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ABSTRACT

This work is concerned with the preparation of model! compounds
based on the reactions of tetrafluoropyridazine and pentafluoropyri-
dine with fluorinated olefins, acetylenes or ketones. The compounds
which have been synthesized have been tested as to their thermal and

oxidative stability.
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A, Introduction

The object of this work is to make model compounds based on the reactions
of tetrafluoropyridazine and pentafluoropyridine with fluorinated olefins,
acetylenes, or ketones to see whether they, and consequently any higher

-

o
molecular weight derivatives are thermally and oxidatively stable.

B. Summary

Alkenyl Compounds.

We have previously found that low yields of perfluoro-4-(2'-butenyl)-
pyridine (12) and perfluoro-4-(2'-butenyl)-pyridazine were obtained when

hexafluorobut-2-yne reacted with the corresponding heterocycle in a fluoride-ion

process.
C
) VFS\ ~_/F
7=
CF
N 3
O -
+ CF.*C3C+CF 100 /F | F + Other polymers and volatile
3 3 sulpholan ) _ materials
N
(12) 10%
- 0
- F /30°C
+ sCC e L
CF3 c=C CFB sulpholan * CleloNg (13)
(10) 10%

We now report the preparation of (10) and (12) by defluorination techniques

of the corresponding perfluoro«4—(sec.butyl)—heterocycle, in high yield
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CF CcF F
3\ CFCF CF N cue”
23 Ner
AN 3
o ) Lo ] 4
(29) Feﬁlg o) s , F/
' 2 N (12)
and CF ' ‘ CF F
3N crer ,CF, » c=c
3
. N : o

(10)

80%

L5%

The preparation of the perfluoro sec.butyl compounds is also described

as well as theirligF n.m,r, spectra.

Preliﬁinéry defluorination‘éxperimeﬁts involving the di-substituted perfluoro
‘séc.butyl compounds (39) and (40), to give the corresponding perfluoro-di-(2'butenyl)

compounds, have been carried out, but extensive decomposition and the formation

of mixtures occurred,

Nevertheless, the i.r. spectra of the defluorination

ﬁixtures contain an:absorption at 5'8p, éorresponding to C=C, showing that

cohpounds of the type

Jmny be formed.

and - Ti F

CFy_  _F
c=c_
CF
3
CF
c=c” 3
F (33)
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Perfluoro-4-(2'-butenyl)-pyridine (12) does not react with hexafluorobut-
2-yne in the prescnce of fluoride-~ion in a chain extension process. This
indicates that the formation of the polyfluoropolycne derivatives of pentafluoro-~
pyridine, isolated from the fluoride-ion initiated reaction of pentafluoro-
pyridine with hexafluorobut-2-yne, does not occur via perfluoro-4-(2'-butenyl)-
pyridine,

Pentafluoropyridine has beeﬁ reacted with perfluoro~4-(2'~butenyl)-pyridine

in an attempt to produce the perfluoro bipyridyl ethane (34)

CF._ F
3N ec” | F\
CF
3 ~
A 150°%/F"
AV.N -C—
F + F 17 hrs sulpholan’ CF4-C-CF,CF,
S P
N
(34)

Under the condition used so far no evidence for the formation of (34) has been
r
found. '

Attempts to polymerise perfluoro-4-(2'-butenyl)-pyridine (12) alone, and in
the presence of hexafluoroprop-2-ene to form a co-polymer, by means of high

energy radiation have been unsuccessful,

Perfluoro~hi-(2'-butenyl)-pyridazine (10) reacts with hexafluorobut-2-yne,

in contrast with (12), to form the cyclic compound (13) in good yield.

CF F
N c:;
CF
3
A 1pholan/F~
' F +  CF -C3cecr, SHII0ANC
= > 3 30°%C
N
(10)
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- This indicaté; thét for this system.the perfluoro butenyl pyridazine (10)
is”én ihtermediate in the formation of the cyclic structure in the fluoride-ion
cﬁtalysed rea;tion between hexafluorobut-2-yne and tetrafluoropyridazine.

Tﬁe structure of (lg)thas beenAestablished'using stfuctural data obtained

from the two hYdrolysis products (25) and (26).

.“’?F3
ce. cg. E

The use of fetrafluorbpyrazine, rather than perfluoropyridine and
tetréfluqropyridazihe, in fluoride-ion-initiated reactions of hexafluorobut-

‘2-yne, has yielded the polymer (27).

N CF. |
§§1 | 3
i F C=C F
N”J |
D ~ CE;
o : n
. P 7 3 -
+ CF,+CZC<CF, Cef/Sulpholan , n=1,2
e ; 30°C \
’ CF
3
. ‘ ' C=('J (27)
AR

ADiethylyacetylene dicarboxylate reacts with tetrafluoropyridazine, in
the presence of caesium fluoride to give a mixture of cis and trans 1-fluoro-

1,2-(biscarbethoxy)-2-(3,5,6~trif luoropyridazyl)ethylene.
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F
\c-oooc H
ki 2's
C+CO0C,H
A . (cl:.-cooczﬂs F_/Sulpholan . F (28)
F ) - N -
N C+COOC H, 100 W

cis and trans

Polyethers

A number of reactions between (CF3)2CFGH (M = K or Cs) and perfluoro-
pyfidazine, have given ill-defined, high molecular-weight, hydrolysis products

which we have been unable to characterize.

Perfluoro(methylpyridines).

Electron withdrawing groups in the 3,5-positions of pentafluoropyridine
should enhance nucleophilic attack in the ortho- and para-positions so
producing substrates;for polymer formation more active than pentafluoropyridine.
Perfluoro(3-methylpyridine) and perfluoro(3,5-dimethyipyridine) have been
prepared and their reactivities to attack by the heptafluorocisopropyl anion
have been compared with that of pentafluoropyridine. The order of reactivity
is pentafluoropyridine perfluoro(3,5-dimethylpyridine) perfluoro(3-
methylpyridine) and is rationalised in terms of the steric as well as

electronic factor associated with the trifluoromethyl-group.
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. Perfluorocycloalkyl Derivatives of Fluorinated Nitrogen Heterocycles.

,Work'sotfar has indicated that these compounds can be synthesised by
_fluoride ion;iddueed reactions but the molecular weights of the systems
produced have not been suff1c1ent1y high. One approach to increasing
molecular weight lies in u51ng more react1ve heterocycles so that either

"(a) poly—subst1tut1on occurs directly or (b) reactive sites remain which
’;can be exploxted by reaction with other nucleophiles to increase molecular

;',wexght e.g. format1on of poly ether derivat1ves.’

| Thls report contains a pre11m1nary survey of‘react1ons of perfluorocyclo-
jalhenes w1th tetrafluoropyr1da21ne wh1ch is the most reactive of the

livin;trogen heterocycles synthe51sed in these laboratories.

o . ,
'~ 7 , o F
”\SC ' L \\CFZ' ™ a. - "
hoo+ P = | —— F
c oy s -
J \ . ’//é v A
“F | ‘ - ' ’/'\

Perfluoro—(4—cyc10hexy1pyr1daz1ne) (XXIX) was 1solated in 70% yield when
equ1molar amounts of tetrafluoropyr1da21ne and perfluorocyclohexene (1) were

heated at 110 for 19 hours with caes1um fluoride and sulpholan.

F /sulpholan _

110°

(1)
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The corresponding amino-derivative of (XXIX) was isolated but attempts to
isolate higher substituted products were unsuccessful. In fact, solvent
extraction of the involatile products from the reaction of tetrafluoro-

pyridazine and an excess of perfluorocyclohexene (I) produced the corresponding

pyridazone (XXX).

(XXX)

Also, hydrolysis of perfluoro-(4-cyclohexylpyridazine) (XXIX) with

concentrated sulphuri¢ acid gave (XXXII).
4

B
H_SO
27"
=4 5
=z H,0
|
(XXIX) (XXXII)

Photolysis of perfluoro-(4-cyclohexylpyridazine) (XXIX) with u.v. light

gave the pyrazine derivative {(XXXV),



hyv

(XXIX) (XXXV)
whereas the attempted pyrolysis of (XXIX) at 650° gave perfluoro-(4-cyclo~

hexenylpyridazine) (XXXIII), and not a pyrimidine as expected.

O

650 o
silica tube ~ z
NN
(XXIX) (XXXIII)

Reactions of the Olicomers of Perfluorocvcloalkenes.,

The de;1vat1ves of perfluorocyclopentene, CloF16 (VIII) and CloF14

were irradiated with u.v, light for extended periods, but there was no

(1x),

‘evidence of any rearrangement.

u.v. No Change

(1X)
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—
The dimethoxy derivative (XXXVI) of perfluorobicyclopentenyl (IX) has

been prepared by-refluxing (IX) with two molecular proportions of sodium

methoxide solution,

OCH3 ocn3
zcn3o‘ '
—_—

(IX) (XXXVI)

and the fluoride ion-initiated reaction of perfluorobicyclopentenyl (IX) with
hexafluoropropene at atmospheric pressure gave the bisheptafluoroisopropyl

derivative (XXXVII)

C3F7 C3F7
-
CP

(Ix;* (XXXVII)
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- C. Discussion,

The reaction of tetrafluoropyridazine with hexafluorobut-2-yne,

‘The fluoride-ion-initiated reaction between hexafluorobut-2-yne and tetra-

’ »fluofopyridazine ﬁas been reported previbusly1 to give the monosubstituted

- compounds (10), and CoF 1N, (13), d.e.
‘ CF F
s
Noe!
CF3
+ CE_*C=C+CF, —> F '
3 3 ~
: - {10)
?F
F_ CF
¢ 3 2
X
CF
37\
, x
CF
3 13
Reaction of (13) with conc. H,SO, at 155° for 4 hrs. led to the
A‘ formation of two hydrolysis products (25) and (26) which have been shown

" to have the following structures. CF

CF
3 F
e

: VQ [o] .
'C,,E, N, (13) + H_SO lii;ﬁﬂé.hEﬁ;- CE

12716 2 274 + trace H,0 3 -H
CF,
(25)
o,
CE, CF, 0
CF | I
3 N-H
l
(26

-From carefui studies of the lgF n.m.r. of the hydrolysis products, it has been
possible td eiﬁcidate the structure of the parent compound C12F16N2 (13). It
.isvinteresting to note that whilst a cyclic product is obtained using perfluoro-
pyridazine, pentafluqropyridine yields only straight chain compounds.2

10
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F n.m.r. data on compounds (13), (25) and (26)

All shifts are measured upfield from CFC1

acetone as solvent

Compound

CF kb

Chemical

Shift
p.p.m.

54°9

58-7

60-8

78-2

80-0

106-8

943

1008

3

Coupling Constant
Hz
Broad muitiplet

Octet

10 =10

he-ha

Jhe-5b =

Jlgc-B = 20

= J., =20
T6s5a 28, J, , =2
Singlet

= 10
J&a—&c

Broad multiplet

Quartet

J = 1}
5a=-5b 14

Singlet

Iroad unresolved

multiplet Jjwhn= 22

Droad multiplet

J =
ha-he 1

11

Intensity

[

{external) reference using

Assignment

5b

5a

Le

3,6 Ring F's

L4b

ba

5b

S5a
Ibh

3, (Ring F)

ha
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Chemical Coupling Constant Intensity Assignment

'Comgdund Shift
p.p.m. Hz
Broad multiplet
567 Isp-5a=13"51 Igp_4a=10 3 5b
Hextet
. - = A
57’2 he-ha 10, Jhc-Sb 10 3 hc
596 Quartet, Jsa_5b=13-5 3 Sa
80-5 Singlet 3 Lb
104+3  Multiplet, J&a-4c=1o 2 La

‘VThé'formation of (12) can occur by the following three mechanisms:

F ]
» _ CF_+CZC+CF CF_-C=C-CF
1. CF ~C=C:CF, + F ~ ——> CF,~C=C-CF, =—2——35 3 3
373 30 3 CF-C=C~CF,
‘ O]
o’ .
Fo
N N
CF
s 3
CF C CF >
NG \/\l‘! @ N.Z ZZ2
| 7 e d F 1!:‘
. P
F CF,
Cyclise
V .
: 0
? 3
/C‘\ /\N
CFg" c\/ “
N
, NN
Cl"/, \/
B 3 i‘,["q
cr
3

12
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2. CF ;
' ) cF_  _F CF_+CC+CF i\&£<f
CF_*CZC:CF, —p I e=c — 3 cra | er
3 3 o CF INcoc-cF
3 o 3
-FO
CF |2 5 S e _F CF F
F
>~ N. CF -C-cZF MNcuc?
— ~ <) ~
CF__C/’ N N7 | CF,  +F CF
3 A ‘ g & CF2=C=C-CF CF2=C=C-CF 3
ﬁ A _ 3 3
CF,
lF )
CF —c/C l Cyclise,
@ o
CF/ B
3
y
3. F
® N
CF_-C:C'CF. + F «———3  CF,-C=C~CF,
3 5 3 3
il
€
(i) F ~ (10)

CF, +CiC:CF
3 3

CFy

Cr, Cr,

-
L \
o L “][ oo
3 \( &) /,N

Cyclise

13

(ii) CF_e<CzCeCV¥
3 3
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" A separate reaction between the monosubstituted compound (10) and
héxafluorobut—z-yne gave (13) in 50% yield, showing that a considerable

f'partiof (13) must arise from route No. 3.

