 2,72
a 44.12 1.22
9 49.87 6.84

10 68.99 100.00
11 69.38 0.36
12 69 .45 0.36
13 69.91 1,45
14 70.96 0.39
18 76,02 1.28
16 80.89 0.82
17 85.02 0.72
18 g9.90 0,50
19 92.01 0.44
20 95.05 91.92
21 95.76 4.37
22 79.99 1.10
23 114.10 15.28
24 115,09 0.68
23 119.01 3.90
26 121.02 8.5%
27 122.06 0,50
28 130.00 0.50
29 140.02 0.47
30 157.22 0.39
31 157.87 0.39
32 159.00 63,71
33 159.78 7.62
34 164.11 2,93
. 35 208.96 14.71
36 209.58 7.37
37 228B.02 15,73
38 228.66 7,09
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PEAK HASS ZHT ., PEAK MASS XHT.

NO. BASE NG, BASE
) 268.1340 57.70 54 216.0180 1.76
2 28,9941 0.44 83 234.9560 0.59
3 30.9033 0.83 %56 244.9726 0.56

' L 32,0239 12.31 37 253.9550 22.15
S 39.8364 1.29 58 254.8069 4.91
6 43,1132 0.42 59 258.7690 0.24
7 44,1089 1.00 60 259.1108 0.34
8 49.8682 1.37 61 273.1025 0.29
9 68,9573 44.25 42 277.9192 0.32

10 69.5215 0.34 43 283.0677 0.37
11 69.8628 0.78 64 299.1615 0.27
12 70.9741 1.00 635 303.9642 22.34
13 76,0669 - 3.69 68 304.8797 3.57
14 80,9350 0,32 67 320.0269 0.27
15 89.68608 0.51 48 322,977 100.00
16 95.0471 3,93 69 323.9991 ?.06
17 96.0383 0.29 70 324.9459 4.18
18 98,8533 0.29 71 327.1168 0.24
19 99.9055 100.00 72 342.0509 4.93
20 100.7404 4.47 73 348.9820 2,27
21 111.0421 0.27 74 3B86.8092 0.56
22 111.1764 0.27 73  433.9542 0.24
23 111,9943 0.46 .78 434.9326 27.40
24 114.,0695 100.00 7?7 435.,8926 0.59

25 114.9440 4,30
26 119.0036 3.39
27 121.0006 3,91
20 126.0520 ([ 1.20
29 133.0270 }0.44
30 139.9704  3.39
31 141.0666 0.29
32 145,0436 1.83
33 158.9914 9.06
34 159.9459 0,51
. 35 144.0011 19.71
36 184,9899 1.00
37 166.0079 1.66
38 170.9449 3.30
39 181.7331  0.27
40 182.9684 47.28
41 183.9065 3.74
42 187.9976 0.24
43 188.4006 0.24
44 189.9118 80.54
45 190.8444 4,22
46 191.7624  0.46
q7 201.982% 0,49
48 204,00335 0,51
49 200.935> 27.94
50 209.H739 2,86
51 210.Uv11 0,42
52 211,7162  0.82
53 D212,57%4 .27
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PEAK MASS XHT, PEAK HASS AHT.
NO. BASE . NO. BASE
1 28.1348 65.08 54 341.8424 100.00
2 208.3740 0.29 55  342.9757 11.99
3 2B.9990 0,646 856 344.2256 4.44
.~ 4 30,9106 0.61 57 348.8861 0.81
5 32.0190 13,33 58 386.7980 0.41
6 39.8291 1.42 59 434.5118  0.22
7 A3.1152 0.27 . 60 436.8531 17.80
@ 44.1089 0,73 81 485.7719  0.49
® 49.8408 0.56
10  48.9477 100.00
11 69.4775  0.49 .
12 69.8828 1.64
13 76,0669 1.42
14  80.8789 0.27
15 B80.9912 0.27
16 95.0122 1.56
17  99.8559 1,93
18 100.3779 0.27
19 100.8124 0.29
20 113.0536. 0.32
. 21 113.9887 100.00
22 114.8822 3.79
23 120.9470 13,65
- 24 121.9846 0.56
25 124.0397 1.07
26 133.0368 0,32
27 139.9362 0.41
28 144.9850 1.81
29 158.9304 12.43
30 159.9118  0.48
31 163.9670 o0.81
32 145.9443 1,29
33 178.0759 0.71
34 179.0695 0,29
. 33 182,9634 0,32
36 189.8459  6.15
37 190.8171  0.51
38 203.9804 1.05
39 207.3348  0.32
40 207.4083 0,27
41 208.9482 74.90
42 209.9374 4,52
43 234.9227 1,07
44 246.9003 61,10
45 247.9232 5,79 .
. 46 253.8802 10,23
47 254.6329 4,52
48 277.8477 2,22
49 279,0482 0,24
50 298.847% 0,37
.!’:l S20,07463 1.10
. 52 37,4774 29
53 337,944 0.22



http://cn.tcn.i9

rase ot n

RNB136 29 R.N.BRRNES

CRLICALLS
2

190

No.37

RS ek SR &

MW 456
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21-NOvV-86

Ly

1t 1

1937

zm
°%

VBNOUDWN ™

uASS

ZHT,
BASE

28.1348 100.00

28.1934
28,3374
28.9990
30.9033
32.0190
34,1553
39.8291
43.1079
44,1162
19.8682
68.9575
69.8926
76.0498
94.9829
?5.9888
99.8584
100.9044
101.9441
113.9953
115.0040
118.8%04
120.9069
158.8708
139.8846
163.9686
164,9843

