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ABSTRACT

PART I A convenient synthesis of 3,5,6-trichloro-1,2,4~triazine was
developed using 3,5-dihydroxy-1,2,4-triazine and 6-bromo-3,5-dihydroxy-
1,2,4-tr1azine as precursors

No product was obtained on photolysis of 3,5,6-trichloro-1,2,4-triazine
but nitrogen elimination occurred on pyrolysis to give trichloroacrylonitrile
The red colouration {rom the pyrolyzate (at —1960) was deduced to be from
trichloroazete  This rcaction 1s the first evidence of azete generation from
a l,2,4-trrazine

The fluorination of 3,5,6-trichloro-1,2,4~triazinc was attempted with
potassium and caesium fluorides, with and without a solvent 3,5,6-Trifluoro-
1,2,4-tr1azine was formed in many of the reactions but was always detected as
a minor producl 1n unstahle mirtures

Polyfluoroalkylations of 3,5,6-trichloro-1,2,4-triazine were atlempled
with tetrafluorocthylene, hexafluoropropene, n-oclLafluorobut-2 enc and
hexafluorocyclobuLlene  Alkylation was successful only with hexafluoropropene
where perfluoro-3,5,6-tris-1sopropyl-1,2,4~triazine was prepared 1in good
yields, Attempts to prepare mono- and di-alkyl derivatives were unsuccessful

Photolysis of per[luoro-3,5,6-tris-1sopropyl-1,2,4-triazine gave three
products, perfluoro-isobutyronitrile and perfluoro-2,5-dimethylhex-3-yne
by nitrogen elimination and perfluoro-2,4,6-tris-i1sopropyl-1,3,5-triazine by
rearrangement P’yrolysis gave nitrogen elimination but there was no cvidence

of any azete formation

PART T1 The novel cyclisation observed with 4,6-bis-dimethylamino-3,5-bis-~
heptafluoroisopropylpyridazine was studied A process of internal nucleophilic
substitution occurred, with elimination of hydrogen [luoride, to give a product

with an ambiguous bicyclic structure The vivid purple coloured intermecdiate



formed on loss of fluoride 1on was trapped as a tetrafluoroborate salt
In an aid to determine the structure of the bicyclic product, various

dimethylamino heptafluoroisopropylpyridazines were prepared
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PART I



CHAPTER 1

THE ELIMINATION OF NITROGEN FROM 1,2,4-TRIAZINES

11 GENERAL INTRODUCTION

The aim of this work was to investigate a rational method for generating

azetes (2) by nitrogen elimination from 1,2,4-triazines (1)

N—l RZ
N — Nl

(1) (2)

This follows from earlier work1 at these laboratories where a
fluorinated azete (4) was produced by elimination of RFC N from a para-

bondcd valence isomer (3) of a pyridazine

hv Fr—

N + U

_EU
O
1

This chapter 1s concerned with nitrogen elimination reactions ‘The
mechanisms and reactive intermediates involved are discussed This

discussion includes the competing process of rearrangement A summary of
the reporlLs of generated azetes 1s also given
The following chapter discusses Lhe synthesis of 1,2,4-tr1azines

Although many 1,2,4-tri1azines have been prepared, prior to this work, no



[N

perfluoro-derivatives were known A general procedure for the preparation
of perfluoroaromatic compounds 1s by fluorination of Lhe perchloro-derivative
using an alkali-metal fluoride, e g 2,4,6-trichloro-1,3,5-triazine (5) 1s

converted to 2,4,6-trifluoro-1,3,5-triazine (6)

F
NN KF NN

By adopting this general procedure the most obvious route to 3,5,6-triflluoro-

1,2,4-tr1azine (8) 1s by fluorination of 3,5,6-trichloro-1,2,4-tr1azane (7)

Cl F
NZ \Cl KF N”" NF

|\ | —_— |\ |N
Clixy A Py~

(7) (8)

12 NITROGEN LLIMINA1LON REACTIONS

A  MECHANLISMS AND REACTIVE [NIERMEDIATES

There are many ring-cleavage reactions in the 11LeraLure? of which
a steady growing number concern nitrogen-elimination The reactions do not
follow any set pattern, i1n some cases several mechanisms and intermediates
are involved Thus, any classification of these reactions 1s rather

arbitrary and the following classification has been made for convenience

only



(1) DIRADICALS
lhe thermal, direct photochemical and triplet sensitised decomposition
4
reaction of cyclic azo-compounds arc generally beliceved (o vield hydrocarbons
vida diradical intermediates For example, l-pyrazolines (Y) are believed to

redrrange via diradicals ~

PN

: -N
v 2. N\ . DRODUCTS
N N L} [

(9)

Similarly, a series of bicyclic l-pyrazolines gave the expected products of

a diradical intermediate > The gas phase thermolvsis of compound (10)

' A CH H
_ 3
N=N H CH

(10) ) 2 3

produces only the exo and endo bicyclic compounds (11) and (12) No open

chain or other rearrangemenL products were observed

(11) ELECTROCYCLIC PROCESSES

An additional product was oblLained [rom (lg) on photolysis As the

reaction was carried oul in methanol, the possibility of a carbecne

- N2 \
(10) —_— (1 + 12
hv =

+


http://photoclicmic.il

intermediate, formed by a retro-1,3-dipolar cycloaddition, was unlikelv
This additional product (13) was aLLnbuLed5 to an electrocyclic nitrogen

climination

//‘ M - : \__ _
N N Y —\:/
[ CH

N=N 3

(111) ZWITTERIONS
When tri-aryl-1,2,3-triazines (1l4) were pyrolysed at 2500, rearrangement

6
via i1ndenimines (15) occurred fhe mechanism by which this reaction occurs

R2

(14)

1s 1n dispute It 1s believed that either a diradical, or a zwitlterion, are

involved
1 R2 3 R2 R2
R'/\R -N,  REXRD N, R NR
I - I —_— l +
f:l N. ~N N



(1v) CARBENES

Five membered aromatic compounds containing adjacent doubly bonded
nitrogen atoms commonly undergo thermal or photochemical reactions
involving loss of molecular nitrogen 7 Such reactions have been observed

. . 8 . ., 9 . . . . 10 .
Wil LeLrdzoles, in-1,2,3-Lrirazoles, l,2,3-thiadlazoles, and 1,Z2,3-
11 12

selendiazoles Recent work by Rees et al has shown that in triazoles,
itntesmediate carbenes and diradicals d4are involved, depending upon the

substituents Vapour phase pyrolysis of l,4- and 1,5-diphenyl-1,2,3-

tiiazoles (16,17) both yield 2- and 3-phenylindoles (18) and (1Y) respectively,

- Phe—N N oh
Nopn [ “N [ “\ AW
N N Phe~N" N
H PPh Ph H
(16) (17)
Ph
*\\ Phg. Hs _
- — | Ny
¥
N H Y Ph N X N
H Ph Ph H
(19 (19)
i Ph  H
P =/ Ph
\\f \\ *
L=c=NPh N ,C=C=NPh
H Ph H
$H¢) ¢HO
(20) 2

PhEHZCUNHPh PhCHzéuNHPh



and N-(phenylvinylidenelanmilide, which was isolated as 1ts hydrolysis
13

product, phenylacetanclide Results f{rom C studics show that the
products are principally those derived from carbenes and that lll-azirines
(20) may be possible intermediates due to a4 substantial degree of scrambling

_ 13 . .
of the ~'C label

In 1,2,4-triazoles there are two adjacent nitrogen atoms, but in the

aromatic l-H and 4-H derivatives (21) and (22), these are not doubly bonded
and there 1s no direct way in which molecular nitrogen can be extruded
Only 1n Lhe unknown, non-aromatic 3-H derivatives (23), are the nilrogen

atoms suilably bonded [or extrusion

N—N
s/ \p3 [\ R
R )R R N) R3 c //\R3
N
21) 22) 23

The results of flash vacuum pyr01y51s7 of phenyl-substituted-1,2,4-
triazolces have shown that there are two major pathways for [ragmentation
One 1nvolving rearrangemenl and exlrusion of molecular nitrogen (SCHEME 1)
and the other involving extrusion of a nitrile fragment, eirther directly or
indirectly (SCHEME 11) There 1s some evidence thaL Lhe second Lype ol
reaclion involving the extrusion of a nitrile, 1s a stepwise prucess with

the homolysis of the N-N bond as the first stLep



SCHEME I

f/\l—N
Ph< Ph
Nz
™~
N‘:B / ..(Ph
Ph
~ Ph
7
N—N carbene
Ph( »Ph (or 1,3-diradical )
N
Ph J/
Ph
—
NH
N
Ph
SCHEME 11
N AN NH PhCN
Ph / N»H —> Ph( »H —> A —> +
N
H H Ph NCN NH,CN
H
PN N WA
H\N)H HQN)H Scs OH
il Ph Ph
H,0O

PhNHCN PAN=C=NH + HCN



The two types of reaction must be very similar energetically
Apparently increased phenyl substitution favours the [1,5] rearrangement
process, so that this 1s the only reaction observed with di- and tri-phenyl-
1,2,4-tr1azoles When this type of reaction 1s precluded, however, as in

1 1 n

2.5-diplienyl-1,3,4-0xadrazole (24}, the aliernacive cype ol cle

c vage

(SCHEME I1) takes place under identical conditions

N—N
Pf\ZZ\(D/EBFDh
(24)

I'he nitrogen extrusion and subsequent cyclisalion have a closc parallel
in the photochemical conversion of 3,3-diphenylindazole 1nto Y-phenylfluorene

7 i3
and nitrogen Similar high temperature conversions of pyrazoles, and

1ndazoles,14 into non-aromatic isomers by migration of hydrogen.14 cyano,13

and methyl13 substituents have been proposed to explain the results of other

fragmentations

(v) DEHYDROAROMATICS

Dehydroaromatics such as benzyne (26) can be generated by nitrogen

elimination reactions Biphenylene (27) 1s produced when 4-phenyl-benzo-

1,2,3-triazine (25) 1s pyrolysed at 500°, though the reaction 1s believed

15

to be concerted with loss of nitrogen the first step

\
/
/

(27) (26)


http://ali.ernai.ive

9

3,6-Diphenyl-4,5-dehydropyridazine (29Y) 1s generated in the vapour
phase, by pyrolysis of the pyridazotriazine (28) and reacts by extrusion of

nitrogen to give diphenylbutadiyne rather than by dimerisation

Ph  Ph Ph
Nl XN 420 N
] | — | I — N, + PhC=C-C=CPh
NS N;N AN

Ph Ph

Benzyne and most other dehydroaromatic intermediates dimerisc when
they are generated in the vapour phase 3,6 Diphenyl-4,5-dehydropyridazine
(29) 1s exceptional in that, although a small amount of dimer 1s formed the
major reaction involves unimolecular fragmentation of the aromatic system
The difference has been ascrlbed16 to differences 1n bond energies and
resonance energies, totalling about 38 kcal mol—l, which should favour the

fragmentation compared with that of benzyne

(vi) CARBANIONS

Elimination reactions can also be induced by reactions with bases,
alter 1nitial formation of carbanions Thus, 4-substituted-1,2,3- thiadiazoles
((30), R = t-butyl,17 or 1sothxazol-5-y118) react with a variety of bases to

form salts of acetylenic thiols,

N
R B- R_—N
Q§ N\ e
| ON — W —=  RCCS + N,
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Similarly, 5-substituted-1,3,4-thiadiazoles (31) give nitriles and

1sothiocyanate anions in high yield with sodium ethoxide

N~ —N
LS\N>'\ — N|L\>R —> SCN + RCN
-5

(31)

B COMPETING ELIMINATION REACTIONS

IL 1s st1ll generally accepted thal in thermal and photochemical
reactions of cyclic azo-compounds, elimination of nitrogen 1s Lhe normal
course of reaction. For example, 1,2-diazacyclo-octatetraene, wilh phenyl
and methyl substituents (which exists as the bicyclic tautomer (32)) on

heating splits off nitrogen, affording a benzene derivative (34) 19,20

Ph Ph
CH3I XN CH3 /7 N\ N2 CHy =~
I — I
N N
CH, > CHIN Y A CHa'y
Ph Ph

(32) (33) (34)

Whereas, the reaction of 1,2-diaza-basketene (35) 1s descrlbed21 as giving
the unexpected product, an unsubstituted azocine (37) This occurs by loss
of hydrogen cycanide from the diazaderivative (}g) of the Nenitzesceu

hydrocarbon, formed as an intermediate



SN —N~
Tq;h! ‘====Pd' //.\\59N

(35) (36)
-HCN

c ELIMINATION OF NITROGEN FROM HALOCARBONS

Initial work on Lhe pyrolysis of perfluoru-compounds, such as perfluoro-
pyridazine, found that rearrangement to pyrimidines and pyrazines, was the
22
dominant process However, i1t was later found that polyhalo-pyridazines
23
can eliminaiLe nitrogen on thermolysis The C4 [ragment obtained can have
any of a variety ol structures There are three main possibilities: a

diradical (38), a cyclobutadiene (39), or even a tetrahedrane (40).

(38

2R\

(39)

N
N

~.

(40)
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With the pyridazine syster shown below, where X # Y, only unsymmetrical

acctylenes were i1solated 23
woc --" —_— +
Y XY
X XN ‘N2 ' YC=CY
I
xS N
Y

XC=CY

(1) X=Y=¢C,F

6 5
(1) X = CF,CF,, Y = C.F
(riv) X = CF(CF),, Y = CFs
(iv) X = CF(CFJ)Z, Y = 4 - C.I,N

As Lhere were no symmetrical aceclylenecs detected 1+ e XC = CX, or
YC CY, one can conclude that intermediate diradicals were involved With
an 1nLermediate tetrahedrane, or possibly a cyclobutadiene, one would have
anticipated more random fission to produce Symmetrical as well as unsymmetrical
acetylenes There does appear though to be symmetrical acetylenes present in

23

the mass spectra It 1s pointed out that this would indicate a degree of
scrambling which 15 only consistent with an intermediate 1on derived from
tetrahedrane or cyclobutadiene

In contrast to tetrafluoropyridazine, pyrolysis of tetrachloropyridazine
proceeded with loss of nitrogen rather than rearrangement as the principal

23

process Scheme IIlL shows the main processes, the main products were
hexachlorobutadiene and molecular chlorine The compounds can be divided
into two groups (1) those which arise from an initial loss of nitrogen

from tetrachloropyridazine, followed by combination of 04014 fragments, and
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(11) those formed by initial cleavage of the N-N bond in tetrachloro-

pyridazine, followed by the reactions indicated

SCHEME TI11
Cl
PN
ale |CI CCl=CCl-CCI=CCl,  +  COI=Ca,
N (30%) (10%)
(03%)
of
TCICN 2
cl a__ ¢

Cl =~ coupling

= Cl = Cl
ol s E—— CGClSCCI CC|2 +
Cl. (0 5%l cl X Cl

C.Cl Cl Cl
SR (02%
-bdz 2
Cl Cl Cl
Cll NN Cl Cl Cl CN
|
CI\_ _~=N Cl Cl Cl Cl
Cl Cl Cl
(5%) (1%)

-cl,
-[CN), _CICN
Cl Cl
CLL o cl cNicl ~Claci 2 N eN
ClCNIC=CICNICl  —25 o2 |
(10%) cl (CNICI cls. Yen
al |

C
(0-4%)
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Again a diradical process 1s 1n good agreement with the results
With the perchlorobenzopyridazines, two distinct processes are
23
apparent Perchlorocinnoline (41) lost nitrogen on pyrolysis giving
perchlorophenylacetylene (-3, and not the correspo.rding benzocyclobutadicae,
this 1S consistent with the intermediacy of a diradical (42) and transfer

of a chlorine atom

cl___Cl
Cl c=Ccl
cl—=l
S
Cl Cl Cl Cl
Cl \1CI -N, Cl X
N

Cl .
Cl Cl

) 2 Ry

pd
\\

Cl AN Cl

Cl Z Cl
Cl

In contrast, perchlorophthalazine (44) lost chlorine on pyrolysis,
giving tetrachlorophthalonitrile (45) The difference in bhehaviour 1s
attributed to the diradical (42) having a greater stability than the

diradical (46)
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Cl
Cl CN

Cl CN

®
®
\
=~ O

Cl =

Cl N

(46)

The bulk of the evidence available suggests the formation of diradical
intermediates 1n these extrusion reactions This 1s believed?d to be
consistent with conclusions drawn {rom orbital symmetry considerations,
that concerted nitrogen extrusion from pyridazines by either photolysis or

pyrolysis 1s unfavourable

1 3 REARRANGEMENT VERSUS ELIMINATION

In the previous section, i1t was demonstrated that elimination of
nitrogen 18 not always the most favoured process Different diazo-compounds
undergo cleavage of different types, either C-N cleavage or N~N cleavage,
However, a third type, C-C cleavage, can occur giving rise to the process

of rearrangement 1Insome cases, rearrangement 1s the dominant process

A HYDROCARBONS

24

In recent ycars there have been many accounts of light induced 1iso-

merisation of simple benzenoid compounds into benzvalene, Dewar benzene,

25
prismane and fulvene derivatives For example, the products observed in



16

the photorearrangement of dihydropyrazines are consistent with those

expected for a benzvalene type 1inLermediate (47)

~N<

cH, CHy

CH XNCH hy AN CH AN

3 | 3 E {@CHB 3[ N

N N N/I
(47)

Irradiation of ncat pyridine at 254 nm gave para-bonded pyridine (48)

with a half-11fe of 2 minutes at 25o 26

TN hv

(48)

Similar studies by other workers,27 invoke azaprismane type intermediates

(49) with picolines

CH3
CH
CHy~ & CHy AN N CHy

(49)

The conversion of 2,3-dihydropyrazines to imidazoles has been
formulated to proceed via enediimine intermediates (50) formed by photolytac

ring opening,
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7\

(30)

L H-shift

CH3

Ring contraction-expansion processes account for some of the major
processes 1n photoisomerisations, especially with five-membered rings 24
‘ A recent study has shown that several valence i1somers are formed from
the tetracyclic azo-compound (51), where elimination and rearrangement can
both be dominant processes 4 Thermolysis of (51) in n-dodecane results

in quantitative formation of benzene and nitrogen

N (100%)
(51)

At 250, direct photolysis of (51) (366 nm) i1n deuterated cyclohexane
results 1n formation of benzene, Dewar benzene, benzvalene, prismane and

1,2-d1azocyclooctatetraene, as shown in SCHEME IV
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SCHEME 1V

(51)

/ - \

!
URe -
N=N

(6%)

(53)

—i

11%) (8%
(54) (55)

(30%) (45%)
(52)

These observations were concluded4 to be the result of two pathways
from S1 (singlet excited state) of (51) One 1s temperature independent

(S1 - Tl’ where T, 1s the triplet excited state) and the other 1is

1
temperature dependenL (C-N cleavage) Thus at low temperatures, intcr-
system crossing from S1 to T1 domiLnates This was confirmed by the

sensitised decomposition of (51) by acetophecnone which produced (55) as the

predominant product

hv /// \\

ZN PhCOCH,4 \N N/

(67%)
1) (55)
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Thus, while C-N bond cleavage was the major chemical process undergonc

by S C-C bond cleavage 1s the major process undergone by T

1’ 1

B HALOCARBONS

The halocarbons have produced results which are richer in variation
than the analogous hydrocarbons This can be attributed to the value of
fluorine as a passive substituent in compounds where reactions of the
molecular skeleton, induced by pyrolysis or photolysis, can be observed
with less interference from C-F bond fission than 1s encountered f{rom C-H
fission in corresponding hydrocarbon systems Transient non-aromatic
1somers were postulated as intermediates in the rearrangements of hydro-
carbons and relatively few of these have been isolated and characterised
compared with their fluorocarbon counterparts Para-bonded specires such
as (56) and (57) have both been isolated and are stable at room temperature

though they are rearomatised at 160° 29

There have been no reports of the isolation of perfluoro-heterocyclic
benzvalenes, but two azaprismine derivatives (58) and (59) have been

prepared3o and are slowly converted at 1750, into pyridines
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: cF(cE3 , CF,Ch,

F R |

3 1C% CR 8

CF,,CF CECRH  (CRICF CFICR |,
(58) (S9)

Perfluorinated pyridazines have been 1somerised to perfluoropyrazines and
perfluoropyrimidines, The major products obtained with u v 1rradiation
are perfluoropyrazines, e g tetrafluoropyridazine (60) 1s 1isomerised Lo

tetrafluoropyrazine (61) 22

Fr hv F N
oy |
FA N FU, F
N
F
(60) (61)

Para-bonded intermediate species have been 1solated [rom a number

of 4,5-disubstituted pyridazines 31

F
~PRNN 251.nm Q\l R'I j
|
R RZ R2

N
F
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(1) R'=Rr?= CF(CF,), (1a) (1b) (1c)
(11) R1 = R2 = CF(CFB)CF2 CF3 (1r1a) (11b) (11c)
(111) R1 = R2 = F (1113)* (L11b) (rrrc)
(1v) R1 = R2 = CFZCF3 (1va)* (1vb) (1vce)
. 1 . 2 *
(v) R = LF(LF3 9 R =F (va) (vb) (ve)
(v1) R1 = CF(CF3) CFZCF3, R2 =F (v1a)* (v1ib) (vic)
(v1i1) R1 = CF2CF3, R2 = F (v11a)* (viib) (viic)

* not 1solated

It was from a para-bonded species that elimination of Rp C=N occurred
to give a fluorinated azete 1 This 1s discussed 1n Lhe following section

Whereas the major products obtas;ned upon u v 1rradiation were
pyrazines, the major products obtained on Lhermolysis were pyrimidines,

e g tetrafluoropyridazine (60) was i1somerised to tetrafluoropyrimidine

(62) 2

F F
Fr™ ™S\ A Fr™ SN
O I

(60) (62)

The results of the thermal rearrangements can be accounted for by

postulating d1azabenzva1enemtermedlates,32 as shown in SCHEME V
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SCHEME Vv
3 Rl R!
R1(\N R = REZZ N
2 ! r\ll — L Y — |
\’? VN F i F
1 _ 2 _ 1 _ 2 _
R" =R = CF(CF3)2 R* =R = CF(CF3)2
1 _ 2 _ 1 _ .2 _
R" =R CFZCF3 R" =R = CFZCF3
1 _ 2 _ 1 _ 2 -
R" = CF,CF,, R* = F R = CF,CF,, R* = F
1 _ 2 _ 1 2 _
R" = CF(CF,),, R® = F . R" = F, R = CF,CF,
5 Rb = CR(CF,),, R® = F
RN F ) 5
R =F, RW = CF(CF3)2
—N
F

R2ZNNR! R1 N F
L (e
A N / (66

<IN

1 2 NN 1 2

(64)

The difference between the pyrazines (92) and(gg), minor products, 18
thought to arise from a greater driving force to separate perfluoroisopropyl
than the smaller perfluoro-ethyl grcups in the sequence (63) - (64)

When perfluoro-4,5-di-1sopropylpyridazine (67) was pyrolysed32 at
higher temperatures, fragmentation products were isolated together with

pyrimidine (68) and pyrazine (69) The structures of these producls are



possibly those shown below, (70), (71) and (72), depending upon whether

CF4 or C2F6 was lost from the starting material

CF(C%)2 N
Feo CF™ \\F
(CR),C “/\N _(CR, Ej
F‘\\\N:;JF: FNN” CHCE
(68) (69)
F / cE, K F
(CRCR™ ™S Oy p TN cRCR Ty
327 ] T —2s | 37 |
(C%)2CF /N F - F _~N
-CF,
F IA CF% F F
7 N 170 71
CE F
CF CI NN
!
CRCRyN =N
(72)

However, perfluorn-4,5-diethyl-3,6-di1-1sopropyl-pyridazine (73)
pyrolysed32 to give the pyrimidine (74) and perfluoro-5-methylhex-3-yne
(75)

CF(CF) CF(CF)
CkyCF, /\ b CECE,
|I{J L ) + CRCEC=CCHCR),
CF(CF)
(73) (74) (75

Therefore, a whole spectrum of possibilities exists during pyrolysis
from preferential elimination of nitrogen from pyridazines, for example,

in the case of perfluorotetra-aryl derivatives, to rearrangement to
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pyrimidines and pyrazines in the reaction of (60) and (67), the production
of both pyrimidine and acetylene from the pyridazine (73) demonstrates an
intermediate situation

From these results, 1t can be concluded that the major factor
governing competition between nitrogen extrusion and rearrangement 18
probably the ability of the substituents adjacent to nitrogen 1in the

pyridazine to stabilise radicals 1 e aryl >Cl > polyfluoroalkyl >F.