CF3 C2F5
+ CE CZC-CE, suipholan/F > CF, | F S
. 307, 5 hrs. :

w o T

F}ﬁoride'ion induced reactions involving tetrafluoropyrazine and

hexafluorobut-2-yne at ambient tembefature yielded only the polymer material

D.
- | CF3
| | : c=¢ F
. F ' _ kgu/;aéf’ CF31n
+ CF,*CZC<CF, F /sulpholan : n=1,2
(o] : ’
30
. 7
s |
c=¢ (27
CF3 n

- Diethyl acetylene dicarboxylate reacts with tetrafluoropyridazine in a
fluoride-ion process to give 1-fluoro-1,2-(biscarbethoxy)-2-(3,5,6-trifluoro—

pyridazyl)ethylene (28)

14
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F
NS

5
I

C‘COOCZHS

, §

‘ F\ . ﬁ‘ COOC H,. F-ZSulgholan! @
(o)

P C+COOC,H, 100 “

N

(28); 65%

Vapour rhase chromatography (G.p.B., Col, 'O' 180%) indicated a single
component, However, preliminary 19F n.m.r. evidence, suggested that in

fact cis and trans isomers of (28) had been formed in approximate ration 40:60.

Reactions of octafluorobut-2-ene with tetrafluoropyridazine,

Previous reports described the preparation of the polyfluoro-alkene
derivative of pentafluoropyridine (1§)3 and tetrafluoropyridazine (19)1 by a

fluoride-ion proce§§.

S F*/sulpholan Oth
F + cp3.GEg.CF sulpholan, F + ther polymers

P 3 100% > and volatile

N7 materials

= F
C=C CF3 CF2

\
\\\CF3 N
F :l + CF, \ ' N
N
NF \\r*” \;;ﬁl
CF3
(10) (13)

However, the yields of (10) and (12) have been low and have involved the

v }
. + CE.+G=+CF F /sulpholan
3 >

separation of complex mixtures of volatile materials by varpour phase ;

chromatography.
a
Recent work carried out in this laboratory has led to the synthesis of ~

15
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'pcrf'»lQuoro—-d—'(irinyl) and perfluoro-4-(a-trifiuoromethyl vinyl)-pyridines, ((37)

“and (38) respectively), using defluorination techniques.

F F
~
c=c”
NF
. ’ o AN
Fe;lg?.o F LO% yield
N /-F ; )
z 2 N” 60% conversion
(35) (37)
. 3\c-c
-and ;_F_e/LI*_Z_(i) L5% yield
R N /=F
2 . 2 100% conversion
(36) ‘ (38)

'Tll'e possibility of extending the scope of these reactions to prepare (12)

g tvmd"(i_o) .res'pectively has beén inve‘s'tigated. The starting materials, perfluoro-
4-( séc.butyl)-pyr:’;dine‘amrivperflﬁoro-lg-(sec.butyl)-pyridazine, for
' ; defiub}iﬂatiéh, were prepared by reacting octafluorobut-2-ene with the

- corresponding heterocycle under pressure, in the presence of caesium fluoride,

3\CFcr‘ cF,
+ CF,-CF=cF-cp, Sulpholan/F,
3 o3 160°, 48 hr
' (30) 50%
CF,
\ U O
CFCT,,CTy
N
+ I F

_ ?ch-‘:,‘ (39)  30%
N

Cl"‘aCl“3

16
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and

\ -
| F + " CF_*CF=CF°CF sulpholan/F ;
N 3 3
Y 30%
F
)
CF
I \N
T’F 2 | F }!{
CFy # (40)  30%
CF3cmF20F3

In a similar reaction, tetrafluoropyrazine has been reacted with octafluoro-
but-2-ene, Only the 2,5 disubstituted product (21) has been isolated.
‘ Coe
CF
' 3

CFC
F FZCF3

+ CF_+CF=CF-CF sulpholan/F_, 3l ®

) 3 3 (>

: 160, 48 hrs CF CF CF
377g

(41)  71%

Several defluorination reactions were then carried out using perfluoro-h-

J

(sec.butyl)-pyridine (30) to optimise the yield of perfluoro-i-(2'-butenyl)-
pyridine, In these reactions, (29) was passed through a silica tube packed with

coarse iron filings, using dry nitrogen as a carrier, at temperatures between

380 and &SOOC. The highest yield and conversion of (29) occurred at h&Oo.

CF
4 i CF F
NCreF CF ' Nec”
2 3 Ner
3
N FQ/NZ AN - <
r :f‘:;’ F 80% yicld
7 LLO [,
40 5 N” (12) 75% conversion

+ unchanged (30)

17
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The perfluoro-4-(2'-butenyl)-pyridine obtained, had an identical i.r. and
‘qu n.m.r, spectrum with thafyof the trans prodgct formed'previously3 by a
* fluoride-ion process. Re-cycling the rgaction mixture through the tube failed
to g;ve a 100% conversion of (30) to tﬁé perfluoro-4-(2'-butenyl)-pyridine (12).
| ﬂndér similar conditions, deflﬁorinétion of péffluoro-4—(sec.buty1)-

pyridazine (31) yielded the trans perfluoro-4-(2'-butenyl)-pyridazine (10).

CE, 3c=
| “cF,
‘ Fe/N X
____.__.2_.+ F
+ o '
440 5 ' Nf’N 45% yield
a y T conversion
G , (10)

+ unchanged (31)

. Defluorination experiments catried'out on the two disubstituted products
- (39) and (40) have so far yielded complex mixtures of products with a low
récovefy cf materials, However, weak absorptions at 5°8u in the i.r. spectrum

T . S, N, 7
- of the mixtures, indicate the presence of a C=C\'group,

Derivatives of pentafluoropyridine.

1, ¥With hexafluorbbut-2-yne in the presence of fluoride ion
In the fluoride-ion catalysed reaction between pentafluoropyridine and

 hexaf1uorobut—2—yne, several ﬁroducts (3), (4), (5) and (12), were reported.3

FF3 +~F
| SilL
R, sulpholan/F {_CF
+ CFyCZC'CEy ot 3 (12) n =
l FC;] (3) n-=
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In order to determine the mode of formation of these products, perfluoro-fi-
(2'—but¢ny1)-pyridine was reacted with perfluorobut-2-yne in an attempt to form
(3), (&) and (5) by chain extension. After 24 hours no evidence for the
formation of (3), (4) or (5) could be found, recovering only the starting

material (12) and a small quantity of polymer (27) derived from the perfluorobut-

2-yne,
Py T | E 3 A7
CF, (I:Fg n
‘" F\ +  CF -cacecr, Sulpholan/F \ . : | F\
. 3 3 90°/48 hrs//\ =z
(3) n=

(4) and (5) n

Jhis would suggest that the formation of the polyfluoroalkene and polyfluoro-
‘polyene derivatives of pentaflhoropyridine are formed by successive reactions of
the perfluorobutenyl apion with hexafluorobut-2-yne, leading ultimately to

r

polymer formation, with competing nucleophilic substitution reactions by the

perfluoro carbanions with pentafluoropyridine to give (12), (3), (4) ana (3).

19
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CF F
I~ 7
CzC\ CF
‘ : 3
- - CF F N
= F 3~ -
 CF_*CzC+CF —_— c=C —_ ¥
3 N (12)

JCF_+C=C+CF
3 3

v
AN
F 2
F
CFB\ N/
Cc=C - —_—
© N¢r
32 (3)
CF_+CsC+CF
3 3 ?F F
R
o F
y
3\ C: ---—N-——-——>
G} CF
3 3 N

(&) and(s)

2 isomers

nCF, *C=C+CF
3 3

Vv

CF F
| 3

20
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2. With pentatluoropyridine in the presence of caesium fluoride
The fluoride-ion induced reaction between trifluoroecthylcne and penta-

: 1
fluoropyridine, was reported to give the perfluoro-1,2-bipyridyl ethane.

g = rF =
F CF_=C 139345:—*9 N F L é——- F N
* 2~CFH N/ TNy
\
N FF
(15)

Recent 19F n.m,r. studies4 have indicated however, that in fact a

perfluoro~1,1-bipyridyl ethane is formed, i.e.

Reaction of the perfluoro-h4-(vinyl)- and perfluoro-k-(a-trifluoromethyl-vinyl)-
pyridines, (37) and’jgg), with pentafluoropyridine under fluoride-ion conditions,

has led to the formation of the substituted 1,1-bipyridyl ethanes.

CF—CF
— f —
50°/F" ! _
O O sulpholana \ F/ ‘C \ P/ N
CF (42)
(37) 3

__150%/F”
sulpholan

21
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mechanism:

R R AN
N e=CF, N c"-cx-‘3 F
=
A C P N
| F —_— =22 5 R-C-CF
Z F 3
N J AN
F
Z
(_z_kg_) R=F
(&3) R =CF

As this type of process is potentially valuable as a cross-linking
reaction for polymer preparation, a similar reaction has been carried out
invol#ing perfluoro-h-(2'-butenyl)-pyridine (12). Under the reaction conditions

employed so far, only starting materials were recovered.,

Ccr
I 3 F F /150°
C=C + F > productis
. sulpholan, 17 hrs
Ccr 3 N/

Further reactions are in hand using more forceful conditions,

Attempted polymerisation of perfluoro~4-~(2!'-butenyl)pyridine

Attempts to polymerise perfluoro-L-(2'-butenyl)pyridine in sealed tubes by
. 0 s s . .
means of high energy 6 Co radiation have so far failed to produce high molecular
weight materials. Co-polymerisation rcactions of perfluoro-h-{2'-butenyl)-

pyridine and an excess of perfluoroprop-2-enc have given similar results.,

22
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I n.m.r. studies of some perfluoro alkyl and alkenyl heterocycles

In the fluoride-ion initiated recaction between octafluorobut-2-ene and
tetrafluoropyridazine mono- and di-substituted products (gl) and (22)
respectively, were obtained. The orientation of substitution in these, and the
corresponding di-substituted pyrazine (21), was determined by 19F n.,m.,r, data,
reported in Table 1, |

The mono-substituted perfluoropyridazine (21), exhibited absorptions at
712 p.p.m. and 97+8 p.p.m. which were assigned to the 3 and 6 ring fluorines
respectively, indicating perfluoro-i-(sec.butyl)-pyridazine, This is in
agreement with the data? for the perfluoro mono isopropylpyridazine which
reports that mono-substitution of the perfluoropyridazine ring occurs
exclusively at the L-position,

For the di-substituted perfluoro(sec.butyl)pyridazine (40), resonances at
691 p.p.m. and 102+9 p.p.;;; attributed to the 6 and 4 ring fluorines
respectively, indicate a 3,5-di-substitution pattern, In both the mono- and
di~-substituted pyr;éazines, (31) and (40), resonances attributed to CF, CF, and
CF3 groups confirmed the presence of perfluoro sec.butyl group(s).