'165,9755

189.8792
204.0307
208.8940
210.0483
215,9589
235.0331
238.9764
253.8958
254.9450
277.8844
278.6922
279.7493
2969222
298.8338
303.92120
322.08425
3239562
341 .0931
343.0577
34a8.9098
304.7297
436.9363
A5%5. U963

2.52
0.24
1.10
0.73
22.30
0.34
2,47
0.59
0.51
1.37
18.29
0.39
0.44
32.50
0.90
48.77
1.34
0.32
17.14
0.71
0.32
2.564
23.37
1.03
11.45
0.46
0.29
0.93
0.27
2.61
0.27
0.63
0.32
0,32
7.11
0.764
20.10
5.0t
0.22
1.96
0.22
1.10
35.29
4,66
1.54
0.27
0.95
0.78
6.76
1,25

7o
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e  No.38 MW 262 HnAl

omss
s
114
; 242
L
'
' 1ds . e
lJ' vl" g ll N l‘d poredred-iyod T by
- e vru ' . rrr—
PEAK MASS ZHT . PEAK MASS %HT .
NO, BASE NO., KASE
1 28,13 4,93 %4 193,01 0.73
2 29.02 1.51 55 202.00  0.39
3 .30.93 0,46 56 240,11 0.4%
4 32.03 1.03 57 242.98 22.15 N
5 33.14 3.69 58 243,74 3,83
& 49,90 0.56 59 260.10 0,27
? 50.98 0.56 40 261,93 20.63
<] 59.03 0.37 &1 242,77 4,03
? 59.95 12.87
10 61,05 0.42
11 44.15  1.51
12 65.13  0.34 .
13 68.98 24.7%
14 49.10 2.81
13 £9.92 0.44
14 78.04 27.96
17  78.17 3.35 .
18 78.30  0.34
19 78,96 2.91
20 25.02 2,71
21 ?6.01 ° 0.56
22 99.84 9.45
23 100.03 3.83
24 100.59 0.42
25 100.99 0.90
24 105.10 0.27
27 107.86 0,39
28 109.01 0.63 !
29 . 109.93 24.49
30 110,52 0,24
31 110.94 0.90
32 112,36 0.37
33 112,78 0,349
34 112,93 0.29
. 35 114.03 100.00
s 114,233 4 07
37 115.04 2.91
i) 123.0% 0.2y
39 1246.0%6 ' 24
40 127,04 2,683
4] 126,04 10. 48
42 129,01 33.283
43 12,2 4.14
44 12,93 1.44
45 147.v60 10.4%
LYY 141,95 0.0 .
a7 15,5.,01 12.77
a6 157,99 R

49 194 0 0063
50 144,00 0,90
i} 174,04 0L e
SN RALOT 1N, Al
MR 144,00 LAt
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21-JAN-81

1
CALICAL1S .. N0.39 MW 190
8 1 4895
i
t
i
)
)
g1 2p !
1
. i
0
i
1 ‘?’
0
- '
g '
]
" A
[]
!
. 27 i
& i
i
)
{
1
1 123
87 4
[}
|
i
1
i
® ! 1.
Ll
) ) i 158 280
PEAK  MASS  ZHT,
NO. BASE
1 28.01 0.27
2 20,13 78,348
3 -20.27 0.22
a 20.31 0.42
-] 29,00 0.83
é 30.91 9.0
? 32,02 15.97
e 39.64 2,03
L4 44,13 0.60
10 49,88 2.91
11 57,10 0.95
12 48,42 0,34
13 68.98 100.00
14 &9 .25 4,22
1S 49.86 1.83
16 76,00 10,92
17 76.22  0.22
18 74 .98 0.37
19 80.84 0,66
20 83,00 = 0.32
28 95.06 8.25
22 ?4.05 0,94
23 ?9.94 0.34
- 24 101,97 0.42
25 110.94 2,32
26 113,01 1.05
27 114,04 3.59
20 118.99 0,81
29 121,00 11.01
30 122,04 0.61
31 1246.06 3.42
32 1246.4% 0.24
33 127,03 0,37
34 129.94 1.07 i
. 35 132,00 0.37
38 137.02  0.27
37 15%.00 3.00
38 160.01 0,29
39 171.00 3.15
40 172,08 0.27
41 183,06 0,66
42 189.98 32,97
43 190.85 3,49
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No.40 MW 224

v
zm
o>

- =

OONOCUNDEN =

MASS

20.59
26,595
27.43
28,27
29.12
30,99
38,05
38.98
39.87
40.96
41.98
43,03
44,06
45,08
46,08
47.04
49.88
50,99
54,10
64,11
65,10
66.08
468.07
68.97
49,93
71.01
73.06
76,08
77,09
B4.05
85,064
89.00
89.95
91.98
93.03
95,10
96.11
105,10
111,03
111,99
113.03
114,06
122,16
137,06
156.05

224,15

ZHT .
BASE

4,26
0.97
1.53

14,15
2.17
4,87
0,33
0,50
0.31
0.36
1,70
3,59
14,37
2.34
5.99
7.83
3.93
0.81
0.67
1.70
&.79
18.10
0.53