2

1.4 AZETES (AZACYCLOBUTADIENES)

Over the last few years the chemistry of cyclobutadiene (76), the
classic antiaromatic 4n hydrocarbon has been extensively studied 1In
comparison, there are few reported attempts to obtain azetes (77) Other

47 heterocyclic analogues of cyclobutadiene such as oxirens, thiirens and

] I3 Ja\

(76) (77) (78)

1 H-azirines (78, X = O, S or NR respectively) have been postulated as

reaction 1ntermed1ates33 but have not been i1solated
A negative resonance energy of 15,5 Kcal mol-l has been calculated for

34

azete This 1s somewhat less than that for cyclobutadiene (-18 Kcal mol_1

)35

but significantly large to allow the prediction that azacyclobutadicne would
exist only as an extremely reactive transient species Thus, techniques
have been developed whereby the azete 1s generated at low temperatures, or
the system has been stabilised by benzo-fusion and conjugative stabilisation

of the imine function
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A MONOCYCLIC AZETES

The first reporled attempls at the preparation of monocyclic azeles
were unsuccessful  An attempt by Plaquetle using an apparently ideal
precursor (79) to generate an azete by retro-Diels-Alder reaction failed 36
Triphenylazete (80) was suggested, though without supporting evidence as a

possible reactive intermediate in the photolysis of triazafulvenes (81) and

CH,0
CH
N ZeH, 3 Ph—— Ph
/J\\\3 l ”

2~ C0,CHy PhU—N

CO,CH,

(79) (80)
Ph.__Ph Ph_-Fh
N
N Ph N /N

_N N

80 (82)

Pyrolysis or photolysis of trimethyl- and triphenyl-1,2,3-triazines
afforded only acetylenes and nltrlles,38 though recently 1t was shown6
that prolonged heating of various triaryl-triazines atL the m p lead to the

extrusion of nitrogen and formation of indenimines (83)
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Ar Ar
Ar N
! —_—> Ar
Ar ~N
PJ’/
MH

(83)

Recently, pyrolysis of a monocyclic 1,2,3-triazine has lead to the
39
formation of tris(dimethyl-amino)azecte Two other reports of azetes
40
have been made, one via oxazinones and the other via a fluorinated
pyridazine 1 Each of these 1s discussed 1in succession where elimination
of nitrogen, carbon dioxide and nitrile occurred respectively No

classification was made,

(1) TRIS(DIMETHYLAMINO)AZETE

Flash pyrolysis of triazine (84) gave the deep red tris(dimethyl-amino)

azete (85) 1n approximately 30% yield, which was stable at room temperature
39

for ca, 12h This relatively high thermal stability indicates that (85)
N{CH.))
37 527°
N N(CH

(CHﬁzNﬁ/ﬁwamHﬁz S L %

N N —N

~NF (CH3)2N
(84 (85)

should be described as the resonance hybrid (85a) - (85d)



Me, N NMe, Me,N——NMe, Me. N—f/
2 T_ﬂ 2 2 e %2 |
Me NE—N Me, NI=N MQZNLN

85a)

It has been argued41

push-pull substitution (86)

(85b)

27

— "
Me NN

(85d)

that cyclobutadiene (76) may be stabilised by

Analogously, azacyclobutadiene which 1is

energetically favoured in comparison with (76) by introducLion of the ring

nitrogen can be further stabilised by two donor groups at position 2 and 4

(87).

3

e

1

(76)

N
R2N<>'\'Rz

(87)

CO.R

)
R2N<>NR2

COZR

(86)

NR

2
N
A R,

N

(88)
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However, it 1s thOught41 that a donor group in posilion 3 (88,89) of the

dzete will have a destabilising effect

(11) AZETE AND ALKYL-AZETES

Oxazinones of the type (91) are favourable starting materials for the
photochemical generation of the parent compound, azele, or 1its alkyl derivatives
40
A report =~ of the generation of azetes by this route 1s very recent
Careful selection of temperature, matrix-material and wavelength of

i1rradiation were required Photo-reaction (254 nm) in a 2-methyl-tetrahydro-

R R
PN hv({254 hv(270 R
N o o LBy M R
| A A ||
1. _-C _ 1 <
R RIS R!
O hvi2si) 0
(S0) (9 (92)
Gvd:g b,e,h C,f,l
a, b, ¢ R =C(CHy), Rl = cH,
d, e, { R=CF, Rl = CH,
g, h, 1 R=H Rl = H

furan matrix at -196o produced a mixture of the bicyclic (92c) and the
ketene (90a) when (91b) was 1rradiated However, irradiation with light

of wavelength 270 nm at -70° produced the bicyclic (92c) as the only product
longer 1rradiation (270 nm, -70%) gave quantitative elimination of CO, ifrom

2

(92¢), but 1t was found that the azete once {ormed immediatecly dimerised

When the reaction was repeated (270 nm, 7°K) using an argon matrix, 1Ln
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addition to COZ’ four other components were detected Moreover, as shown
below, the products obtained were consistent with an azete intermediate and

~hat a [ast valence 1somerisation (93a & 93b) exists, provided (93) possesses

a singlet ground state with alternating bond lengtLhs

N——0 N __ITC(CH3)3 N=y CICH3)5

Ly — il == L

CHy H O CHy H cHy H

(92¢) (93q) (93b)

CH3C=N o+ (CH3)3CCECH (CH3)3CCEN +  HC=CCH,
(94) (99 (S6) '97)
'The product ratio (96 97) (94 95) was 6 5

Analogous re3u1Ls40 were obtained with 1,3-oxazin-6-ones (9le) and

(91h), the later giving the expected products from the parent compound, azete

(111) FLUORO-AZETE

Evidence for the generation of a fluorinated azete was obtained when
perfluoro-3,5-di-1sopropyl-pyridazine (98) was photolysed in a flow system
Rearrangement products (100) «nd (101) were produced, in addition to four
other compounds (A, B, C and D) which have been shown to be dimers of the
intermediate (99)

The structures of these dimers have been tentatively assigned, as
shown below Isomer (D), not shown, has a monocyclic structure similar to

that of (C)
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//ETC 5

Fe XN 254nm N’
I | _ F ,’\N
(CF,)LCF N Py

F X -
(C%ECF CHC%5

(98)
F
l I CF(CI’—:';)2+ i j
F N (CELCF X CFICR),
CF(CE),
(100) (101)
(C%ECFCEN
DIMERS Fr—N
D |
(A)(B),IC) AND (D) (CF3)2CF =
(99)
: F
_ CFCR), = CFIoR), /_\C(C%)z
F =N Fk\ - N er\l
CF(CF )2 CHC F3)2 (CF3)2C F -
(A) (B) (C)

150°
(A) AND (B) mm— (C)



Dimerisation of (99) can vecur tn & number ol wdays bul so far no
y

attempt has been possible to distinguish between some of the possibilities

B POLYCYCLIC AZETES

There 1s only one reported route to the polycyclic azetes which 1s via

1,2,3-triazines by nitrogen elimination

(1) 2-ARYLBENZAZETES

The first polycyclic azete to be i1solated was prepared30 by the pyrolysis

of 4-phenyl-benzo-1,2,3-Lr1azine (102)

7 XN 420-450° = Ph
l rlq = m\l

AN N> 0 03 torr X

(102) 1103)

Red 2-phenylbenzazete (103) was found to dimerise and react with
nucleophiles and dienes very rapidly, though 1t 1s surprisingly stable at
-80° Fhe red colour of this azele was expected by analogy with known
cyclobutadiene derivaLives

The 2-arylbenzazetes (104), where R = H, Me, Cl, have been prepared
by photolysis of 4-aryl-benzo-1 2,3-triazines and can be 1ntercepted 1n
cyclo-addition reactions, the benzazetes dimerise thermally to give angular

dimers (105), and in the presence of Lewis acids, the linear dimers (106) 42

The 2-(p-methoxyphenyl)-benzazete (107) 1s even more stable than 2-

phenylbenzazete, due to the electron release of the methoxy group reducing



hv R Ar NAr
A |_11N .
300nm X RT R A /N
-80°  (104) N2
LEWIS (109 “ |
l ACID
R
N___Ar
R
R —N
A
"108)

the antiaromatic character of the 4-membered ring

OCH3

N
(107)

2-Phenylnaph-(2,3-b)-azete (108) has been prepared and 1s even

appreciably stable at room temperature as an orange sol.d

Ph
o /V\N 470° N Ph
1 _— 1|
S W 003 torr XN AN
(108)
(11) 2-ALKYLBENZAZETES
There 1s no evidence for the formation of 2-methylbenzazete  Pyrolysis

and photolysis of 4-methylbenzo-~1,2,3-tridazine did not give any benzazcle

products, neirther dimers nor addition products were isolated



3 CH
NN A = CH R 2
| —% |3 | ~
N:;hl hv \\)///—~‘N ~ NH

(109)

A possible explanation for the difference between aryl- and methyl-
benzotriazines and benzazetes 1s the presence of reactive a-hydrogens in the
methyl derivative Thus, 2-methylbenzazete may rapidly 1isomerise to the more
stable tautomer (109) This complication 1s not present with 2-t-butyl-
benzazete (llg) but the yield was found to be low due to elimination of

i1sobutene to give benzonitrile

CICH4)
NV 2N CICH3l3
o | 1+ Chgpe=cry + Pren
N> XN
(110

This has been rationalised by elimination of 1sobutene from an

intermediate such as (111)

Ne
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(111) BENZAZETE-N-OXIDES

38
Enhanced stability of the henzazete system was expected to result

from the reduced C-N bond order 1n benzazete N-oxides such as (112)

(112) (113)

However, pyrolysis of the N-oxide (113), gave a complex mixture and
has shown than benzazete N-oxides, 1f formed, are not markedly more stable

than the azetes

(1v) ALKOXYBENZAZETIES

4-Methoxy-1,2,3-benzotridzine on pyrolysis was either recovered
unchanged or gave a complex mixture of unidentified products 38 No evidence
was found for 2-methoxy-benzazete, which, 1t was anticipated, would be
stable This azete, like the starting material, was considered to readily

suffer 0 4 N methyl migration,

1 5 FRAGMENTATION STUDIES OF 1,2, 4-TRIAZINES

A BENZO-1,2,4-TRIAZINES

Pyrolysis of benzo-1,2,4-triazines could also give benzazeles, however,
these triazines (114) are considerably more stable than the corresponding
(o}
1,2,3-180mers No fragmentation occurred below 700 and above tLhis temperature

benzyne, and hence biphenylenec, was produced LS



N\R

~N
\N/

(R =HCH, Ph)
114)

B MASS SPECTROMETRIC STUDIES OF 1,2,4-TRIAZINES

Surprisingly, in view of the lack of actual studies of nitrogen

35

elimination from 1,2,4-tri1azines there are numerous reports of their mass

spectra

4
Paudler, et al > reported the spectra of the parentL compound and

found that one of the most abundant fragment i1ons was due to the loss of

nitrogen 1L 1s not possible to predict the structure of the [C3H3N]*

species (115)

HCN' <— HC=C-NzCH

e

+ 2 t o~
-_J or HC=CH-N=z=CH

(115)

« /

HCS=CH* —> c2H+
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4
Sasaki, et al 6 have reported the mass spectra of numerous phenyl
substituted 1,2,4-tr.azine compounds, where again nitrogen elimination was
deduced to be a major process Azirine type 1intermedrates were postulated,

as shown i1n SCHEME VI

SCHEME VI
N
| + - > l) I
AN 7‘ R PN
N
£ NS RO "2
type intermediates
(11) R) =R, = Ph, R, = OPh
(111) R1 =R, = Ph, R3 = NH2
(1v) R, = R, = Ph, Ry = NHPh R‘| + ., FH R
DR-C-r, —= ke
(v) Rj = H, R, = Ph, R, = NH, - 3 "
s
] ; Ry R)
(vi) R; = Ph, R, = H, Ry = NH,
(viv) R1 = R2 = OMe, R3 = NH2

Studies of a number of 6-aryl- and 3-substituted 6-aryl-1,2,4-triazines,

indicate two general modes of fragmentauon, paths A and B, as shown 1in

SCHEME VII 47
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SCHEME VII
-
R(/\N
|
N§N R1
PAT'ry' (a) ™ PATH B
—N + +
:‘|| — = |1J + R—CEC—H. +  N=C-R
R R! R R
(b) (c) (d) (e)
(1) R = R1 = Ph (1v) R = Ph, R1 = 2-FURYL
(11) R = Ph, R1 = p-Me-Ph (v) R = Ph, R1 = TRIMETHYL GALLYL

P-Me-Ph, R1 = Ph

(1112) R

Interestingly, compound (V) in SCHEME VII, only follows path B,
evidenced by the absence of peak m/e values corresponding to fragments (b)
and (c)

However, mass spectra data of a series of 1,2,4-triazines with oxo,
thioxo and methoxy, and/or methylthio groups i1n 3 and 5 positions, detected
five ring cleavage processes related mainly to the 5-substituent
Rupture at N-1-N-2 and C-5-C-6 occurred in all cases Loss of nitrogen or
carbon monoxide was not observed This 1s probably due to the fact that
tautomeric equilibriums exist whereby i1n the vapour phase paraquinoid
structures predominate This 1s a common feature of triazines, especially

the hyroxy derivatives e g (116) - (118)

-— — |
HO \N,JR3 G \N//)R3 o H)Rg

(116) (117) 118
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CHAPTER 2

THE SYNTHESIS AND THE CHEMISTRY OF 1,2,4-TRIAZINES

2 1 INTRODUCTION

There are three families of triazines which are the 1,2,3-(119),
1,2,4-(120) and 1,3,5-(121) triazines, derivatives of all three are known
Preparations of the parent substances have been long known for the 1,3,5-

triazine, are comparatively recent for the 1,2,4~triazine and are still not

known for 1,2,3-triazine

Y N@ 7N

r{\N;;N N;,/N N\*;;N
1,2,3 1,2.4 1,3,5
(119) (120) (121)

49,50

The published chemistry of the 1,2,4-triazines 1s largely that of its
deravatives, though there are now several preparations of the parent compound
50
A steadily growing 1interest in this system stems from the findings that
several 1,2,4-triazines show antimalarial, antimicrobial and antivairal

activity

2 2 SYNTHESES OF 1,2,4-TRIAZINES

A GENERAL COMMENTS

These compounds are prepared by two general methods which correspond

to condensation of the units shown below 51
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(1) (1)

(1) Condensation of an a-diketonc (122) with an acethydrazide (123) gives
the corresponding hydrazone (124) which on treatment with alcoholic ammonia
gives the 5,6-disubstituted-3-methyl-1,2,4-trrazine (125) The last step 1n
this reaction 1s reminiscent of pyridine formation from 1,5-diketones With
unsymmetrically substituted diketones (R # Rl), the most reactive carbonyl

forms the hydrazone and fixes the substitution pattern in the triazine

NH,NHCOCH, on on
R —CO (123) R—CO "S¢77' 3
A—Co R p

¢ EtOH — N
[122] (124
NH,/EtOH
/
N ] HaN_ _OH
RN, 2 H,0 rR—CO ¢y
Ni; R.—-CQEN/JQH

(125)
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(11) o-diketones react with semicarbazide (126, X = 0), thiosemicarbazide
(126, X = S),or aminoguanidine (126,X = NH) to give the mono-(127) and bis-
substituted hydrazones Compound (127) 1s readily converted to 1,2,4-
triazines by hot dilute alkali (when X = 0) or by heating the reaction

medium (when X = S, NH)

X
] HAN
NH., NHCNH 2\
R1 —C0 Z(126) 2 R—C "~ CX
— - y
R'—CO R—CQN/N
(127)

R N\ﬁ
R1I ~N
NZ

B SYNTHESIS OF 1,2,4-TRIAZINE

There have becen many unsuccessful49 attempts to prepare 1,2,4-triazine,
however 1,2,4-triazine was eventually synthesised by the decarboxylation of
1,2,4-triazine-3-carboxylate Condensation of glyoxal (129) with compound
(128) gave the 3-carboxylate derivative (130) which was converted by

saponification and decarboxylation to the desired product 52
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N2 Oscop ZiaY
oC oW j
CoHg000C 07 XN-COLCHe
Z
(128) (129) (130)

NN

Fhe first primary synthesis of 1,2,4-trrazine was effected by

condensation of glyoxal monomer with compound (131) in methanol in the

presence of triethylamine at -75° >3

H
He P 2 A
| + I _— s |
H C\\O . _CH N,/N
2
(131)

A convenient synthesis, in terms of overall yield, was recently
developed by Paudler et al ,54 whereby condensation of S-methylthiosemi-
carbazide (132) with glyoxal readily affords the 3-methythio-1,2,4-triazine

(133) The following steps, shown below, all give high yields
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Ny,
CHrs—C e
3 _
N\ C—H N//ISCH3
(132) (133)

OCHy

|

N~ NHNH, N7 UCHy

Cc CHEMISTRY OF 1,2,4-TRIAZINES

There are revicws of 1,2,4—tr1a21n049 and the related compound, 3,5-
dihydroxy-1,2,4-triazinc (more commonly known as 6-azaurdcil) 33 The
chemistry discussed 1s largely that of amino-, hydroxy-, mercapto- and carboxy-
derivatives of dihydro- and tetrahydro-1,2,4-triazincs References to Lhe
fully aromatic parent compound are few However, this 1s not surprising in
view of the difficulty of preparing 1,2,4-triazinc, where in 1ts preparation,
low overall yields have been characteristic Thus the compound has been
mainly a curiosity for physical and theoretical studies, its deraivatives
being made more readily via alternative condensation rcaclLions

1,2,4-Ir1azine 1s a yellow liquid above 1ts m p (16-17 50) and undergoes

exchange reactions in the presence of bases and acids The base-catalysed

reactions can be represented by the following equilibrium



43

-
,/N\N 02 //N\N DZO //N\N
N /JJ N | N |

N D,,0 N oy N~

H-3 4 D-3 exchange occurs under neutral conditions via a covalently
hydrated intermediate (134), which 1s readily generated in acidic media 4

A situation 1involving all the indicated equilibria 1s believed to prevail

Addition of base to the aqueocus solution quantitatively regenmerates 1,2,4-

triazine
H+
ZA H0 Z i 2Ny
| ——— | — J
H H H H
\ {134) /
N r /HZO
.
~ /'N
|

An interesting dimerisation of 1,2,4-triazines was recently reported57
where 5,5'-b1-1,2,4-triazinyl compounds are obtained by treatment of various
1,2,4~tr1azines with eirther sodium methoxide or with aqueous potassium cyanide
This process was first found in the preparation of 3-methoxy-1,2,4-triazine

from 3-methylthio-~1,2,4~tr1azine (133) Dimerisation to (135) became the
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ma jor process when sodium was added to a solution of 3-methylthio-1,2,4-
triazine in absolute methanol When the reaction was interrupted, the

methythio dimer was obtained (136)

NaOCH5 /
CH4OH

N
[ §N 16h
NCJSCH3 NGOCH,/ CH40H
(133) 4h

Similarly, when potassium was added to a solulLion of 1,2,4-triazine 1in

liquid ammonia, 5,5'-bi1-1,2,4-tr1azinyl (137) was produced 27

Dimerisations of some pyridine derivatives are well known phenomena Dry
pyridine when Lreated with sodium at room temperature gives a mixture of
2,2’- and 4,4'-bipyradyl Similarly, quinazoline affords 4,4 '~biquinazolyl

It has been suggested Lhat these dimerisations occur by either free radical
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or carbanionic mechanisms Specifically, the dimerisation of quinazoline
(138) 1s presumed to occur by the following sequence, where 1t 1s assumed57

that hydride 1on 1s lost in the last step

\
Z/,
/2
)

It 1s more probable that the process involves loss of hydrogen 1on, followed

by oxidation to form free radicals

1e

N Lt .
- m —L ﬁ [ \l —>  DIMERS
N N/N

Thus, the chemistry of 1,2,4-triazines 1s still at its infancy
However, considerations of charge stabilisation in the transition state led
to the postulation that the order of susceptibility of the three ring

positions to nucleophilic attack should be 5 >3 >6 o1 This follows from
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anticipation that nitrogen atoms ortho and para to the position of

nucleophilic attack will be strongly activating

5 d- d-
LN O
N~

This relationship 1s consistent with the reactivity of 3,5-disubstituted
and 3,5,6-trisubstituted chloro-derivatives in those cases where the structure

of the products have been established

2 3, SYNTHESIS AND CHEMISTRY OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE

A, INTRODUCTION
The aim of this work was to synthesise 3,5,6-trichloro-1,2,4~triazine
( 7 ) using 6-bromo-3,5-dihydroxy-1,2,4-triazine (139), as a precursor since

1t can be readily prepared

cl
Ny 3¢ ] P
>
N
OJ\H/ [-2 OH,-Br] C(L\N/N
(139) (2)

The following 1s a general discussion of chlorination methods

B GENERAL METHODS FOR CHLORINATION OF N-HETEROCYCLES

Elemental chlorine has been used to prepare highly chlorinated compounds

such as pentachloropyridine (140),58 but high temperatures are often required
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Cl
AN Cl2 Cl Xy C
— |
e | P
N 400-500° ¢ Cl
(140)

The reagent frequently used 1s refluxing phosphoryl chloride  Group V
elements, as well as replacing hydrogen by chlorine, frequently aid the
replacement of hydroxyl by chlorine Phosphorous pentachloride or dimethyl-
aniline are sometimes added to the reaction mixture A method developed

in these laboratories uses phosphorus pentachloride alone The following are

some examples of these methods

OH Cl
Ty —= , o
N4 N

OH Cl

0 H Cl
A 0 —> Sa oo
0 N CIN N
M H



Cl
Cl

Cl
e
Cl
OH POCl,

Cl

Cl
Cl

HN

N

Cl

Cl

N0

H

SN
2
N C

reflux 30m

PCls

PClg
e

300°

1 J
)H POCI PhN(CH3)2

N/
CJ\\ cl
Cl N
o I XNC
NG N®

Cl

Cl =

Cl
Cl

Cl

Cl

Cl

)u

Cl ¢

//Cl

48,

61

62

63

64

65
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Phosphorus pentachloride 1s often used to complete chlorination of a
N-heterocycle,

Other chlorinating reagents such as sulphur monochloride, sulphuryl
chloride and Ballesters 'BMC' reagent66 (a complex mixture of sulphur
monochloride, sulphuryl chloride and aluminium chloraide), have not

generally found widespread use in the chlorination of N-heterocycles

c SYNTHESIS OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE

(1) PREVIOUS WORK

The first report67 of an attempt to 1solate 3,5,6-trichloro-1,2,4-
triazine ( 7 ) was made by Chang, where the chlorination of 3,5-dihydroxy-
1,2,4-tr1azine (l44) was studied However, no product was identified from
the reaction of (l44) with phosphoryl chloride with or without dimethyl-
aniline and/or phosphorus pentachloride Therefore 6-~bromo-3,5-dihydroxy-
1,2,4-triazine (139), which was conS1dered67 to be less reactive was reacted
with phosphoryl chloride A moisture sensitive 01l was obtained in ca 30%
yield This was deduced to be 3,5,6-trichloro-1,2,4-triazine by characterisation
of the hydrolysis product 6-chloro-3,5-dihydroxy-1,2,4-triazine Other workers68
found this method could afford purer material but no report of the yield was made.
This work was repeated by Loving and was found to give ( 7 ) 1n yields of
only 9-11% 69 Following this work Loving claimed an improved method of
preparing ( 7 ) involving phosphoryl chloride, N,N’-diethylaniline and
phosphorus pentachloride 69 A maximum yield of 787% was obtained though 1t
was found that yields dropped substantially with large scale reactions This
was apparently overcome by employing continuous liquid extraction methods on
the reaction mixtures where yields of 50-60% were claimed An attempt69 was

made to rationalise this complex reaction and 18 summarised below, in SCHEME

VIII
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SCHEME VIII

o/PC‘B d cl 0—5013

é-_
O
~
S Gt BeaBE
\N ‘N Nan-0

H H

Cl -
Br’/\N’H -H" Br. N PCi, Br,/\ Cl le/\

O etc \N
H \ §-

«11) PREPARATION OF THE STARTING MATERIALS

(a) GLYOXYLIC ACID SEMICARBAZONE®’

Glyoxylic acid semicarbazone (143) was prepared readily from chloral

hydrate (141) and semicarbazide hydrochloride (142).

A
CCI,CH(OH) + NH_ NHCONH. .HCI _— >
3 2 2 2
(141) 142) H,0

HOZCCH=NNHCONH2 ( 74 5%)

(143)

(b) 3,5-DIHYDROXY-1,2, 4-TRIAZINE6 7

3,5-Dihydroxy-1,2,4-triazine (144) was prepared by cyclising gloxylic
acid semicarbazone with sodium ethoxide, Apparently, the sodium salt formed

from (143) 1s insoluble 1in ethanol but by employing a mixture of ethanol and
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ethylene glycol a suitable reaction medium and reflux temperature was

achieved,

H., OCCH=NNCONH,
(143)

0
Nc/ ethanol
HN
> l\ lN (68 2%)
ethylene 07" >N7
glycol H
(144)
70

(c) 6-BROMO-3,5-DIHYDROXY-1,2,4-TRIAZINE

(144) was readily brominated in the 6-position by stirring with a

mipxture of water and bromine,

0 0

Hr\:/u\| Bry /H,0 )\
__—_“_;’ (54 5%)
OCL\.N//N N’/

H
(144) (1;9)

(111) CHLORINATION OF 6-BROMO-3,5-DIHYDROXY-1,2,4-TRIAZINE

(a) SOLVENT PHASE REACTIONS

The procedure69 used by Loving was 1nitially adopted,
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Hi\] lBr POCH /PCIi NZ ICl
' - “l N
09\{;1) ) PANIC,He U\~

139) (143

Several difficulties were encountered in trying to repeat Loving's
procedure An error in the reported experimental raises the question of
what proportions of N,N’-diethylaniline were actually used Several attempts
using the same amounts of reactants quoted [(139) (145) =1 2 5] failed to
give any product, When the reaction was repeated using the claimed molar
quantities [(139) (145) = 1 3.0], yields of 21 4 - 33 1% were obtained.

Another difficulty was one of extraction, The reaction mixtures were
found to be miscible with organic solvents thus making liquid-liquad
extraction impossible, When all the solvents were removed, the material
obtained was very intractable, It was from this material that small amounts
of 3,5,6~trichloro-1,2,4-triazine was obtained by distillation under reduced
pressure,

The reactions were repeated with, and without, N,N’~diethylaniline or
phosphorus pentachloride and with different reactant ratios but the yields

69 the use of

were 1invariably very low Contrary to Loving's results,
pyridine instead of N,N’diethylaniline, did assist in the formation of small
yields of 3,5,6-trichloro-1,2,4~tr1azine Another base tried was triethyl-

amine but with no success.

Overall, small scale reactions with this procedure gave low yields and

with large scale reactions the yields were always reduced to zero.



53.

(b) AUTOCLAVE REACTIONS

As mentioned earlier, a common procedure for preparing highly chlorinated
-N- heterocycles 1s to use phosphorus pentachloride at high temperatures under
autogenous pressure This method has now been successfully employed in the
chlorination of 6~bromo-3,5-dihydroxy-1,2,4-tr1azine 3,5,6-Trichloro-1,2,4~
triazine was 1solated in yields of 36 2-48 8% when an optimum temperature of

200° for 2h. was employed

Cl
’ By PClg

N N
| > k |N
0 ﬂ)\l 200°/ 2h Oy

The product was 1solated from the reaction mixture by distillation under
reduced pressure and then recrystallised from hexane This procedure was
simpler than the solvent phase reaction, and moreover, gave consistent yields

with large scale reactions.