Tre di-substituted perfluoropyra;ine (é}), exhibited a single resonance at
767 pep.m., intensity 2, which was assigned to the 3,6 ring fluorines, by
comparison of this value with that of 7666 p.p.m. obtaired for the 3,6 ring
fluorines in perfluoro—a,S—his(isopropyl)—pyrazine6,

Recent 19F n.m,r. data (Table 1) obtained for 1-fluoro-1,2-{Biscarbethoxy)-
2-(2',3',5',6'-tetrafluoropyridyl)ethylene (1) reported previously3, has shown
that a mixture of cis and trans-isomers (50:50) is foirmed. This is in contrast

to the perfluoro~4-(2'-butenyl)pyridine which exists only in the trans

o R 1
configuration,
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TARLE 1

lc”F Nn.m,r,

A1l chemical shifts are mcasured upfield from an external CI’Cl3 refercence,

COMPOUND CHEMICAL INTENSITY ASSIGNMENT
SHIFT (P.P.M,)
S 71+2 1 3-ring F
CF, ;
\CF 7247 3 CE_-CF-
CECF,CF, CF
AN CF3\
F 22
N 8 3 GECF,CF,.
4
N 9748 1 6 Ring F
(31) J = 33 cps
' 121+15 2 “CFCF_CF
i =23
18245 1 CF-CF,CF,
691 1 6-Ring F
CF
7349 6 TN crerc
CECE,CF,
. CE
823 6 CF,CECF,CF,
' 1029 1 4-ring F
CF,,CFCF ,CF
S3 203 1210 4 CF, “CECF,CF,
(40) ’
‘ : 181+5 1)
(IN ACETONE) ) R CF-CFCF,
187+0 1)
C
_*‘3\
7446 6 °F
CFCF,,CF,
767 2 3,6 Ring F's
J =12 Hz /
CF
8225 6 IS
R CECF,CF,
22 Ja ki n
1220 4 CECE,CF.,
CF
188+4 2 K
CE-CF,CF,
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Table 1 (cont,)

COMPOUND ) CHEMICAL INTENSITY ASSIGNMENT
SHIFT (P.P.M.)

F

\ 94-0 4 2,6 ring F
H
cooac i, |
?COOCZ}I5 98°5 2 A CF
A 141-6 5 3,5 ring F
l F
~
(1)

50:50 cis/trans
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,Perfluoro(trifluoromethy;pyridines) and derivatives.

"Substitution of pentafluoropyridine in the 3,5-positions by electron
 withdrawing perfluoroalkyl-groups would be expected to lead to enhanced
reactivity of the 2~-, 4-, and 6-positions to nucleophilic attack but

preparation of compounds of the types (XXXVIII) and (XXXIX) have not been

hitherto practicable.

AN Rf , Rf‘ AN Rf
S lr
a7 N
(XXXVIII) s - (XXX IX)

Rf = perfluoroalkyl-group
However, we have found that perfluoro(3—methylpyr1d1ne) (XL) and
‘perfluoro(3 5—d1methy1pyr1d1ne) (XLI) are formed in low yield during the
preparation of pentafluoropyridine from pentachloropyridine and potassium

fluoride at 480°,

P \"CF:; CF3, \,CF3
| = | F
N/ =
(XL) (XLI)

It is thought these compounds arise by electrophilic attack on panta-~

flﬁoropyridine by difluorocarbene produced by the potassium fluoride catalysed
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breakdown of pentafluoropyridine,

F F F
FF F - F F - _
F - ——3> :CF, + C,FN )
-— 2 L !
A -F” F N F j

. 7 .
This is analogous to the mechanism postulated by Platonov et al, to explain
the formation of perfluorotoluene (XLII), perfluoro-m-xylene (XLIII) and
perfluoromesitylene (XLIV) on heating hexafluorobenzenz {XLV) with potassium

.fluoride at 550°.

F F F
F F _ F. F _
3 N e
— — : F2 + C5F5
F- F -F F F
F - F
(xLv) |
A/. Cv;\ CF
"3 ¥y
= = ~
F KF0>_ F l o F +
NS 550 N N P
CF CF
', 3 3
(xLv) (XLI1) (XLTIE) (XLIV)

Indirect confirmation for the above postulate was reported by Vorozhtsov

8 . R . o
et al, who heated P,T.F.EF. and hexafluorobenzenc in a bomb at 550,

CF cr
P S
;;? / =
. P.T ELE, S04, .
g I > ¥ + F
: 550° N ™
- ' e X",
3004, 140y, 30q.
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It secmed worthwhile, therefore, to study the rcaction between P,T.F.E,
éhd péntafluoropyridine at 550o in order to prepare perfluoro(j,S-dimethyI-
pyfidine) and perfluoro(3-methylpyridine) and examine their relative
reactivities fo nucleophilic attack in thé hope that these systems would be
more reactive than pentafluoropyridine and hence better substrates for the

preparation of polymers,

Preparation of perfluoro(3-methylpyridine) and perfluoro(3,5-dimethylpyridine)

As anticipated, heating P.T.F.E. and pentafluoropyridine at 550o produces
a majbr product of perfluoro(3,5-dimethylpyridine) together with a small

amount of perfluoro(3-methylpyridine).

CF, - CF CF
/ i NG 3 o~
p || BeRolF 09 l\F | . Fo|
N 0 NS
. 55 N Xy

N
(xLI) (xv)
25g. 60% 5%

If, however, the reaction temperature is lowered to SOOo or the ratio of
~weights of starting materials is reversed whilst the reaction temperature is
.maintained at 5500, the major prodict is now perfluoro(3-methylpyridinc)in

yields of 35 and 30%, respectively. Both products were isolated in veasonable

purity by fractional distillation,

Polyperfluoroisopropylation of perfluorvo(3-methylpyridine) and

porfluoro(3,5~dimethvlpyridine)

The polyperfluoroisopropylation reactions were carried ont initially at

0 . . . .
1207 in a flow process, The major products were isoiated, characterised and
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. . . 1
their substitution patterns were clucidated by 9F n.m,r. spectroscopy.

G3F
CF F, - CF CF
NS > ke/e,F, NSN3
F ‘ su1pholanE * A
N 120 * 1° F.C; N \C3F7
6%
C4F
CF CF
~ KF/C,F N
\FJ :..llpholanE * \F
; N 120 * 1° N C.F
* =0 37
16%
4

In order to acquire an approximatc estimate of the relative reactivities
of pentafluoropyridine, perfluworo(3-methylpyridine) and perfluoro(3,5-cdimethyl-
pyridine) to nucleophiiic attack, the polyperfluoroisopropylgtion of all
three co%pounds were carried out, by the method descrihed for perfluoro(J,S—

. o 4s o - .
dimethylpyridine), at 102 Y 17 over 45 minutes.
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Position and % yiclds

% rccovery of

_ Substrate of substitution products starting materials Total
Mono- Di~ Tri-
=z | b~ 2,4~ 2,4,5-/2 4,6~
F
N 543 8.2 19+6 23 85
N
CF CF
N~ 3 2,6- 2,46~
F -
> 7046 5k 1245 88e5
N
4
CF
IZ N3 _ 2,4~ 2,4,6-
6 | 2 51e - ¢ . 2
\N 513 3002 1l 8229
1
Table II, Polyperfluoroisopropvlation reactions at 102 ¥ 1° cver

45 minutes in a flow system

The results indica’e that the trifluorcuethyl-groups in the 3- and S-

positions do enhance nucleophilic substitution in the ortho- and para-

positions but that their electronic effect is offsct Ly the increased steric

crovwding which occurs in the forwation of products, so much so that in the

case of perfluore(3,5-timethylpyridine) the A-positict shows little affinity

for substitution by the heptafluoroisopropyl anion although smaller anions c.o,
prop) ¢ ¢

s, cr.cr,

- o "
» RCFC

may recact much more readily.
’
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Attempted preparations of perfluoropolyethers containing heterocyclic rings.

Péeliminnry exneriments using pre-formed (CFB)ZCFOCS in diglyme with
' 1
tetrafluoropyridazine, renorted previously, indicated that products can be
obtained but that hydrolysis rcactions led to high molecular-weight materials,

possibly of the type:

n

In an attempt to irccease the degree of substitution in tﬁe pyridazine
nucleus by the perfluoroisopropoxide anion, (CFB)ZCFO " to yield tetra-
substituted products, a reaction was carried out in which the complex,
(CFB)ZCFOCS’ was prepared in situ and at such a rate that caesium fluoride was

always present in the reaction mixture, After 3 days however, only a high

melting solid C>300?C), similar to the hydrolysis products obtained previously,

4
was observed.
OCF(CF
[ocr( 3)2]4
/\ D3 N
l F +  (cr,) crocs 2gbvme NZ 1
N 3’2 o Z N
¢N57 807C, excess ~

CsF 3 days

It is nowv believed that some rcaction is occurring with the glass and that it
may be possible to avoia this process by using metal agpparatus,
Tetrafluoropyrazire is known to be less reactive than tetrafluorepyridazine,
both towards nucleophilic attack and also to hydrolysis. Under the condicions
attempted so far, no reaction has been achieved Lotwveen fetrnf?uoropyrazino

and ((:1~‘3 ) ,CFO™,
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N
. o / '
Ci‘ ) S 0
+ (CF3)2 FOCs Diglyme VAW r
28 hrs. N
(OC Fr ) n=1-—>
3 7n 4

F"Egoxides

ﬁInitially,-the fluoride-ion induced reaction of hexafluoropropene epoxide
“with tetféfluoropyridazine using reported conditions, failed to give any
ring‘substifutéd compounds. ‘ Furthermdre;‘homopolymers and oligomers of the
éérflu&ro epoxide»ﬁere not formed to any appreciable‘extent in these reactions,
Thus, a 'static! rgaction carried opt at 95—160°C for 8 hrs between the
peff}uq}ovepoxide and tetrafluoropyridazine gave no identifiable products and

only low recovery of starting materials,

o | | l‘ ;wa | /Q\ CsF

+ CF_~CF-CF No products
z>\\ 7

N 3 2 Sulpholan
95.-100°

“z

'ﬁ’In:an attcmpf tb increase the solubility of the epoxide in the reaction
mixture, a floy reaction was carried out, initially at 80°C for 5 hrs and then
'300C for 48 hrs, again, nnly»the volatile starting materials could be
isolatod’from the'rézction.A Solvent extraction of the residucs failed to
:chcal the'preseﬁée of any highly substituted involatile matcrials,

fIt ﬁas thought thﬁt if a mixture of hexafluoropropcne epoxide and
hcnglubrpprépéne wvas circulated through a suspension of cnésium fluoride in

' ksulpholdn‘and pyridazine, then the perfluoroisepropyl carbanicu formed from the
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hexafluoropropcne might initiate the perfluoroprcepene spoxide reaction,
However after 20 hrs, the only volatiles collected were starting materials.,
Similar results were obtained using tetraglyme as solvent,
Attempts to oiigomerise hexafluoropropene epoxide in the presence of
caesium fluoride using reported conditionsg, were successful however, when
the epoxide, caesium fluoride and acetonitrile were sealed in a Carius tube

at 0°C for 3 days.

0
/9 et
CF.-CF-CF_  + Csf 2acetonitriles 0ligomers
3 2 0°c

Using acetonitrile as solvent, a 'flow reaction' waz then carried out
o, . . . s s
at 0 C in the presence of tetrafluoropyridazine and caesium fluoride, using

perfluoro epoxide diluted with nitrogen, Reaction was extremely rapid and
6 .
after 5 hrs a colourlass fladrocarbon layer formed which was readily separated,

Analytical v.p.c. indicated a four component mixture, whilst elemental analysis

*

/.
confirmed the absence of any nitrogen in the mixturc i.e., the mixture was

derived from the hexafluoropropene epoxide only,

0
A SR
CE el
+ LFB Cr-C 5

acetonitrile”

oligomers of the epoxide

Infrared spectroscopy indicated a -COF group present (5+3u).
It is hopcd to carry out a fluoride-ion induced reaction with this
mixture and pyridazine at higher tcaoperatures in a nickel tube, to romove any

reaction involving glass, to prepare substituted pyricazine derivatives,
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" Another flow rcaction at higher temperatures in acetonitrile is planned so

 that the’SUbsfitufioh>feaction can compete more strongly with the oligomerisation

‘reactions of the perflﬁoro epoxide.
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Fluoride Ion-~initiated Reactions of Perfluorocycloalkenes with Tetrafluoro-

Ezridazine

Initial reactions were carried out using perfluorocyclohexene (I) to
generate the fluorocarbanion, When equimolar proportions of tetrafluoro-
pyridazine and perfluorocyclohexene (I) were heated in a stainless-steel tube
with caesium fluoride and sulpholan for 19 hours at 800, some unchanged starting
materials were recovered in addition to the formation of the monosubstituted
pyridazine (XXIX), When the reaction waé repeated by heating the reactants for
19 hours at 110°, no unchanged starting materials were recoveied anl perfluoro-

(b=cyclohexylpyridazine) (¥XIX) was obtained as the only product in 70% yield.

