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SUMMARY 

5-Perfluoroalkyl-3-phenyl-1,2,4-oxadiazoles have been synthesised directly 

from benzamidoxime and perlluoromonoacyl chlorides. However, a more complex 

pattern of products was observed in the reaction between arylamidoximes and 

perfluorodiacyl chlorides. Depending on the conditions, the products were O,O’- 

perfluorodiacyl di(arylamidoximes), a, o-bis(Faryl-I ,2,4-oxadiazol-5-yl)periluoro- 

alkanes and arylamidoxime (3-aryl-1,2,4-oxadiazol-5-yl)perfluorocarboxylates. 

Some properties [e.g. ultraviolet spectra (UV), chemical and thermal 

stability] of perfluoroalkyl- and perfluoroalkylene-1,2,4-oxadiazoles have been 

studied and the results compared with those For analogous 1,3,4-oxadiazoles. 

INTRODUCTION 

A major study, aimed at thermally stable elastomers, has involved determin- 

ing the effect of introducing perfluoroalkylene linking units between phenylene 

groups 1,2,3 and heterocyclic nuclei in polymeric structures. 

The model compound approach has frequently been employed in the 

synthesis of thermally stable polymers in an attempt to assess the ease and yield 

potential of the projected polymer-forming reaction, the occurrence of byproducts 

and the stability of the resulting system. In this paper there is described the synthesis 

of perfluoroalkyl- and perlluoroalkylene-1,2,4-oxadiazoles previously reported* 

only briefly and it is shown how the nature of the reaction between perfluorodiacyl 

chlorides and arylamidoximes appears to preclude its extension to polymer-forming 

reactions. Also demonstrated is the adverse effect of a perfluoroalkyl substituent 

* British Crown Copyright, reproduced with the permission of the Controller, Her Britannic 
Majesty’s Stationery Office. 
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138 J. P. CRITCHLEY, J. S. PIPPETT 

on the stability of the 1,2,4-oxadiazole ring and this is compared with the effect 

on the 1,3,4-oxadiazole ring. 

RESULTS AND DISCUSSION 

1,2,4-Oxadiazoles 

The preparation of a number of 3,5-bis(perfluoroalkyl)-1,2,4-oxadiazoles 

(I) (RF = R; = CFs, GFs, GF,, GF,,; R, = C3F7, Rk = CFs) and bis-1,2,4- 

oxadiazolylperfluoroalkanes (II) (n = 3, 4, 8) (R = CH,, CFs, C3F7) has been 

reported 526. 

@J-o\ 
RF---C 

‘NR 

C-R; 
/o-N\ YN-O\ 

R-c\,/ 
C-_(CF,),C C-R 

‘N 

(I) a) 

In a limited study of compounds (I) (RF = C7Fis, Rk = CsF,, C7Fis) it was not 

possible to reproduce the high yields obtained by Brown and Wetzels. Likewise, 

after prolonged reaction in iV,N-dimethylformamide (DMF)/pyridine solution, 

pentadecafluoro-n-octanamidoxime and hexafluoroglutaryl chloride gave only a 

low yield of O,O’-hexafluoroglutaryl di(pentadecafluoro-n-octanamidoxime) (III). 

/NOH 

2 n-c,y5-C 
‘NH, 

+ (CF213 (COCI), 

\ 

N-O 
/ \ o-N\ 

n- C,F,,-C 

I 
c-cF,),--c/ 

II II 
C-C,F,,-n 

I 
NH2 0 0 NH2 

This was dehydrated to 1,3-bis(3-pentadecafluoro-n-heptyl-l,2,4-oxadiazol-5-yl)- 

hexafluoropropane (IV) by heating with phosphorus pentoxide at 230-250”. 

/N-o\ /o-N\ 
n-C,F,,-C 

I 
C-_(CF,),-C 

I 
C-C,F,,-n 

NH, 0 51 AH 
cm, 

2 A 

\ 

/ 
N-O, 

C-KF2,,-L 

O-N 
\ 

NN/ 
C-C,F,,-n 
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FLUOKOALKYL(ENE)- 1,2,4- AND 1,3&OXADIAZOLES 139 

A correspondingly low yield of 1,3-bis(3-pentadecafluoro-n-heptyl-1,2,4-oxadiazol- 

5-yl)benzene (V) was obtained after prolonged treatment of pentadecafluoro-n- 

octanamidoxime with diphenyl isophthalate in DMF at 130”. 