100.00
3,51
0.d1
0.95
0.86
1.00
0.70
1.1?
0.45
0,84
6,21
2.03
0.45
0,45
1,00
0,31

34.45
19,49
2,03
0.47
2.84
2,98
2,09

221
86-MAR-B1
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L 4 L4 ¥ T l388 I' )




o eREpe Sule

—

P N e A R P TF P e

ANB183 11 R.N.BRANES

G LN e 0T e PR fye)

o e At o

222

BS-MAY-B1

MW 378

TuLious No.41
O.
9
-
g 1an
d
8 .
o
[
t1¢
[ od
-
-
-] 24S
1§¢
/ 1
i
EJI}{‘ I lln ._1.l]l [ | 1 [ 3
™ a5 ¥ ¥ v Y ¥ r P .
/
i
J
/ PEAK  MASS  XHT.
/ NO, RASE
/ 1 20,13 5.67
/ 2 30.92 1.2
/ 3 32.00 1,34
/ 4 49,87 1.50
! S  AB.YS 109,90
H 6 69.11 2.84
,/ 7 69.28 26
7 8 49.81 1.24
/ 9 74,02 3,846
/ 10  94.98  5.5%
11 112,62 1,65
12 113,92 69,90 .
13 114,2 9,068 .
14 114,94 2,36
15 149,85 1.9/
16 156.99  1.18
17 175.93 ta.18
18 180,90 8.59
19 1682.93 4.07
20 194.98 4.49
21 220,94 0,95
22 225,94 1.081
23 243,92  1.18
24 244.90 24,98 ‘
25 Das5.846 1.50
26 263.93 16.47
27 265,04 1.10
28 270.94  4.89
29 358,90 /.33
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s No.42 MW 378 asTrRY=a
Qo
] 1269
o
a .
¢
-
8
8
2
248
J
B . .
Q'PL yrvbeovey l |.i eshevdey ¥ frdbrovecy l
- 188 280 208 Y "
PEAK  MASS  XHT,
NO. RASE
1 28.13  3.17 °
2  30.90 .51
3 . 32,02  0.87
. 4 49,87 4.4
s S  48.96 100.00
6 49,08 9.34
7 69.90 0.90
8 76.05 6.80
9  95.01 7.10
10 99.92 1.97
11 107.00  1.31
12 113.99 S51.72 '
13 115.04 1.7S
14 130.94 0,94
15 139.93 1.71
16 145,02 1.1%
17 149.90 4.42
18 157.00 2,79
19 158.94 2,73
20 163.94 34.24
21 164.48 ° 0.87
22 164,96 1.37
23 175.96 30,42
24 176.23 8,19
25 176.90  1.47
26 180.87 17.26
27 189.97 0.74
28 194.96 10.21
29 208,91 1.42
30 220.91 0.60
31 225.95 2.02 )
32 244,87 37.03
33 249,44  8.47° .
34 270.97 2,29
35 308,94 4.53
‘ 36 IADB,VA 11.36
37 377.83 1,20
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PEAK

NLONOPUND WA -

- 10
11
12
13
14
15
14
17
18
19
20
21
22
23
24
a5
26
27
28
29
30
31
32
33
34
as
s
37
38
39
40
a1
an
a3
44
as
46
47

224
; 22-MAY-081
No.43 MW 204 R
‘P 183
2 11¢
134 .
1 1
T l' "L | S T - t_l : - )
188 k).
HASS ZHT . FEAK MAGS AZHT

BASE NU, BASE

26.30 2,24
27.24 12.55
.28.13 58,99
28,18 14,62
29.01 19.60
30.91  9.97
32,01 1.01
38.99 12.98
39.88 7.22
40.96 100,00
42,04 6,62
43.08 16.08
44,11  5.67
45,14 4.73
46,12 2,92
47.07  3.87
47.99  1.55
49.84  5.25
53,09 .84
54,10 2.75
55,13 33,71
56,14 50.39
57.11  2.84
58.99  S5.42
43,03  1.36
65.08 1,29
64,04 1,29
68.95 94.15
69.87 97.16
70,02 11.18
70,23 1.20
70,92 3.96
73,01 1.98
74,08  1.29
76,02 1.98
77,93 1.44
84,98 1,38
v1.91 30.09
w2.9% 1,03
v4.98 3,70
113,93 34,95
114.97  1.48
119,68 7,34
120,94 1,09
132,96 9.37
154,95 20,03
136,73 1,63
140,92 Laood

IL6.76 iaul
14G.,8% L1385
IR R A S g

1.9/ 1.9

SO ARRIC]




225

APPENDIX IV

DEPARTMENTAL COLLOQUIA AND INDUCTION COURSE FOR POSTGRADUATES

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 during the period of the writer's residence
as a postgraduate student;
b) all research conferences attended and papers read out by the writer of the
thesis during the period when the research for the thesis was carried out;

and

c) details of the postgraduate induction course.

Events in a) which were attended are marked *.
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Research Colloquia, Seminars and Lectures

1. University of Durham Chemistry Colloquia

Academic Year 1978-1979

* 12 Dec. Professor C.J.M, Stirling (U. of Bangor), "Parting is such
sweet sorrow - the leaving group in organic chemistry".

* 31 Jan. Professor P.D.B. de la Mare (U. of Auckland, New Zealand), "Some
pathways leading to electrophilic substitution'.
14 Feb. Professor B. Dunnel (U. of British Columbia), "The application
of n.m.r. to the study of motions of molecules in solids".