CsF/sulpholan
>
X J.-* 19 hours at 110° ' /F N
(steel tube) 1

AN
;@ (XXIX) .

It has been shown13 that nucleophilic substitution in tetrafluoropyridazine coccurs
initially at the k- and 5-vositions, "Attack at these pcsitions is preferred
sincs ie the transition state charge density is probably grgatest at the position
para to the point of entry of the nucleophile,l4 and while it is energetically
favourabledto gencrate charge on nitrogen, as in (A), charge on a carbon atom

bearing fluorine, as in (B), is unfavourable dus to repulsion by electron pairs

on fluorine,

» F Nu
Nu X S
F\
7 Y , |
*;! \ V]" F
Ry A -
F 13
(a) (B) -
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The 19~F n,m,r, spectrum of (XXIX) showed that the cyclohexyl group was substituted
at the lb-pOs:.t:.on giving the expected orientat:.on of subst:.tution.
 The reaction of tetrafluoropyndazme with two molecular proportions of
perfluorocyclohexene (I) gave, in addition to the monosubstituted pyridazine
(XXIX) (45% yleld), a high melting-point solid which was obtained by solvent
' extraction of the involatn.le products from an aqueous solution, Although no
:_Lnformation on the composition of this solid could be obtained from chromatography,
it was‘obvious from mass spectrometry that it contained products corresponding to
“the hydroly is of the substituted pyridazine, Recrystallisation of the crude
solid from hot benzene afforded a small quantity of a yellow crystalline solid
which was shown to correspond to. the dicyclohexyl-substituted pyridazone (XXX) below,
' o

1

(xo0),

by elemental analysis‘ and i.r. ard mass spectrometry, Absorptions due to the
:C=O and )N-H trere present in the i,r, spectrum of (XXX), btut the small amount
| of pfoduct prevented the confirmetion of the structure by n.m.r, spectroscopy,
JHence, although optimum conditions were found for the prei)az‘ation of
perflubro—(ll"-cyclohexylpyridazine) (XXIX) is relatively high yield, the isolation
okf'higher substituted products vas nade more difficult by the hydrolysis of %these
products during solvent extraction from aqueous solution, Further work is

required on the reaction between tetrafluoropyridazine and perfluoroccyclohexene,
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but the isolation of the pyridazcne (XXX) does indicate that the preparation of
more highly substituted pyridazines may be possible, The main problem would
appear to be the 2xtractions of these products from the reaction mixture and not

the relative réactivity of the olefin

Reactions of Perfluoro-(h-cyclohexylpyridazine)

Perfluoro=-(Li-cyclohexylpyridazine) (XXIX) was the only compound isolated in
reasonable yield from the preliminary fluoride icn~initiated reactions of .
tetrafluoropyridazine and perfluorocycloalkenes, It was found to be a fairly
stable, colourless, viscous liquid, and several reactions were carried out with

this compound, the most interesting of these being photolysis and pyrolysis,

Nucleophilic substitution with ammonia
Perfluoro=(li-cyclohexylpyridazine) (XXIX) was found to be very reactive
towards aqueous ammonia, and S-amino-l-perfluorocyclohexyl~3,6-difluoropyridazine

(XXXI) was obtained iﬁ fairly high yield by addition of (XXIX) to aqueous ammonia

P
0.880 NH
—-—-—-3->"0° O =

F '{‘l (75%)
AN

at 0°.

.« ' N

(VXXIK) (XXX1)

The orientation of substitution of the amino group in (XXXI) was determined from
19F n.m,r, data, end the normal mode of substitution was followdd, the 4= and 5=
positions of tetrafluoropyridazine having been shown to be the most reactive to

13 , . ‘
nucleophilic attack by several nuclecophiles, Thus the presence of the periluoro-
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cyclohexyl group did not have any unusual directive effect and the amino group

vas substituted for the remaining fluorine atom para to a nitrogen atom,

‘Reaction with sulphuric acid

Under strongly acidic conditions, nucleophilic attack on tetrafluoropyridazine
by water leads to substitution of the fluorine atoms at C-3 and C-65 in preference
’ to thpse at C-4 and 045 which were previously shown to be more reactive towards
ﬁﬁcleophilic reagents under basic ccnditions.13 Also, the hydroxylation product
of tétrafluéropyridazine has been shown to exist as the pyridazinone tautomer, rather

"‘Ltﬁan‘the'hydfoxypyridaziné,‘the principal evidence for this being the presence of

=~ o
. — U
oH ‘ 0

an N-H stretching band and a carbonyl band in the i,r. spectrum,
. Vhen water was added slowly %o perfluoro-(h-cyclohexylpyridazine (XXIX) in
concentrated sulphuric acid, 3,4-difluoro-5-perfluorocyclohexyl-1H-pyridazin-6~one

'(XXXII) was obtained in quantitative yield,

F H,50,~H,0 F
72N L A AN
F H Room temp. ¥ ?
NP "
0
(xx1x) (X¥X1I)

The existence of (XXXII) a3 the pyridazinone tputomer was shown by the presence of

N-H and éarbonyl bands in the i.r. spectrum, and the structure of {XXXII) was
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confirmed by n.m,r, spectroscopy. The same pyridazone was also produced,
autocatalytically, when perfluoro-(h-cyclohexylpyridazine) (XXIX) was exposed to

atmospheric moisture,

Photolysis of perfluoro-(h-cyclohexylpyridazine)

It has been shown that tetrafluorOpyridazine and its substituted derivatives
rearrange to the corresponding isomeric tetrafluoropyrazine and its substituted
derivatives when irradiated with u,v, light,6’ 5 In order to see if a similar
rearrangement occurred with perfluorocycloalkylated pyridazines, perfluoro-(l=
éyclohexylpyridazine) was irradiated in a silica tube with u,v. light for several
days, A colourless liquid, with a shorter retention time than the starting
material (from v,p.c.), was obtained, and i,r., and 19 n,m,r, data show this to be

;- the corresponding perfluoro-(6-cyclohexylpyrazine) (XXXV),

P

hv

(XxXIX) (X¥xv)

Attenmcted pyvrolysis of perfluoro-(h-cyclchexylpyridazine)

-

" In contrast to the isomerisaticn of tetrafluoropyridazine and its perfluorc-
allyl dsrivatives to the corresponding pyrazine derivative by u.v. irradiation,
tetrafluoropyrimidine and its derivatives are obtained on pyrolysis? It was
suggested that this thermal iscmerisation proceeds through a diazabenzvalene
intermediate by fiscion of the N-N bend and re-aromatisation to the corresponding

pyrimidine,
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i pyrolysis F
] > R
R N
F
F
(R=F or iso—ijb)
N .
F §§]R . RN F
, _ anionic |
R __ “rearrangement P
: F F

ﬁhén.perfluoro—(h-cyclohexylpyridazine) (XXIX) was passed over silica wool

'at.6500, this temperature being chosen-as optimum after a series of small-scale
prelininary reactions, a Srown liquid was recovered and shown to consist of two
.cémpoﬁents; Separation of the mixture afforded unchangec¢ perfluoro-(b-cyclcohexyl-
pyridaziﬁe)'and'a white crystalline solid of which i.r. and YF n.m.r. data

only were obtained before decomposition occurred, An attempt to recover any
‘pufé product, after decomposition, by vacuum distillation resulted in recovery-of
a small quantity of a colourless liquid which exhibited a strong molecular ion
peck at ?/@ =376 in the mass spectrum, This correspond3s to perfluoro-(cyclo-

‘hexenyipyridazine), and the previously obtained i,r, and n,m,r, data support

-this,

F
650°
= silica tube =
F F o
A Xt
(XXIX)‘ ) . (XXX1D)
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The structure given above for (XiXIII) is in accerd with the n.m,.r. spectrum,
Thus the pyrolysis of perfluoro-{4-cyclohexylpyridazine) (XXIX) at 650° did not
produce the correéponding pyrimidine derivative as expected, but instead the

pyridazine ring remained intact, the cyclohexyl ring being partially defluorinated.

Reactions of the Oligemers of Perfluorocycloalkenes

Nucleophilic substitution

Investigations into the nuéleophilic attack of perfluorcbicyclopentenyl (IX)
were carried out initially using methoxide ion as the nucleophilé,vbut the
perfluoroisopropyl anion was also usel as the nucleophile since any products
resulting from the 'polyfluorcalkylation' of perfluorobicyclopentenyl would be

jnteresting,

Reaction of perfluciobicyclopentenyl with methoxide ion

Perfluorobicyclopentehyl (IX) was found to be very reactive towards
nucleophilic attacg,by methoxide ion and, when (IX) was stirred with an equimoleculas
proportion of sodium methoxide in methanol, a mixture of the monc- and di-methoxy
derivatives was obtained, The dimzthoxy derivative was isolated in 95% yield when

(IX) was refluxed with two molecular proportions of sodium methoxide in methanol,

o

oCH oCH
I > >
2Na0C
O = D) e
: | =
Bee s | (XXYVI)

The structure given for (XXXVI) is in accord with the 19? n,n,r. spectrun whica

contained three broad singlets of equal intensity and with the following chemical
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shifts:

1072 11643 13149 p.p.m, (Ref: CFCls)

The non-planarityuof (XXXVI) was indicated by the absence of any absorption in
the u,v. spectrum of this compound.

The formation of a dimethoxy derivative of perfluorobicyclopentenyl (IX)
under relatively mild conditions is indicative of the vinylic fluorine atoms being,
vérj reactive to nucleophilic attack, Park and co~workerf}6 oﬁtained similar
resuits with hexafluqrobicyclobutenyl and found thaf; as with perfluorocyclobutene,
‘attack by alkoxide tends to give a diether at room temperature,

' -OCH3
F2 Fé ——n Fé Fé

Fluoride ion-initiated reaction of perfluorobicyclopentenyl with hexafluoroprop:

When perfluorobicyclopentenyl (IX) was stirred in the presence c¢f caesium
fluoride and sulpholan under an atmosphere of hexafluoropropene for 4-5 hours at
1000’.3 white crystalline solid was isolated from the reacticn mixture by solvent

extraction and shown to be perfluoro-(2,2'-~diisopropylbicyclopentenyl) (XXXVIX)

CF CF cr Cr
S~ 3 I D
¥ cr
sulphol
C3F5 + CsF/: 11poolan > F\\ //%
(excess) - atmosphgggc pressure
' 3 (IX) (XXXVII)

(35% yield:

The di~-isopropyl compound (XXXVII) is interesting since the removal of
fluorine frou the side chain could lcad to a vinyl derivative or ecven cyclisation,
The following conversion was cffecied when the sida-chain was attached to a

heterocyclic substrate,
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CF3 ,/ICF3 CF2 CF3
~oer (~2F) x>
| Fe l

by passage over heated iron. VWhen (XXXVII) was passed over iron at h80°,
however, a 25% recovery of the¢ starting material was obtained with no other

products,

Other Reactions of the Oligomers of Perfluorocycloalkenes

Irradiation with u.v, light

Ir order to establish whether perfluorobicyclopentenyl (IX) would rearrange
on photolysis, a sample of (IX) was irradiated in a silica tube from a wedium
pressure u.v. lamp for 18 hours, No change occured and the starting material was
recovered, When this was tepeated using a little benzophenone as photosensitizer

and irradiating the compound for a much longer time (9 days), (IX) was recovered

u-v' \
0 « W No change

(IX)

unchanged, 4

This further substantiates the stability of the diene (IX), which was shown earlier
to be stable to defluorination.
. No change was obcerved when perfluorocyclopentene dimer (VIII) was

irradiated with u,v. light under similar conditions

- u,v,

b o No change
\ 5 days
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It was also shown that perfluoro-(l-cyclohexylcyclohexene) (VI) and

- perfluorocyclobutene trimer (X) were stable to irradiation with u.v. light for

100 hours, and the recovered starting materials were confirmed by i.r.

" spectroscopy.
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D, Experimental.