,NOH 

2 n-C,F,,-c 
\ 

NH, 

COOPh 

\ 

N-O 
/ \ 

n-C,F,,--C + 2PhOH 

(P) 

With benzamidoxime, however, very httle difficulty was encountered. Per- 

fluoro-propionyl, -n-butyryl and -n-octanoyl chlorides gave dense white precipitates 

when added to a solution of benzamidoxime in ether containing an equivalent of 

pyridine. After leaving all three reactions for several hours at room temperature 

the precipitates had almost disappeared, only a small precipitate of base hydro- 

chloride remained and the corresponding 5-petfluoroalkyl-3-phenyl-1,2,4-oxadia- 

zoles (VI) were obtained in high yield (Table 1). 

cHNoH + R,--COCL - 
o- 
/ \ 

\ 

CHN-‘\C-R, 
- 

N”, 
\,// 

Pentadecafluoro-n-octanoic anhydride reacted vigorously with benzamidoxime in 

ether solution to give (after heating for 3-4 h) a 70% yield of 5-pentadecafluoro-n- 

heptyl-3-phenyl-1,2,4-oxadiazole ((VI); R, = n-C,F,,). 

TABLE 1 

5-PERFLUOROALKYL-h’HENYL-1,2,4-OXADIAZOLESab (VI) 
_- 

RF Yield M.p. (“C) nz Analysis : 
(%I or b.p. Calcd. % Found I;/, 

(‘C/mmHg)c 
-. 

C H F N C H F No- 

CZFY (nc) 72 45-4610.1 1.4420 45.6 1.9 36.0 10.6 46.1 2.3 36.0 10.6 
n-CsFi(nc) 71 4849/O. 1 1.4250 42.0 1.6 42.4 8.9 41.7 1.7 42.2 8.9 
n-C,F,&c) 80 4243 35.0 1.0 55.4 5.4 35.3 0.7 55.9 5.3 

~_ _~__~~ 

a Vmax. = 1600-1525 (C-N str.), 1360-1330 (C2N20 ring), 125C-1120 cm-’ (C-F str.). 
h All infrared (JR) spectra were recorded on a Perkin-Elmer Infracord Model 137 spectrcmeter. 

c 1 mmHg = 133.3 N m-L. 
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140 J. P. CRITCHLEY, J. S. PIPPETT 

The reactions of three perfluorodiacyl chlorides, malonyl, succinyl and 

glutaryl with arylamidoximes have been studied. These diacyl chlorides behaved 

rather differently from perfluoromonoacyl chlorides. 

(a) Hexafluoroglutaryl chloride gave three products: 

(i) Reaction with the arylamidoximes (VII) (R = H, p-CH,, m-CH,) in ether 

solution containing an equivalent of pyridine gave the expected O,O’-hexafluoro- 

glutaryl di(arylamidoximes) (VIII) (R = H, p-CHs, m-CH,) in good yield (Table 2). 

R 

m- 
’ 6 

N-OH R 

B, 

p-0 
\ c 

\ /0--Np , 

-33 

R 
2 

\ 
+ CLCOlCF,), COCI h C-_(CF,),-C 

- 

‘+‘, 
II # I - 

NH, 0 0 NH2 

(Yllzm) IZIII, 

Whilst there are two possible positions for acylation in amidoximes, it is 

now accepted7 that, with few exceptions, 0-acylation occurs. Infrared spectra 

confirmed that in the present compounds acylation had followed the customary 

course: the position of the carbonyl bands was characteristic for fluorinated 

esters* and in accord with the study by Brown and Wetzels of 0-perfluoroacyl 

perfluoroalkylamidoximes. Additionally, the associated OH band of the arylami- 

doximes had disappeared. The spectrum of O,O’-hexafluoroglutaryl di(benzami- 

doxime) (VIII) (R := H), typical for these compounds, is shown (Fig. 1). 

TABLE 2 

Q,O'-IIE~AFLUOROOLUTARYL DI(ARYL~VID~~~~)~ (vrnj 

R Yield M.p. Analysis : 
(%I (“0 Calcd. T/o Found “/, 

C HF N C HF N 

H (nc) 67 137-138 48.2 3.1 23.2 11.8 47.9 3.0 23.9 11.8 
p-CH3(nc) 74 149-150 50.0 3.1 22.6 11.1 49.7 3.2 22.1 10.9 
m-CH3(nc) 58 143-144 50.0 3.7 22.6 11.1 50.2 3.4 22.4 11.0 

’ Vmax. = 3450(m) and 3350(s) (N-H str.), 1780-1775 (C=O str.), 1625-1620 cm-l (C=N str.). 

(ii) A series of novel salts (Table 3), the arylamidoxime 4-(3-aryl-1,2,4- 

oxadiazol-Syl)hexafluoro-n-butyrates (IX) (R = H, p-CHs, m-CH,), have been 

produced in three different ways. 

R 

D 

\ ~~-“\C_,,, ) COO H”-NiC / R 

‘NY 

23 2 - --u H$/ - 
3 

(lx) 

Fig. 1. The IR spectra of (a) O,O’-hexafluoroglutaryl di(benzamidoxime) and (b) benzamidoxime 
4-(3-phenyl-1,2,4-oxadiazol-5-yl)hexafluoro-n-butyrate. 
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If after the O,O’-hexafluoroglutaryl di(benzamidoximes) (VIII) (R = H, 

p-CH3, m-CH3) had been collected, the reaction solution was treated with a further 

quantity of arylamidoxime and pyridine, yields of salts (IX) (R = H, p-CH3, 

m-CHJ up to 20% were obtained. Heating O,O’-hexafluoroglutaryl di(arylami- 

doximes) (VIII) (R = H, p-CH3, m-CH,) in the presence of anhydrous DMF or 

pyridine at 70”, or in refluxing aqueous ethanol, gave almost quantitative yields 

of compounds (IX). Alternatively, 65-70x yields were obtainable by the reaction 

of arylamidoximes and hexafluoroglutaryl chloride in pyridine solution at room 

temperature. 