* 14 Mar. Dr. J.C. Walton (U. of St. Andrews), ''Pentadienyl radicals".

* 28 Mar. Dr. A. Reiser (Kodak Ltd.), "Polymer photography and the mechanism

of cross link formation in solid polymer matrices".

* 25 Apr. Dr. C.R. Patrick (U. of Birmingham), "Chlorofluorocarbons and
stratospheric ozone: an appraisal of the environmental problem".

* 1 May Dr. G. Wyman (European Research Office, U.S. Army), "Excited

state chemistry of indigoid dyes".

* 2 May Dr. J.D. Hobson (U. of Birmingham), '"Nitrogen-centred reactive
intermediates’.
8 May Professor A. Schmidpeter (Inst. of Inorg. Chem., U. of Munich),

"Five-membered phosphorus heterocycles containing dicoordinate phosphorus'".

¥ 9 May Professor G. Maier (Lahn-Geissen U.), '"Tetra-tert-butyltetra-
hedrane'.
9 May Dr. A.J. Kirkby (U. of Cambridge), '"Structure and reactivity in

intramolecular and enzymie catalysis'.

* 16 May Dr. J.F. Nixon (U. of Sussex), '"Some recent developments in

platinum metal phosphine complexes'.

23 May Dr. B. Wakefield (U. of Salford), "Electron transfer in the reaction

of metals and organometallic compounds with polychloropyridine derivatives'.
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* 13 Jun. Professor I. Ugi (U. of Munich), "Synthetic uses of super
nucleophiles".
* 25 Sep. Professor R. Soulen (Southwestern U., Texas), ''Applications of

HSAB theory to vinylic halogen substitution reactions and a few copper

coupling reactions'.

Academic Year 1979-1980

* 21 Nov. Dr. J. Miller (U. of Bergen), ''Photochemical reactions of ammonia''.
2§_ﬂgy. Dr. B. Cox (U. of Stirling), “Macrobicyclic cryptate complexes:
:hynamics and selectivity",

* 5 Dec. Dr. G.C. Eastmand (U. of Liverpool), "Synthesis and properties

of some multicomponent polymers''.

12 Dec. Dr. C.I. Ratcliffe, "Rotor motions in solids",
* 18 Dec. Dr. K.E. Newman (U. of Lausanne), "High pressure multinuclear

n.m.r. in the elucidation of mechanism of fast simple inorganic reactions".

* 30 Jan. Dr. M.J. Barrow (U. of Edinburgh), '"The structures of some simple
inorganic combounds of silicon and germanium - pointers to structural
trends in group IV".

* 6 Feb. Dr. J.M.E. Quirke (U. of Durham), ''Degradation of chlorophyll-a

in sediments",

* 23 Apr. B. Grievson B.Sc. (U. of Durham), "Halogen radio-pharmaceuticals".
* 14 May Dr. R. Hutton (Waters Associates), '"Recent developments in

multi-milligram and multi-gram scale preparative high performance liquid
chromatography'.

* 21 May Dr. T.W. Bentley (U. of Swansea), '"Medium and structural effects

on solvolytic reactions'.
* 10 Jul. Professor D. Des Marteau (U. of Heidelberg), '"New developments in

organonitrogen fluorine chemistry".
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Academic Year 1980-1981

7 Oct. Professor T. Fehlner (Notre Dame U., Indiana), '"Metalloboranes -
cages or co-ordination compounds".

15 Oct. Dr. R. Alder (U. of Bristol), "Doing chemistry inside cages -
medium ring bicyclic molecules'.

12 Nov. Dr. M. Gerloch (U. of Cambridge), '"Magneto-chemistry is about

chemistry".

19 Nov. Dr. T. Gilchrist (U. of Liverpool), "Nitroso-olefines as synthetic
intermediates".

3 Dec. Dr. J.A. Connor (U. of Manchester), '"Thermochemistry of transition

metal compounds".

18 Dec. Dr. R.F. Evans (U. of Brisbane), "Some recent communications to
the editor of Australian Journal of Failed Chemistry".

18 Feb. Professor S.F.A. Kettle (U. of East Anglia), "Variations in the

molecular dance at the crystal ball".

25 Feb. Dr. K. Bowden (U. of Essex), "The transmission of polar substituent
effects".
4 Mar. Dr. S. Cradock (U. of Edinburgh), '"Pseudo-linear pseudohalides".

18 Mar. Dr. P.J. Smith (Int. Tin Research Institute), "Organotin

compounds - a versatile class of organometallic derivatives'.
6 May Professor M. Szwarc, F.R.S., "Ions and ion pairs".

8 May Professor H.F. Koch (Bathaca College, U.S.A.), "Proton-transfer

during elimination reactions'.

13 May Professor H. Fritzer (U. of Graz), '"Simple methods to construct

representations for discrete symmetry groups".

14 May Professor H. Fritzer (U. of Graz), '"The interplay of permutational

and geometrical symmetry of certain electronic systems".

10 Jun. Dr. J. Rose (I.C.I. Plastics Division), 'New engineering plastics".

17 Jun. Dr. P. Moreau (U. of Montpellier), '"Recent results in perfluoro-

organometallic chemistry".
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24 Jun, Dr. S.A.R. Knox (U. of Bristol), "Coordination and reactivity

of organic species at dinuclear metal centres'.
26 Jun. Professor A.P. Schaap (U.S. Office of Naval Research, London),

"Mechanisms of chemiluminescence and photooxygenation'.