Hydrolysis of Perfluoro-(1,2,3-trimethyl)-1-ethyl-5,6~diazaindene, Clele? (13)

C12F16N2 (;i), (1+5 g., 3+16 m.mole) in concentrated sulphuric acid
(10 m1.) to which a few drops of water had been added, was heated to 150°C

for 48 hrs. The reaction was cooled and the sulphuric acid solution added
dropwise to water (50 ml.). fhe resulting precipitate (1°3 g.) was filtered,
washed, dried in vacuo, and cr?stallised-from aqueous methanol several

times. Analytical scale v.p.c. (G.D.B, 'O 200°C) showed a two component
mixture.

The mixture (ca. 1 g.) was then dissolved in chloroform (5 ml.) plus

a few drops of methanol and eluted down a silica column (1' x 4"; ‘'Silicar’
. CC7, 100-120 mesh neutral silica) with chloroform., Two main fractions
were collected and on removal of solvent yielded:

(a) a white solid (0+2 g.). This was identified as 1,2,3-tris~
(trifluoggmethyl)-l—pentafluoroethy1—7—f1uoro-4-hydroxy—s,6-diaza-
indene, m.pt. 163—50. (Found: C, 29+9; H, 0+2; F, 60:2; N, 6+0%;

C12HF15N20 requirész C, 30+4; H, 0-2; F, 60-0;
2. N, 5¢9; M, 474),

M, 474.

(b) a pale yellow solid (0*3 g.). This was identified us 1,2,3-tris-
L trifluorcmethyl)-l-pentafiuoroethyl-4,7-dibhydroxy-5,6~-diazaindene,
m.pt. 207-9, (Found: C, 30+7; H, 0+4; F, 56763 N, 6+1; M, 472,

C12H2F14N202 requires: C, 30¢6; H, O+4; F, 56+5; N, 5+94; M, 47

Reactions of Hexafluorobut-2-yne with Tetrafiioropyridazine.,

\ o 0.
(a) In acctonitrile at 0C,

Caesium fluoride (4 g., 26+4 m.,mole) and acetonitrile (30 ml.) were
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introduced -into a 100 ml, flask under dry nitrogen. The flask was then
T'eQacuated at room temperatufe. When degassing of the solvent had ceased,
hexafluorobut-2-yne (4 g;, 24*064 m.,mole) was allowed into the system until
atmospheric pressure had been reached, Tetrafluoropyridazine (5 g., 33°0
m.mole) was introduced into the flask which was then cooled to 0—5°C
and rapidly stirred at this temperature. After 3 hrs., the stirring was
stopped and, on standing, two layers were observed in the reaction vessel.
‘These were separatéd and the lower layer (1¢l g.) was shown to consist of
oligomers of hexafluorobut-2-yne by I.R, spectroscopy. The upper layer
was shown (v.p.c. G.D.B, 'A' 78°C) to consist of acetonitrile and

unreacted tetrafluoropyridazine (3 g.).

_(® In acetonitrile at -40°C.

Acetonitrile (30 ml,), caesium fluoride (3 g., 19°+8 m.mole) and
tetrafiuoropyridazine (3 g., 19+8 m.mole) were introduced into a 100 ml,
flask (equipped with a dry ice condenser) under dry nitrogen. The

4flask was then cooled to 41200 and evacuated. Hexafluorobut-2-yne
(4 g., 24+64 m.mole) was then condensed into the system and the whole
allowed to warm up to —40°C. The reaction was then stirred at this
femperature. After 5 hrs. vacuum transfer of the volatile materials and
subsequent analysis (v.p.c. col, 'A! 78°C G.D.B.) indicated acetonitrile
and pyridazine only. Polymeric material (4 g.) was recovered from the
residues which bad an identical i.r. spectrum with tbat of an authentic
sample of thé polymer, formed between the reaction of hexafluorobut-2-yne

with cacsiun fluoride,

. , . . ; 0
Reaction of Nexafilucrobut-2--yne with Tetrafluoropyrazine at 30°C.

Sulphiolan (30 m1,) and cacsiun fluoride (198 m.mole) were introduced
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into 100 ml. flask under dry nitrogen, The flask was then evacuated at
room temperature, When degassing of the solvent had ceased, hexafluorobut-
2-yne (4 g., 24°64 m,mole) was allowed into the system until atmospheric
pressure had been reached., Tetrafluoropyrazine (3 g., 19°8 m.mole) was
then introduced into the flask, and the ieaction was stirred at room
temperature, After 12 hrs. transfer under vacuum yielded a white solid
(22 g.) which had an i.,r. spectrum which was identical with that of an
authentic sample of pyrazine, Polymeric material (4 g.) was recovered from

the residues.,

Reaction of Diethyl Acetylene Dicarboxylate with Tetrafluoropyridazine
at 90+95°C,

Sulpholan (50 ml.), -caesium fluoride (26+4 m.mole) and tetrafluoro-
pyridazine (6°0 g., 39:h m,mole) were introduced into a 100 ml. flask
under dry nitrogen. The mixture was then stirred at 90-95°C and diethyl
acetylene dicafboxylate (7°5 g., 39°4 m.mole) was added dropwise over
30 mins. at 90-95°C. After a further 13 hrs. vacuum transfer of volatile
material to a cold trap gave tetr#fluoropyridazine (3 g.).

«  The residue was cooled to room temperature and poured into water

and the ether extracted (3 x 50 ml.). The ether extracts were combined,

washed and dried (MgSO4). Removal of the solvent left an oil (59 g.) which

was distilled under high vacuum collecting the main fraction (2+0 g.)
o 41 . . . . . 1o,
boiling at 112-114°C at 0-015 ma. Yield, 65%. Preliminary F n.n.r.
(and mass spectral) data indicated that the product was a cis/traans mixture

of L-fluoro-1,2-(biscarbothoxy)-2-(3,5,6~trifluoropyridizyl)ethvlene (28),

Full elemcnial analysis is awaited,
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Reaction of Tetrafluoropyridazine with Caesium Fluoride in Nickel Apparatus.

(a) Using sulpholan as solvent,

Caesium fluoride (1 g., 6°6 m.mole), sulpholan (30 ml.) and
tetrafluoropyridazine (3 g., 198 m.mole) were sealed in a nickel tube
under dry nitrogen. The tube was then rotated in an oil bath at 140°,
After 48 hrs. the tube was cooled and perfluoropyridazine (2 g.) was
transferred under vacuum to a cold trap (66% recovery). No other materials
could be recovered from the residue.

(b) Using diglyme as solvent.

Diglfme (30 m1,), caesium fluoride (1°0 g., 6°6 m.mole) and
tetrafluoropyridazine (3 g., 19+8 m.mole) were sealed in a nickel tube
under‘dry nitrogen. The tube was rotated in an oil bath at 140°C. After
48 hrs., the tube was cooled and perfluoropyridazine (40% recovery)

‘was recovered (192 g., 40%). Treatment of the residue with water yielded
a high melting solid (0+4 g.) which had an i.r. spectrum similar to that

0
cbtained previously.l
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Reacticn of perfluoro-4-(2'-butenyl)pyridazine with hexafluorobut-2-yne at 30°C.

Suipholan (5 ml.) and caesium fluoride (O*5 g., 3°3 m.mole) were
introduced into a 10 ml, flask under dry nitrogen at 30°C. The flask was
evacuated and when de-gassing of the solvent had ceased, hexafluorobut-2-yne
(10 g., 6°1 m.mole) was allowed into the system until atmospheric pressure
had been reached. Perfluoro-ﬂ—(Z'—butenyl)byridazine (0°3 g., 0¢96 m.mole) was
added to the stirred suspension with the immediate formation of an intense
yellow colour. |

After 6 hrs., vacuum transfer of the volatile material to a cold trap,
éave a small quantity of material which crystallised from toluene to give
a white solid (0+2 g.), m.pt. 56-58°C; the i.r. spectrum of the solid was
identical with that of an authentic sample of perfluogo-(l,z,3-trimethy1)—1-

ethyl-5,6~diaza indene,

' o
Reaction of perfluoro-4-(2'-butenyl)pyridine with hexafluorobut--2-yne at 90 *s5c,

Using a similﬁ% procedure to that described above, caesium fluoride
(0*5 g., 3°3 m.moie), sulpholan (5 ml.) and perfluoro-4-(2'-butenyl)pyridine
(10 g.,, 19 m.,mole) were stirred together under an atmosphere of perfluoro-
but-2-yne. After 24 hrs., vacuum transfer of the volatile materials to a
cold ftap yieided a colourless liquid (0+6 g.) which was shown by v.p.c.
measurements (Col. 'A' 100°C) and i.r. studies to be essentially starting
material, No evidence was found for the formation of perfluoroéz-(z',B',5',6'-
tetrafluoropyridyl)-3,4-bistrifluoromethyl heptafluorohexa-2,4-diene (3)

and the higher polyenes (4) and (5).

Reaction of pentafluoropyridine with octafluorobut-2-ene in a nickel tube.

In a typical rcaction, pentafluoropyridine (12 g., 72+9 m.mole),
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octafluorobut-2-cnc (15¢6 g., 78°0 m,mole), sulpholan (15 ml,) and cacsium
f1u6¥ide (6 g., 39+6 m.mole) were sealed in a nickel tube under dry nitrogen.
The tube was rotated in an oil bath at 160°C,
After 48 hrs,, the tube was cooled, vented and the vacuum transfer

of the volatile materials to a cold trap gave a colourless liquid (21°5 g.)
which was separated (Aerograph Col, *'O' at 110°C) into two fractions:

(i) a colourless liquid 7+1 g, This was identified by i.r. spectroscopy,

as pexfluoro-4-(sec. butyl pyridine) (30), B.pt. 147°C, 50% yield.
(ii) a colourless liquid 59 g., identified as perfluoro-2,4-di-(sec, butyl)~

pyridine, B.pt. 194°, 30% yicld.

Reaction of tetrafluoropyridazine with octafluorobut-2-enec,

Tetrafluoropyridazine (8¢9 g., 58°6 m,mole), caesium fluoride (60 g.,
396 m.mole), octafluorobut-2-ene (11+7 g., 58+6 m,mole) and sulpholan (15 ml.)
were sealed in a nickel tube. The tube was then rotated in an oil bath at
160°C, After 24 hrs. the tube was cooled and vacuum transfer of the volatile
material gave a colourless liquid (13+4 g.,). V.,p.c. (G.D,B, Col. 'O' 78°C)
showed a two component mixture. Separation of the mixture (Aerograph Cel, ‘A’
at 130°C) gaves

(1) a colourless liquid (4+0 g.), This was identified as perfluoro-

(3,5~di-[sec, butyllpyridazine), B.pt, 182-4°C. M, 55z. Yield 30%.

(2) a colourless liquid (4+3 g.). 7This was identified as perfluoro~

4-(scc. butyl)pyridazine, B.pt. 149-50°C, M, 352. vield: 30%.

19, . . . .
F nuclear magnetic rescnance data are coansistent with the assigned

structures, Elemental analyses ave awaited.

Reaction of tetrafluoropyrazine with octafiuorobut-2-cne.,

Tctrafluogopyrazine (50 g., 33°0 m,mole), cacsium fluoride (4-0 £a)
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26+ m.mole), octafluovobut-2-ene (8:0 g.; 40+0 m.mole) and sulpholan
(15'ml,) were sealed in a nickel tube, The tube was then rotated in an o0il
bath at 160°C,. After 48 hes., careful vacuum transfer of the volatile
materials gave:
(1) a white solid (1°2 g.). This was identified as tetrafluoropyrazine,
having an identical i.r. spectfum with that of an authentic
sample.
(2) a colourless liquid (10 g.). This was identified as perfluoro-
(2,5-di-[sec. butyllpyrazine), B.pt. 165°C, M, 552, Elemental

analysis is awaited.