(1v) CHLORINATION OF 3,5-DIHYDROXY-1,2,4-TRIAZINE

Several chlorinations were carried out using 6-azauracil as the substrate
Optimum conditions for the reaction and 1solation of the product were found to
be the same as those employed for chlorination of 6- bromo-3,5-dihydroxy-

1,2,4-tr1azine, although lower yields of 19 1-33 67 were obtained

o
P,
AN Clg _ Nﬁu
N N
oé\N/ 200°/ 2h ol
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D CHEMISTRY OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE

The chemistry of 3,5,6-trichloro-1,2,4-triazine, like that of the parent

tria. in¢c , has only been studied briefly,

The compound 18 very unstable

with respect to hydrolysis and not surprisingly the reactions reported for

his nitrogen heterocycle, are nucleophilic aromatic subsiitutions

P1ska1a68 has shown that the 5-position 1s the most susceptible to

nucleophilic substitution

upon the reaction conditions

The position of further substitution depends

In the experiments summarised in SCHEME IX,

the positional order was found to be 5 > 6 > 3 with anionic nucleophiles and

in the order 5 > 3 > 6 with neutral nucleophiles

This 18 demonstrated by

the reaction of compound ( 7 ) with two equivalent amounts of sodium methoxide

SCHEME IX

QCH

NT
CJQEN,/N

h«]O(}43 (1&9)
2 equiv, (mayjor)
Cl H
NL/SECI excess 4’
Sop 2
CINR-" NH4/CHoH G-
(7) (147)
NaOCH4
1 equiv OCH3
N’ |
Cl\N/N
(149)

OCH,
N‘f\\nu
CH3ok\N/N

{minor)

NGOCH3 N OCH3

1 equiv N~
(148)
QCH5
HCI NZ" (I
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where the 5,6-disubstituted compound (146) 1s the major product Also,
compound (147) gives only the 6-methoxy product (148) on reaction with one
equivalent of sodium methoxide On the other hand, when compound (149) 1s
treated with alcoholic hydrogen chloride the 3-methoxy product (150) 1s
obtaineaq

In more recent st:ud1es71’72 by Piskala various dialkylamino-1,2,4-

triazines have been prepared

1 53 2 2

R, =R, = NMe,, R, = Cl, OMe

R, = Ry = H; R, = NMe,, OMe

R, =R, = NMe,, NEt,; Ry = H

R, = R, = NMe,, NEt,; Ry = OMe, NMe,
R, = Hj R, = OMe, NMe,, R, = OMc

R, = H; R, = OMe, Ry = NMe,

A si1milar series of compounds has been prepared by Neunhoeffer 3
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2 4 ATTEMPTED SYNTHESIS OF 3,5,6-TRIFLUORO-1,2,4-TRIAZINE

A, INTRODUCTION

As mentioned earlier the most obvious route to the synthesis of 3,5,6-
trifluoro-1,2,4-triazine 1s by fluorination of 3,5,6-trichloro-1,2,4-
triazine Polyfluorination of polychlorocompounds can be achieved by a
halogen exchange reaction using an alkali metal fluoride, with or without a
solvent The following section 1S a discussion involving this particular
method of fluorination and where the substrates are chloro-N-heterocycles
The most practical alkali metal fluoride 18 potassium fluoride though

sometimes the more expensive and reactive caesium fluoride 1s used,

B FLUORINATION OF CHLORO~N-HETEROCYCLES

The halogen exchange reactions considered here are essentially nucleophilic
aromatic substitutions and 18 therefore a process which will be favoured with
the more activated systems This 18 demonstrated in the reactivity of 2-
chloro-pyridines to potassium fluoride in dimethylformamide Although the
pyridine system 18 activated by the ring nitrogen present no reaction occurs
with 2-chloropyridine When the aromatic system 18 further activated by a

nitro group para to the chlorine atom, reaction does proceed to give 2-fluoro-

5-nitropyridine (151).74

02N AN KF/DMF 02N

N
l =

N& Cl 120%/8h N7
(151)

—

More polar aprotic solvents such as dimethylsulphone, N-methyl-2-

pyrrolidone and sulpholane, allow halogen exchange reactions to occur on less
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Thus 2-chloropyridine can be fluorinated in dimethyl-

sulphone but a long reaction time 1s required 75

activated systems

/\ KF/ dimethylsulphone N

|
\I\N)Cl 21 days B “\N/F

With perchloropyridine the main product obtained on reaction with

potassium fluoride and sulpholane 18 2,4,6-trifluoro-3,5-dichloropyridine

(152)
cl .
Cl XNCl KF/sulpholGne Cl | XCl
ANV 190-210° PN
(152)

The feature limiting the extent of this and many other fluorinations is
the thermal stability of the solvent This problem 1s avoided by employing
potassium fluoride at high temperatures in an autoclave 1in the total absence

of a solvent Pentafluoropyridine (153) 1s thus prepared by heating

pentachloropyridine with potassium fluoride at 480° 76,71

Cl . F
Cle” XN\Cl KF/ 480 FI X F
>

| ~CI F
¢ N C autoclave N
5
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This technique 1s a general process for the synthesis of highly
fluorinated N-heterocycles For example, perfluoropyridazine (60 )78 and

perfluoropyrazine (61 )79 are prepared from perchloropyridazine and

perchloropyrazine respectively,

Cl =
Cl NN KF F N
I > I I
Cl /N A 0 N
l 205-310 £
(60)
PN KF F[N\jp
Cl NZ Cl 310° F NZ F
(E1)

Milder reaction conditions give cyanuric fluoride from cyanuric chloride 80

N
Cl,l/ \WCl KSOzF . F|/ \‘F
-~ N 0 N N
N~ 120-150 ~.>

F
(6)

Other compounds which have been prepared by halogen exchange reactions
are perfluoroqumohne,81 perfluoro1soqu1n011ne,81 perfluorOpynmldme,Sz’S3

perfluoquULnoxallne,84 perfluoquumazolme63 and perf1u0r0cmn011ne,85

C FLUORINATION OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE

(1) SOLID PHASE REACTIONS

(a) POTASSIUM FLUORIDE

The fluorination of 3,5,6-trichloro-1,2,4-triazine with potassium

fluoride 1n a nickel autoclave was attempted at a variety of temperatures

The reactions gave mixtures of chloro-fluoro-1,2,4-triazines, the extent of
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fluorination increased with temperature but there was a corresponding
decrease in the yields,

Below 200° fluorination of 3,5,6-trichloro-1,2,4-triazine was the
favoured process, 140-150° favoured the dichloromonofluoro~1,2,4-tr1azine(s)

[o}

and 170-200" favoured cthe difluoromonochloro-1,2,4-triazine(s). Trace

amounts of 3,5,6~trifluoro-1,2,4-triazine were observed in all these reactions

Cl,F CIF. F
kN/ < 200 ‘%N/ I\ F|\\N/N

(34-58%)

Above 200° only 3,5,6-tri1fluoro-1,2,4~triazine dimers were obtained in

very low yields

Cl
Cl KF/Ni

ClL — CeFeNe
N > 200
(0-16%)

The reaction mixtures obtained were readily hydrolysed, even on glass

surfaces which had been previously baked in hot ovens,

(b) CAESIUM FLUORIDE

That caesium fluoride 1s a more reactive fluorinating agent than
potassium fluoride was remarkably demonstrated when caesium fluoride and 3,5,6~
trichloro-1,2,4~triazine were mixed together at room temperature Exothermic
reaction occurred between the two substrates to give a fused coloured mass,

It was not possible to characterise this mass by 19F n.m,r, due to poor
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solubility, therefore no other techniques were used, on what was probably a

complex mixture,

(11) SOLVENT PHASE REACTIONS

Attempts at fluorination of 3,5,6-trichloro-1,2,4-triazine 1n sulpholane
with either potassium fluoride or caesium fluoride at room temperature and at
120° were unsuccessful. The most surprising feature was that no volatiles
could be 1solated from these mixtures, which gave polymeric cars on removal

of solvent,

D CONCLUSIONS ON FLUORINATIONS OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE

It 1s apparent that fluorination of 3,5,6-trichloro-1,2,4-tr1azine with
potassium fluoride in nickel autoclaves at temperatures above 200° gave the
desired product, 3,5,6-trifluoro-1,2,4-triazine, but the system then suffers
by eirther ring opening or undergoes further reaction with the excess fluorade
1on present

Evidence for ring opening was found in the infrared spectra of residue
remaining in the nickel autoclaves used in the fluorinations (a medium band
at 2120 cm-1 1s indicative of a C=N function) Study of the mass spectra of
the chlorofluoro~- and 3,5,6-trifluoro-1,2,4-triazines revealed that after
ionisation loss of nitrogen was a major pathway in fragmentation.

Extrusion of nitrogen with the formation of transient trifluoroazete (154),
followed by ring opening and a 1,3-rearrangement, could generate trifluoro-

acrylonitrile,(155) a compound which would be prone to polymerisation
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F
N7\F “Np N—F
| — I
Fy F—F
(154)
J/rmg opening

1,3 -rearrangement
CF2=CF_CEN <

POLYMERS

.

By analogy with 3,5,6-trichloro-1,2,4-triazine the product of hydrolysis
would be expected to be 3,5-dihydroxy-6-fluoro-1,2,4-triazine There was no
evidence for the formation of this compound (Attempts to prepare 3,5-

dihydroxy-6-fluoro-~1,2,4~triazine by other workers have failed due to ring

70
rupture)

An alternative process to ring rupture was one of dimerisation IL 18
difficult to speculate upon the structure of these dimers with no other
information than their molecular weight,

Thus attempts to i1solate 3,5,6-trrfluoro-1,2,4-triazine from reactions
of 3,5,6-trichloro-1,2,4-triazine with an excess of fluoride i1on were of
little success With hindsight, however, 1t appears that the presence of

excess fluoride ion may have been the major problem,
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In a later experiment, which was an attempt at mono-(polyfluoroalkyl)-
ation, an excess of 3,5,6-trichloro-1,2,4-tr1azine was used 1n a mixture
with potassium fluoride and sulpholane under an atmosphere of hexafluoro-
propene The hexafluoropropene was recovered unchanged, that is, neither
polyfluoroalkylation of the 3,5,6-trichloro-1,2,4-triazine nor oligomerisation
of the hexafluoropropene had occurred. Both of these processes involve the
generation of the perfluoroisopropyl anmion (1l56), a species which 1s known to

be readily formed under these conditions

DIMERS
+
CF3CF=CF2 TRIMERS
_ - OLIGOMERISATION
CF3CF=CF2 + F —_—>> CF3CFCF3
(155) Arx
POLYFLUOROALKYLATION ArC3F7

It can therefore be concluded that the entire amount of fluoride ion
present in the reaction mixture reacted only with 3,5,6-trichloro-1,2,4-
triazine

The principle volatiles 1solated from the solution were 3,5,6-trichloro-
1,2,4~tr1azine and an unstable liquid, The liquid attained a bright red
colour and decomposed over a period of two days with the gaseous evolution,
The 19F nmr spectrum gave three signals of equal intensity at 58,95 p.p.m ,
60.82 p pm, and 63.12 p pm (relative to external CFC13) It 1s possible
that this liquid was 3,5,6-trifluoro-1,2,4-trrazine but the absence of other
data makes inference difficult The formation of 3,5,6-~tri1fluoro-1,2,4~

triazine as an intermediate in polyfluoroalkylations of 3,5,6-trichloro-1,2,4~

triazine 1s dissussed further in the following section
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Calculations of substituent chemical shifts (SCS) allow predictions
of chemical shifts of hitherto unknown compounds The changes in chemical
shift of various fluorine atoms 1in aromatic fluorocarbons caused by the
replacement of C~F by N in the aromatic rings can be calculated, The
calculations of such systems as the qumolmes,86 have been found to be
in good agreement with observed shifts,

The SCS values obtained from hexafluorobenzene and pentafluoropyridine,
pentafluoropyridine and the three tetrafluorodiazines, were very inconsistent,
The results, which are summarised below, show that there 1s no reliable way

of predicting the chemical shifts of 3,5,6~trifluoro-1,2,4-triazine,

F SHIFT POSITION
NA/%}‘F 10.01 - 34,79 3
F3 ?\‘lN 49.85 - 76,11 5
84 11 - 100,05 6

25 POLYFLUOROALKYLATION OF 3,5,6-TRICHLORO-1,2,4~-TRIAZINE

A, INTRODUCTION

A very useful preparation of polyfluoroalkyl substituted aryl compounds
15 the reaction of polyfluoroalkyl anions, with activated haloaromatic
compounds,

This type of reaction can be seen to be complementary to the Friedel-
Crafts type of reaction in hydrocarbon chemistry

- Ar

- 1 -
F + FZC=9- _—> CF3'9' ————Ji—€> CF3-9-Ar + F

+ + ArH | "
H + HZC=g- — CH3—9- _— CH3—9-Ar + H

The following discussion relates the differences found on going from

fluorocarbons to chlorocarbons in nucleophilic substitution, which a1s the

type of reaction involved with polyfluoroalkyl anions
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B. POLYFLUOROALKYLATION OF HALOCARBONS

The general method for polyfluoroalkylation of fluorocarbons involves
reaction of the respective fluorocarbon in an atmosphere of the appropriate
polyfluoroolefin, with or without a solvent (such as glymes, acetonitrile,
sulpholane) in che presence of fluoride ion (either potassium tluoride or
caesium fluoride) at temperatures ranging from 25° to 180°

This general method, however, has not been extended to the chlorocarbons.
There 1s only one reported87 example where a chlorine atom was substituted for
a polyfluoroalkyl group It 1s probable, though, that the fluorocompound (157)

was formed i1n situ as an intermediate

cl F CFICF,),
y v y
—_— —_—
[ Y=CN,NO,) (157)

The reason why chlorocarbons are less suited for polyfluoroalkylations
15 easily understood Highly chlorinated compounds are generally less
reactive than the corresponding highly fluorinated compounds as the carbon
chlorine bond is less readily attacked by nucleophiles than the carbon
fluorine bond It 1s commonly thought that fluoride 1on 1s displaced more
readily than chloride 1on because the fluorine bond 1s more polar and the
carbon atom 1s therefore more positive and open to nucleophilic attack

It 15 interesting to note the reactions of the isomeric 1,3,5-triazines,
cyanuric fluoride and cyanuric chloride, to polyfluoroalkylation Waith
cyanuric fluoride, the derivatives from tetrafluoroethylene and hexafluoro-

propene are all known, The reaction conditions involve heating cyanuric
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fluoride, caesium fluoride and perfluoroalkenc in an autoclave at temperatures
o c 88
of 80-130" with pressures of 3-50 atmospheres, Although threc compounds are
formed i1n these reactions, the rcaction can be directed toward any of the
derivatives by altering the reactant ratio,
An unusual feature, not evident i1n other activated fluorocarbons. 1s the
difference in the yields observed with tetrafluoroethylene and hexafluoro-

propene, under the same reaction conditions,

F Rf Rf
’T&N CH3CN/KF RN RN
> | o
F\_ ~F FA_ ZF R R
N 1009 4h N PN
= 0 =
RFCF 1% RFCF 15%
—_ — (o)
R=CF, 3%

This may be due to competition between cyanuric fluoride and Lhe
perfluoroalkenes for fluoride ion 1,e, hexafluoropropene competes better than
tetrafluoroethylene for fluoride 1on in the presence of cyanuric fluoride
The formation of o-complexes has been proven for the compounds shown below
though only the o-complex formed from cyanuric fluoride (158,a) and caesium

fluoride has been 1solated.89

FF

/‘; P
CsF + -/J Cs'

N/‘ 91&{\/ Ry

8 ab.c

(15 ) (159 a,bc)

a R1=R2=F
b R1=.F, R_2=CF(CF3)2
C R1 = R2-CF(CF3 )2



Polyfluoroalkyl derivatives have also been obtained from reactions
involving cyanuric fluoride with n-octafluoro-2-butene and hexafluoro-2-
butyne in the presence of fluoride 1ion

Although the possibility has been suggested in the 11terature,90 there
aie no reported polylluurvalkylacions of cyanuric chioride 1n the formation
of polyfluoroalkoxy derivatives cyanuric chloride rather than cyanuric
fluoride 1s used The probable advantage of using the perchlorocompound lies
in reducing the possibility of a back reaction when X =Cl in the sequence

shown.91

R0 +  ArX p—— ArORf + X {X=ClF)

Cl

NAN diglyme N \N
+ (CFy),COKF ——> [OCF(CF )5 ]
l | O 32 10° k j 2'3
(86%)

c POLYFLUOROALKYLATION OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE

Polyfluoroalkylation of 3,5,6-trichloro-1,2,4-tr1az1ne was attempted
with tetrafluoroethylene, hexafluoropropene, n-octafluoro-2-butene and
hexafluorocyclobutene, Sufficient fluoride for both halogen exchange and
catalysis was used In the reactions with tetrafluoroethylene, n-octafluoro-
2-butene and hexafluorocyclobutene, the perfluoroalkenes were recovered
unchanged whereas with hexafluoropropene the main products obtained were
perfluoro-3,5,6-trisssopropyl-1,2,4-triazine (160) and hexafluoropropene

oligomers (161).
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C
a CF,CF=CF 37
N~ | Cl 3 2 N~ |C%E; ! \
N - R
Ci \N/ sulph?lﬂne/ C3E7 \N/ n=2,3
F/RT
(160) (161)

The reaction products were found to vary with the source of the fluoride

ion,

It 1s worth recording that in a preliminary reaction, with caesium
fluoride as the fluoride 1on source, four principal products werc obtained

as shown below.

Cl C3F C3F
N%\Cl N7\‘C3F7 NN
lk IN 3Tl * (55l “c Fk\ ‘A C F“\ ZCF

CIxN~ 37 >N~ 37 N7 37
(162)
molar ratios 181 635 160 24

The yield of the perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine was only
1.9%.

A remarkable feature of this reaction was the formation of perfluoro-
2,4,6-1s0propyl-1,3,5-triazine (1.,2), However, this experiment was repeated
but no perfluoro-2,4,6-tris-isopropyl-1,3,5-triazine was detected though the

other components were obtained in almost identical ratios,
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When potassium fluoride was used for the fluoride 1on source the major
product was perfluoro-3,5,6-tris-isopropyl-1,2,4-triazine, No perfluoro-

2,4,6-tris-180propyl-1,3,5-triazine was detected 1n any of the reaction

mixtures.
Cl CoF

N IC‘ —=>  (C4Fi)y  + (CoR)y o+ N )57
ClKN/N 37612 363 C3F7L\N/N
molar ratios 151 M4 735

The yield of the perfluoro-3,5,6-tris-isopropyl-1,2,4-triazine was 62 7%
Distillation of perfluoro-3,5,6-tris-1sopropyl-1,2,4~triazine gave crude
fractions containing perfluoro-di-isopropyl-1,2,4-triazines Separation of

these perfluoro-di-isopropyl-1,2,4-triazines could not be achieved by

minor components making only an estimated 3,2% of the perfluoro-3,5,6-tris-

1sopropyl-1,2,4~-triazine fraction
19

perfluoro-di-isopropyl-1,2,4-triazines (163) - (165), though it was not

possible to determine their structures.

CyFy C3Fy e

~ ~ ~
rq//‘\\WCBE} N,/’\\W]F N,//\\\HCBE__7

|
- N N |\ N
G S

(163) (164) (165)

preparative gas-liquid chromatography. It should be emphasised that they were

F n.m r data supported the presence of only two of the three possible
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D. CONCLUSION

In the polyfluoroalkylation reactions which have been described only
the reaction of 3,5,6-trichloro-1,2,4-triazine with hexafluoropropene, 1in the
presence of fluoride i1on, gave a perfluoroalkyl-1l,2,4-triazine., This reaction
158 very unusual in that 1t 158 the only known example where a highly chlorinated
aromatic compound 1s directly converted to a polyfluoroalkyl-compound,
Furthermore, there are very few systems where polyfluoroalkylation gives the
highest possible degree of substitution and none which are achieved under such
mild reaction conditions

The mechanism of this reaction probably involves six steps, with 3,5,6-

trifluoro-1,2,4-tri1azine being formed as an intermediate

Cl F CaF7
Nﬁcn F- N7\‘F CoFy NT NCHE
| _— l __3_2;> | 37
cnk N FK N C4F k N
XN~ N~ 3'7 N7

This follows from the observations that when there was insufficient
fluoride 1on for both halogen exchange and catalysis, neilher polyfluoroalkyl-
ation of 3.5,6-trichloro-1,2,4-triazine nor oligomerisation of hexafluoropropene
occurred,

There 18 no evidence to suggest direct substitution of chlorine with

perfluoroisopropyl,

Cl _ 57 €3
N7\I‘Cl o NENa Gy TG
N
Cl \N/N Cl \N/N 0397 P
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The results can be represented by the rate determining sequences shown
in SCHEME X The reaction can be seen to involve five distinct processes:-
(1) fluorination of 3,5,6-trichloro-1,2,4~triazine where three fluorine

atoms are substituted for three chlorine atoms, For simplification these

SCHEME X

Cl g ) CoF

N> Cl = F C,F NA
i -
CI N/ F N/

R1 [Qz C E% N ’/N

FI?) | Ry

unrecoverable

material
F- _ C3F6 etc
CF3CF=CF2 fo— (CF3)2CF —= DIMERS — TRIMERS
Rl. R5

RATE DETERMINING AND COMPETING PROCESSES IN THE REACTION OF 3,5,6-TRICHLORO

1,2,4-TRIAZINE AND HEXAFLUOROPROPENE WITH FLUORIDE ION

three reactions are denoted by the rate constant R1
(2) polyfluoroalkylation, again involving three substitutions at different

reaction centres, but being represented by one rate constant RZ'
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(3) further reaction of 3,5,6-trifluoro-1,2,4-triazine, presumably with
fluoride 1on, to give unrecoverable material, This 1s denoted by the rate
constant R3.
(4) formation of the perfluouroisopropyl anion with & rate constant RA‘
(5) oligomerisation of hexafluoropropene with a rate constant RS'
When the source of fluoride i1on 1s potassium fluoride there are two
distinct competing processes The reactions of polyfluoroalkylation and
oligomerisation both compete for the perfluoroisopropyl anion, 1 e. R2 via R5
It 1s assumed that the rate of fluoraination (Rl) and the rate of formation of
the perfluoroisopropyl anion (R4) are bo:h very fast

When the fluoride ion source 1s caesium fluoride a further apparent
complication 18 introduced The rate at which 3,5,6-trifluoro-1,2,4-triazine
undergoes side reactions (R3) becomes very significant and this 1s reflected
in the very low yields of perfluoro 3,5,6-tris~isopropyl-1l,2,4~-triazine

It 1s interesting to note that introduction of a perfluorossopropyl group
into the 1,2,4-triazine ring system must cause considerable activation to

further substitution, No mono-alkyl derivatives and only trace amounts of

di-alkyl derivatives were detected,

2.6 REACTION OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE WITH PENTAFLUOROPHENYL LITHIUM

With most polychloroaromatics, reaction with organo-lithium compounds
give products which are derived by metal-halogen exchange processes, Alkylation
has been found to occur in exceptionally few cases, Pentachloropyridine

92

undergoes some alkylation by n-butyl lithium in hydrocarbon solvents, and

tetrachloropyrazine has been alkylated by methyl lithium and phenyl lithium 93,94
Pentafluorophenyl lithium was prepared in situ and 3,5,6~trichloro~1,2,64-

triazine was added to the reaction mixture, However, 1t was not possible to

obtain any tractable material from the reaction
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CHAPTER 3

EXPERIMENTS WITH 3,5,6-TRICHLORO-1,2,4-TRIAZINE AND PERFLUORO-3,5,6~TRIS-

ISOPROPYL-1,2,4-TRIAZINE

3.1. INTRODUCTION

This chapter describes investigations into the generation of azetes
from 1,2,4-triazines described in the preceding chapter. Photolytic and
pyrolytic methods were employed and, under those conditions where nitrogen
elimination occurred, trapping of the reactive intermediates was attempted,
Reaction of perfluoro-3,5,6-tris~1sopropyl-1,2,4-triazine with fluoride ion

was also studied,

3.2. 3,5,6-TRICHLORO-1,2,4-TRIAZINE

A, PHOTOLYSIS

Irradiation (300 n.m,) of 3,5,6-trichloro-1,2,4-tri1azine () 290 my,
€ = 4445, 302mu, ¢ = 2805, 365mu, ¢ = 440) failed to give any product by
rearrangement or nitrogen elimination, There was partial decomposition,

probably due to carbon chlorine bond fission,

B. PYROLYSIS

(1) STATIC PYROLYSIS

3,5,6-Trichloro-~1,2,4-tr1azine was heated at a variety of temperatures
1n pyrex carius tubes and nickel autoclaves, The optimum conditions for

nitrogen elimination in pyrex carius tubes are shown below (yield ca 9%),

Cl

N7 | Cl -N,
N~ 300 /6days 20 1
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In nickel autoclaves breakdown of triazine occurred at 2500 but no

pyrolysis products were 1solated

(11) FLOW PYROLYSIS

3,5,6-Trichloro~1,2,4-tr1azine was passed through a silica tube packed
with platinum foil at 6600, under a flow of dry nitrogen estimated to give a
contact time of about 12 seconds. Products of ring fragmentation were again
obtained and proved to be identical with that produced from static pyrolysis

(y1eld ca 53%), and 1in the same proportions (20-1),

(111) MECHANISM OF NITROGEN ELIMINATION AND STRUCTURE OF THE PYROLYSIS

PRODUCT

The possible reactive intermediates which may be anticipated in the
pyrolysis of 3,5,6-trichloro-1,2,4-tr1azine are a tetrahedrane (166), an
azete (167) and diradicals, (168) and (169). There are though, only two
products which could be obtained from these intermediates, compounds (170) and
(171) shown in SCHEME XI.