2. Durham University Chemical Society

Academic Year 1978-1979

10 Oct. Professor H.C. Brown (Purdue U.), "The tool of increasing electron
demand in the study of cationic processes'.

19 Oct. Mr. F.C. Shenton (Public Analyst, Co. Durham), "There is death

in the pot'".

26 Oct, Professor W.J. Albery (Imperial College, London), "Photogalvanic

cells for solar energy conversion'.

9 Nov. Professor A.R. Katritsky (U. of East Anglia), ''Some adventures
in heterocyclics".

16 Nov. Dr. H.C. Fielding (I.C.I. Mond Division), "Fluorochemical
surfactants and textile finishes',

23 Nov. Dr. C. White (U. of Sheffield), 'The magic of chemistry".

18 Jan. Professor J.C. Robb (U. of Birmingham), '"The plastics revolution".
8 Feb. Mr. C.G. Dennis (Vaux Ltd.), "The art and science of brewing'.
1 Mar. Professor R. Mason (Govt., Scientific Advisor), "The scientist

in defence policy".
10 May Professor G. Allen (Chairman S.R.C.), 'Neutron scattering for

polymer structures".

Academic Year 1979-1980

18 Oct. Dr. G. Cameron (U. of Aberdeen), '"Synthetic polymers - twentieth

century polymers"'.
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25 Oct. Professor P. Gray (U. of Leeds), "Oscillatory combustion reactions'.
1 Nov. Dr. J. Ashby (I.C.I. Toxicological Laboratory), ''Does chemically-
induced cancer make chemical sense 7"
8 Nov. Professor J.H. Turnbull (R.M.C. Shrivenham), "Luminescence of

drugs".

15 Nov. Professor E.A.V. Ebsworth (U. of Edinburgh), "Stay still you
brute: the shape of the simple silyl complexes',

24 Jan. Professor R.J.P. Williams (U. of Oxford), "On first looking into
biology's chemistry".

14 Feb. Professor G. Gamlen (U. of Salford), "A yarn with a new twist -

fibres and their uses".
21 Feb. Dr. M.L.H. Green (U. of Oxford), '"Synthesis of highly reactive
organic compounds using metal vapours'.

28 Feb. Professor S.F.A. Kettle (U. of East Anglia), '"Molecular shape,

structure and chemical blindness".

6 Mar. Professor W.D. Ollis (U. of Sheffield), '"Novel molecular

rearrangements'',

Academic Year 1980-1981

16 Oct. Dr. D. Maas (U. of Salford), '"Reactions a go-go'".

23 Oct. Professor T.M. Sugden (U. of Cambridge), '"Some reactions of metals
in high temperature flames"'.

30 Oct. Professor N. Grassie (U. of Glasgow), "Inflammability hazards in
commercial polymers".

6 Nov. Professor A.G. Sykes (U. of Newcastle), 'Metallo-proteins: An
inorganic chemists approach",

13 Nov. Professor N.N. Greenwood (U. of Leeds), '"Metalloborane chemistry'.

4 Dec. Rev. R. Lancaster, "Fireworks".
22 Dec. Professor E.A. Dawes (U. of Hull), "Magic and mystery through the

ages'.
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* 29 Jan. Mr. H.J.F. MacLean (I.C.I. Agricultural Division), 'Managing the
chemical industry in the 1980s".

* 5 Feb. Professor F.G.A. Stone (U. of Bristol), "Chemistry of carbon to
metal triple bonds'.

* 12 Feb. Dr. I.Fleming (U. of Cambridge), "Some uses of silicon compounds
in organic synthesis",
17 Mar. Professor W.P. Jencks (Brandeis U., Massachusetts), "When is an
intermediate not an intermediate?",

7 May Frofessor M. Gordon (U. of Essex), '"Do scientists have to count?',

Research Conferences Attended

3rd Annual Congress of the Chemical Society, Durham, 9-11 April 1980.

7th European Symposium on Fluorine Chemistry, Venice, 15-19 September 1980.

Postgraduate Induction Course

In each part of the course, the uses and limitations of the various
services available were explained by those responsible for them.
Departmental organisation - Dr. E.J.F. Ross
Electrical appliances and

infrared spectroscopy - Mr. R.N. Brown
Chromatography and microanalysis - Mr. T.F. Holmes

Atomic absorption spectrometry

énd inorganic analysis - Mr. R. Coult

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. D.L.H. Williams




REFERENCES




1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

232

W.H. Pearlson and L.J. Hals, U.S. Pat. 2643267, 1953. Chem. Abs., 1954,

48, 6461,

. R.E. Banks, W.M. Cheng, and R.N. Haszeldine, J. Chem. Soc., 1962, 3407.

. I.L. Knunyants, E.G. Bykhovskaya, and V.N. Frosin, Dokl. Akad. Nauk.

SSSR, 1960, 132, 357.

. R.E. Banks, D. Berry, M.J. McGlinchey, and G.J. Moore, J. Chem. Soc. C,

1970, 1017.

D.A. Barr and R.N. Haszeldine, J. Chem. Soc., 1955, 1881.

. D.A.Barr and R.N. Haszeldine, J. Chem. Soc., 1956, 3416.