Attempted defluorination of perfluoro-4-(sec. butyl)pyridine,

Several reactions were carried out at different temperatures and flow
rates to find an optimum}temberature for the defluorination of perfluoro-4-
(scc. butyl)pyridine. A quantity of perfluoro-4-(sec. butyl pyridine) was
passed through gféilica tube (20" x 3") packed with coarse iron filings
using a steady flow of dry nitrogen and the products collected in a cold trap
(for quantities, conditions and yields see TableIII), An attempt to effect
complete defluorination of the perfluoro-4-(scc. butyl)pyridine by re-
cyciing the volatile materials from the cold trap (TableIIl, experiment 8)
was unsuccessful,

The volatilc materials obtained from the defluorination reactions were
combined (20 g.) and separated using preparative scale chromatography

(Acrograph Col, 'O' at 00 X

SOC) into two fractions:-
(1) a colonrless liquid (7+0 g.),which had an identical i.r. spectrum with

that of an authentic sample of perfluoro~4-(2°-butenyl)pyridine (12).

(2) starting material (4+0 g.).
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Defluorination of perfluoro-4-(sec. butyl)pvridazine.

Perfluoro-4~(scc. butyl)pyridazine (2+9 g., 82 m.mole) was/éassed thfough
a silica tube pﬁckcd with coarse icon filings at 440 X 5% using a steady
flow of dry nitrogen and collccting the preduct (13 g.) in a cold trap.
Analytical scale v.p.c. (Col. 'O! 78°C) showed a two componeﬁt mixture
which was separated (Aerograph Col. 'A’, 100°C) into:
(a) a colourless liquid 0+6 g., whose i.r. was identical with that of an
authentic sample of perfluoro—4;(2'—butenyl)pyfidazine,
Estimated yield: 45%.

(b) starting material 0°3 g.

Attempted defluorination of perfluoro-2,4-di-(sec, butyl)pyridine.

In a similar experiment, perfluoro-2,4-di-(sec. butyl)pyridine (15 g.,
2+56 m.mole) was passed tnrouéh a silica tube packed with coarse iron
filings at 440°C using a flow of dry nitrogen. A colourless liquid (1+0 g,)
was recovered froy:the cold trap and shown by v.p.c. (Col. 'A' G.D.B. 78°C)
to consist of a 5 component mixture., The presence of a weak absorption in the

i.r. at 5.8 indicates a >C=Cigroup.,

Atte@pted defluorination of perfluoro-3,5-di-(sec. butyl)pyridazine,
‘ﬁsing a similar procedure, perfluoro-3,5-di-(sec. butyl)pyridazine
(1+7 g.) was defluorinrated at 420°c, Only a small quantity (0<2 g.) of a
“céiourless liquid was recovered indicating that extensive decomposition of
the starting material had occurred. V,p.c. measurements (Col, 'O', 78°C)

indicated a 4 component wmixture., An absorption at 5°Sp in the i.r. indicated

the presence of a C=C group.
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Reaction of perfluoro-4-(2'~butenyl)-pyridine with pentafluoropyridines.

Pentafluor&pyridine (0+5 g., 2°96 m.mole), caesium fluoride (0+3 g.,
3+3 m.mole), sulpholan (5 ml.) and perfluoro~4-(2'-butenyl)-pyridine (1+0 g.,
19 m.mole) were sealed in a Carius tube, The tube was rotated in an oil
bath at 150°C. After 17 hrs., vacuum transfer of volatile materials to a
cold trap yielded a colourless liquid (1°3 g.). This was shown (v.p.c.

G.D.B. 'A* 78%) to be a mixture of starting materials,

Attempted polymerisation of perfluoro-4-(2'-butenyl)-pyridine.

Perfluoro-4-(2'-butenyl)-pyridine (05 g., 0+95 m.mole) was sealed in
a Carius tube under vacuum, The tube was irradiated in a 6Obo source for
5 days. Volatile material (O+4 g.) was recovered which was shown to be

unchanged starting material (i.t.).

Attempted co-polymerisation of perfluoro-4-(2'-butenyl)-pyridine with

hexafluoroprop-2-~ene.

Perfluoro-4-(2'-butenyl)-pyridine (O*5 g., 0¢05 m.mole) was placed
in a Carius tube and the tube cooled. Hexafluoroprop-2-ene (2+( g., 13°3 mm,)
waé condensed into the tube which waé then sealed. The tube was irradiated
in a 60b0 source for 5 days. Volatile material (24 g.) was recovered and the
gaseous fraction allowed to escape. The residual liquid (0+*4 g.) had an

identical i.,r. with that of the starting material,
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Preparation of perfluoro(3,3~-dimcthylpyridine),

Pentafluoropyridine (25 g.) and P.T.F.E, turnings (50 g.) were sealed in
an autoclave (550 ml, capacity) which was heated at 550° for 15% hours. The
volatile products were distilled from the hot autoclave under vacuum and
collected in a trap immersed in liquid ai;. Vapour phase chromatography on
the distillate showed it to contain perfluoro(3,5-dimethylpyridine)

(239 g., 60% yield), perfluoro(3-methylpyridine) (1°+6 g., 5% yield),
perfluoromesitylene and other, unidentified, products. The products from

two preparations were combined and twice fractionated using a spinning band
column, Perfluoro(3,5-dimetnylpyridine) (30 g., 38% yield, 96% pure),
containing approximately equal amounts of perflucromesitylene and perfluoro(3-
methylpyridine) as impurities, was obtained as a colourless liquid, b,p. 119-
121/775 mm, A snall sample of perfluorc(3,5-dimethylpyridine) was further
purified by preparative vapour phase chromatography on a column of di-n-
decylphthalate at 700, b.p. 119/776 mm. (Found: C, 31+1; N, 5+0; F, 03-1,
N requires?’ C, 31+3; N, 5*2; F, 63°5%). The mass spectrum shows a ¢

€75

parent peak at M269 and the ultra-violet spectrum shows >\max (cyclohexane)

19

at 214, 247 and 250mp, The F n.m.r. spectrum of perfluoro(3,5-dimethyl-

pyridine is shown below,
o

hemical Shift (CFC13)

Poak Inte-
= 1z Pep.ni, ¢gration Shape J Vaiuces Hz Assipnment
A 3193 50°54 2 broad Joo 20 2,0 F's
) 2.3a
quantet
3 3333 59491 6 d.o.d. J, . 3a and 5a B':z
_ da,2 2125
3,4 7
C 5152 0124 1 heptet Joo = 203 A
. 1, 3a
of
triplets 4, = 27
4,2 -
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Polyperfluoroisopropylation of Perfluoro-(3,5-dimethylpyridine).

The apparatus consisted of a 250 ml,, 3-neckcd flask fitted with an
air-tight, ground glass sfirrer. One side arm was connected to two
consecutive reflux condensers and a lead from the top of the second condenser
passed to a trap which was immersed in ice/water. The outlet of the trap
passed to a small electric pump which circulated the gases in the system by
way of a sintered glass lead placed in the second side arm of the flask,
There were also connections for evacuating the sysiem and introduction of
hexafluoropropene, a hypass tap for the sinter to prevent suck back, and a
bladder which was used as a reservoir for hexafluoropropene and ensured
the automatic maiﬁtgnance of atmospheric pressure inside the closed circuit
apparatus., The 3-necked flask was heated in a thermostated o0il bath.

Potassium fluoride (20 g.) and sulpholan (150 ml,) were placed in the
flask and the apparatus was evacuated (J.O‘_2 mm. Hg) and then let down to
hexafluoropropene until the bladder was inflated. Perfluoro-(3,5-dimethyl-
pyridine) (97 g.) was injccted into the flask through a scerum cap and the
mixture was stirred rapidly and the flask heated at 120 % 1°. The electric
pump was switched oit and the circulating gases were bubbled through the
preparati?e mixturc for 2 hours, after which the volatile products were
transferred under high vacuum to a trap immersed in lLiquid-air, The product
was analyvsed qﬁantitativcly (using a gus-density bal>nce and an internal marker
of télucnc) and consisted of perfluorc(2,6-di-isopropyl-3,5-dincthylpyridine)
(14+4 g., 70% yicld), perfluovro(2,4,6-tri-isopropyl-3,5~dimethylpyridine)
(1+6 g., 6% yield), perfluoro(3,5-dimethylpyridine) (0+97 g., 10% recovery),

and smoall anounts of other, unidentified, substitution products together
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with dimers and tiimers of hexafluoropropene. After fractionation and
fractional freezing of higher boiling fractions at room temperature and below,
perfluoro(2,6-di-isopropyl-3,5-dimethylpyridine) was obtained as a colourless
solid, m.p. 37°, (Found: C, 27°+2; N, 2°3; F, 69°+7, 013521N requires:

C, 27°4; N, 2+5; F, 70°1%), The mass spectrum shows a parent peak at

M569 and the 19F n.m.r. spectrum is set out below.

Sa 4 . 3a

CF z CF3
F

‘ S
(CF3)2C N CF(CF3)2
6b 6a 1 2a 2b

Chemical Shift (CFC13)

u Inte~
Peak z p.p.m. gration Shape J Values Hz Assignment
. A 3128 5540 6 d.o.d.o.h. J . . =39°5 3a and 5a F's
. s ’
= 50
J3a,2a 5
. T =
k4 , 3a,2b°
B 4210 74+56 12 d.o.q. J =3 and 3 2b and 6b FE's
/ . J = .
C 5049 8941 1 heptet 4,3a 39+5 1B
£y . = 1}
D 19,219 1810 2 q.0.h, J2a,3a 50 2a and 6a F's
> T =
“2a,2b 3

Porfluoro(2,4,6-tri-iscpropyl-3,5-dimcthylpyridine) was isolated as a

o -

e - .
colourliess oil from the residual liquors of the abeve preparation by repceuted
preparative vapour phase chromatography on a column of di-p-decylphthalate

at 110°, (Found: C, 27+0; N, 2-15; ¥F, 70+9, C16F77N requires: C, 26°7;

N, 1°94; ¥, 71+3%)., The mrus spectrum shows a pérunt peak at M719 and the

19 . . ’
Fnom.r. spectrum ig setv out below,
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4a 4b
CF(CE_)
h ~ 2
Sa 33a
CFj\_/// cp3
6b 6a |
(CF,),CE” \N CF(CF,),
2 2a 2b
1
Chemical Shift (CFCL3) Inte-
Peak Hz pP.D.m. gration Shape J Values Hz Assignment
A 2968 52°57 6 broad 3a,52 F's
complex
B 4016 7111 6 broad 4b F's
C 4206 7447 12 broad 2b,6b F's
D 8107 143-5 1 quartet J = 40 4a F
E 10,257 1817 2 over- J 50 and 60 2a,6a F's
lapping
quartets

Preparation of Perfluoro(3-methylpyridine),

Pentafluoropyridine (25 g,) and P,T.F,E. turnings

in an autoclave (550 ml, capacity) which was heated at

(50 g.) were secaled

500c> for 15% hours.

The volatile products were distilled from the hot autoclave under vacuum and

collected in a trap immersed in liquid air.