In the event of the diradical (168) being generated on the immediate
extrusion of nitrogen, then the most likely course of reaction would be a
1,3-rearrangement of a chlorine radical to give the acetylene (171). There
1s precedent for the formation of diradicals in the eliminalion reactions of
the chlorocompounds tetrachloropyridazine and hexachloroc1nn011ne,23 where

the latter compound, i1n particular, has been shown to involve a 1,3-rearrangement,



SCHEME XI

Cl
N~ ICl
A
-N2
g ?—Cl Q) Cl
j} N+ N
N—- Cl —_—
C||L%—c1 < CIIJ—UCI
Cl ©)
(166) (167) (168
_ N |Cl
CCLZCCHCEN  <— ILJI CCL=N-C=CCl
ci—c

(170) (169) (171)

74.
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ct cl (c y cl,__Cl
Cl XCl -N, Cl X
2 —> (I 7\ C=CCl
Cl N cl ‘

N~ —-
N N Cl Cl

However, a red colouration was observed from the pyrolysate at -196°
This colouration 1s a phenomena observed in the generation of many azetes
If the azete (167) was generated in the elimination reaction then 1t 1s
possible that this highly reactive species could give either of the structural
1somers, (170) or (171), on warming to room temperature when the red
colouration disappeared,

There are no reports of the acetylene (171) but the infra-red spectra
of the pyrolysis product was identical with that given in the 11terature9
for the nitrile (170). Further verification of the structure of the pyrolysais
product was obtained from 13C n.,m.r, data where the spectra of the pyrolysis
product was in favourable agreement with that of trichloroacrylonitrile
synthesised from hexachloropropene (This synthesis 1s described in the next
part of this section).

Thus, these observations suggest the elimination of nitrogen from 3,5,6-
trichloro-1,2,4-tri1azine 1s ccncerted and the intermediate species generated
18 the azete, Moreover, rupture of the azete ring 1s specific where it 1is
possible that the driving force 1s attributable to the difference in the
carbon-nitrogen and carbon-carbon bond strengths (bond strengths C-N = 72,8
Kcals mol-l, C-C = 82.6 Kcals mol_l).96 Rupture of the carbon-nitrogen bond
(@ 1n SCHEME XI) 1s followed by a 1l,3-rearrangement of a chlorine radical

to give trichloroacrylonitrile, It 1s not possible to rule out the existence
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of the tetrahedrane intermediate (166) but the data presented here would appear
to be the first evidence of an azete generated from a 1,2,4-triazine,

In the discussion so far, the fragmentation of 3,5,6-trichloro-1,2,4~
triazine has been assumed to be uni-molecular, However, in the light of

ned from che pyrolysis of 2,4,6-trichloro-1,3,5-triazine,

O
~J

Mahler and Fukunaga have questioned the molecularity of such reactions,
They claim that the perchlorinated aromatic nitrogen heterocycles, ( 5 ) and
(172), undergo metathesis and approach equilibrium conditions at about 600°
in three hours according to the equation shown below An equimolar mixture

of 2,4,6-trichloro-1,3,5-triazine ( 5 ) and hexachlorobenzene (172) gave

Cl,/ ﬁu Cl Cl ; ul \Pl ”l ju

N /N Cl cl . CIN_ .~ u |
Cl Cl Cl u
(3) (172) (140) (173)

pentachloropyridine (140), tetrachloropyrimidine (173), and tetrachloro-
pyrazine (174) in 91% yield and 14% conversion, The diazines (173) and (174)
were considered to exist in an equilibrium where the conversion was by way

of cyanogen chloride Diels-Alder adducts,

' N
N\\'CI Cl NCI Cle” NC

Lo CCIN — Cl/ a== || | + CCIN
% N"TINN UNNZC

Cl
LY
(173) (174)
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For the reaction of ( 5 ) with (172), Mahler and Fukunaga tentatively

suggested the Diels-Alder adducts shown in SCHEME XII,

SCHEME XII

a g

o
o
o NG a

a
cl 2 quu cl _%l
= \ Y
CmN a N NS Cl\ ¢
\ /

(140) + (173)

I1f the nitrogen elimination reaction of 3,5,6-trichloro-1,2,4-tr1azine
was bi-molecular then 1t 1s possible to postulate several different Diels-

Alder adduct intermediates  An example 18 given in SCHEME XIII.
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SCHEME XIII
Cl Cl Cl N C
N ~—N ; N—< >
?h GN Cl —\ ;;::_____. . b*} Q%ﬂ
a4 N
Cl Cl
'2 hlz
Cl Cl cl

cle”Xyc ~CICN aZIgN Ny ©CI
< ——,
§+¢ |
O\ = C ol Cl Cl

Cl al

2 Nl |C‘ cCl =ccl °
= +
alta

The results are not consistent with a bi-molecular process,

Although

pentachloropyridine was detected in a static pyrolysis (< 0,1%) and

hexachlorobenzene was detected in a flow pyrolysis (<« O 1%), the results

could not be repeated

(1v) SYNTHESIS OF TRICHLOROACRYLONITRILE

The synthesis of trichloroacrylonitrile involved the following three

preparations
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(a) PREPARATION OF TRICHLOROACRYLIC ACID

The first step, which has been reported to be explosive, was the

oxidation of hexachloropropene in sulphuric acid The procedure according

to Bergmann and Haskelberg was followed.98

C.H2504
CCl, = CClccl CCl

= CCl.CO
2 3 HZO/AIZ(SO4 3

H

2 2

Trichloroacrylic acid was obtained with a yield of 87 5%,

(b) PREPARATION OF TRICHLOROACRYLIC ACID AMIDE

The acid chloride was prepared in situ by refluxing trichloroacrylic
acid in thionyl chloride After removing excess thionyl chloride, the

acid chloride was dissolved in diethyl ether and reacted with an excess

SOC1

NH
cCl, = CClCOZH —————%9 [CC12 = CClcocCl] ———%> 0012 = CCLCONH

2 2

of ammonia, Recrystallisation from cyclohexane gave the amide in a yield

of 96.5% .



80.

(c) PREPARATION OF TRICHLOROACRYLONITRILE

An i1ntimate mixture of the dry powdered amide and phosphorus pentoxide

was heated slowly under reduced pressure,

The volatile trichloroacrylonitrile was collected by vacuum transference
with a yield of 43.5%. (The overall yield of trichloroacrylonitrile from

hexachloropropene was 36.2%).

(v) TRAPPING EXPERIMENTS

Attempts were made to trap the azete generated on pyrolysis of 3,5,6-trichloro
1,2,4-triazine, Although benzazetes readily undergo 1,4-cycloaddition
reactlongg halo-olefins preferentially undergo 1,2-cycloadd1t10ns,99 For thais
reason hexafluorobut-2-yne and diphenylacetylene were used as potential
adducts,

In the reaction of 3,5,6-trichloro~1,2,4-triazine with hexafluorobut-2-yne the
high pressure involved, required the use of a nickel autoclave, After heating
at 250° for six hours the reaction mixture was analysed but no addition

product could be isolated,

N—C CFyC=CCR N a R
I | *—> ||
Cl Cl Cl Cl CE
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In the reaction with diphenylacetylene, the 3,5,6-trichloro-1,2,4-triazine
was pyrolysed using a flow system described previously. The trapping
reagent was coated on the inside of the trap where the pyrolysate was

collected However, no addition product could be found

PhC=CPh Cl

N N Ph

il —¥—> || |
cl o —g—Ph

c

3.3 PERFLUORO-3,5,6-TRIS-ISOPROPYL-1,2,4~TRIAZINE

A, PHOTOLYSIS
Preliminary irradiations of perfluoro-3,5,6-tris-isopropyl-1,2,4~

triazine (A 255 n.m., ¢ = 1435, 400 n,m,, ¢ = 303) were carried out using

max
low pressure arcs 6253.7 n,m ), The results were the same when the
i1rradiation was carried out with medium pressure mercury arcs (which emits
light at various wavelengths between 230 n.m and 600 n.m ). The reactions
were carried out both in the vapour phase and 1in solution where the solvents
used were FREON 113 (CF,CICFC1,) and FREON 114 (CF,CICF,Cl).

Starting material was recovered in good yield from these reactions

though 1n most cases a small conversion (.~ 2%) was detected where three

~
3

products, perfluoroisobutyronitrile (175), perfluoro-2,5-dimethyl-hex-3~
+

yne (176) and perfluoro-2,4,6-tris-1sopropyl-1,3,5-triazine (162), were

i1dentified i1n almost equimolar quantities
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(CRL,CFC2N
CFICR ), _GFICR),

7 175
/\CF(CF) 253 7nm (175) NN
(CFy),CFY A CFKN)CF(CF X

ormpH
(@) P (162)

(CE),CFC=CCFICE),
(176)

When benzophenone (Amax 252 n.m,, ¢ = 20,000, 325 n m , ¢ = 180) was

employed as a sensitiser there was an increase in the extent of photochemical

conversion
benzophenone (175)
0
1160) (12%) > . . 162)
2537nm
FREON *14 (176)
% conversion 113 58

Although benzophenone appeared to have increased the extent of photo-
chemical conversion it was not speciLfic in that both elimination and
rearrangement redctinons were promotad

A technique used to trap reactive valence 1somers generated by photolysis,
18 the irradiation of substrates whilst under transference whereby volatile
products are collected in a trap cooled in liquid aar With perfluoro-3,5,6-
tris-isopropyl-1,2,4-triazine the material recovered was largely starting

material (> 98%) with trace amounts of the nitrile (175) and acetylene (176)
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These reactions do reveal that upon ultra-vioclet irradiation of (160),
both elimination and rearrangement processes do occur In principle the
photochemical elimination of nitrogen could occur via a tetrahedrane, an
azete or a diradical, or alternatively a concerted fragmentation 18 possible

where all tnree products are formed simultaneously

SCHEME X1V
N\
CaF
5
ki AL
g L1
GF 37 C3E/ ‘
P
C.E /
3 more
ijc F7 than one C3F7CN
1E step +
Gy
C3F7 C:CC3E7

mcerted +
C F7 / N,

AN

N
C3’:7 NP

A concerted process similar to that in SCHEME XIV was observed in the

100
fragmentation of 1,2,3-triazines

XC=sCY + ZC=N + N=N

YC=CZ +  XC=N + N=N

(X,Y,Z =substituted phenyl groups)
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However, there 18 no evidence avairlable to distinguish between these
alternative processes since 1t was not possible to prepare perfluoromono-
and di-isopropyl derivatives for comparative studies

Formation of the sym-triazine could be explained using a mechanism

vhich i1nvelves the intermediacy of triaza-benzvalene intermediates

A sample of perfluoro-2,4,6-tris-isopropyl-1,3,5~triazine was 1irradiated
(253.7 n.m,) i1n solution (FREON 113), No products of elimination or

rearrangement could be identified

7
253 7nm -~
N N C.E

P NS
NJ S%  rreonmz Y%
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B PYROLYSIS

(1) STATIC PYROLYSIS

Perfluoro-3,5,6-tris-isopropyl-1,2,4-triazine was heated at a variety of
temperatures in nickel autoclaves Fragmentation was minimal until 400°

where the products {(175) aud (176) were derecced, Also presenct in crace

amounts were defluorination products 1,e derivatives of perfluoro-tris-
isopropyl-1,2,4-triazines where the alkyl side chains had suffered varying
degrees of F2 loss

At a temperature of 400° substantial fragmentation of the triazine

occurred (~ 50% after 1 hr.) and at 450° only the pyrolysis products were

recovered (100% after 40 mans. ),

Trapping experiments were attempted with diphenylacetylene and toluene,
(Cyclo-addition adduct and radical scavenger, respectively) The conditions
required for elimination of nitrogen were too drastic for diphenyl-acetylene
which decomposed and with toluene only the pyrolysis products and starting

material could be i1dentified

(ii) FLOW PYROLYSIS

Perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine was passed through a silica tube
packed with platinum foil at various temperatures, under a flow of dry

nitrogen estimated to give a contact time of about 12 seconds Below 600°
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the triazine was recovered virtually unchanged although at 370° trace
amounts of the nitrile (175) were detected. This was surprising in that

no acetylene (176) was detected, The absence of acetylene, the least
volatile of the fragmentation products, may be due to the concerted process

shown below.

370°
____% E
, 3 CyEC=N

At 5000, trace amounts of the nitrile (llg) and acetylene (176) were
detected 1n a ratio 1.1,

Finally, at 600° there was fragmentation of all the triazine passed
through the pyrolysis tube and in addition to the nitrile and acetylene,
trace amounts of hexafluoropropane were detected, This suggests that the
trifluoromethyl radical 1s generated, and dimerises,

In conclusion, there 18 no evidence for the generation of an azete but

the elimination may involve radicals and concerted processes,

C. REACTIONS WITH FLUORIDE ION

Various experiments were carried out with perfluoro-3,5,6~tris-i1sopropyl-
1,2,4-triazine 1n the presence of fluoride ion. The purpose of these
experiments was two fold: (1) to establish whether the asym-triazine can
rearrange to the sym-triazine in the presence of fluoride ion, and (11) to

synthesise mono- and di-alkyl-1l,2,4-triazines by means of an 'exchange'

reaction.
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(1) WITH FLUORIDE ION

In an experiment where perfluoro-3,5,6-tris-i1sopropyl-~1,2,4-triazine
was synthesised from 3,5,6-trichloro-1,2,4-triazine, perfluoro-2,4,6-tris-
isopropyl-1,3,5~triazine was identified as a reaction product, Attempts were
made to reproduce the experimental conditions with only perfluoro-3,5,6-tris-
1sopropyl-1,2,4-triazine, caesium fluoride and sulpholane, Reaction was
observed 1n only one experlmentiln which the oligomers of hexafluoropropene

were isolated as the sole products

(11) WITH FLUORIDE ION IN THE PRESENCE OF A TRAPPING AGENT !

A type of reaction by which an alkyl group migrates from one aromatic
nucleus to another 1s commonly referred to as an exchange reaction, The
transient alkyl group exists as an anion and the aromatic nucleus to whach
1t migrates can be regarded as a trapping agent, With perfluoro-3,5,6-tris-
i1sopropyl-1,2,4~triazine a partial reversal of 1ts synthesis was attempted

whereby the intermediate mono- and di-alkyl triazines could be isolated.

CF, - /37
=z
T = O
N N
) CBE7 \N/ C3F7 N~
trapping -
= C3E7
agent +
F
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The scheme shown above 18 analogous to that for the preparation of

perf1uoro—4-1sopropy1-pyridaz1ne.101

~N
C3F7|K\ Y o— - P
G N C,EXN
£ 37 ¥
F
(|
F FAN
F =
SO L e
3%
FF
..F’ +
F
F Xy
|
N
XA
F

(a) 3,5,6~TRICHLORO-1,2,4-TRIAZINE

When a mixture of perfluworo-3,5,6-tris-isopropyl-1,2,4-triazine, trichloro-
1,2,4-tr1azine and potassium fluoride (1 3-12, respectively) was stirred
in a mixture of sulpholane for 14 days only the tri-alkyl-1,2,4-triazine

was recovered. There was no evidence for an exchange reaction,
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C
- (C F)
‘ N/ N c F 37
‘ CF\, u\,
37 N
(n=‘l,2)

(b) TETRAFLUOROPYRIDAZINE

Initial attempts at exchange reaction between tetrafluoropyridazine
and perfluoro-3,5,6-tris-1sopropyl-1,2,4~triazine at room temperature were
unsuccessful, When the reaction was repeated using similar conditions as
those used in the preparation of perf1uoro—1+—1sopr0py1-pyr1dazme,101 five

compounds were 1solated from the reaction mixture.

L:A\j £ T 1207ﬁ9h>

3 7 / F /sulpholane
(160) (6_0)
1

F F (C,E),.
Fr™ NN (%J;, NN hdﬁjs:><i 37 2
R B Il + (160) + (60)
A FQ 2N ~ N
37 % CE N~
37
(177) (98] (178)

7-8% 535% 28 7% 5% 46%
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Compounds (177), (98 ), (160) and (60 ) were 1solated as volatiles,
and compound (lzg) was 1solated after diethyl ether/water extraction of
the reaction mixture,.

These results demonstrate that an exchange reaction did proceed to give
a di-alkyl-1,2,4-triazine but that once formed i1t remained in the mixture
as an involatile, Evidently 1t must prefer to exist as a complex with
fluoride 1on (cf cyanuric fluoride and caesium fluoride) which is destroyed
in the aqueous extraction In conclusion there 1s apparently no simple way

of preparing perfluoromono- and di-isopropyl-1,2,4~triazines,
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CHAPTER 4

EXPERIMENTAL

4 1  GENERAL
A REAGENTS

Chloral hydrate and semicarbazide hydrochloride were obtained from
British Drugs Houses Ltd Tetrafluoroethylene was prepared by pyrolysis
of polytetrafluoroethylene at these laboratories,102 Other perfluoro-
alkenes used i1n the polyfluoroalkylations were obtained from Peninsular
Chemical Research Inc

Caesium fluoride was dried by heating at 160° under
high vacuum for several days, powdered in a glove bag filled with dry
nitrogen, heated under vacuum again, and stored under a dry nitrogen
atmosphere,

Potassium fluoride was dried by strong heating in the air, followed
by grinding, and then heating under high vacuum It was stored under a dry
nitrogen atmosphere,

Sulpholane was purified by fractional vacuum distillation  The middle
fraction was collected over dried molecular sieve (TYPE IVA) and stored at

room temperature under an atmosphere of dry nitrogen,

B. INSTRUMENTS

Infra-red spectra were recorded on Perkin-Elmer 547 or 577 spectro-
photometers Solid samples were recorded as KBr discs, liquid or low
melting point solids as contact films between KBr plates and gaseous or low
boiling point liquids in a gas cell with KBr windows

Mass spectra were recorded on an A,E 1. MS9 spectrometer or on a V,G
Micromass 12B linked with a Pye Series 104 gas chromatograph. Molecular

weights 1in this thesis are from mass spectrometric measurements
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Quantitative vapour phase chromatographic analysis was carried out on
a Griffin and George D6 Gas Density Balance (GDB) using columns packed with
30% gum rubber SE-30 on Chromsorb P (column '0'), or 20% Di-isodecyl-
phthalate on Chromsorb P (column 'A') Preparative scale vapour phase
chromatography was performed on a Varian Aerograph instrument using column
'0' or 'A',

Thin layer chromatographs were recorded on thin glass plates coated
with an even layer of silica (Silicic gel/CT, Reeve Angel Scientific Ltd,),
containing a fluorescing agent The position of compounds on the plates was
revealed by the way they quenched the fluorescence normally excited by ultra-
violet light

Ultraviolet spectra, in cyclohexane (Spectrosol grade) as solvent, were
recorded on & Unicam S P.800 spectrophotometer,

Fluorine (19F) nuc lear magnetic resonance spectra were recorded on a
Varian A56/60D spectrometer operating at 56 4 Mc/s at the ambient probe
temperature (40°)  Chemical shi®ts are quoted 1n p,p m relative to CFCl3.

Carbon (13C) speclra of natural samples were recorded on a Brgker HK90
with Fourier Transform facility by the S.R.,C. Physico-Chemical Measurements
Unit and Services of the Chemistry Department Natural abundance T M.S. was
used as reference and the shifts are quoted in p p.m

Carbon, nitrogen and hydrogen analyses were obtained using a Perkin-
Elmer 240 Elemental Analyser Analysis for halogens were carried out as
described i1n the literature 103

Melting points and boiling points were determined at atmospheric pressure

and are uncorrected, Boiling points were measured by the Siwoloboff method.
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4 2 EXPERIMENTAL FOR CHAPTER 2 - THE SYNTHESIS AND CHEMISTRY OF 1,2, 4-

TRIAZINES

A PREPARATION OF STARTING MATERIALS

(1) GLYOXYLIC ACID SEMICARBAZONE

A solution of semicarbazide hydrochloride (65 5g, O 587 mole) and
chloral hydrate (108 5g, O 657 mole) in water (1 2£) was refluxed gently
for 25 minutes The solution was chilled in 1ce, filtered, washed with

ethanol and ether, and then dried in a vacuum desiccator over phosphorus

0 67

pentoxide (57 3g, 74 5%), m p 199°, literature value 200-202
Identification was molecular weight (131)

(11) 3,5-DIHYDROXY-1,2,4-TRIAZINE

A solution of glyoxylic acid semicarbazone (31 8g, O 242 mole) 1in
ethylene glycol (l14£) was added rapidly to sodium (18g, O 78 mole) dissolved
in absolute ethanol (0 54) and the solution was gently refluxed for 24 hours.
After reducing the solution to dryness on a water aspirator at 120°, the
residue was dissolved in hot water (0 5£) and the hot solution adjusted to
pl12 with concentrated hydrochloric acid The 3,5-dihydroxy-1,2,4-triazine
crystallised on cooling and was recrystallised from water (18 7g, 68 27%),

m p 266—90, literature value 268-70° 67 Identification was by molecular

weight (113)

(111) 6-BROMO-3,5-DIHYDROXY-1,2,4-TRIAZINE

A mixture of 3,5-dihydroxy-1,2,4-tr1azine (18g, O 16 mole), bromine
(18g, O 228 mole) and water (270 ml) was stirrad for 27 hours  The
colourless crystalline product was filtered, recrystallised from water and
dried under vacuo (16.7g, 54 5%), m p 239-410, literature value 232-4° 0

Identification was by molecular weight (191 (Br = 79) with one bromine

atom)
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B CHLORINATION REACTIONS

(1) 6-BROMO-3,5-DIHYDROXY-1,2,4-TRIAZINE

(a) SOLVENT PHASE REACTIONS

The method used for all these chlorinations was the same and the
quantitative differences between the various runs are summarised in TABLE I
The most successful was run No 3 which 1s described here All the apparatus
was dried before using, by rinsing with acetone and drying in an oven, both
before and during the reaction 1t was continually purged with dry nitrogen
gas

6-Bromo-3,5-dihydroxy-1,2,4-tr1azine (10g, O 052 mole) in phosphoryl
chloride (210 ml) was placed in a flask fitted with a gas inlet, reflux
condenser and a tefllon-bladed paddle stirrer Phosphorus pentachloride
(21 5g, 0 103 mole) and diethylaniline (23 3g, 0.156 mole) were added and
the mixture stirred and heated under reflux for 2 hours The excess solvent
was removed under reduced pressure and the residue remaining was extracted
with diethyl ether Distillation (50-70°, 0 5-0 1 mm) of the residue from
the ether phase gave 3,5,6-trichloro-1,2,4-triazine which was further

purified by vacuum sublimation (3 18g, 33 1%), m p 57—90, literature 60-

62° % (Found cC, 198, Cl, 57 9, N, 22 4%, M (mass spectrum) 183
Caled. for C3C13N3,C, 19 5, €1, 57 7, N, 22 8%, M, 183) Infra-red spectrum
No 1 Ultra-violet spectrum No 1 13C nmr spectrum No 1,

Note that in runs No 12 and No 13-14 the base used was triethylamine
and pyridine respectively

(b) AUTOCLAVE REACTIONS

6-Bromo-3, 5-dihydroxy-1,2,4-tr1azine (34 5g, 0.179 mole) and phosphorus
pentachloride (150g, O 720 mole) were sealed 1n a nickel-lined autoclave
This was placed i1n a preheated furnace at 200° and heated at this temperature

for two hours The autoclave was then removed from the furnace, allowed to
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TABLE I

SOLVENT PHASE CHLORINATIONS OF 6-BROMO-3,5-DIHYDROXY-1,2,4-TRIAZINE

No OF AMOUNT OF PCl./ DIETHYLANILINE/ YIELD
RUN SUBSTRATE (139 SUBSTRATE SUBSTRATE (%)
(g)
1 4 8 20 25 -
2 20.3 2 0 25 -
3 10 0 20 30 331
4 16 5 20 3.0 21.4
5 32 0 2 0 30 -
6 50 - 20 -
7 13 9 20 - 14.0
8 10 0 6 0 2.0 9 5
9 4 8 40 30 -
10 8.0 20 \ 2.0 19.8
11 89 20 20 -
12 5.9 20 3.0 -
13 16.3 20 3.08 51.6
14 31 8 2.0 3.08 -

* BASE USED WAS TRIETHYLAMINE

A BASE USED WAS PYRIDINE



96

cool, vented, and opened

Phosphoryl chloride formed in the reaction was removed under reduced
pressure and crude 3,5,6-trichloro-1,2,4-tr1azine was obtained by
distillation (50—700, 005~-01mm) The product was recrystallised from hexane
(16 2g, 48 8%) 1Identification was by comparison with infra-red No., 1 and molecular
weight (183) Higher temperaturesor longer reaction times reduced the yield

(11) 3,5-DIHYDROXY-1,2,4-TRIAZINE

3,5-Dihydroxy-1,2,4-tr1azine (30 6g, O 271 mole) and phosphorus
pentachloride (180g, O 865 mole) were heated at 200° for two hours in an
autoclave The work up was the same as that described in the previous
section (16 8g, 33 6%) 1Identification was by comparison with infra-red
No 1 and molecular weight (183)  Again, higher temperatures or longer

reaction times reduced the yield

C ATTEMPTED FLUORINATION REACTIONS

(1) SOLID PHASE REACTIONS

(a) POTASSIUM FLUORIDE

The fluorination reactirors described here are the attempts at preparang
3,5,6-trifluoro-1,2,4-triazine from 3,5,6-trichloro-1,2,4-tr1azine by
reaction with potassium fluoride The general procedure for all these
reactions was the same and quantitative details are given in Table II.