. R.A. Mitsch, J. Amer. Chem. Soc., 1965, 87. 328.

. W.J. Middleton and C.G. Krespan, J. Org. Chem., 1965, 30, 1398.

. Y.V. Zeifman, N.P. Gambaryan, and I.L. Knunyants, Dokl. Akad. Nauk.

SSSR, 1963, 153, 1334.

K. Burger, J. Fehn, and W. Thenn, Angew. Chem; Int. Ed., 1973, 12, 502.

W.J. Middleton and C.G. Krespan, J. Org. Chem,1965, 30, 1398.

D.M. Gale, W.J. Middleton, and C.G. Krespan, J. Amer. Chem. Soc.,

1966, 88, 3617.

F.J. Weigert, J. Fluorine Chem., 1972, 1, 445.

‘N. Ishikawa and T. Kitazume, Bull. Chem. Soc. Japan, 1973, 46, 3260.

P.H. Ogden and R.A. Mitsch, J. Amer. Chem. Soc., 1967, 89, 3868.

R.A. Mitsch and P.M. Ogden, J. Org. Chem., 1966, 31, 3833,

R.F. Swindell, L.M. Zaborowski, and J.M. Shreeve, Inorg. Chem., 1971,
10, 163s.

K.A. Petrov and A.A. Neimysheva, J. Gen. Chem. USSR, 1959, 29, 2662.
E. Klauke and H. Holtschmidt, Ger. Offen. 2,013,435, 1971.

H.J. Scholl and E. Klauke, Ger. Offen. 2,013,433, 1971,

H.J. Scholl, E. Klauke, and D. Lauerer, J. Fluorine Chem., 1972, 2, 205.

Yu. V. Zeifman, S.0. Koshtoyan, and I.L. Knunyants, Dokl. Akad. Nauk.

SSSR, 1970, 195, 93.




123,
24,

25.
26.
27.
28.
29.
30.
31.

32.
33.

34,
35.
36.
37.
38.
39.
40.
41,
42,

43,

44.

45,

233

Yu. V. Zeifman, V.V. Tyuleneva, A.P. Pleshkova, R.G. Kostyanovskii, and

I.L. Knunyants, Izv. Akad. Nauk. SSSR Ser. Khim., 1975, 2732.

R.A. Mitsch, E.W. Newar, and P.H. Ogden, J. Heterocycl. Chem., 1967,

4, 389.

C.S. Cleaver and C.G. Krespan, J. Amer. Chem. Soc., 1965, 87, 3716.

R.A. Mitsch, J. Heterocycl. Chem., 1966, 3, 245.

R.A. Mitsch, U.S. Pat. 3,407,232. Chem. Abs., 1969, 70, 28374.
R.A. Mitsch, U.S. Pat. 3,637,663. Chem. Abs., 1972, 76, 113195

R.D. Chambers and R. Middleton, J.C.S. Chem. Comm. , 1977, 154.

R.D. Chambers and J.R. Maslakiewicz, J.C.S. Chem. Comm., 1976, 1005.

H.J. Emeleus and G.L. Hurst, J. Chem. Soc., 1962, 3276.

A.S. Filatov, S.P. Makarov, and A.Ya. Yakubovich, Zh. Obshch. Khim.,

1968, 38, 1721.

H. Ulrich, E. Kober, H. Schroeder, R. Ratz, and C. Grundmann, J. Org. Chem.,

1962, 27, 2585.
R.A. Mitsch, U.S. Pat. 3,674,785. Chem. Abs., 1972, 77, 151998.

J.B. Hynes, B.C. Bishop, and L.A. Bigelow, J. Org. Chem., 1963, 28, 2811.

S.A. Osadchii and V.A. Barkhash, Zh. Org. Khim., 1971, 7, 1215.

W.R. Cullen and M.C. Waldmann, Can. J. Chem., 1970, 48, 1885.

H.J. Scholl, E. Klauke, and D. Lauerer, J. Fluorine Chem., 1972, 2, 203.

P.H. Ogden.and R.A. Mitsch, J. Amer. Chem. Soc., 1967, 89, 5007.

R.E. Banks, W.M. Cheng, and R.N. Haszeldine, J. Chem. Soc., 1962, 3407.

J.B. Haynes, B.C. Bishop, and L.A. Bigelow, J. Org. Chem., 1963, 28, 2811.

R.E. Banks, K. Mullen, and G.E. Williamson, J. Chem. Soc. C, 1968, 2608.

V.J. Davis, R.N. Haszeldine, and A.E. Tipping, J. Chem. Soc. Perkin I,

1975, 1263.

R.E. Banks and G.E. Williamson, J. Chem. Soc., 1965, 815.

R.E. Banks, J.E. Burgess, and R.N. Haszeldine, J. Chem. Soc., 1965, 2720.



46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

234

R.D. Chambers, D.T. Clark, T.F. Holmes, W.K.R. Musgrave, and I. Ritchie,

J. Chem. Soc. Perkin I, 1974, 114.

J. Burdon, I.W. Parsons, and J.C. Tatlow, Tetrahedron, 1972, 28, 43,

P.H. Ogden, J. Chem. Soc, C, 1967, 2302.

N.A. Tilkunova, A.F. Gontar, E.G. Bykhovskaya, V.A. Petrov, and

I.L. Knunyants, Zh. Vses. Khim, O-va., 1978, 23, 712.