Vapour phase chiromatography

~on the distillate showed it to contain perfluoro(3-methylpyridine) (11°3 g.,

35% yield), perfluors{3,5-dimethylpyridine) (5+6 g., 14% yield), pentafluoro-

pyridine (18 g., 7% recovery), perfluoromnesitylence and other, unidentified,

products.,
In a similar preparaticn, pentafluosvpyridine (50
. JNC I «

turnings (25 g.) were heated at 5507 for 15} hours and

were perlluoro(3-mathylpyridine) (19°+4 g., 30% yield),

58

g.) and P.T.E.E,
the major products

perfluoro(3,5-
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dimethylpyridine) (8¢8g., 11% yield) and pentaflucropyridine (0°55g., 11%
recovery). The products of reaction were combined and twice fractionated,

using a spinning band column, to give perfluoro(3-methylpyridine) (95% pure)

as a colourless oil, b.p. 102-103?/746 mm, A small samzle of perfluoro(3-
methylpyridine) was further purified by preparative vapour phase chromatography on
a column of di-n-decylphthalate at 700, b.p. 1020/747 mm, (Found: C, 32°+7;

N, 6°2; F, 61°0, Calc. for CgFN: C, 3209; N, 6+4; F, 6097%), The

19F n.m.r, spectrum is identical with that reported by Lce and Orrelllland

the boiling point and )max in the ultra-violet spectrum are -the same as thcse

12
reported by Barks et al. The mass spectrum shows a parent peak at M219,

Polyperfluoroisopropvlation of Perfluoro(3-methvlpyridine)

The polyperfluoroisoprgpylgtion of perfluoro(3-methylpyridine) was carried
out exactly as described for the polyperfluoroisopropylation of perfluoro(3,5—
dimethylpyridine) géing 7°7g. of perfluoro(3-methylpyridine) instead of Y°7g.
of perfluoro(3,5-dimethylpyridine)b The product congisted of'perfluoro(z,h,G-
tri-isopropyl-3-methylpyridine) (15°8g., 67% yield), perfluoro(2,k-di-isopropyl-
5-methylpyridine) (320g., 16% yield) and small amounts of other, unidentified,
producéé together with trimers and dimers of hexafluoropropene, After
fractionaticn to remove volatiles, the major products weve isolated by
picpﬁrative vapour phase chromatography on a «olurn of diwgydecylphthalate at
1100o Perfluoro(z,&,6—tri-isopropyl-3—methy1pyridine) was obtained as a
colourless oil. {(FFound: C, 26°9; N, 2¢1; F, 710%), The mass spectrum

- 1 .
shows a parcent peak at M669 and the 9F n.m,r, spectirum is set out below,
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11a Ij,b
LP(LPB)Z
5 2 CF3 3a
F
(cr. ) cF N Cr(cr,)
3’2 1 3’2
6b 6a 2a 2b
7 Chemical Shift
Peak - (CFCIB) Integration Shape J Values Hz Assignment
' Hz - P.P.m,
A 2962 - 5246 3 overlying  ;  _ 8 3a F's
; ) d.o.d.
B 4185 The11 6 d.o.h. J 30 Lb F's
) \ lgb,s
J
4o ke 35
! +0.d, ! 's
c 1204 7hebly 6 d.,0.d.? JZb,Za A 2b F
- " I 3 ) s Ue = !
D » t3C5 76+25 6 d.o.d JGb,Ga 6 6b F's
‘ broad
= o
; ‘6179, 1094 1 hoptet J 30 5F
T & e v Ri = 0
¥ . 9715 172+0 1 q.o.h, Tha,3a 53 La T
B Tpa b 3
_ sea = ]
G 10,153 1798 1 q.0.h, J2a,3a 15 2a F
Joa, 2 3
i 10,537 18675 1 d.o.h. Jg. 5 =58 6a T
} a,5
Y6a,60 = ©

Perflucrol2 f~di-isopropyl-5-methylpyridine) was also obtainad as a

colourless oil, (Founti: €, 28¢0; N, 2¢5; F, 59¢0. CI”FIU

N requives:

C, 27:8; N, 227; F, Gy-5%), The mass spectrum shows o parent peak at M519
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and thé 19!-‘ n.m.r, spectrum is set cut below.
La L4b ’
cr-(crc*B)2 «
)
Ja
(CF3)29F
6b
Chemical Shift
Peak (CFCIB) Integration Shape J Values Hz Assignment
Hz PePelm,
A 3120 55926 3 overlapping 53 3a F's
d,o.d.0.h,
J = 4
B 3241 5738 1 complex 2F
o overlapping
C 4213 711.61 6 d.o-d.o-q. J 30 l}b F's
. y overlapping _ 6 .
D 4293 7§yb3 6 doo.d. J = 6 b F's
) broad -
E 6611 117°0 1 doublet 5F
" overlapping
/ . = O I
F 9814 1738 1 quartets Jha,S 6 ta F
overlapping
0
G 10487 185°8 1 doooh J6a’5 =6 6a F
Isa,6b = ©

o

Reactions of Caesium Isopropoxide with Tetrafluoropyridazine

(a) At 80-85°C

Digltyme (40 ml,) and caesium fluoride (Cg,, 39°6 mm.,)} were introduced into

a 250 ml, cenical flask under dry oitrogen,

temperatuse

The flask was evacuated at room

. When de-gassing of the solvent bhad ceascd, hexafluoroacclone was
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allowed into the system until atmospheric pressure was reached, Tetrafluoro-
pyridazine (2'59., 165 mn.) was introduced into the flask from a syringe
through a scrum cap at 80-8500. The rapidly stirred mixture was heated at
fhis %cmperature for 36 hours, adding hexafluoroacetone hu* maintaining
caesium fluoride in excess.

The volatile materials were transferred under vacuum to a cold trap.
Analytical scale v.p.c. indicated a mixture of tetraflucropyridazine and
diglyme, Treatment of the residuc with dry methanol vielded a brown solid

(0+5g., m.pt. »300°).

(b) In a sealed tube

Diglyme (10 ml.), caesium fluoride (2g., 13°2 mm.) and teirafluoropyrazine

(29., 13°2 mm,) were introduced into a carius tube under dry nitrogen, The
tube was coéled"and evacuated, Hexafluoroacetone (3g., 18°0 mm,) was
condensed into the tube which was then sealed and rotated in an oil bath at 100-110

- After 28 hrs., the tube was cooled and opened. The volatile materials
wefc transferred ﬁnder vacuﬁm to a cold trap. Analytical scale v.p.c. showed
~thesze to consist of diglyme and traces of lower retention ilime material, The
residue was treated with water and ether extracted (3 x 25 mi,), The extracts
were combinca, waéhed with water, dried (MgSOh) and the solvent removed to
yield a colourless iiquid (0°8g,) which was sliown to consist of a mixturc of

hexafluoroacetone hydrates by v.p.c., i.r., n.mr. and mass spectroscopy.
1 9

Reaction of hexafluoropropene epoxide with pyridazine

(a) At 95-1c07

Caesium fivovide (G, , 39¢6 mn,) and sulpholan (59 21,) were intreduced under
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dry nitrogen into a 250 ml, flask fitted with a water condenser, The flask
was then evacuated at room temperature. When degassing of the solvent had
ceased, hexafluoropropene epoxide was allowed into the system until atmospheric
pressure was reached and a bladder attached to the top of the condenser was
partially inflated. Tetrafluoropyridazine (3+5 g., 22°9 mm.) was introduced
into the flask when the reaction temperature ﬁad reached 95—100°C. The

mixture was then heated with stirring at this temperature under an atmosphere
of hexafluoropropene epoxide. After 8 hrs. the volatile materials (6 g.) were
transferred under vacuum to a cold trap. Analytical v.p.c. showed these to
c;nsist of tetrafluoropyridazine, unreacted hexafluoropropene epoxide and traces
of highly volatile material, Solvent extraction (ether) of the residues gave
no further products. Unreacted hexafluoropropene epoxide was recovered from

.. the reservoir.

(v) _At 30%_

Caesium f1uoriqév(3 g+, 19°8 mm.) and sulpholan (30 ml.) were introduced
into a 100 mi1. flask under dry nitrogen. The flask was then evacuated at room
temperature. When degassing of the solvent had ceased, a ﬁixture containing
hexafluoropropene epoxide (5 g., 30°0 mm.) and hexafluoropropene (O°5 g.,

30 mm;% was allowed into the system until atmospheric pressure had been reached.
Tetrafluoropyridazine (2 g., 13°2 mm.) was introduced into the flask at 30°C.
THe mixture was rapidly stirred at 30°C and the epoxide~propene mixture was

circulated through the system.
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After 20 hrs,, volatile material (1°5g,) was transferrcd under vacuum
to a cold trap. Analytical v.p.c, showed these to consist of unchanged

perfluoropyridazine, perfluoropropene epoxide and traces of other materials.

Solvent extraction of the residues gave no further products,

Reactions of hexafluoropropene epoxide with fluoride ion in acetonitrile at 0°c

(i) Caesium fluoride (0°5g.), and acetonitrile, were introduced into a small
Cariqs‘tubg under dry nitrogen. The tube was evacuated, cooled, and
hexafluoropropene epoxide (1°Sg., 9¢0 nm.) was condensed into the tube which vas
then sealed and allowed to stand at O-SOC.

After 3 days, the tube was cooled, opened and a white solid was
collected (0979.).‘ Mass spectrometry indicated a molecular weight of

approximately 330,

(ii) Caesium flugride (0°5g.) and acetonitrile were introduced into a small
Carius tube under dry nitrogen. The tube was evacuated, cooled and a mixture
of hexafluoropropene (0°2g., 0°6 mm.) and hexafluoropropene epoxide (1°5g.,
. 990 mm.) was condensed into the tube, After sealing it was allowed to stand
at 0-5%,
After 3 days, the tube was cooled, opened ana a white solid collected (0¢6g.).

Mass spectrometry indicated a molecular weight of approximately 330,

. . . . R . s o
Reaction of haxafluoronropene epoxide with pyridazine in acctonitrile at 6°C

Acctonitsrile (25 ml,) and caesium fiuoride (1g., G*6 nui) were introduced
under dry nitrogen into a 100 ml, flask fitted with a water condenser. The

flask wasg then evacuated at room temperature, When degassing of the solvent
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had ceased, dry nitrogen was allowed into the system until atmospheric
pressure was almost reached, Tetrafluoropyridazine (3°0g., 19°8 mm.) was
introduced into the flask and the flask cooled to O-SOC. The reaction
mixture was then stirred o+ U—5°C and hexafluoropropene epoxide circulated
through the system.

After 5 hrs., the stirring was stopped and the flucrocarﬁon layer (2°2g.)
was readily separated, Analytical v.p.c. indicated a four component mixture
containing no pyridazine, An i.r. spect£um of the mixture indicated the
presence of a -COF group (5°3n). Pyridazine (2°8g.) was recovered from the

solvent layer,
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Fluoride Ion-initiated Reactions of Tetrafluoropyridazine and

Perfluorocycloalkenes

Reactions involving perfluorocyclohexene

(a) Using 1 molecular proportion of perfluorocyclohexene

Two reactions were carried out in‘which equimolar quantities of tetra-
fluqropyridazine and perfluorocyclohexene were heated in the presence of
caesium fluoride and Sulpholan in a stainless-steel autoclave (for
éuantities and reaction conditions, see Table IV ),

The products ﬁere recovered by vacuum transfer from the autoclave into
a cold trap, Examination by v.p.c. (column '0' at 2000) showed that in
reaction (i) a mixture of unchanged perfluorocyclohexene and tetrafluoro-
pyriéazine and a product of longer retention time was obtained. In the mass
spectrum of this mixture there was a peak at m/e, L1l which corresponds to the
"mbnosubstitﬁted derivative of pyridazine, The material recovered from

" reaction (ii) was shown by v,p.c. to be one component (a colourless viscous

liquid), and identified as perfluoro-(k-cyclohexylpyridazine), b.pt. 200°/

760 nm.  (Found: C, 29-1; F, 64 7%; M, 4k, € oF 14N requires C, 29-0;

F, 6k 3%; M, Lhik). )\ ax. (cyclohexane) = 230 and 272 mu, (£ = 7403 and

6963). Yield of product, 70% (100% conversion of tetrafluoropyridazine).
" When reaction (ii) was repeated, the materials remaining after vacuum
transfer of the volatfle product were poured into water and extracted in the

usual way with ether, In this way a yellew~-brown solid (1.0g.) was

recoverad, and this was dissolved in hot benzene with a little ethanol added,
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On cooling a pale brown solid crystallised out, und this was shown by i.r.
spectroscopy to be the corresponding dicyclohexylpyridazone which was

characterised fully in the following reaction.