The nickel autoclaves and the glassware used were meticulously dried
by rinsing with acetone and drying in a hot oven The nitrogen used was
dried by passing through towers containing phosphorus pentoxide, potassium
hydroxide pellets and silica gel, respectively, and then through a trap
cooled with liquid air The reaction mixtures were prepared in a glove bag
filled with dry nitrogen The tubes were sealed at atmospheric pressure and
placed in preheated furnaces After reaction they were allowed to cool, and

then further cooled to -196° before opening
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AUTOCLAVE FLUORINATIONS OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE (7)

No

RUN

AMOUNT OF (7)

(g)

7

13

TEMPERATURE TIME
(°c) (h)
140 16
150 72
170 6
180 13
200 6
225 6
250 6
300 25

(In all the reactions the ratio of substrate (7)

was 1 9)

potassium fluoride
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The first four runs produced liquid/solid mixtures The products
were obtained by pumping under high vacuum and collecting the volatiles
in a trap cooled 1n liquid air Only glassware was used as 3,5,6-trichloro-
1,2,4-triazine, when molten, was found to react with rubber The nickel
autoclave was heated at 120° for several hours to aid transfer of the
reaction products

In runs No 5-8, the volatiles were collected in traps fitted with
'rotaflo' taps and the volatiles allowed to warm to room temperature in the
absence of any other atmosphere Analysis of all runs was by gas-liquad
chromatography and mass spectrometry

The reactions below 200° were found to give mixtures of chloro-fluoro-
1,2,4-tr1azines where 3,5,6-tri1fluoro-1,2,4-triazine was always a minor
component Identification was by mass spectra, m/e = 167 (CacleN3),
m/e = 151 (C,CLF,N) and m/e = 135 (C,F,N;)  Above 200°, only dimers of
trifluoro-1,2,4-trrazine were identified, m/e = 270 (C6F6N6)

The residue remaining 1n the autoclave from run No 5 was refluxed
with CH Cl3 (100 ml1 ) for two hours The cooled mixture was filtered and
the solvent was removed from the filtrate to give a gum (The infra-red

spectrum gave a broad band at 2120 cm-l)

(b) CAESIUM FLUORIDE

3,5,6-Trichloro-1,2,4~-tr1azine (4.3g, 0.023 mole) and caesium fluoride
(29 4g, 0 192 mole) were ground in a mortar under a dry nitrogen atmosphere.
After mixing thoroughly heat was generated and a fused mass was formed It
was not possible to obtain an n m r (19F) spectrum due to poor solubility,
therefore no further characterisation was attempted on what was probably a

complex mixture
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(11) SOLVENT PHASE REACTIONS

(a) POTASSIUM FLUORIDE

(1) 3,5,6-Trichloro-1,2,4-triazine (1 8g, 0.010 mole), potassium fluoride
(5.6g, 0 098 mole) and sulpholane (15 ml) were stirred together for

12 hours at room temperature, No volatiles were collected on pumping under
high vacuum The solvent was removed by distillation under reduced
pressure to give a polymeric tar

(2) The results were the same when the reaction was repeated at 120° for
12 hours e

(b) CAESIUM FLUORIDE

(1) 3,5,6-Trichloro-1,2,4-triazine (2.0g, 0.01l mole), caesium fluoride
(10g, 0.065 mole) and sulpholane (30 ml.) were stirred at 95° for 20 hours
No volatiles could be isolated from the reaction mixture. The reaction
mixture was stirred for a further 28 hours at 150° but again, no volatiles
could be 1solated

(2) 3,5,6-Trichloro-1,2,4-tr1azine (3,0g, 0,016 mole), caesium fluoride
(7 4g, O 049 mole) and sulpholane (20 ml.,) were stirred together for 10
minutes, No volatiles were collected on pumping g:der high vacuum, Water
(200 m1 ) was added to the mixture which was then extracted with diethyl
ether (200 ml,) The ether was separated, washed with water several times

(3 x 100 ml, ), dried over MgS80,, and after removal of solvent, a polymeraic

4

tar was obtained.

D POLYFLUOROALKYLATION REACTIONS

The experiments described here are all attempts at
polyfluoroalkylation of 3,5,6-trichloro-1,2,4-triazine., The experimental
procedure, developed by previous workers at these laboratories, was the
same for all the attempted polyfluoroalkylations .The required
quantities of dry fluoride, sulpholane and 3,5,6-trichloro-1,2,4-triazine,

were rapidly introduced 1into a baked conical flask, fitted with
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a gas-tap and variable volume reservoir, against a flow of dry nitrogen
The apparatus was evacuated and then filled with the requisite amount of
gaseous perfluoroalkene to equilibriate 1t to atmospheric pressure On
completion of reaction, 1 e collapse of the perfluoroalkene reservouir,
the products were vacuum transferred into a cold trap (liquid air), at
temperatures up to 100°

The reactions carried out are summarised 1in kaLEIII The molar
ratios of 3,5,6-trichloro~1,2,4~-tr1azine, fluoride and perfluoroalkene were

always in the ratio 1 4 3 respectively

TABLE [1T.
No OF
Moo PERFLUOROALKENE FLUORTDE TEMPERATURE
1 CF ,CF = CF, CsF RT
2 CF,CF = CF, KF RT
[o]
3 CF, = CF, KF ‘ 80
4 CF ,CF = CFCF, CsF RT
5 CF,CF = CFCF, KF RT
6 Fy F, KF RT
F F

Only 1n runs Nos 1 and No 2, was there any alkylation These are

described here in more detail

USING CAESIUM FLUORIDE Dry caesium fluoride (6 9g, 0.045 mole), dry

sulpholane (75 ml.) and 3,5,6-tr1chloro-l,2,4-tr1§zlne (2 3g, 0 012 mole)
were stirred together in a conical flask, fitted with a gas-tap and variable
volume reservoir The apparatus:was evacuated and then filled wath

hexafluoropropene (5 7g, 0 038 mole) The resulting mixture was stirred
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for 3 weeks at R T by which time reaction, though incomplete, had ceased
(1 e the reservoir containing perfluoroalkene had not collapsed completely)
Volatiles were then transferred out of the reaction (0O 876g) mixture under
vacuum, into a cold trap The mixture was analysed by quantitative vapour
phase chromatography (GDB) and by mass spectra

It was estimated that this mixture consisted of 0 l41g (1 93%) of
perfluoro-3,5,6~tris-1sopropyl-1,2,4-triazine IJ;ntlflcatlon was by mass
spectra (Parent peak at 585 and prominent peak at 557 due to nitrogen
(N2) loss) A small amount of perfluoro-2,4,6-tris~-isopropyl-1,3,5-triazine
(estimation, O 021g (O 29%)) was presenf. in the mixture Tdentification was
by mass spectra (Parent peak at 585 a;d no nitrogen (N2) lost from parent

1on This spectra was also compared with that from an authentic sample)

The other compounds 1n the mixture were hexafluoropropene oligomers

USING POTASSIUM FLUORIDE Dry potassium fluoride (5 03g, O 087 mole), dry

sulpholane (20 ml ) and 3,5,6-trichloro-1,2,4-triazine (4 Og, O 022 mole)
were stirred together in a conical flask, fitted with a gas-tap and variable
volume reservolir The apparatus was evacuated and then filled with
hexafluoropropene (9 78g, O 065 mole) The resulting mixture was stirred

at room temperature for 24 hours, by which time all the gas had been used

up Volatiles were then transferred out of the reaction mixture under
vacuum, 1nto a cold trap The main component was separated by distillation

and was found to be perfluoro-3,5,6-tris-isopropyl-1,2,4-triazine, a yellow

liquid, (7 9g,61.4Z), b p 155°, (Found C, 24.9, F, 68.6, N, 7.6%, M
8 2, N, 7.2%, M, 585).
(mass spectrum), 585, C12F21N3 requires C, 24 6, F, 6 ,
19
Infra-red spectrum No 2 Ultra-violet spectrum No 2. F n.m,r, spectrum No,
In the distillation of perfluoro-3,5,6-tris-i1sopropyl-1,2,4-triazine,

a fore- fraction was found to contain at least two other compounds An

attempt to separate these two compounds by preparative g 1 ¢ (Varian

1 ) *

! ] .\.._P WARS) \
\ nrenfl
S~ _' - tany
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Aerograph, Column 'A') was unsuccessful, though some enrichment of these
other products in the fore-fraction, was achieved They were found to
be perfluoro-di-isopropyl-1,2,4-triazines Identification was by

8

molecular weight (435)

E REACTION OF 3,5,6-TRICHLORO-1,2,4-TRIAZINE WITH PENTAFLUOROPHENYL

LITHIUM

n-Butyl lithium (25 ml (1 6M), O 040 mole) was added over a period
of one hour to a mixture of pentafluorobromobenzene (10 87g, 0.044 mole),
dry diethyl ether (30 ml ) and dry hexane (20 ml ) at -200, under an
atmosphere of dry nitrogen The mixture was stirred at this temperature
for two hours

3,5,6-Trachloro-1,2,4-triazine (2 08g, 0,013 mole) in hexane (25 ml )
was added over a period of ca 30 minutes The reaction mixture, which
became red i1n colour, was maintained at -20° for a further hour and then
left Lo warm up to room temperature overnight Water (100 ml ) was added
to the stirred mixture, which was then extracted with diethyl ether
(2 x 100 ml ) The organic layer was separated and dried over MgSO4
Evaporation of the solvents gave an intractable material from which no

products could be recovered by molecular distillation or sublimation

4 3 EXPERIMENTAL FOR CHAPTER 3 - SOME EXPERIMENTS WITH 3,5,6-TRICHLORO-

1,2,4-TRIAZINE AND PERFLUORO-3,5,6-TRIS-ISOPROPYL-1,2,4-TRIAZINE

A 3,5,6-TRICHLORO-1,2,4-TRIAZINE .

(1) PHOTOLYSIS

3,5,6-Trichloro-1,2,4-tr1azine (2.03g) and dry FREON 113 (50 ml.) were
placed 1n a silica carius tube, which was cooled and evacuated, and then
let down to dan atmosphere of drv nitrogen gas several Limes to de-gas Lhe
solvent Fyoally, the tube was evacuated and scaled It was then

irradiated (300 n m ) for 21 h
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The tube was then cooled, opened, and the contents washed out with
FREON 113 lhe solvent was removed under reduced pressure and only
3,5,6-trichloro-1,2,4-triazine was recovered from Lhe tarred residue by
sublimation (1dentified by a comparison of 1ts infra-red and mass
spectra with an authentic sample)

{(11) PYROLYSIS L]

(a) STATLC PYROLYS1S 3,5,6-Ir1chloro-1,2,4~triazine (1 O85g,

5 98 x 10_J mole) was placed 1n a pyrex carius tube which was then cooled,
evacuated and sealed he tube was heated at 300° for 6 days After
cooling, the tube was opened and the product transferred in to a cold

trap under vdcuum  The product was trichloroacrylonitrile (0 072g, 9 1%)
Ldentification was by molecular weirght (155 with three chlorine atoms

(Cl = 35)) and by comparison of 1ts infra-red spectrum with an authentic

sample (see 4 3B(111))

(b) FLOW PYROLYSIS A flow of dry nxtrogen‘yas passed through molten
3,5,6-trichloro-1,2,4-tr1azine (5 357g, 0 02Y mole) at 100° The vapour
vf Lhe Lriazine was then allowed to pass in Lhe siream of nitrogen through
a4 silica tube packed with platinum fo1l at 660° at a rate estimated Lo
give 4 contact time of c¢a 12 secounds Fhe volatile producL was collected
in a cold trap and was identified as trichloroacrylonitrile (2 0b64g,
45.47) (I1dentification was the same as 1n 4 3A(11)(a)) Infra-red spectrum
No 3 13C nmr spectrum No 3

(111) ATTEMPTS AT TRAPPING TRICHLORO-AZETE

(a) WITH HEXAFLUORO-BUT-2-YNE 3,5,6-Trichloro-1,2,4-tr1azine

(3 008g, O 016 mole) and hexafluorvu-but-3-yne (8 ég, 0 530 mole) were
sealued 1n a nickel autoclave and heated at 250° for six hours After
cooling, the autoclave was opened and the volatiles were collected under

vacuum  Only hexaifluorv-but-2-yne was 1dentified 1n the volatile mixture
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by molecular weight (162)
The nickel autoclave was extracted with dry hexane (30 ml )
Evaporation of Lhe solvent left a degraded solad

(b) WITH DIPHENYLACETYLENE The experiment given 1n section 4 3A(11)(b)

was repeated with the exception that the cold receiver, attached to the

heated silica tube, was coated internally with diphenylacetylene (8 85g,

0 049 mole) 3,5,6-Trichloro-1,2,4-triazine (4 028g, O 022 mole) was
passed through the packed platinum at 660° and the volatile pyrolysate was
condensed onto the diphenylacetylene No addition product could be
detected in the mixture of trichloroacrylonitrile and diphenylacetylene
Compounds were identified by infra-red spectra and mass spectra (155 and

178, respectively),

B. PREPARATION OF TRICHLOROACRYLONITRILE FROM HEXACHLOROPROPENE

(1) CONVERSION OF HEXACHLOROPROPENE TO TRICHLOROACRYLIC ACID

Hexachloropropene (82 Og, 0.329 mole) was ml;ed with concentrated
sulphuric acid (68 6g, 37 3 ml ) and a solution of aluminium sulphate
(0.67g) in water (6 67 ml ) added rhe mixturc was slowly heated in a
round bottom flask, fitted with @ reflux condenser and an efficient stirrer
During the first four hours a temperature of more than 110° was avoided,
otherwise, violent explosion would have occurred %8 Then 1t was heated
for another eight hours at 110-130°  The reaction mixture was ccoled to

[o]

0~ and mixed with an equal volume of water The trichloroacrylic acad

was filtered off and recrystallised from petroleum ether (40-600)

o 98

(50 3g, 87 2%), m p, 75—60, literature value 76 Infra-red spectrum

No 4
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(11) CONVERSION OF TRICHLOROACRYLIC ACID TO TRICHLOROACRYLIC ACID

AMIDE

Trichloroacrylic acid (45 8g, O 261 mole) was refluxed with freshly
distilled thionyl chloride (124 3g, O 694 mole) for 24 h  The excess
thionyl chloride was removed under reduced pressure and the acid chloride
was dissolved 1in dry ether (600 ml ) Ammonia gas was passed through the
solution, which was mechanically stirred and maintained at Oo, unt1l there was
no further gas absorption The reaction mixture was washed with water,
aqueous sodium carbonate, water, dilute hydrochloric acid (2N), water and
finally, dried over MgSO4, The ether was removed under reduced pressure
to give the amide which was washed with cyclohexane (43 %, 9 5%)
Identification was by infra-red spectrum No 5 (N-H absorption at

3362 cm_1 and C=0 absorption at 1660 cm-l)

(111) CONVERSION OF TRICHLOROACRYLIC ACID AMIDE TO TRICHLOROACRYLONITRILE

Trichloroacrylic acid amide (9 85g, O 572 mole) and phosphorus pentoxide
(12 71g, O 915 mole) were mixed together in a flask to give an intimate
mixture The flask was evacuated and slowly heated to 120° and maintained
at this temperature for about 2 h Trichloroacrylenitrile was collected

under vacuum 1n a trap cooled in liquid air (3 84g, 43 57%) M p 19-200,

literature value 20° 93 (Found, C, 23 3, Cl1, 67.4, N, 8 6%, M(mass spectrum),
155, Caled.for C3013N,C, 23 0, C1, 68 O, N, 8.9%, M, 155) Infra-red
spectrum No 6 UC nmr spectrum No 4

C PERFLUORO-3,5,6-TRIS~-ISOPROPYL-1,2,4-TRIAZINE

(1) PHOTOLYSIS

(a) 1IN THE VAPOUR PHASE AT 253 7 nm Perfluoro-3,5,6-tris-1sopropyl-

1,2,4-tr1azine (1 073g) was placed i1n a dry silica tube which was cooled,
evacuated and sealed 1t was then i1rradiated (witha 120 watt, low pressure

mercury lamp) for 185 h  The tube was then cooled, opened, and the
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contents analysed by quantitative g 1 ¢ (G D B ) and Lhe mass spectra

of the r1ndividual compounds was obtained (Varian Micromass) The mixture
consisted mainly of unchanged starting material (>95%) together with trace
amounts of perfluoroisobutyronitrile, perfluoro-2,5-dimethyl-hex-3~yne and
perfluoro-2,4,6-tris-1sopropyl-1,3,5~-triazine, The products were
rdentified by their mass spectra (m/e = 176 (parent - fluorine), m/e = 362,

and m/e = 585, respectively (Further characterised in 4 3 C(11) b),

(b) 1IN SOLUTION BY A MEDIUM PRESSURE ARC Perfluoro-3,5,6~tris-

i1sopropyl-1,2 4-triazine (1 045g) was introduced into a dry silica tube,
then FREON 114 (ca 40 ml ) was condensed into the tube which was sealed
under vacuo The system was then i1rradiated by an Hanovia U V S, 1000 lamp,
at a distance of ca 15 cms from the lamp, for a period of 11 days, The
tube was cooled and opened, and then after evaporation of the solvent, the
contents were shown by g.1 ¢ (G D B ) to be a mixture with the same
composition as that in the previous experiment This was further verified

by mass spectra (Varian Micromass), as in the previous experiment,

(¢) WHILST UNDER TRANSFERENCE AT 253 7 nm Perfluoro-3,5,6-tris-

i1sopropyl-1,2,4~-triazine (1 962g) was introduced into a large silica vessel
(81 x 340 mm, ) which was attached by means of a transfer arm to a trap
cooled 1n liquid air The triazine was frozen (liquid air), then the

system was evacuated, allowed to warm up and let down to atmospheric
pressure with pure dry nitrogen This procedure (to remove oxygen) was
carried out three times, then the system was evacuated to 7 mm (residual
pressure being due to nitrogen) The system was then 1irradiated at

253 7 n m, (120 watt, low pressure mercury lamp) whilst triazine transferred
into the cold trap (liquid air) The transferred material was shown by

g l.c (G DB ) to be mainly unchanged starting material (>98%) with trace
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amounts of perfluoroisobutyronitrile and perfluoro-2,5-dimethyl-hex-3-yne

ldentification was by mass spectra (same as 1n previous experiments)

(d) 1IN SOLUTION IN THE PRESENCE OF BENZOPHENONE AT 253 7 n m Perfluoro-

3,5,6-tr1s-1sopropyl-1,2,4-triazine (0,9980g, 1 70 x 10 ° mole) and
berzophercone (0 0038z, 2 08 x 10-5 mole, 1 2%) were placed in a diy silica
tube, then FREON 114 (ca 30 ml ) was condensed into the tube which was
sealed under vacuo The system was then irradiated with ultra-violet light
(120 watt, low pressure mercury lamp) for 129.4 h The tube was cooled and
opened, then after evaporation of the solvent, the contents were shown by

g lc (G D.B.) to be a mixture of starting material (83 0%), perfluoro-
i1sobutyronitrile and perfluoro-2,5-dimethyl-hex-3-yne (11 3%), and

perfluoro-2,4,6-tris-1sopropyl-1,3,5-triazine (5 7%) The products were

identified by their mass spectra, as before

(11) PYROLYSIS

(a) SIATLIC PYROLYSIS Perfluoro-3,5,6-tris-1sopropyl-1,2 ,4~-triazine

(1 894g) was sealed 1n a4 clean dry nickel autoclave and heated at 450° for
40 minutes, The autoclave was cooled, opened and the volatiles collected,

under vacuum, in a cold trap fitted with 'rotaflo' taps (1 695g) A

gas sample (26 cm3Hg + nitrogen to give atmospheric pressure) was analysed
by g.1 ¢ (G D B.) and mass spectra The mixture was found to consist of

a 50 50 mixture of perfluoroisobutyronitrile and perfluoro-2,5-dimethyl-

hex-3-yne, They were 1dentified as 1in previous experiments

(b) FLOW PYROLYSIS

(1) AT 370° Perfluoro-3,5,6-tris-1sopropyl-1,2, ,4~triazine (1, 139g)
was passed through a silica tube packed with platinum foil at 370° under a
stream of dry nitrogen (contact time ca 128)  The material recovered

(1 043g) was mainly starting material (>987) with a trace of perfluoro-
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i1sobutyronitrile (G.D.B, and Varian Micromass), The spectra were the

same as those obtained i1n previous experiments,

(2) AT 500° Perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine (1 153g)
was passed through a silica tube packed with platinum foil at 500° under
a stream of dry nitrogen (contact time ca 12s) The material rececvered
(1 060g) was mainly starting material (>95%) with two other compounds, 1in
the ratio 1 1, which were perfluoroisobutyronitrile and perfluoro-2,5-

dimethyl-hex-3-yne (G D.B )

(3) AT 600° Perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine (1 102g)
was passed through a silica tube packed with platinum fo1l at 600° under
a stream of dry nitrogen (contact time ca 12s), The volatile products
(0.948g) were recovered in a cold trap and i1dentified as 1in previous
experiments (G D B and Varian Micromass), The products were perfluoroiso-
butyronitrile and perfluoro-2,5-dimethyl-hex-3-yne i1n the ratio 1 1
19

Infra-red spectra Nos 7 and §; Fnmr, spectra Nos, 5 and 6,

and m/e's 176 and 362, respectively

(111) ATTEMPTED TRAPPING OF REACTIVE INTERMEDIATE(S) FORMED ON

NITROGEN ELIMINATION

(a) WITH DIPHENYLACETYLENE (CO-PYROLYSIS) Perfluoro-3,5,6-tris-

isopropyl-1,2,4-trrazine (1 751g, 2 99 x 10-3 mole) and diphenylacetylene
(0.504g, 2 83 x 10_3 mole) were sealed i1n a clean dry nickel autoclave and
heated at 250° for 6 h The autoclave was cooled, opened and the volatiles
collected, under vacuum, 1n a trap cooled in liquid air Only perfluoro-
3,5,6~tris-1sopropyl-1,2,4-triazine (1 662g) was recovered together with

trace amounts of defluorinated triazines (G D B and Varian Micromass),
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(b) WITH TOLUENE (CO-PYROLYSIS) Perfluoro-3,5,6-tr1s-1sopropyl-

1,2,4-triazine (2 039g, 3 49 x 10-3 mole) and toluene (3,118g, 33 89 x
10-3 mole) were sealed in a clean dry nickel autoclave and heated at
400° for 1 h  The autoclave was cooled, opened and the volatiles
collected i1n a trap fitted with 'rotaflo' taps (2 552g) Only starting

materials and fragmentation products (same as 4 3 C(11)) were 1dentified

(G DB and Varian Micromass),

(1v) REACTIONS WITH FLUORIDE ION

(a) WITH FLUORIDE ION

(1) Perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine (2 949g, 5 04 x
1073 mole), caesium fluoride (4 069g, 26 77 x 1073 mole) and dry sulpholane
(10 ml ) was stirred under an atmosphere of dry nitrogen for 20 days
Volatiles were then collected, under vacuum, in a cold trap (liquid air)
from the reaction mixture, The only products i1dentified were oligomers of

hexafluoropropene (1.e dimers and trimers), The; were 1dentified by thear

molecular weight (300 and 450 for the dimers and trimers, respectively)

(2) Perfluoro-3,5,6-tris-1sopropyl-1,2,4~-triazine (1 069g, 1.83 x
1073 mole), caesium fluoride (O 16lg, 1 06 x 10" mole) and sulpholane
(4 ml ) was stirred under a dry nitrogen atmosphere for several days The
mixture was analysed by 19F n,m r periodically but no change 1in the

starting material was observed, Only starting material was recovered by

vacuum transference from the reaction mixture

(3) Experiment (2) was repeated except that sthe mixture was sealed
in an nmr tube and heated at 1000 No reaction was observed after 7

and 21 days
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(b) WITH FLUORIDE ION IN THE PRESENCE OF 3,5,6-TRICHLORO-1,2,4-

TRIAZINE Perfluoro-3,5,6-tris-i1sopropyl-1,2,4-triazine (2 298g, 3 93 x
1073 mole), 3,5,6~trichloro-1,2,4~triazine (1,953g, 10 59 x 1073 mole),
potassium fluoride (2 604g, 44 90 x 10_3 mole) ana sulpholane (6 ml ) were
stirred under an atmosphere of dry nitrogen for 2 weeks The volatiles
were transferred, under vacuum, 1nto a dry flask The mixture partially
hydrolysed on the glass surface on warming to room temperature, to give a
solid mass This mass could not be i1dentified by infra-red or mass spectra,
The remaining liquid was removed and found to be perfluoro-3,5,6-tris-

1sopropyl-1,2,4-triazine (1 810g)

(c) WITH FLUORIDE ION IN THE PRESENCE OF TETRAFLUOROPYRIDAZINE

(1) Perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine (1 986g, 3 39 x
10-3 mole), tetrafluoropyridazine (1 568g, 10.32 29.10—3 mole), potassium
fluorade (1 02g, 17.59 x 10-3 mole) and sulpholane (10 ml ) were stirred
under an atmosphere of dry nitrogen for 3 days When the volatiles were

collected i1n a cold trap (liquid air), under vacuum, the unchanged starting

materials were recovered

(2) The volatiles collected from experiment No 1 were added to a
mixture of caesium fluoride (2 37g, 15 64 x 10_3 mole) and sulpholane (10 ml )
The mixture was stirred under an atmosphere of dry nitrogen for 3 days.