J.L. Zollinger, C.D. Wright, J.J. McBrady, D.H. Dybvig, F.A. Fleming,

G.A. Kurhajec, R.A. Mitsch, and E.W. Neuvar, J. Org. Chem., 1973, 38,

1065.

N. Ishikawa and T. Kitazume, Bull. Chem. Soc. Japan, 1973, 46, 3260.

R.E. Banks and C. Oppenheim, J. Fluorine Chem., 1978, 12, 27,

V.R. Polishchuk and L.S. German, Tetrahedron Letters, 1972, 5169.

R.E. Banks, M.G. Barlow, and M. Nickkho-Amiry, J. Fluorine Chem., 1979,

14, 383.

H.J. Scholl, E. Klauke, and D. Lauerer, Ger. Offen. 2,125,476, 1972.
H.J. Scholl and E. Klauke, Ger. Offen. 2,125,474, 1972.

S.P. Makarov, M.A. Englin, V.A. Shpanskii, and I.V. Ermakova,

J. Gen. Chem. USSR, 1969, 39, 183.

I.L. Knunyants, A.F. Gontar, N.A. Tilkunova, A.S. Vinigradov, and

E.G. Bihovskaja, J. Fluorine Chem., 1980, 15, 169.

W.T. Flowers, R. Franklin, R.N. Haszeldine, and R.J. Perry, J.C.S.
Chem. Comm., 1976, 567.

A.S. Vinigradov, A.F. Gontar, and I.L. Knunyants, Izv. Akad. Nauk.

SSSR Ser. Khim., 1980, 7, 1683.

C.D. Wright and J.L. Zollinger, J. Org. Chem., 1973, 38, 1075.

B.L. Dyatkin, K.N. Makarov, and I.L. Knunyants, Tetrahedron, 1971,
27, 51.

H.J. Scholl and E. Klauke, Ger. Offen. 2,125,475, 1972.




64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79,

80.

81.

82.

235

R.E. Banks, K. Mullen, W.J. Nicholson, C. Oppenheim, and A. Prakash,

J. Chem. Soc. Perkin I, 1972, 1098.

H.J. Scholl, E. Klauke, F. Greive,and I. Hamman, U.K. Pat. 1,421,691, 1974,
H.J. Scholl and E. Klauke, Ger. Offen. 2,062,347, 1972.
H.J. Scholl and E. Klauke, Ger. Offen. 2,125,477, 1972.
H.J. Scholl and E. Klauke, Ger. Offen. 2,210,882, 1973,
H.J. Scholl and E. Klauke, Ger. Offen. 2,210,883, 1973.

A.F. Gontar, E.G. Bykhovskaya, and I.L. Knunyants, Bull Acad. Sci.

USSR, 1975, 24, 2161.

A.F. Gontar, E.G. Bykhovskaya, and I.L. Knunyants, Bull. Acad. Sci.

USSR, 1976, 25, 205.
A.R. Bailey, R.E. Banks, M.G. Barlow, and M. Nickkho-Amiry, J. Fluorine
Chem., 1980, 15, 289.

R.D. Dresdner, F.N. Tlumac, and J.A. Young, J. Org. Chem., 1965, 30, 3524.

K. Burger, W. Thenn, and A. Gieren, Angew. Chem., 1974, 86, 481;
Intern. Edit., 1974, 13, 474,
K. Burger, W. Thenn, R. Rauh, and H. Schickaneder, Chem. Ber., 1975,

108, 1460.

K. Burger, H. Schickaneder, and J. Elguero, Tetrahedron Letters, 1975, 2911.

A. Gieren, P. Narayanan, K. Burger, and W. Thenn, Angew. Chem. Int. Ed.,
1974, 13, 474,

S.E. Armstrong and A.E. Tipping, J. Chem. Soc. Perkin I, 1975, 538.

K. Burger, H. Schickaneder, and M. Pinzel, Liebigs Ann. Chem., 1976, 30.

K. Burger, H. Schickaneder, W. Thenn, G. Ebner, and C. Zettl, ibid., 1976,
2156.

K. Burger, H. Schickaneder, W. Thenn, G. Ebner, and C. Zettl, Liebigs

Ann. Chem., 1976, 2156.

K. Burger and F. Hein, Leibigs Ann. Chem., 1979, 133.




83.

84.

84a.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

236

K. Burger, H. Schickaneder, and F. Hein, Tetrahedron, 1979, 35, 389.

F. Hein, K. Burger, and J. Firl, J. Chem. Soc. Chem. Commun., 1979,

18, 792.
R. Huisgen, Angew. Chem. Int. Ed., 1963, 2, 565.

K. Burger, S. Tremmel, and H. Schickaneder, J. Fluorine Chem., 1976, 7, 471.

P.L. Coe and A.G. Holton, J. Fluorine Chem., 1977, 10, 553.

R.F. Swindell, T.J. Ouellette, D.P. Babb, and J.M. Shreeve, Inorg.

Nuclear Chem. Letters, 1971, 7, 239.

S§.G. Metcalf and J.M. Shreeve, Inorg. Chem., 1972, 11, 1631.

T. Kitazume and J.M. Shreeve, J.C.S. Chem. Comm., 1976, 982.

R.F. Swindell and J.M. Shreeve, J. Amer. Chem. Soc., 1972, 94, 5713.

K.E. Peterman and J.M. Shreeve, Inorg. Chem., 1974, 13, 270S.