‘ (b) Using 2 molecular proportions of perfluorocyclohexene

Teffafluoropyridazine (1-bgo, 6-6 m.moles), perfluorocyclohexene (3.7g.,
141 m,molés), caesium fluoride (2g.) and sulpholan (25 mls.) were
introduced into a stainless-steel autoclave which was then shaken for 22
hours at 120°,  The autoclave was opened and the volatile materials
transferred under vacuum to a cold trap. The product mixture {1-8g.) was
shown by v.p.c. to consist of unchanged C6F10, a trace amount of tetra-
fluoropyridazine, and the monosubstituted pyridazine (45% yield) (from
retention timés). The reméining materials were pouréd into water and
extracted with ether,.the extract dried (MgSOQ), and removal of the sclvent
left a brown solid (1-5g.). Sublimation of the solid at 200° and 0-005 mm,
gave a yellow crystalline solid which melted at ca. 260°, No chromatographic
analysis was possible but, in the mass spectrum of the solid, molecular ion
peaks were present at W/e = 676, 674 and 938 corresponding to the disubstituted
pyridazine, its moﬁohydrnxy derivative, and the trisubstituted pyridazine
respectively, The solid was dissolved in hot benzene (containing a little
ethanol) and, on cooling, a pale yellow crystalline solid (0:2g.) was obtained,
This was filfered from the mother liquid, dried by pumping under wvacuum, and
shown to be a,b-perfluorodicyclohexyl-c-flporo—lﬁ—pyridazin-d-one, m,pt, 3020;
(Found: N, 4-00; 1, 0-49; F, 65-1%; M, 674, C16”F2 N.O requires N, 4:15;

32
F, Gh-8%). Am;x (ethanol) = 243 and 305 {(broad) mp, (£ = 8243 and 5707).

oA
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Absorptions due to thej)C:O andj)N-H vibrations were present at 3:3 and 6-3p
respectively in the i.r. spectrum of the solid, but a correct elemental
analysis for carbon could not be obtained, Insufficient of this compound

was obtained for n.m.r. studies,

Reaction of Perfluoro-(4-cyclohexylpyridazine)

Reaction with ammonia

5 mls., 0:880 ammonia was stirred in a small conical flask which was
immersed in ice. Perfluoro-(4-cyclohexylpyridazine) (2:0g.) was added slowly
to the ammonia solution. A yellow-brown solid was precipitated almost
immediately, and this was filtered, washed with water, and recrystallised
from aqueous ethanol to give a pale brown crystalline solid (1:5g.). This

l‘was identified as 4-perfluorocyclohexyl-5-amino-3.6~difluoropyridine, m.pt

191°,  (Found: C, 29-6; H, 0:79; F, 60-5%; M, 411, C requires

‘ 10M2F 133
C, 29-2; H, 0-5; nf, 60-1%; M, 411). )\max. (ethanol) = 241 and 2865

(broad) mp (¢ = 7911 and 6360). The yield of the amino-derivative was 75%.

Reaction with sulphuric acid

Peg{luoro—(&—cyclohexylpyridazine) (0-5g.) in concentrated sulphuric acid
(10 mls.) was treated dropwise with water (40 mls,) during 40 mins. with
vigorous stirring; the addition was regulated to keep the temperaturs below
600. | The mirture was stirred for a further 2.5 hours at ca, 250 and then
extracted with 2 x 50 ml, portions of ether, The extract was washed with
saturated sodium sulphate solution and dried (MgSOQ), and removal of the solvent

left a white powdery solid (G+50q.). This was recrystallised from benzcne to
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give a white crystalline solid which was identified as 3,5-difluoro=b-

perfluorocyclohexyl-1H-pyridazin-6-one, m.pt. 251o (d). (Found: ¢, 28:8;

?

H, 0:3k; F, 59-9%; M, 412, C 0 reguires C, 29-1; H, 0-24;

10132
F, 60:0%; M, 412), )\max (ethanol) = 241 and 276 (broad) my, (¢ = 8900

and 5600), Yield of pyridazone 100%,

Photolysis of perfluoro-(4-cyclohexylpyridazine)

Perfluoro-(4-cyclohexylpyridazine) (0-6g.) was placed in a small silica
tube and irradiated with u.v, light for 138 hours, The resulting brown
liquid (0*4g.) was removed from the tube with a pipette and purified by
" vacuum distillation to give a colourless liquid. The product was shown to
be pure by v.p.c. (column 'O! at 1700), having a shorter retention time than

that of the starting material, and identified as perfluoro-(6-cyclohexyl=

pyrazine), (Found: C, 28-7; F, 6k-4%; M, L1k, C,cFq4N, requires C, 29- 05
F, 64:3%; M, h1k), ,\max (ethanol) = 276 mu (& = 7478). Yield of
. 19

menosubstituted pyrazine, 70%, The structure was confirmed by "~ “F n.m.r,

spectroscopyo

Attempted pyrolysis of perfluoro-(L-cyclohexylpyridazine)

Three preliminary reactions were carried out at different temperatures
inzorder to find an optimum temperaturc for the pyrolysis of perfluoro-(h-
cyclohexylpyridazine)e A small quantity of perfluoro=-(i4-cyclohexyl-
pyridazine) was passed thfcugh a silica tube packed with silica wool using
a steady fléw of dry nitrogen and the products collected in a cold trap (for

quantities and conditions, secc Table V).
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Table v_
Teump., Wt. of N, flow Wt. of Composition of products
(°c) 'C1OF14N2 (mls,/min,) products (from analytical v.p.c.)
0 .
500 0+5g, 100 0+2g. (i) Unchanged °10F14"2 +
(ii) major product with slightly
shorter retention time <+
(iii) minor component (low b,pt,)
o
600 0+5g, 50 0.25g, No unchanged C10F11}N2 +
‘. ~ two components with shorter
‘ - retenticn times +
‘ couponent (iii) as in abowe
;
o y
700 0+5g, 100 0:15g. No unchanged C1OF14N2 +

two major components of shorter

retection times

1
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Perfluoro-{k~cyclohexylpyridazine) (3:1g.) was passed through the
silica tube at 650° using a flow of nitrogen (50-100 mls,/min.). The
product, a brown liquid (1-4g.), was collected in a cold trap and shown by
vob,c. to consist of two components having slightly different retention times,
Sepafation of the mixture by prep., scale vop.c. (Aerograph: column 'O' at
1200) gave a colourless liquid, which was shown to be recovered perfluoro-
(4-cyclohexylpyridazine) by i.r., spectroscopy, and a white crystalline solid,
‘,mopt,‘37-38o. Ier, and 19F n.mo.r, spectra of the solid were obtained but it
decomposed to a brown liquid before elemental analysis and mass spectral data
‘could be‘adquifedo " A small quantity df a colourless liquid was recovered
;fter decomposition by vacuum distillation, (Found: M, 376. c10F12N2
requires M, 376). Npay, (ethanol) = 2425 and 292 (infl.) mp (& = 5926
and 1995)» The i.r., nom.r. and mass spectral data obtained showed the

product to be perfluoro-(k-cyclohexenylpyridazine).

Nucleophilic Substitution Reactions using Sodium Methoxide

"Perflucrob1cyclopenteny1, 010F14

(a) Reaction of C with 2 molecular proportions of methoxide ion

10" 14

To a stirred solution of perfluorobicyclopentenyl (0-40g., 1-0& m.moles)
in 25 mls, dry methanol at room temperature was added 25 mls,. (2-5 m.moles)
of a 0-1M soluiign of ;odium methoxide over a periocd of 25 mins, The mixture
was then stirred under reflux for a further 4 hours. After cooling, the
solution was poured into water (500 mls,) and extracted with two portions of

methylene chloride. The extracts were combined, dried (MQSOQ), and removal

72




AFML~-TR-73-127

of the solvent left a pale yellow liquid (0-40g.) which solidified slowly on

standing to give a white crystalline solid.

. ! . o
2,2'-dimethoxy~dodecafluorobicyclopentenyl, m.pt. 52-53

H, 1-00; F, 55-1%; M, 410,

55-6%; M, 410),

(b) Attempted prepération of the monomethoxy derivative of C

This was shown to be

(Found:

C12H6F1202 requires C, 35-1; H, 1-46; F,

Yield of dimethoxy derivative 95%,

10F14

Two reactions were carried out using one molecular proportion of sodium

methoxide solution (for quantities and reaction conditions, see Table 5).

each case the requisite amount of sodium methoxide solution was added to a

stirred solution of the fluorocarbon in dry methanol,

Table VI

Cs 35'43

In

0-1M sodium methoxide
solution (mls.)

Reaction conditions

Reaction C1OF%?.
(i) 0+47g.
(1.22 m.moles)
in 30 mls,
methanol
(ii) 0’5090

(i 30 m.moles)
in 30 mls,
mcthanel

10
(1-00 m.moles)

13
{(1:30 memoles)

.stirred solution of C

NaOMe solution added over
a period of 20 mins., to a

10" 14
at room temp., and mixture
stirred at room temp,, for
a further 90 mins,

NaOMe solution added over
a period of 15 mins, to a

1 1 + Q
stirred solution of C10P14

at room temp., and mixture
stirred under reflux for a
further 75 mins
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After each reaction the methanol solution was poured into a large volume
of water and extracted with methylene chloride in the usual way.

In reaction (i), 0:5g. pale yellow liquid was recovered and shown by
analytical v.p.c. (column '0' at 1500) to consist of the mono-~ and di-methoxy
derivatives in apbroxo ratio 40:60 respectively with a trace of unreacted
C1oFan

In reaction (ii), C-5g. pale yellow liquid was recovered and this was shown
by'v.p,c; to be mainly the dimethoxy derivative (ca. 80% of the total area of
the chromatogram) with small amounts of the monomethoxy compound and unreacted

C Cn cooling, solidification occurred and it was pussitle to extract

Ty
10" 14
a white crystalline solid, This was confirmed as the dimethoxy derivative

Sy’i.ro and mass spectrometry,

Fluoride Ton-initiated Reaction of Perfluorobicyclopentenyl with

Hexafluoropropene

Caesium'fluofide (190, 6'6 me.moles) and sulpholan (15 mls,) were
;ntrodﬁécd under dry nitrogen into a 50 ml, flask fitted with a water
cpndenser. The flask was then evacuated at room tempeiature, When degassing
of the solvent'héd ceasnd, hexafluoropropene was alloved into the system until
‘7‘atmospheric pressﬁre was reached énd a hladder attached to the top of the
water condenscr was partially inflated, Perfluorobicyclopentenyl (1-2g°,

311 m.moles) Qas introduced into the flask from a pipette when the reaction
mixture.had fcachcd the rcaction tcmpcrature (1000). The mixture was then
fheéted with stirring gt this temperature, under an atmesphere of hexafluoro-

propene, for 4t hours,
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After this time the reservoir of hexafluoropropcne had collapsed and
a partial vacuum .was indicated in the system, The volatile materials
(0-7g.) were then transferred under vacuun to a cold trap. Analytical
Vve.p.C. showed these to consist of hexafluoropropene dimers and trimers (ca,
90%), a trace of perfluorobicyclopentenyl, énd a product of longer retention
time (ca. 10%).

The remaining materials were extracted from water (150 mls.) with
3 x 50 ml, portions of ether, The extracts were dried (MgSOQ) and removal
;f the solvent left a yellow-orange solid, This was sublimed at 0:05 mm,
and 50° to give a white solid (0-75g.), which was then recrystallised from

ether/petroleum ether giving white needle-shaped crystals, The compound was

identified as perfluoro(2,2'~diisopropylbicyclopentenyl), m.pt. 54—550.

(Found: ¢, 27.8; F, 71.7%; M, €86. C,¢Fpq Tequires C, 28:0; F, 72:0%;
M, 686)., Yield 0{'C16F26 was 35% (based on quantitative conversion of
perfluorobicyclopéntenyl).

The preparation of a further quantity of perfluoro-(2,2'—diisopropy1~
bicyclopentenyi) in a subsequent expe;iment showed that the product with a

longeg,retention time in the mixture of volatile products was perfluoro-

(2,2'-diisopropylbicyclopentenyl),

Attempted defluorinaiion of perfluoro-(2,2'-diisopropylbicyc opentenvl)

Perfluoro-(2,2'—diisopropylbicyclopentenyl) (0:4g.) was passed over iron
filings heated to 480°% in a silica tube. A white solid (0:1g.) was collected

in a cold trap after 2 hours, and this was shown to be pure Ly v.pocs
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(colurn 'O' at 1250). The i.r. spectrum of the product was identical to that

of the starting material,

Photolytic Reactions

Perfluorocyclopentene dimer, CIOF16

C L (1-0g.) was placed in a small bore silica tube and a trace of

1OF1
benzophenone was added as photosensitiser, The tube was sealed and
irradiated under a u.v, lamp for 113 hours, after which time the tube was
cooled, opened, and the products transferred under vacuum to a cold trap. A

colourless liquid (0:6g,) was obtained and shown to be unchanged 010F14 by

VopcCo and i,r, spectroscopy.

Perfluorobicyclopentenyl, 010F14

Three reactions were carried out in small bore silica tubes which were

irradiated under a u.v, lamp (for quantities and reaction times, see Table (VID).

Table VIIX

Time of irradiation

Reaction 010F14 Benzophenone with wev. light
1 ' 1:0g. None 18 hours
2 1:0g. Trace 14+5 hours
3 1-0g, Trace 200 hours

It was ghown by v.p.c, ond i.r. spectroscopy that, in all threc reactions, the

material recovered was unchanged ClOFih’
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