Again, the unchanged starting materials were recovered,

(3) Perfluoro-3,5,6-tris-1sopropyl-1,2 4-triazine (1 132g, 1 94 x
10-3 mole), tetrafluoropyridazine (9.88 x 10-3 mole), caesium fluoride
(2 20g, 14 47 x 10-3 mole) and sulpholane (15 ml ) were placed in a flask
under a dry nitrogen atmosphere  The stirred mixture was heated at 120°
for 19 5 h  The volatiles were collected i1n a cold trap (liquid air),

under vacuum (0O 386g)
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The volatile mixture was found to contain tetrafluoropyridazine
(6 5%), perfluoro-4-isopropylpyridazine (11 0%), perfluoro-3,5-bis-
1sopropylpyridazine (75,0%) and perfluoro-3,5,6~tris-isopropyl-1,2,4-
triazine (7 5%) These compounds were i1dentified by their molecular
weights (152, 302, 452 and 585, respectively) and their g.l ¢, retention
times

Water (200 ml ) was added to the reaction mixture which was then
extracted with diethyl ether (2 x 200 ml.). The organic phase was
separated, dried over MgSOa, and evaporated The residue (0 155g) was
1dentified as bis-heptafluoroisopropyl-monohydroxy-1,2,4~ triazine by

19

1ts molecular weight (433). Infra-red spectrum No 9 Fnmr,

spectrum No., 7

D PHOTOLYSIS OF PERFLUORO-2,4,6-TRIS-ISOPROPYL-1,3,5-TRIAZINE

Perfluoro-2,4,6-tris-1sopropyl-1,3,5-triazine (0 967g) and FREON 113
(250 ml,) were placed i1n a dry silica tube, which was then cooled and
sealed The tube was irradiated with ultra violet light (120 watt, low
pressure mercury lamp) for 162 8 h The tube was then cooled, opened and
the excess FREON 113 was removed by distillation  Analysis by g.l c
(G.D.B ) and mass spectra (Varian Micromass) identified only starting

material,



PART II
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CHAPTER 5

CYCLISATIONS OF DIMETHYLAMINO POLYFLUOROISOPROPYLPYRIDAZINES

5.1. INTRODUCTION

This part of the thesis describes a study of a novel cyclisation
discovered in & dimecthylamino perfluoroisopropylpyridazine, The reaction
involves a novel process of internal nucleophilic substitution, cyclisation
occurred 1n a specific manner but the structures of the product remains
ambiguous. 1In an attempt to distinguish between conformational and
electronic effects other perfluoroisopropylpyridazines, their dimethylamino

derivatives, and some of their methoxy derivatives were synthesised,

5.2, NUCLEOPHILIC DISPLACEMENT OF FLUORIDE ION FROM POLYFLUOROALKYL SIDE

CHAINS

Nucleophilic displacement of fluoride 1on from perfluoroalkyl groups
18 very rare, Those reactions reported involve intermolecular processes.
For example, the fluorine atoms in 3-(trifluoromethyl) quinoline undergo
nucleophilic displacement with ethoxy anions, as shown in SCHEME XV, The
initial nucleophilic attack at the electron deficient 4~position leads to
a C-F bond becoming labile due to charge donation in the intermediate

anion (SCHEME XV).104

SCHEME XV

\CEJ'
—

_ .
N OEt
Et0 _H ¢
Q)\CF, Ot Xy ¢ OE Xy ClOEt),
l 2 —> —> —>
) - o = ¢
N OEt NZ h-F N
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Substitution i1n the trifluoromethyl group has also been observed with

105

2- and 3-(trifluoromethyl)indoles, In these cases the first step 18 an

SN1- type cleavage of the C-F bond which has been attributed to the

electronic effect of the n-electron rich indole ring,

CFiY
v-
= O
N
- Y™ N\
CE, —> CEY

Kobayashi noted the similar reactaivaity of 3-(trifluoromethyl)indole

(Y=O0EtH; Y #NH,

and 3-(trifluoromethyl)quinoline and attributed this to enamine conjugation
in the reactive intermediates,

Other examples of nucleophilic displacement in the trifluoromethyl group,

normally a very stable group, have been found in the benzofurans.106

alc NaOH
\/CF3 > N COZH
0 0

O
wh
O
Z

NaNH
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It has also been demonstrated107 that the trifluoromethyl group
present in benzotrifluoride will undergo reaction with nucleophiles if
appropriate substituents are introduced into the benzene ring, Thus p-

aminobenzotrifluoride, which has an electron-donating group in the para-

position, gives p-aminobeénzoniiriie when reacred wicth sodium amiae 1in

liquid ammonaia,

¢ NH, +NH,

- 2HF

CN ‘ CENH

In contrast, 1f the substituent 1s electron-withdrawing, such as the

nitro group in o-nitrobenzotrifluoride, an SN2-type reaction 18 c1a1med.107
- -
F~CE<NH
CF, 22
_>

CN CENH
-2HF 2.2
NO, NO,
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In none of the reactions of the N-heterocycles discussed, has the
enamine intermediate been 1solated, However, Wakselman, et al.,108 have
shown that such intermediates can be trapped with Lewis acids. They

investigated the reactivity of fluoroamines (17

)
_ 109
the replacement ot hydroxyl groups by fluorine, and found that they

, used extensively for

readily reacted with boron trifluoride to produce immonium salts (181).

The reactivity was explained by the following equilibria where (180) 1is

an anionic form of (179).

F F F
R R
! R | BF, |
EW—C—N\ < XCHF —C =N + —_—> MM—C—NC
; R R R
F BF4
(179) (180) (181)

(R=Et, X=Cl1, F, CF3)

The immonium salts (181) have been used to acylate electron-rich

aromatic compounds and provide an easy way to introduce an a-fluorinated

carbonyl group into the molecule.108
R * R
Ny~ -
N BF
4 + 0
(181) I H,0 I
ArH —>» Ar —C — CHFX — Ar — C —CHFX

5.2, PREPARATION OF PERFLUOROISOPROPYLPYRIDAZINES

101,110

The starting materials were made by known methods and the

yields recorded are given in the following SCHEME,
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SCHEME XV1

F.'
FCN
| + CERCF=CE
F ~N 3 2

F
(60)

CsF/sumhobne i RT

F

(CELCF X
32| 67 5% (1it10195%)
KH%EQF ~

F.'
(67)

Z2—Z

A 135‘/18h 66 9%

CsF / sulpholane F
/ B E@l [120°/25n  597%
/ F

Fl/§N (CF3)2CFl S Fl NN

| + + l

(CF3)2CFQ FAN  (CRLCFQ N
= CF(CF3)2 CF(C%)Z

177) (98) 182)

A 10% 86% L%

110 4% 81% 16%)

B 69% 26% 7%

(“tﬂo 81% 19% - )
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5.4, THE CYCLISATION OF 4,6-BIS-DIMETHYLAMINO-3,5-BIS~HEPTAFLUOROISO-

PROPYLPYRIDAZINE

A, INITIAL WORK

In a study111 of perfluoro-3,5-di-isopropylpyridazine (98), reaction with
excess dimethylamine [ailed to give tne expected product, 4,6-bis-dimethylamino-

3,5-bis~heptafluoroisopropylpyridazine (183).

F NICH,),
AN
(CF3)2CF| \".' (CF3)26F| |
FL N (CH, N N
CFICR,), CFicR),
(98) (183)

When this work was repeated, using the experimental conditions shown

below, a yellow crystalline macerial was 1solated,

F
(CFB)ZCFI \I\ll (|)HN(CH3)2/DMF> yellow/purple
Fl_ 2N (H,0 product
CF(C%)Z
(98)

This yellow material was unusual i1n that on standing several days, 1t
was observed to change to a purple form, Moreover, it was found that
recrystallisation would temporarily restore the original yellow colour. Only
one product was detected (t.l.c.,) in this material from which the following

n,m,r, spectra (19F and 1H) were recorded (Table IV).
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TABLE IV

BICYCLIC PRODUCT DERIVED FROM COMPOUND (183)

FLUORINE -19-NMR DATA

(solvent (CD3)2C0, int, ref, CFCl3)

SHIFT (p.p.m.) STRUCTURE INTENSITY
69. 30 S 6
72.91 D(J = 5Hz) 6

173.46 OCTET 1

HYDROGEN~1 NMR DATA

(solvent (CD3)ZCO, ext. ref, TMS)

SHIFT (p.p.m.) STRUCTURE INTENSITY
2,57 S 6
3.10 D(J = 8Hz) 3
4.13 S 2

In the following sections, this compound 1s shown to have a bicyclic

structure,

B. STRUCTURE OF THE BICYCLIC PRODUCT

The mass spectra indicated that the product was derived from compound
(183) by elimination of hydrogen fluoride and it was evident from the n m,r
data (TABLE 1V) thaé a 'tertiary' fluorine had been lost from one of the
heptafluoroisopropyl groups and a proton had been lost from a methyl group.
The product must therefore have one of three possible bicyclic structures,

(184) - (186), SCHEME XVII



119,

SCHEME XVII
(CF3)2CF \N HN(CH3)2 (CF3)2CF \N
F [ lil = ( \ I II\I
[l S| A 7
\Cf (Y} |3I2l‘l \//
(CF3)2 CF(CF3)2
(98) / (183)
-HF
CH // \
a3 CF;
C%\C CE /3 N(CH,) N(CH.)
/ 3N\ ~ 372 32
Ch SN A~ N (CRLOF N
I I OR H)G I I OR [ |
(CHBbN //N \N //N CH //N
/ N
CF(CF3)2 CH3 CF(C%)z 3H \C——C
2 \\C%
Ch
(184) (185) (186)

The n.m.r. data could not differentiate between structures (185) and

(186) where coupling (J = B8Hz) between the methylamino (in the 2-

CH,, ,F

3
pyrroline ring) and the adjacent tertiary fluorine (in the remaining

heptafluoroisopropyl group) was observed., The data did eliminate structure

(184) as the reaction product where no such coupling could be possible,
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C H3\

—C— =
TR NFN P
CE 8Hz 3

(184) (185),(186)

C. MECHANISM OF THE CYCLISATION

The mechanism for this unique cyclisation 1s shown below, It 1s an

CF CE
\C3/CF§ ) \C3
/ -F ~
£ Q . C% <
™\
4 e
CH, &
3LH3 F‘) CH3
L
CE
Ch ;3% (3
N
/° CRE
Hzc\N CH/"‘“>
/ 2N
H
CH3 CH,
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SN1-type reaction, where electron-donation by the nitrogen atom assists
the loss of fluoride ion in the first step, Proton abstraction by the
fluoride 1on generates the reactive ylid (187) which then reacts by ring
closure,

Lf the only requirement for this cyclisation was that an heptafluoro-
1sopropyl group be adjacent to a dimethylamino group in the aromatic raing,
then the reaction would give three products, (184), (185) and (186), shown
in SCHEME XVII.

The reaction though was specific in that only one bicyclic product
was 1solated, It 15 obvious that the reactive intermediate, and thus the
reaction product, depend upon which position loses fluoride 1on in the first
step (SCHEME XVIII). If the fluoride 1ion 1s lost from the isopropyl group
at position 5, then two products are possible, (184) and (185) On the
other hand, loss of fluoride 1on from the i1sopropyl group at position 3 can
give only one bicyclic product (186), as the 'quinoid' type intermediate

(191) cannot cyclise,

D ISOLATION OF 4,6-BIS-DIMETHYLAMINO-3, 5-BIS-HEPTAFLUOROISOPROPYLPYRIDAZINE

When the reaction mixture obtained from perfluoro-3,5-di-
i1sopropylpyridazine and excess dimethylamine was excluded from any aqueous

extraction, two reaction products were isolated,

3 HN(CH,) 32
AN N
(CFB)ZCF N 32 (CF3)2CF f\ll . bicyclic
N
NCZA VR VLN produc

CFICR ), CFICR),
(98) (183)

655% L3%
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SCHEME XVIII

CH CH CH
3\ / 3 H2 C‘N/ 3

-

y A s
CR~ O N M CF3/ i\N
(CH_) NQ’K’*/N (C'*:a’z"‘v'\5

(7

32
CF(C%)2 CF(CF3)2
i (188) (184)
-F CF, ¢ NICH,) CE
[ from isopropy! [3 %732 , CEL/3 NICHy),
CE-CX XN H ey
at position 5 ) 3 . /
CH \EandlL ¥ (N
3\1&/ = /N \4( )
CFICE CFICF.
N(CH ) CHy R, CHy 32
(CF,L,CF N 1g9) 1es)
501
(CHy LN 32N
CF(CF) .
372 LN(CH3 2 N(CH )
[CRLCF SN -H' [CELC \N
F | i —
(from isopropyl CH3\$, , CH N
at position 3 )
P CH3 PN C—"‘C\
CR Ch190) “5 (188
CH3 ¢ CH3
o
(N
(CF3)2CF|J h‘ y cannot
~ N cyclise
(CH3)2N
AN
CE CE
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4 ,6-Bis~-dimethylamino-3,5-bis-heptafluoroisopropylpyridazine (183)
was a brilliant yellow The n.m,r spectra recorded for this compound

are given in TABLE V,

TABLE V

COMPOUND (183)

FLUORINE-19 NMR DATA

(solvent (CD3)ZCO, int, ref, CFCl3)

SHIFT (p.p.m.) STRUCTURE INTENSITY
72.49 S 6
73.33 D(J = 5Hz) 6

169, 72 M(J = 4Hz) 1
187 22 M(J = 5Hz) 1

HYDROGEN-1 NMR DATA

(solvent (CD3)ZCO, int, ref. TMS)

SHIFT (p.p.m.) STRUCTURE INTENSITY
2.57 D(J = SHz) 3
3.08 D(J = 4Hz) 3

The bicyclic prodict isolated from this reaction was colourless but 1t
was 1dentical in all other respects (i.r., n,m,r., etc,) to the bicyclic
product obtained in the initial reaction (5.4.A.).

The colour changes observed with 4,6-bis-dimethylamino-3,5-bis-
heptafluoroisopropylpyridazine (183) were quite remarkable, After several

days in solution ((CD_),CO or CDCI3), or even when stored under a dry

3)2

atmosphere, this compound was found to change from yellow to purple.

However, the concentration of any purple species was too low to detect by
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nmr, Gradually, the concentration of (183) decreased, as did the
intensity of the purple colour This process corresponded with the
detection of the bicyclic compound, which Increased 1n concentratlion until
after sceveral wecks i1t was the only species present in a colourless

solution,

E. STRUCTURE OF THE REACTIVE INTERMEDIATE

The first step in the cyclisation is loss of a labile fluorine atom,
The ease by which this fluorine 1s lost as fluoride ion, was demonstrated
by the reaction of (183) with boron trifluoride etherate, Vivid purple

crystals of a tetrafluoroborate salt were readily formed,

(CF3)2CF SN BFB EtZO purple tetrafluoroborate
l ' salt
(C H3)2N ~N -78°
CF(CF3 )2

(183

Surpraisingly, éhe structure of this trapped intermediate was not that
of any of the intermediates shown in SCHEME XVIII, (188)-(191)). It can be
deduced from the 19F n.m.r data (TABLE VI) that there are two non-
equivalent trifluoromethyl groups with chemical shifts of 72,49 and 75.97
p.p.m. The peak at 151.68 p.p.m. can be assigned to the tetrafluoroborate
1on, which 1s in the region of the 19F spectra normally associated with such
an ion,

The most interesting feature occurs in 1H n.m,r, spectra where none of
the methyl groups are equivalent, This 1s probably due to the dimethylamino
groups adopting a planar configuration so as to stabilise r-bonding between

the nitrogen atoms and the pyridazine ring., The trapped reactive intermediate
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TABLE VI

TETRAFLUOROBORATE SALT DERIVED FROM COMPQUND (183)

FLUORINE-19 NMR DATA

(solvent (CD ,C0, ant, ref, CFC13)

3)

SHIFT (p.p.m.) STRUCTURE INTENSITY
60, 66 M 6
72.49 S 3
75.97 S 3

151.68 S 4
182, 39 M 1

HYDROGEN-1 NMR DATA

(solvent (CD3)ZCO, int, ref, TMS)

SHIFT (p.p.m.) STRUCTURE INTENSITY
3.50 5 3
3.63 S 3
3.93 D(J = 5Hz) 3
4,16 S 3

must therefore have a structure intermediate of the canonical forms (188)
and (189), or, (190) and (191) (SCHEME XVIII). Two possible mesomeric

structures are (192) and (193).




STRUCTURE OF THE TRAPPED INTERMEDIATE

| N
LA
BT
+ , 1
CH3\N" \ “'"N
| CF(CF3 )2
CH
3 —
BF,
(192)

fluoride 1on lost
from 1sopropyl group
at position 5

Py
{~e -~
\L,t-3;2Cr- 7 E
CH3\[?,
CHy LN
(193)
fluoride 1on lost

from 1sopropyl
at position 3
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group

The tetrafluoroborate salt was unstable to moisture and reacted rapidly

with moist acetone to give the colourless bicyclic compound, The

cyclisation of (183) thus involves two colour changes, indicated below,

N(CH3)2

(CE)CF X -F~
327 E .
N
32
(183)

yellow

intermediate
compound

+

"i) bicyclic
compound

colourless

These observations explain the different colours found in the initial

experiment (5.4.A,), where the bicyclic compound was yellow due to trace

amounts of (183). This 'impurity' then cyclises to the bicyclic product

via the purple intermediate,
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5.5. OTHER DIMETHYLAMINO DERIVATIVES OF PERFLUOROISOPROPYLPYRIDAZINES

In the previous discussion,it was not possible to distinguish between
the relative importance of steric or electronic effects in the 4,6~bis-
dimethylamino-3,5-bis~heptafluoroisopropylpyridazine system, To try and

akh L

blish the influence of these effecis, the foilowing derivatives were

esta

prepared,

A, PERFLUORO-4-ISOPROPYLPYRIDAZINE

(1) 5-DIMETHYLAMINO DERIVATIVE

3,6-Difluoro-5-dimethylamino-4 heptafluoroisopropylpyridazine (194)
was prepared by the reaction of perfluoro-4-isopropylpyridazine (177) with
dimethylamine, The ortho/para orienteering effects of both ring nitrogen

and heptafluoroisopropyl directed nucleophilic substitution to the 5 position,

F F
| —_— 32
(CRLCFR toluene  (CRLCFL N
F
(177) (194)

This compound (194) was stable to prolonged heating at 1200, and was found
to decompose at a temperature not mu:ch higher than 1ts boiling point (~170°),
without cyclisation, When stirred with boron trifluoride etherate, no

reaction was observed,

(11) 3,5-BIS-DIMETHYLAMINO DERIVATIVE

When reacted with sufficient dimethylamine for di-substitution,
perfluoro-4-i1sopropylpyridazine (177) gave a mixture where the main product

was 3,5-bis-dimethylamino-6-fluoro-4-heptafluoroisopropylpyridazine (195).




F
(CRy)CF

F
SN

i
_N

F 3
(177) \ / (195)
|':

\
(CH3)2N I |\lj
(CE,)ZCF N
3

128

F
HN(CH,)
372 (CH3)2N| \[}J
N
toluene (CR,CFN =

N{CH,)
2

F
(194)

Here, the ortho activating effect of the heptafluoroisopropyl group

in the intermediate compound (194), effected substitution of the fluorine

at the 3 position,

Pure (195) could not be 1solated from the reaction mixture, which

contained mono- and tris-dimethylamino products, by distillation or

chromatographic methods,.

However, the product obtained by preparative thain

layer chromatography had a bicyclic structure, (196)

[CHg N
(CRy),CF

F
NN

N
NICH, ),

(194)

OH
-HF (CH3l N N
— A
Ho0 VAN~
ce S
371\
_N
H2C N
CHy
(196)
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The n.m.r data of compound (lgg) 1s given in TABLE VII where the
coupling (4Hz) between the hydroxy proton and a dimethylamino group (6
protons) means that cyclisation must have occurred via loss of a proton
from the dimethylamino group at position 3,

This product must have been derived by a process of cyclisation
analogous to that ogserved in 4,6-bis-dimethylamino-3, 5-bis-heptafluoroiso-
propylpyridazine (183). Hydrolysis had also occurred where the remaining

aromatic fluorine had been replaced by hydroxyl. It was not possible to

say whether the process of hydrolysis had occurred before or after cyclisation,

TABLE VII

COMPOUND (196)

—

FLUORINE-19 NMR DATA

(solvent CC1l ext, ref CFC13)

4°

SHIFT (p.p.m.) STRUCTURE INTENSITY

50. 35 5 -

HYDROGEN-1 NMR DATA

(solvent CCl,, ext. ref ™S )

SHIFT (p.p.m.) STRUCTURE INTENSITY
3.06 M(BROAD) 1
3.25 s 3
3.40 D(J = 4Hz) 6

4,33 S 2
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TABLE VIII

BICYCLIC PRODUCT DERIVED FROM (197)

FLUORINE-19 NMR DATA

(solvent CC1l ext, ref, CFCl3)

4

SHIFT (p.p.m.) STRUCTURE INTENSITY

69.68 S -

HYDROGEN-1 NMR DATA

(solvent CCl ext., ref., TMS)

4>

SHIFT (p.p.m,) STRUCTURE INTENSITY
3.20 S 6
3.37 S 6
3.55 S 3
4,27 S 2

(111) 3,5,6-TRIS-DIMETHYLAMINO DERIVATIVE

An attempt to prepare the tris-dimethylamino compound (197) led to the
isolation of a third bicyclic compound, Once generated, the tris-
dimethylamino compound undergoes immediate cyclisation, even at room
temperature, as 1t could not be detected in the reaction mixture,
Unfortunately, 1t was not possible to determine whether the structure of

the product 1solated was (198) or (199) (n.m.r. given in TABLE VIII),
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F NICH-)
HN(CH-) 3'2
AN 3'2 N
F| w (CH3&N w
(CF,),CF N toluene (CRyCFN N
F N(CH,)
3'2
(177) yd (197)
v
/ 7
\ 3 NICHy), \ N(CH,),
SN (CHyIN Xy
Fizc: l I i I
\ N CE N
4 C\ @H ) DY
CR—
CF 32 {
3 Ch 3 HCTON
CHq
(198) (199)

(1v) 5-DIMETHYLAMINO-3,6-DIMETHOXY DERIVATIVE

Compound (194) was treated with sodium methoxide to give 5-dimethyl-

amino-3,6-dimethoxy-4-heptafluoroisopropylpyridazine (200),

F QCH4
[CHy,N i SN NaOCH, (CH, )N | NN
—_— ~ I
N N
F OCH4
(194) (200)

No cyclisation was observed even after heating at 240° for half an

hour when decomposition became extensive,

B. PERFLUORO-3,4,6-TRIS-ISOPROPYLPYRIDAZINE

(1) 5~DIMETHYLAMINO DERIVATIVE

Reaction of perfluoro-3,4,6-tris-i1sopropylpyridazine (182) with

dimethylamine gave the dimethylamino derivative (201).
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CF(C% )2 CF(CF3 )2

F \\IV F1N(CP+3)2 (CP+3EJ“ \\"N

I l — | I

(CF,).cF\_ 2N tolucne (CE).CFL_ =N

32 32
CFICR, ), CFICR ).,
I L I <&
(182) (201)

This sterically crowded compound (201) did not undergo cyclisation

after prolonged heating at 1200.

c. PERFLUORO-4, 5-BIS~-ISOPROPYLPYRIDAZINE

(1) 3-DIMETHYLAMINO DERIVATIVE

Reaction of perfluoro-4,5-bis-1sopropylpyridazine (67) with the

stoichiometric amount of dimethylamine gave compound (202),

F F
ICELCF Xy  HNICH3, CF)L.CF
(CF3)2CF = toluene (CF3)2CF Z
N(CHB)Z
(67) (202)

(11) 3,6-BIS-DIMETHYLAMINO DERIVATIVE

The bis-dimethylamino compound (203) was readily prepared by the

reaction of (67) with excess dimethylamine,

(CF)L.CF Xy  HNICH3l (CELCF X

37 Ll >4 32| )

(CF3 )2CF ~N toluene (CF3)2CF ~N
NICH

67) (203)
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Neither compounds, (202) or (203), were found to cyclise on heating
at 120° for long periods, Photolysis of (203) caused extensive
decomposition, where elimination of hydrogen fluoride was barely detectable

and was obviously an unfavourable process

D PERFLUORO-3, 5-BLS-ISOPROPYLPYRIDAZINE

(1) 6-DIMETHYLAMINO DERIVATIVE

Reaction of perfluoro-3,5-bis-i1sopropylpyridazine (98) with
dimethylamine readily gave 3,5-bis-heptafluoroisopropyl-6-dimethylamino-4-
fluoropyridazine (204) where substitution was probably controlled by steric:

interaction of the bulky 1sopropyl groups

(CRLCF Ny HN(CH, ), CRLCF Ny
L P
= toluene F =
CF(CF3 )2 CF(CF3 )
(98 {204)

No cyclisation was observed upon heating to 120°,

(11) 6~-DIMETHYLAMINO-4-METHOXY DERIVATIVE

Compound (204)'was reacted with sodium methoxide in methanol to give

3,5-bis- heptafluoroisopropyl-6-dimethylamino-4-methoxypyridazine (205).

NICH,) N(CH-)
372 32
(CF3LCF XN NaOCH, (CELCF XN
| _— 327 | |
PN toluene CH30 =
CF(CF3)2 CF(CF3)2

(204) (205)
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The compound was heated to 220° when 1t decomposed, and again no cyclisation

was observed

(111) 4-METHOXY, 6-METHOXY AND 4,6-DIMETHOXY DERIVATIVES

When perfluoro-3,5-bis-i1sopropylpyridazine (98) was reacted with one
equivalent of sodium methoxide in methanol, three products were isolated,

in addition to starting materaial,

F
(CRLCF XN NaOCH;
Y — 5
N CH-OH
3
CFICR, ),

(98)
F OCH3 OCH3
(CF3)2CF | N (CF3)2CF l NN (CF—;)ZCFl \r\'J
| | ~
CH3O N ' F N ' CH3O N
CF(CF3)2 CF(CF3 )2 CF(CF3)2
(206) (207) (208)
2 2 1

The dimethoxy derivative (208) was easily separated by preparative
g.l.c. and was found to be stable at 280°, Separation of the mono-methoxy
compounds, (206) and (207), could not be achieved by distillation or
chromatography. Thus, a convenient synthetic route to 4-dimethylamino-6-

methoxy derivative (209) was not found,
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OCH3

~N
(CHy),NC N

EFlc

o C
©w

(2

The conclusions of the substituent effects observed in these

derivatives are given in the next section,

5.6. CONCLUSION

The result of preparing various perfluoroisopropylpyridazine derivatives
demonstrated that the process of cyclisation was very specific, so much so
that i1n only three derivatives was cyclisation observed Those derivatives
which cyclised are indicated in SCHEME XIX,

Initially 1t was thought that steric interaction was dominant in the
cyclisation of compound (183) However, the fact that the 3,5-bis-
dimethylamino derivative (195) cyclised whereas the 4-dimethylamino derivative
(201) was stable established that electronic effects were more dominant than
steric effects,

Clearly, substituents which will enhance the SNl-type reaction will be
those which are electron-donors. Dimethylamino and methoxy, well known to
activate aromatic systems to electrophilic substitution, were both used.