N.A. Tilkunova, S.I. Slota, A.F. Gontar, A.F. Bykhovskaya, Yu. A. Sizov,

and I.L. Knunyants, Izv. Akad. Nauk. SSSR Ser. Khim., 1978, 12, 2820.

S. Andreades, J. Org. Chem., 1962, 27, 4163.

P.H. Ogden and G.V.D. Tiers, Chem. Comm., 1967, 527.
L. Cavalli and P. Piccardi, ibid., 1969, 1132.

N. Muller, P.C. Lauterbur, and G.F. Svatos, J. Amer. Chem. Soc., 1957, 79,

1807.
C.G. McCarty, 'The Chemistry of the Carbon-Nitrogen Double Bond', Wiley,
New York, 1970, pp. 378 and 408.

W.H. Dawson, D.H. Hunter, and C.J. Willis, J.C.S. Chem. Comm., 1980, 874.

R.D. Chambers, R.P. Corbally, T.F. Holmes, and W.K.R. Musgrave,

J. Chem. Soc. Perkin I, 1974, 108.

R.D. Chambers, R.P. Corbally, and W.K.R. Musgrave, J. Chem. Soc. Perkin I,

1972, 1281.

C.J. Drayton, W.T. Flowers, and R.N. Haszeldine, J. Chem. Soc. C, 1971,

2750.



102.

103.

104.

105.

106.

107.

109.

110.

111,

112.

113,

114,

115.

116.

117.

118.

119.

237

P.L. Coe, R.G. Plevey, and J.C. Tatlow, J. Chem. Soc. C, 1969, 1060.

A.J. Edwards, R.G. Plevey, 1.J. Sallomi, and J.C. Tatlow, J.C.S. Chem.
Comm., 1972, 1028.
See e.g. S. Bartlett, R.D. Chambers, A.A. Lindley, and H.C. Fielding,

J. Chem. Soc. Perkin I, 9/1394.

R.D. Chambers, A.A. Lindley, and H.C. Fielding, J. Fluorine Chem.,

1978, 12, 85.

R.D. Chambers, J.A. Jackson, W.K.R. Musgrave, L.H. Sutcliffe, and
G.J.J. Tiddy, Tetrahedron, 1970, 26, 71.

R.D. Hercliffe, Ph.D. Thesis, Durham, 1979.

L.C. Behr, R. Fusco, and C.H. Jarboe, 'The Chemistry of Heterocyclic
Compounds', Wiley, New York, 1967, pp. 209.

E.L. Allred and A.L. Johnson, J. Amer. Chem. Soc., 1971, 93, 1300.

J.D. Roberts and M.C. Caserio, 'Basic Principles of Organic Chemistry',
W.A. Benjamin Inc., New York, 1965.
C.R. Patrick, A.E. Pedler, A. Seabra, R. Stephens, and J.C. Tatlow,

Chem. and Ind., 1963, 1557.

R.D. Chambers and R. Middleton, J. Chem. Soc. Perkin I, 1977, 1500.

M.G. Barlow, R.N. Haszeldine, and M.J. Kershaw, J. Chem. Soc. Perkin I,

1975, 2005.

R.D. Chambers, J.R. Maslakiewicz, and K.C. Srivastava, J. Chem. Soc.

Perkin I, 1975, 1130.

R.D. Chambers, R.D. Hercliffe, and R. Middleton, J.C.S. Chem. Comm.,

1978, 305.

R.B. Woodward and R. Hoffman, Angew. Chem. Int. Ed., 1969, 8, 781.

R. Srinivasan, Advan. Photochem., 1966, 4, 113, and references

contained therein.

A. Padwa, S. Clough, and E. Glazer, J. Amer. Chem. Soc., 1970, 92, 1778.




120.

121.
122,

123.

238

R.D. Chambers, 'Fluorine in Organic Chemistry', Wiley Interscience,
New York, 1973, p. 142.

W.J. Feast, W.K.R. Musgrave, and R.G. Weston, Chem. Comm., 1970, 1337.
See reference 120, p. 189.

R.D. Chambers, W.K.R. Musgrave, and C.R. Sargent, J. Chem. Soc. Perkin I,

1981, 1071.

123a. R.D. Chambers and A.A. Lindley, J.C.S. Chem. Comm., 1978, 475.

124,

125.
126.
127.

128.

129

130.

131.

132.

R.D. Chambers, J.A. Jackson, and W.K.R. Musgrave, Tetrahedron, 1970,

26, 71.

R.S.H. Lui and Y. Butt, J. Amer. Chem. Soc., 1971, 93, 1532.

R. Srinivasan, J. Amer. Chem. Soc., 1962, 84, 4141.

R. Srinivasan, J. Amer. Chem. Soc., 1968, 90, 4498.
J.A. Barltrop and H.E. Browning, Chem. Comm., 1968, 1481.
Y.Kobayashi, Y. Hanzawa, W. Myashita, T. Kashiwagi, T. Nakano, and

I. Kumadaki, J. Amer. Chem. Soc., 1979, 101, 6445,

R.D. Chambers and G. Taylor, J. Chem. Soc. Perkin I, 1980, 429,

R.E. Banks, F. Cuthbertson, and W.K.R. Musgrave, Anal. Chim. Acta.,

1955, 13, 442.

T.J. de Boer and H.J. Backer, Org. Synth., 1954, 34, 96.