With the perfluoroiospropylpyridazine derivatives where there was only one
dimethylamino group ((194), (202) and (204), SCHEME XIX), no cyclisation
was observed., When there was more than one dimethylamino group present
cyclisation was observed in three cases ((183), (195) and (197)) but not 1in

the fourth((203)) 1In the pyridazines where only methoxy groups were
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introduced (206), (207) and (208)), there was no evidence to suggest that
there was any loss of fluoride 1ion Two derivatives were prepared where
both dimethylamino and methoxy groups were present ((200) and (205)),
surprisingly, neither of these compounds cyclised., This 1s probably a
consequence cf the fact that dimethylamino can donaie eleccronic chdrge

better than methoxy,

CH
|

x L

CH 3 CH

An i1mportant feature evident in the polydimethylamino derivatives

(211) which cyclised, was the apparent necessity for two meta dimethylamino

groups (derivative (203) with two para dimethylamino groups was stable).

X NICH;),
(CRy,CFL N (AN A
N(CH;), NICH;),
(211) (203)
X = F,CFICR),, NICH;),

Moreover, that X can equal F or N(CH3)2 tends to suggest that the
process of cyclisation 1s largely unaffected by the nature of X, This 1is

because X 15 meta to the position losing fluoride i1on and therefore cannot
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contribute any charge stabilisation in the reactive intermediate, Thas

15 1n contrast to the two nitrogen atoms, which are ortho to the reactive

centre,

(CH3)2N % J‘J\ll
CE ~c g N

i NICH
CE 3

I

)

(212)

Structure (212) 1s, in fact, the resonance hybrid of two canonical forms

(213)-(214).
X X
AN
(CH3)2N 4 [\|J (CH3)2N - I[\|1
CF3\C N CR ~c N
| N(CH3)2 ] N(CH3)2
CF3 C%
(213) (214)

Compound (195) gave a bicyclic product which was identified as the
structure (196) shown below. It 1s not obvious why compound (210), an
alternative product which would be generated via the same intermediate
(212), should not be formed. A consideration of the base strengths of R3

and R™ led to the prediction that Rs would have a greater tendency to lose

a proton than R3. Whereas electronic factors dominated the first step

(loss of fluoride 1on), steric factors must influence the last step (loss
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X
R5| \|\|4
(CF3)2CF N
3 A oH
R
3
OH e 195) \ X

R*=R>=NICHg), : X=ForOH?

of hydrogen 1on). R3 1s less configurationally restricted than RS, in
otherwords, R3 can adopt a planar configuration necessary for cyclisation
better than RS. It 1s more probable that compound (196) was the preferred
product and that compound (210) was formed as a minor product, though not
detected,

With the tris-dimethylamino compound (197) only one product was
detected when again two products were equally probable It 1s possible that
configurational restriction favours product (199) and that a small amount of
compound (198) was also produced, but not detected

In the perfluoro-3,5-di-1sopropylpyridazine system, there are two
positions where fluoride 1on can be lost, If the fluoride 1on was lost
from RS {shown below), then there 1s precedent for predicting that compound
(184) would be the preferred product (R6 has more configurational freedom

than R4).
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However, as the n.m,r, data (TABLE IV) eliminated compound (184) as

the reaction product, 1t would appear that compound (186) was the only

reaction product, formed by loss of fluoride 1on from R3. Here the

reaction product would be formed by loss of a proton from the weaker base,
R4 (base strength R4 <:R6). This 15 contrary to that which would be
expected 1f one considered the cyclisation of compound (195) as an
analogous case, Thus, 1t 15 not possible to conclude whether the reaction
product obtained from the cyclisation of compound (183) was compound (185)

or compound (186).
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CHAPTER 6

EXPERIMENTAL

6.1. GENERAL

The reagents and instruments used for the second part of this thesis
have already been described in Cuapter 4, The Varian A56/60D spectrometer
was operated at 60 M.c./s for the proton (IH) nuclear magnetic resonance

spectra,

6.2. EXPERIMENTAL FOR CHAPTER 6 - CYCLISATIONS OF DIMETHYLAMINO

POLYFLUOROISOPROPYLPYRIDAZINES

A PREPARATION OF PERFLUOROISOPROPYLPYRIDAZINES

The syntheses described here were developed by previous workers at

these laboratories

(1) PREPARATION OF PERFLUORO-4,5-BIS-ISOROPYLPYRIDAZINE (67)°

Perfluoro-4,5-bis-1sopropylpyridazine was prepared on many occasions
A typical experiment 1s given below,

A mixture of caesium fluoride (1,6g,10,6m, moles) and sulpholane (50 ml.)
was placed in a r b flask, fitted with a gas inlet to allow a continuous
stream of dry nitrogen to purge through the apparatus., A variable volume
reservolr was attached to the flask which was then evacuated. Hexafluoro-
propene (28,0g, 186 6m. moles) was introduced into the system and allowed to
equilibriate to atmospheric pressure, Tetrafluoropyridazine (13 Og, 85 5m,
moles) was injected through a serum cap into the mixture, which was then
stirred at room temperature until all the gas was absorbed The product,
perfluoro-4,5-bis-1sopropylpyridazine (67), was obtained by vacuum transference
from the reaction mixture and was recrystallised from hexane (26 Og, 67 5%)
Identification was by comparison of 1ts infra-red and 19F nmryr sSpectra with

those of an authentic sample,
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(11) PREPARATION OF PERFLUORO-3,5-BIS-ISOPROPYLPYRIDAZINE (98)110

Perfluoro-4,5-bis-1sopropylpyridazine (24,8g, 54.8m, moles), caesium
fluoride (2 5g, 16 5m, moles) and sulpholane (20 ml, ), were stirred
vigorously for 18h at 135°. The volatile products (20,2g) were 1solated
by vacuum transference and shown by g L.c. (G.D.B.) to be a mixture of
perfluoro-3,5- bis-1sopropylpyridazine (86%), perfluoro-4-isopropylpyridazine
(10%) and perfluoro-3,4,6-tris-1sopropylpyridazine (4%), The main component,
perfluoro-3,5-bis-1sopropylpyridazine (98) was separated by fractional
distillation (b.p 160-) and was 1dentified by comparison of 1ts infra-red

1
and 9F n.m r spectra with those of an authentic sample

(111) PREPARATION OF PERFLUORO-4-ISOPROPYLPYRIDAZINE (177)101

A mixture of perfluoro-4,5-bis-isopropylpyridazine (14.9g, 32 9m. moles),
tetrafluoropyridazine (5 9g, 38 8m moles), caesium fluoride (4 6g, 30.3m
moles) and sulpholane (15 ml,) was stirred for 25h, at 120°. The volatile
products (12 4g) were 1solated by vacuum transference and shown by g.l.c
(GDB ) to be a mmxture of perfluoro-4-isopropylpyridazine (69%), perfluoro-
3,5-bis~1sopropylpyridazine (24%) and perfluoro-3,4,6-tris-1sopropylpyridazine
(7%) The main component, perfluoro-4-isopropylpyridazine (177), was
separated by preparative g,l,c, (Varian Aerograph, column ‘A', 100°) and
was 1dentified by comparison of its infra-red and 19F n.m r spectra with

those of an authentic sample,

(1v) PREPARATION OF PERFLUORO-3,4,6-TRIS-ISOPROPYLPYRIDAZINE (182)

Perfluoro-3,4,6-tris-1sopropylpyridazine (182) was always obtained as
a minor product in preparations (11) and (111) Purification was effected

by preparative g,l1 ¢ (Varian Aerograph, column 'A', 100°)
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B DERIVATIVES OF PERFLUORO-3,5-BIS-ISOPROPYLPYRIDAZINE (98)

(1) REACTION OF PERFLUORO-~3,5-BIS-ISOPROPYLPYRIDAZINE (98) WITH

EXCESS DIMETHYLAMINE

(a) Perfluoro-3,5-bis-1sopropylpyridazine (5 68g, 12.6m moles),
dimethylamine (10.0g, 222.2m moles) and dimethylformamide (50 ml.) were
sealed 1n a carius tube at -1960. The reaction mixture, which was
frequently shaken, was allowed to slowly warm up to room temperature, The
mixture was filtered to give yellow crystals (4,13g, 65.5%) which were
washed with cold dimethylformamide and dried under vacuum., These crystals

were shown to 4,6-bis-dimethylamino-3,5-bis~-heptafluoroisopropylpyraidazine

(183), m.p. 65-7°. (m/e = 502-recrystallisation or sublimation caused
elimination of hydrogen fluoride), 1Llnfra-red spectrum No 10, 19F nmr
spectrum No. 8 1H n.m.r spectrum No, 9, (nm r. also given in TABLE V)

Water (200 ml,) was added to the mother liguor, and the mixture was
extracted with methylenedichloride (3 x 100 ml,) The organic phase was
separated, dried (MgSOa), and evaporated to give a colourless crystalline
compound, (0,26g, 4 3%), m p 154-50 (m/e = 482), Infra-red spectrum
No. 11, Ultra-violet spectrum No, 3 19F n m,r, spectrum No, 10, 1H nmry
spectrum No, 11. (n.m r also given in TABLE IV).

It was not possible to establish whether the latter compound was 3,3-
bis-trifluoromethyl-2,3-dihydro-4-dimethylamino-7-heptafluoroisopropyl-1-
methylpyrrolo-[2,3-d]-pyridazine (185) or 7,7-bis-trifluoromethyl-6,7-
dihydro-3-dimethylamino-4-heptafluoroisopropyl-5-methylpyrrolo{2,3-c]-

pyridazine (186)
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HN

1H-PYRROLO-[2,3-d] SH-PYRROLO-[2,3-c]
- PYRIDAZINE -PYRIDAZINE

(b) Perfluoro-3,5-bis-isopropylpyridazine (3,02g, 6 68m. moles),
dimethylamine (2,5g, 55.5m mole) and dimethylformamide (100 ml,) were
sealed 1n a carius tube at -196° and allowed to slowly warm to room
temperature with occasional shaking. The tube was opened and the mixture
added to water (100 ml,), which was then extracted with methylenedichloride
(4 x 20 ml,), The organic layer was separated, dried (Mgsoa) and
evaporated to give a purple residue This was recrystallised from
cyclohexane to give yellow crystals (2 90g, 90 1%) which were identical
(1.7v , 19F nmr , 1H nmr ) to the colourless crystalline compound

obtained in (a), except for its colour

(11) REACTION OF 4,6-BIS-DIMETHYLAMINO-3, 5-BIS-HEPTAFLUOROISOPROPYL-

PYRIDAZINE (183) WITH BORON TRIFLUORIDE ETHERATE

To a mixture of 4,6-bis-dimethylamino-3,5-bis-heptafluoroisopropyl-
pyridazine (1.12g, 2 2m, moles) and dry diethyl ether (25 ml.) at -780, was
added boron trifluoride etherate (1 ml , 7.8m, moles) The stirred mixture
was allowed to warm to room temperature where upon a purple crystalline
precipitate was obtained, The mixture was filtered and the residue washed

with dry diethyl ether The purple crystals (0 98g, 86 5%) obtained were
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4,6-bis-dimethylamino-3, 5-bis-heptafluoroisopropylpyridazine tetrafluoroborate,

mp 138-40°. (Found C, 29 9, H, 2 5, F, 56 5, N, 9.4%, M", 570.
C14H123F17N4 requires C, 29 5, H, 2 1, F, 56.7, N, 9 8%, M, 570) Infra-red
spectrum No 12 19F nmr spectrum No, 12 1H nmr spectrum No, 13

(n.m r also given in TABLE VI)

(111) PREPARATION OF 3, 5-BIS-HEPTAFLUOROISOPROPYL-6-DIMETHYLAMINO-4-~

FLUOROPYRIDAZINE (204)

Perfluoro-3,5-bis-1sopropylpyridazine (2,045g, 4.52m., mole) and
toluene (5 ml ) were placed in a 10 ml, r b, flask, This flask was connected
by a 'vacuum transfer arm' to a trap (fitted with a 'rotaflo' tap) containing
dimethylamine (O 415g, 9.22m mole) The system was partially evacuated
(ca 30 cm3Hg of residual nitrogen) and then the dimethylamine was allowed to
react with the stirred pyridazine, maintaining a pressure below atmospheric
When absorption of gas was complete, the mixture was filtered to remove
dimethylamine hydrogen fluoride and the toluene was removed under reduced
pressure, The remaining 01l was molecularly distilled to give an orange

liquid (1.82g, 84 47%) which was shown to be 3,5-bis-heptafliuoroisopropyl-

6-~dimethylamino-4-fluoropyridazine (204), (Found C, 30 5, H, 1 0, F, 59.2,

g 3t .
N, 8 8%, M, 477 C,,HF N, requires C, 30.2, H, 1 3, F, 59.7, N, 8 8%,
19

M, 477). 1Infra-red spectrum No, 20 Ultra-violet spectrum No, 7 F

nmr spectrum No 30 1H n mr, spectrum No, 31

(iv) PREPARATION OF 3,5-BIS-HEPTAFLUOROISOPROPYL~6-DIMETHYLAMINO-

4-METHOXYPYRIDAZINE (205)

To a stirred solution of 3,5-bis-heptafluoroisopropyl-6-dimethylamino-
4-fluoropyridazine (0,51lg, 1.07m, moles) in methanol (5 ml.) was added a
solution of sodium (O 032g, 1.39m, moles) 1in methanol (5 ml.) The mixture

was stirred at room temperature overnight, added to a large excess of

water (300 ml ) and then extracted with diethyl ether (4 x 25 ml.). The
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organic phase was separated and dried (MgSOQ) Evaporation of the organic
phase gave an orange oil, from which orange crystals (0,115g, 22.5%) of

3,5-bis-heptafluoroisopropyl-6-dimethvlamino-4-methoxypyridazine (205) were

obtained by sublimation, m,p. 75.5°  Found c, 32 2, H, 1.8; F, 54.0,

N, 8.9%, M, 489. C,3HgF ,N;0 requires C, 31.9, H, 1.8, F, 54.4, N, 8 6%,
M, 489) Infra-red spectrum No, 21 Ultra-violet spectrum No, 8. 19F n.m.r,

spectrum No, 32 1H n,m,r spectrum No, 33,

(v) REACTION OF PERFLUORO-3,5-BIS-ISOPROPYLPYRIDAZINE (98) WITH

SODIUM METHOXIDE '

To a stirred solution of perfluoro-3,5-bis-i1sopropylpyridazine (2,0lg,
4 45m, moles) in methanol (5 ml.) was slowly added a solution of sodium
(0.1g, 4 39m moles) in methanol (5 ml,) over a period of ca 30 mins The
mi1xture was stirred at room temperature overnight and then poured 1into a
large excess of water (300 ml,), The mixture was extracted with
methylenedichloride, which after drying (MgSOa) and evaporating, gave a
colourless liquird (1 76g). This was found to be a mixture of three compounds
plus starting material. One compound was readily separated by preparative
g l.c, (Varian Aerograph, column 'A', 150%) to give a white crystalline

compound (0 35g, 16 5%), and was shown to be 3,5-bis-heptafluoroisopropyl-

4,6-bis-methoxypyridazine (208), m.p. 61°., (Found €, 30.1, H, 1.1,

9 +
F, 555, N, 6 3%, M', 476 C,,HF N0, requires C, 30 2, H, 1.2, F, 55 8,

N, 5 9%, M, 476), Infra-red spectrum No, 23, Ultra-violet spectrum No, 9,
19F nmr spectrum No. 36 1H n mr, spectrum No 37,

The remaining two compounds were readily separated from the starting
material but could not be separated from each other by preparative g.l.c ,

using columns with either polar or non-polar packing material The two

compounds were 3,5-bis-heptafluoroisopropyl-6-fluoro-4-methoxypyridazine

(206) and 3,5-bis-heptafluoroisopropyl-4-fluoro-6-methoxypyridazine (207)
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(m/e = 464) (Analysis gave inconsistent results) Infra-red spectrum

No., 22 19F nmr spectrum No 34 1H nmr, spectrum No, 35

C DERIVATIVES OF PERFLUORO-4-1ISOPROPYLPYRIDAZINE (177)

(1) PREPARATION OF 3,6-DIFLUORO~5-DIMETHYLAMINO-4-

HEPTAFLUOROISOPROPYLPYRIDAZINE (194)

A stirred mixture of perfluoro-4~isopropylpyridazine (2,088g, 6.91lm,
moles) and toluene (5 ml ) was allowed to react with dimethylamine (0 60g,
13.3m, moles) under reduced pressure When gas absorption was complete,
the mixture was filtered to remove dimethylamine hydrogen fluoride. The
toluene was removed under reduced pressure and the product was molecularly
distilled to give, on cooling, yellow crystals (1.66g, 73 2%) which were

shown to be 3,6-difluoro-5-dimethylamino-4-heptafluoroisopropylpyridazine

(194), m p 36-8°. (Found C, 32.8, H, 1.8, F, 52 6, N, 13.1%, M, 327.

09H6F9N3 requires C, 33 O, H, 1.8, F, 52,3, N, 12 8%, M, 327). Infra-red

spectrum No, 13, Ultra-violet spectrum No 4 19F nmr spectrum No, l4

1H n m.r spectrum No. 15,

(11) ATIEMPTED PREPARATIONS OF 3,5-BIS-DIMETHYLAMINO-6-FLUORO-4-

HEPTAFLUOROISOPROPYLPYRIDAZINE (195) AND 4-HEPTAFLUOROISOPROPYL-

3,5,6-TRIS-DIMETHYLAMINOPYRIDAZINE (197)

Several allempts were carried oul to prepare these compounds Mixtures
of mono-, bis- and tris-dimethylamino deraivatives were always obtained,
where the ratio of these products varied with the amounts of dimethylamine
used., Techniques such as preparative t,l.c and molecular distillation
failed to give the tris-dimethylamino derivative, but distillation in one
experiment did give the crude bis-dimethylamino derivative, In another
preparation where an aqueous extraction was employed two other pyridazine

derivatives were 1solated by preparative t,1l.c,
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(a) A stirred mixture of perfluoro-4-isopropylpyridazine (2 Og, 6,64m,
moles) and toluene (5 ml ) was allowed to react with dimethylamine (1, 18g,
26.29m moles) under reduced pressure When gas absorption was complete,
the dimethylamine hydrogen fluoride was filtered off, The toluene was

remnved under reduced pressure to

<
1
]
a2

mivture (1,52g, 64,8

) Moclecular

distillation gave a crude fraction of 3,5-bis-dimethylamino-6-fluoro-4-

heptafluoroisopropylpyridazine (195) (m/e = 352) 19F n m.r, spectrum

No 16, 1H n.m r spectrum No 17

(b) A large excess of dimethylamine (9,1g, 202,2m moles), perfluoro-
4-1sopropylpyridazine (4 59g, 15.18m, moles) and dimethylformamide (25 ml,)
were sealed in a carius tube at -196° The mixture was allowed to warm to
room temperature with frequent shaking Water (200 ml.) was added to the
reaction mixture which was then extracted with methylenedichloride, The
organic phase was dried (MgSOa) and evaporated to give a viscous mixture
which was recrystallised from hexane, Part of this mixture (0.48g) was
separated by preparative t l.c 1into 1ts two components using a& mixture of
2% CH3OH/CHCI3 as solvent. One compound (0.,20g) was identified as 5,5-bis-
trifluoromethyl-5,6-dihydro-4-dimethylamino-3-hydroxy-7-methylpyrrolo-

[2,3-c]-pyridazine (196). (m/e = 332)., 1Infra-red spectrum No, 14, 19F

n.m,r, spectrum No, 18 1H nmr,spectrum No, 19, (n.m,r also given 1in
TABLE VII). It was not possible to establish whether the other compound
(0.17g) was 4,7-bis-dimethylamino-3,3-bis-trifluoromethyl-2,3~dihydro-1-
methylpyrrolo-[2,3-d]-pyridazine (198), or 3,4-bis-dimethylamino-5,5-bis-
trifluoromethyl-5,6-dihydro-7-methylpyrrolo-[2,3-c]~-pyridazine (199).

(m/e = 357). Infra-red spectrum No, 15, 19F n.m,r spectrum No, 20.

1H n.m,r s8pectrum No, 21. (n,m.,r, also given in TABLE VIII)




150

(112) PREPARATION OF 3, 6~DIMETHOXY-5-DIMETHYLAMINO-4-HEPTAFLUOROISO-

PROPYLPYRIDAZINE (200

et

To a stirred solution of 3,6~difluoro-5-dimethylamino-4-heptafluoro-
1sopropylpyridazine (0 75g, 2,29m. moles) in methanol (10 ml ) was added a
solution of sedium (0,1llg, 4, 74m., moles) iu wechanol (10 ml ) over a period
of 15 mins, at room temperature, The mixture was stirred for 24h,, added
to a large excess of water (300 ml ), extracted with methylenedichloride
(4 x 25 ml.) and dried (MgSOa) The solvent was removed under reduced

pressure and the product, an orange o1l (0,7lg, 87 9%) was obtained by

distillation, This o1l was shown to be 3,6-dimethoxy-5-dimethylamino-4-

heptafluoroisopropylpyridazine (200) (m/e = 351) (Analysis gave

inconsistent results) Infra-red spectrum No, 16 19F nmryr, spectrum

No. 22, 1H n.m r, spectrum No 23,

D DERIVATIVE OF PERFLUORO-3,5,6-TRIS-ISOPROPYLPYRIDAZINE (182)

(1) PREPARATION OF 5-DIMETHYLAMINO-3,4,6-TRIS-HEPTAFLUOROISOPROPYL-

PYRIDAZINE (201)

A stirred mixture of perfluoro-3,4,6-tris-i1sopropylpyridazine (1 92g,
3.19m. moles) and toluene (5 ml,) was allowed to react with dimethylamine

© 91g, 20 3lm, moles) under reduced pressure at 55°. When reaction was

complete, dimethylamine hydrogen fluoride was removed by hot filtration with
hexane Pale yellow crystals (1.33g, 66 7%) were obtained on cooling and

were shown to be 5-dimethylamino-3,4,6-tris-heptafluoroisopropylpyridazine

(201) m p, 126-7° (Found C, 28 5, H, 0.9, F, 63 3, N, 7 1%, M', 627
C15H6F21N3 requires C, 28,7, H, 0 9, F, 63,6, N, 6 7/, M, 627) Infra-red
19

spectrum No 17 Ultra-violet spectrum No, 5 F nmr spectrum No 24

1H n.m.r spectrum No, 25.
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E DERIVATIVES OF PERFLUORO-4,5-BIS-ISOPROPYLPYRIDAZINE (67)

(1) PREPARATION OF 3-DIMETHYLAMINO-6-FLUORO-4,5-BIS-

HEPTAF LUOROISOPROPYLPYRIDAZINE (202)

A stirred mixture of perfluoro-4,5-bis-i1sopropylpyridazine (2,0g,
4.43m, moles) and toluene (15 ml,) was allowed to react with dimethylamine
(0.43g, 9.95m. moles) under reduced pressure When adsorption of gas was
complete, the mixture was filtered to remove dimethylamine hydrogen fluoride
and the toluene was removed under reduced pressure. However, the last
traces of starting material, perfluoro-4,5-bis-isopropylpyridazine, could

not be separated from 3-dimethylamino-6-fluoro-4,5-bis-heptafluoroisopropyl-

pyridazine (202), an orange oil, even by preparative g,1 ¢ (m/e = 477)

Infra-red spectrum No, 18, 19F nmr spectrum No 26. 1H nmr 8pectrum

No. 27,

(11) PREPARATION OF 3,6-BIS~-DIMETHYLAMINO-4, 5-BIS-HEPTAFLUOROISOPROPYL-

PYRIDAZINE (203)

Perfluoro-4,5-bis-1sopropylpyridazine (3.89g, 8 6m, moles), dimethylamine
(4 1lg, 92.2m. moles) and hexane (20 ml ) were sealed in a carius tube at
-196°. The reaction mixture, which was frequently shaken, was allowed to
warm up to room temperature and then filtered to remove dimethylamine
hydrogen fluoride., Evaporation of the hexane and molecular distillation of

the residue gave orange crystals (3,40g, 79.0%) of 3,6-bis-dimethylamino-

4,5-bis-heptafluoroisopropylpyridazine (203), m.p 41-3°, (Found Cc, 33.6,

+

H, 2.6, F, 53.4, N, 10.8%, M', 502. C,,H requires C, 33 5, H, 2 4,

14812F 118
F, 52.9, N, 11,2%, M, 502), 1Infra-red spectrum No 19, Ultra-violet

19

spectrum No, 6. F n.m.r, spectrum No, 28 1H n.m r spectrum No. 29,
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F. N.M.R. EXPERIMENTS - THE COLOUR CHANGES OBSERVED IN THE CYCLISATION

OF 4,6-BIS-DIMETHYLAMINO-3, 5-BIS~-HEPTAFLUOROISOPROPYLPYRIDAZINE (183)

(1) On dissolving 4,6-bis-dimethylamino-3,5-bis-heptafluoroisopropyl-
pyridazine (183) (~0.2g) 1n CD3COCD3 (or CDCI3) in an n,m,r tube, the
bpecctra were as recorded in TABLE V, After two days, the original yellow
solution changed to give a vivid purple coloured solution, the n,m.r
spectra recorded were unchanged. After five days, the purple solution was
observed to be a mixture of compound (183) and the bicyclic product (TABLE IV),
in the ratio ~2 1. The n.m.r. spectra recorded after a total of fourteen
days showed that only the bicyclic product was present in a colourless

solution,

(11) After two days of storing a sample of compound (183) under a
normal atmosphere, the crystals changed from yellow to purple The n.m r
spectra obtained were i1dentical to those recorded for the original yellow
compound After two weeks, only the bicyclic product was present 1in a

colourless solution (CDCl3).

(111) An n,m.r, solution (CDSCOCD3) of the sparingly soluble tetra-
fluoroborate salt of compound (183) was recorded (TABLE VI) The purple
solution was observed to lose 1ts colour after several days to give a
colourless solution, again only the bicyclic product was present 1in

solution

(1v) The tetrafluoroborate salt of compound (183) (0 3g) was added to
aqueous acetone (10 ml , 10% water) and the mixture was gently refluxed
Within minutes the solution became colourless The solvents were removed
under reduced pressure and the oily residue was dissolved in CDC1 The

3

nmr spectra were identical to those recorded for the bicyclic product

(TABLE 1V)
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SPECTRUM No,

1

2

10

11

12

APPENDIX 1

INFRA-RED SPECTRA

3,5,6=Trichloroc-1,2,4~tr1az1
Perfluoro-3,5,6-tris-1sopropyl-1,2,4-~
triazine

Trichloroacrylonitrile (170)
Trichloroacrylic acaid

Trichloroacrylic acid amide
Trichloroacrylonitrile
Perfluoroisobutyryl nitrile (175)
Perfluoro-2,5-dimethylhex-3-yne (176)
Bis-heptafluoroisovpropyl-mono-hydroxy-
1,2,4~-tr1azine (178)
4,6-Bis-dimethylamino-3, 5-bis-
heptafluoroisopropylpyridazine (183)
3,3-Bis-trifluoromethyl-2,3~dihydro-
4-dimethylamino-7-heptafluoroisopropyl
-l-methylpyrrolo-[2,3-d]-pyridazine
(185) or 5,5-Bis-trifluoromethyl-5,6-
dihydro-3-dimethylamino-4-
heptafluoroisaopropyl-7-methylpyrrolo-
(2,3-c]-pyridazine (186)
4,6-Bis~dimethylamino-3,5-bis-
heptafluoroisopropylpyridazine

tetrafluoroborate (192) or (193)
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STATE

KBr Disc

Contact Film
Contact Film
KBr Disc
KBr Disc
Contact Film
Gas Cell

Contact Film

KBr Disc

KBr Disc

KBr Daisc

KBr Disc



14

15

16

17

18

19

20

21

22

3,6-Dirfluoro-5-dimethylamino~4-
heptafluoroisopropylpyridazine (194)
5,5~Brs~-trifluoromethyl-5,6-dihydro

4-dimethylamino-3-hydroxy-7-~

4,7-Bis-dimethylamino-3,3-bis-
trifluoromethyl-2,3-dihydro-1-
methylpyrrolo-[2,3-d]-pyridazine (198)
or 3,4-Bis-dimethylamino-5,5-bis-
trifluoromethyl-5,6 -dihydro-7-
methylpyrrolo-[2,3~-c]-pyridazine (199)
5-Dimethylamino-3,6-dimethoxy-4~
heptafluoroisopropylpyridazine (200)
5-Dimethylamino-3,4,6-tris-
heptafluoroisopropylpyridazine (201)
3-Dimethylamino-6-fluoro~4,5-bis-
heptafluoroisopropylpyridazine (202)
3,6-Bis-dimethylamino-4,5-bis-
heptafluoroisopropylpyridazine (203)
3,5-Bis-heptafluoroisopropyl-6-
dimethylamino-4-fluoropyridazine (204)
3,5-Bis-heptafluoroisopropyl-6-
dimethylamino-4-methoxypyridazine (205)
Mixture of 3,5-bis-heptafluoroisopropyl-
6-fluoro-4-methoxypyridazine (206) and
3,5-Bis-heptafluoroisopropyl-4-fluoro-

6-methoxypyridazine (207)

154,

Contact Film

KBr Dasc

Contact Film

KBr Disc

Contact Film

KBr Disc

Contact Film

KBr Daisc

Contact Film
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3,5-Bis-heptafluoroisopropyl-4,6-

dimethoxypyridazine (208)

KBr Disc

155,
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APPENDIX 2
ULTRA-VIOLET SPECTRA
SPECTRUM No, COMPOUND

1 3,5,6-Trichloru-1,2,4-1r1azane (7)

2 Perfluoro-3,5,6-tris-1sopropyl-1,2,4-triazine (160)

3 3,3-Bis-trifluoromethyl-2,3-dihydro-4~dimethylamino-
7-heptafluoroisopropyl-l-methylpyrrolo-[2,3-d]-
pyridazine (185) or 5,5-Bis-trifluoromethyl-5,6-
dihydro-3-dimethylamino-4-heptafluoroisopropyl-7-
me thylpyrrolo-[2,3-c]-pyridazine (186)

4 3,6-D1fluoro-5-dimethylamino-4-heptafluoroisopropyl-
pyridazine (194)

5 5-Dimethylamino-3,4,6~tris-heptafluoroisopropylpyridazine
(201)

6 3,6~Bis~-dimethylamino-4, 5-bis-heptafluoroisopropyl-

pyridazine (203)

7 3,5-Bis-heptafluoroisopropyl-6-dimethylamino-4-
fluoropyridazine (204)

8 3,5-Bis-heptafluoroisopropyl-6-dimethylamino-4-
me thoxypyridazine (205)

9 3,5-Bis-heptafluoroisopropyl-4,6-

dlmethoxyp;rlda21ne (208)

All spectra were recorded in cyclohexane (Spectrosol grade)


http://3-dihydro-4-dimethylami.no-

absorbance

f\_

\\/EA‘LS\

300

165,

cl KN,N
2
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No 6

NICHy,
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€319 CHy0




SPECTRUM No

1

2

10

11

12

13

APPENDIX 3

N.M R. SPECTRA

COMPOUND
3,5,6-Trichloro-1,2,4-tr1razine (7)
Perfluoro-3,5,6-tris-1sopropyl-1,2,4~
trrazine (160)

Trichloroacrylonitrile (170)
Trichloroacrylonitrile
Perfluoroisobutyrlnitrile (175)
Perfluoro-2,5-dimethylhex-3-yne (176)
Bis~heptafluoroisopropyl-mono-hydroxy-

1,2,4-triazine (178)

4 ,6-Bis-dimethylamino-3,5-bis~

heptafluoroisopropylpyridazine (183)

3,3-Bis-trifluoromethyl-2,3-dihydro-4-
dimethylamino-7-heptafluoroisopropyl-1-
methylpyrrolo-{2,3-d]-pyridazine (185) or
5,5-Bis-trifluoromethyl-5,6-dihydro-3-
dimethylamino-4-heptafluoroisopropyl-7-

methylpyrrolo-[2,3-c}-pyridazine (186)

4,6-Bis-dimethylamino-3,5-bis-
heptafluoroisopropylpyridazine

tetrafluoroborate (192) or (193)

168

NUCLEUS

13

19

19



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

3,6-Difluoro-5-dimethylamino-4-

heptafluoroisopropylpyridazine (194)

3,5~Bis-dimethylamino-6-£fluoro-4-

heptafluoroisopropylpyridazine (195)

5,5~Bis-trifluoromethyl-5.6-dihydro-4-
dimethylamino-3-hydroxy-7-methylpyrrolo-

[2,3-c]-pyr1dazine (196)

4,7~Bis-dimethylamino-3,3-bis-
trifluoromethyl-2,3-dihydro-1l-methylpyrrolo~
[2,3~d]-pyridazine (198) or 3,4-Bis-
dimethylamino-5,5-bis-trifluoromethyl-5,6-
dihydro-7-methylpyrrolo-[2,3-c]-pyridazine

(199)

5-Dimethylamino~3,6-dimethoxy-4-

heptafluoroisopropylpyridazine (200)

5-Dimethylamino-3,4,6-tr1s-~

heptafluoroisopropylpyridazine (201)

3-Dimethylamino-6~fluoro-4,5-bis~

heptafluoroisopropylpyridazine (202)

3,6-Bis-dimethylamino-4,5~bis-

heptafluoroisopropylpyridazine (203)

3,5-Bis-heptafluoroisopropyl-6-

dimethylamino-4-fluoropyridazine (204)

19

169



170
19
32 3,5-Bis-heptafluoroirsopropyl-6- F

33 dimethylamino-4-methoxypyridazine (205) H

Mixture of 3,5-bis-heptafluoroisopropyl-6- 1
34 ’F
fluoro-4-methoxypyridazine (206) and 3,5-
Bis-heptafluoroisopropyl-4-fluoro-6~
1
35 H
methoxypyridazine (207)
36 3,5~-Bis-heptafluoroisopropyl-4,6- F

37 dimethoxypyridazine (208) H

All shaifts are given in p.p m and coupling constants in Hz. The following
abbreviations have been used in presenting data concerning the fine
structure of absorptions - § = singlet, D = doublet, T = triplet,

H = heptet, O = Octet, M = Multiplet,




1 3,5,6-TRICHLORO-1,2,4-TRIAZINE (7)

13

(@]

SHIFT
154,7
157 o

160 8

(Recorded 1in CDCl3 solution with an internal T M.S

171

reference)

2, PERFLUORO-3,5,6-TRIS-ISOPROPYL-1,2,4~TRIAZINE (160)

CE >a
5b “3>c—
CF/C FF\ 6a
3 C
~
3b o N7 | CR
C|F3/l\ N %5 6
CFB\C \N/
\
F
3a ( 160)
19 FINE
’F SHIFT STRUGTURE INTENSITY ASSTGNMENT
75 3 D(J = 5) 6 CF(CF3)2
76.1 D(J = 5) 6 CF(CF3)2
77.3 D(J3b,3a =7) 6 3b
181 2 M 2 2CF (CF ),
185.9 H(J3a,3b = 7) 1 3a

(Recorded neat with an external CFCl

3 reference)



172,

3 TRICHLOROACRYLONITRILE (170)

CCIZZCCICEN
(170)

13

(]

SHIFT
104 O
112.0

138 4

(Recorded in CDCl3 solution with an internal T.M S reference).

4 TRICHLOROACRYLONTRILE

CClz‘-‘CCICEN

SHIFT
103.5
111.4

138 0

(Recorded 1in CDCl3 solution with an internal T.M S reference)



5. PERFLUOROISOBUT YRYL NITRILE (175)

195 SHIFT

76.4

176.9

(Recorded neat with an external CFCl

(175)

FINE
STRUCTURE

D( = 10)

Jb,a
H(J

a,b 10)

3

RELATIVE
INTENSITY

6

1

reference)

6. PERFLUORO-2,5-DIMETHYLHEX-3-YNE (176)

19F SHIFT

80.1

175.6

a
F\c: c=C- 4
N
LR By
(176)
FINE RELATIVE
STRUCTURE INTENSITY
D(Jb a = 10) 6
H(Ja b = 10) 1

(Recorded neat with an external CFCl3 reference),

ASSIGNMENT

ASSIGNMENT

173.
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7 BIS-HEPTAFLUOROISOPROPYL-MONO-HYDROXY-1,2,4-TRIAZINE (178)

N~
Q‘ICF(C% )2 ]2 ,OH

\N/
(178)
]
19 FINE RELATIVE
—E SHIFT STRUCTURE INTENSITY ASSIGNMENT
73.6 D(J = 6) 1 CF(CF,),
74.2 D(J = 6) 1 CF(CF,),
183.7 M - CE(CF ),
186. 3 M - GE(CF ),

(Recorded 1n acetone solution wilh an external CF013 reference)
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8-9  4,6-BIS-DIMETHYLAMINO-3,5-BIS-HEPTAFLUOROISOPROPYLPYRIDAZ INE (183)

5a ~CH
//F. lq\‘c};3 6a
| 1 \\'N
Beg |
5b ~N
A
CE
CH CHyF— Cicg 3b
4La 3a 3
(183)
19 FINE
(8) _F SHIFT STRUGTURE
72 5 S
73 3 D(J3b 3a = 5)
169.7 M(JSa 6a = )
187.2 M(Jgy 4 = 5)

(Recorded 1n (CD3)2C0 solution with an internal CFCl

1 FINE
(9) _H SHIFT STRUCTURE
2 57 1)(J4a,3a =5)
3.08 D(J6a’53 = 4)

(Recorded 1n (CD3)ZCO solution with an internal

ASSIGNMENT
5b
3b
5a
3a

3 reference)

ASSIGNMENT

4a

6a

T.M.S

reference).



10-11.

(10)

176,

3,3-BIS-TRIFLUOROMETHYL-2, 3-DIHYDRO-4-DIME THY LAMINO- 7-

HEPTAF LUOROISOPROPY L~ 1-ME THYLPYRROLO-[ 2, 3-d] -PYRIDAZINE (185)

OR 5,5-BIS-TR1FLUOROMETHYL-5,6-DIHYDRO~3-DIME THYLAMINO-4-

HEPTAF LUOROISOPROPYL- 7-METHYLPYRROLO-[ 2, 3-c ] -PYRIDAZINE (186)

CE N
CE3 73 CHg
/C \\‘N
H2C I | or
\\— N
/
CHy F—CZ "R
~CE
3
(185)
69.3 S
72.9 D(J = 5)
173.5 0"

(186)

RELATIVE

INTENSITY ASSIGNMENT

- CF(QE3)2

- CE(CF,),

*
Decoupling of the N-CH, doublet gave a septet,

(11)

3

(Recorded in (CD3)ZCO solution with an internal CFCl

! SHIFT STRUCTURE
2,57 s
3.10 D(J = 8)
4 13 s

3 reference),

RELATIVE

INTENSITY ASSIGNMENT
6 N(CH3)2
3 CH3
2 CH2

(Recorded 1n (CD3)200 solution with an external T.M S reference),



12-13, 4,6—BIS-DIMETHYLAMINO-3,S-BIS—HEPTAFLUOROISOPROPYLPYRIDAZINE
TETRAFLUOROBORATE (lg;lroR (193)
CH3 CHy
Ch, \N/CH3 e, 3
7y l/cr:|
C
/ i
ChR /N N
or l\}
CH3\[I\l CH3\[’\]_,
cH “B &
BF, 3 73 BR
(193)
a2 P oswEr R Ivmenerry  ASSIGNAENT
60.7 M(BROAD) 6 CF(CF3)2
72.5 S 3 CF3
76.0 S 3 CF3
151.7 S 4 BF4
182.4 S(BROAD) 1 CE(CF,),

(Recorded 1in (CD3)200 solution with an internal CFCl3 reference),

3 50 S
3.63 s
3.93 D(J = 5)
4,16 s

(Recorded in (CD3)200 solution with an external T.M.S.

RELATIVE

INTENSITY ASSIGNMENT
3 CH3
3 CH3
3 CH3
3 CH3

reference)

177,



178,

14-15 3, 6-DIFLUORO-5-DIME THYLAMINO-4-HEPTAF LUOROISOPROPYLPYRIDAZINE (194)

5a
CH, CH 6
\21/ 3F
S
La F\ \!!/\E
e\
F
(v s
3 4b
(194)
(14) e smrrr o
74.0 S(BROAD)
84.1 M
178.2 M(BROAD)

%TL%E—‘I’-E.Y ASSIGNMENT
7 3,4b
1 6
1 4a

(Recorded 1n CDC1l, solution with an external CFCl3 reference),

3

1 FINE
(15) A SHIFT STRUCTURE
3.52 S

RELATIVE

INTENSITY ASSIGNMENT

- 5a

(Recorded 1n CDCl, solution with an external T M.S reference),

3



179.

16-17. 3,5-BIS-DIMETHYLAMINO-6~FLUORO-4-HEPTAFLUOROISOPROPYLPYRIDAZINE (195)

5a
CH3CH3 5
\q/’ F
\|/§‘|
l
Lb Fk N
Cw
| C% ~CH;
CR N 3a
La CH3
(195)

(16) 19g SHIFT ST%%%%URE %%%%%%%%Y ASSTGNMENT
73.1 D(J,p 4a = 3) - 4b
91.4 S - 6

172.0 M(BROAD ) - 4a

(Recorded in CCl4 solution with an external CFCl3 reference),

1 FINE RELATIVE

(17) ! SHIFT STRUCTURE INTENSITY ASSIGNMENT
2,83 S - N(CH,),
2,86 S - N(CH,),

(Recorded 1in CCl4 solution with an external T.M.S reference).



18-19, 5,5-BIS-TRIFLUOROMETHYL-5,6~-DIHYDRO-4-DIMETHYLAMINO-3-HYDROXY-

7-METHYLPYRROLO-[ 2, 3-c]-PYRIDAZINE (196)

(18) 19F SHIFT

50.4

(Recorded in CCl4 solution with an external CFCl

(19) _H SHIFT

3.06
3.25
3.40

4,33

D(

FINE

S

FINE

M(BROAD)

S

J4a,3a
S

STRUCTURE

STRUCTURE

= 4)

RELATIVE

INTENSITY

3

RELATIVE
INTENSITY

ASSIGNMENT

Sa

reference),

ASSIGNMENT

3a

7a

4a

(Recorded 1in CCl4 solution with an external T M.S. reference).

180



181.

20-21 4, 7-BIS-DIMETHYLAMINO-3, 3-BIS-TRIFLUOROMETHYL-2, 3-DIHYDRO-1-

METHYLPYRROLO-[2,3-d]-PYRIDAZINE (198) OR 3,4-BIS-

DIMETHYLAMINO-5, 5~BIS~TRIFLUOROMETHYL-5, 6-DIHYDRO- 7-

METHYLPYRROLO-[ 2,3-c]-PYRIDAZINE (199)

~CH ~CH
CH3 \CHB 3,01 N\CH3
\ 3 N/ 3 3
.y C/N | \\.w | \\\T
or
/ CE,—C
Ch \CF R 3 e
3 \\C}43 2 AN
CH3
(198) (199)
19 FINE RELATIVE
(20) F SHIFT SfEEETUEE INTENSITY ASSIGNMENT
69.7 S - 2CF3
(Recorded 1n CCl4 solution wilh an exLernal CFCl3 reference),
1 FINE RELATIVE
(21) _H SHIFT STWI'URE WY ASSIGNMENT
3.20 S 6 N(CH3)2
3 37 S 6 N(CH3)2
3 55 S 3 CH3
4 27 S 2 CH2

(Recorded 1n CCl, solution with an external T.M § reference)

4



22-23 5-DIME THYLAMINO-3,6-DIMETHOXY-4-HEPTAF LUOROISOPROPYLPYRIDAZINE

(200)

5a CH
CH3 O/’ 3 ba

'rl\‘I CHy]

19 FINE RELATIVE
(22) F SHIFT STRUCTURE INTENSITY

74.6 D( 3) - 4b

Jab,4a =
177 7 M(BROAD) - 4a

(Recorded in CDCl3 solution with an external CFCl3 reference)

1 FINE RELATIVE

(23) A SHIFT STRUCTURE INTENSITY ~ ASSIGNMENT
3.00 D OF S(6 = 1Hz) 6 3a,6a
4.35 D (g, 4o = 3) 6 5a

(Recorded in CDCl3 solution with an external T.M 8§ reference),

ASSIGNMENT

182,



183.

24-25, 5-DIMETHYLAMINO-3,4,6-TRIS-HEPTAFLUOROISOPROPYLPYRIDAZINE (gg})
6a
F
CHSGCH B 6
\3/ 3 \C%
N\ ~
ba F | N
\ ,/'N
/,C
ce | ~Chy
b T F 3
3a
(201)
19 FINE RELATIVE
(24) —F S STRUGTURE INENsiTy — ASSIGRMEN
67 O D(JAb,3a = 30) 6 4b
73.3 S(BROAD) 12 3b, 6b
154 2 M(BROAD) 1 CE(CF3)2
177.4 M(BROAD) 1 CE(CF,),
182.1 M(BROAD) 1 CE(CF,),

(Recorded 1in (CD3)ZCO solution with an internal CFCl

(25) H SHIFT

3 48

)

FINE
STRUCTURE

D OF D

1= 4.5,J2 =

3

RELATIVE

INTENSITY

1.5)

reference),

ASSIGNMENT

5a

(Recorded 1n (CD3)200 solution with an internal T.M.S. reference),.



26-27. 3-DIMETHYLAMINO-6-FLUORO-4,5~BIS-HEPTAFLUOROISOPROPYLPYRIDAZINE (202)

184,

S5a
6
F
ce—c7 K&
sb >/ AN
CI% l |
F~ N
La ?\\
CE CH
cr 3 N3
(202)
19 FINE
(26) F SHIFT STRUCTURE
73.3 S(BROAD)
94,1 M(BROAD)
163.3 M(BROAD)
174.5 M( BROAD )

(Recorded 1n CDC1

3
1 FINE
(27) _H SHIFT STRUGTURE
3.42 S(BROAD)

(Recorded 1in CDCl3

RELATIVE

solution with an external CFCl

INTENSITY ASSIGNMENT
- 4b, 5b
- 6
- 4
a
- 5
a
3 reference),
RELATIVE
INTENSITY ASSIGNMENT
- 3

solution with an external T.M.S. reference).



185

28-29, 3,6-BIS-DIMETHYLAMINO-4,5-BIS-HEPTAFLUOROISOPROPYLPYRIDAZINE (203)

N
/F '\CH3
CE—¢
3y Xy
® & )
_~N
F\C
La ~
| Cg //CH3
CR™3 NQ¢ys 30
Lb
(203)
19 FINE RELATIVE
(28) F SHIFT STRUGTURE INTENSTTY ASSTGNEMENT
69.7 S(BROAD) - 4b,5b
157.3 S(BROAD) - 4a,5a
(Recorded in CCl4 solution with an internal CFCl3 reference)
1 FINE RELATIVE
(29) H SHIFT STRUGTURE INTENSTTY ASSIGNMENT
3.26 S(BROAD) - 3a,6a

(Recorded in CCl4 solution with an external T.M.S. reference),



186.

30-31. 3,5-BIS-HEPTAFLUOROISOPROPYL-6-DIMETHXLAMINO-4-FLUOROPYRIDAZINE (204)

(30) 19F SHIFT

76.8
77 0
92.2
179 2

185 5

(Recorded neat with an external CFC1l

(31) _H SHIFT

3.30

(Recorded neat with an external T M S.

FINE
STRUCTURE

D( =6)

J3b,3a

D( 6)

Isp,4 =
M(BROAD)

M(BROAD)

D OF M (J3a 4=40)

3

FINE
STRUCTURE

D( 4)

J6a,Sa =

reference),

reference),

RELATIVE
INTENSITY

6

6

RELATIVE
INTENSITY

ASSIGNMENT

3b
5b
4

5a

3a

ASSIGNMENT

6a



187

32-33, 3,5-BIS-HEPTAFLUOROISOPROPYL-6-DIMETHYLAMINO-4-METHOXYPYRIDAZINE (205)

5a ,/(”43 6a

N
\ ~
CF‘;—‘ C\ ~
3/ <N
ch ||
50 “73 N
/O
CE,
CHy F—c3
~NCE 3b
4a 3a 3
(205)
19 FINE RELATIVE
(32) F SHIFT STRUCTURE INTENSITY ASSIGNMENT
74.8 D<J3b,3a =6) - 3b
75.2 1)(~15b’Sa = 3) - 5b
175.7 M - S5a
186 9 M - 3a
(Recorded in CDCl3 solution with an external CFCl3 reference)
1 FINE RELATIVE
(33) “H SHIFT STRUGTURE INTENGTTY ASSIGNMENT
3.23 D(J6a’5a =4) 6 6a
3 83 D(Jaa’3a = 3) 3 4a

(Recorded in CDCl3 solution with an external T.M.S reference).



188,

34-35 MIXTURE OF 3, 5-BIS-HEPTAFLUOROISOPROPYL-6-FLUORO-4-
METHOXYPYRIDAZINE (206) AND 3,5-BIS-HEPTAFLUOROISOPROPYL-4-
FLUORO-6-METHOXYPYRIDAZINE (2G7)

12a
5b 1b
CH
B, 6 RE
w73 \"/3
/ AN / AN
sa F \ L M B
N 0 NP
| /CF'3 ~CE
La CH, C3 3 F—cZ-3 g9b
3 /°TCk ~CE
F 3 9a 3
3a
(206) (207)
19 FINE RELATIVE
(34) F SHIFT STRUGTURE INTENSITY ASSIGNMENT
69.1 M(BROAD) - 6
72 6 M(BROAD) - 10
74.8 D(J = 6) 12 2(CF(CE;),
75.2 D(J = 6) 6 CF(CEQ_)2
75.4 D(J = 6) 6 CF(CF3)2
182.4 M(BROAD) - 5a, 1lla
184.9 M(BROAD) - 3a, 9a
(Recorded 1in CDCl3 solution with an external CFC13 reference)
1 FINE RELATIVE
(35) _H SHIFT STRUCTURE INTENSTTY ASSIGNMENT
4.35T (Jda,3a=1’ J4a,5a=1) 3 4a
4,38 S 3 12a

(Recorded 1in CDCl3 solution with an external T.,M.S reference)



36-37. 3,5-BIS-HEPTAFLUOROISOPROPYL-4,6-DIMETHOXYPYRIDAZINE (208 )

CE, 0
3R
C
/ NGRS
S5a F I '|
P
7
~CE
La CHy, cZ 73 3b
3 \\Cﬁé
F
3a
(208)
19 FINE RELATIVE
(36) F SHIFT STRUCTURE INTENSITY ASSIGNMENT
7.5 D(J3b’3a = 3) - 3b
74.7 D(JSb’Sa =6) - 5b
181.2 M(BROAD) - 5a
185.3 M( BROAD) - 3a

(Recorded in CDCl, solution with an external CFCl3 reference).

3

1 FINE RELATIVE
(37) “H SHIFT STRUGTURE TRTENST Y ASSIGNMENT
3.98 T(J,, 3,1y J45 5a=1) 1 4a
4,32 S 1 6a

(Recorded i1n CDCl., solution with an internal CFCl3 reference),

3

189.
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