TABLE 3 

ARYLAMIDOXIME 4-(3-ARYL-~,2,4-OXADIAZOL-~-YL)HEXAFLUORO-~-BUTYRATES (IX) 

R Yield M.p. 
(%) (“C) 

Equivalent: Analysis: 
Calcd. “/‘, Found % 

Req’d. Found C H F N C H F N 

Wnc) 
21” 
65” 344-145 476 476 47.9 3.0 23.9 11.8 48.1 3.2 23.9 11.8 

p-CH&c) 1::: 159-l 60 504 510 50.0 3.6 22.6 11.1 50.2 3.3 22.3 10.9 

m-CHdnc) 
17a 
66,, 139-139.5 504 508 50.0 3.6 22.6 11.1 49.8 3.6 22.3 10.8 

B Reaction in ether solution. 
b Reaction in pyridine solution. 

The salts were characterised by their elemental analyses, equivalent weights 

and the formation9 of the parent acids and various derivatives. Infrared spectra 

of all three salts were very similar and that for benzamidoxime 4-(3-phenyl-1,2,4- 

oxadiazol-5-yl)hexafluoro-n-butyrate (Fig. 1) is typical, the strong sharp band at 

3400 cm-1 (OH stretching) and the broad complex of bands between 3200 and 

2400 cm-l being characteristic. It is noteworthy that the salt (X) from benzamido- 

xime and pentadecafluoro-n-octanoic acid had a very similar spectrum in this 

region, whilst that for compound (Xl) was significantly different. 

0 

(t / \ 00 II 
NH, 0-C-C,F,,- n 

- 

(Xl (XI) 

The proton nuclear magnetic resonance (NMR) spectrum of compound (IX) 

(R = H) in freshly dried DMF showed two weak signals which were attributed to 

NH? and OH. On addition of a few drops of water the hydroxyl resonance dis- 
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appeared, this being due to the rapid exchange of water protons with the amidoxime 

hydroxylsio. Evidence for the presence of the 1,2,4-oxadiazole ring in compounds 

(IX) came from a comparison of the ultraviolet (UV) spectrum of compound (IX) 

(R = H) (L,. = 2280; E = 19 000) with those of 5-perfluoroalkyl- and perfluoro- 

alkylene-3-phenyl-1,2,4-oxadiazoles (Table 6). The salts were strong electrolytes 

in DMF solution, benzamidoxime 4-(3-phenyl-1,2,4-oxadiazol-5-yl)hexafluoro-n- 

butyrate ((IX); R = H) having a molar conductance at 18” of 23.1 ohm-icmz 

compared with a value for sodium nitrate at 25” of 61.6 ohm-icm2. 

(iii) The fully cyclised materials (XII) (R = H, p-CHs, m-CHs) (Table 4), 

which on the basis of the easy synthesis of the 5-perfluoroalkyl-3-phenyl-1,2,4- 

oxadiazoles were initially expected, were obtained in only lO-12% yield from the 

reaction of the arylamidoximes and hexafluoroglutaryl chloride in pyridine at 

room temperature. However, cyclisation of the O,O’-hexafluoroglutaryl di(amido- 

ximes) (VIII) by heating at 250” in the presence of phosphorus pentoxide gave 

7&80x yields of compounds (XII). 

(XII) 

TABLE 4 

1,3-BIS(3-ARYL-~,2,4-OXADIAZOL-5-YL)HEXAFLUOROPROPANES& (XII) 

R Yield M.p. Analysis: 
(%) (“C) Calcd. % Found % 

C HF N C HF N 

W-4 
10b 
76C 63-64 51.8 2.3 25.9 12.7 51.9 2.4 25.9 12.6 

p-CHAnc) 
12” 
72= 112-113 53.90 3.0 24.3 - 54.0 3.0 24.3 - 

wr-CHs(nc) i,‘E 64 53.9 3.0 24.3 - 54.3 3.0 24.2 - 

a "max. = 1590-1500 (C=N str.), 1220-1100 cm-l (C-F str.). 
b By reaction of arylamidoxime and hexafluoroglutaryl chloride in pyridine solution at room 
temperature. 
c By cyclisation of O,O’-perfluoroglutaryl di(arylamidoximes) (P205/250”). 

(b) Tetrafluorosuccinyl chloride gave two products: 

Benzamidoxime 3- (3-phenyl-l,2,4-oxadiazol-5-yl)tetrafluoropropionate (XIII) was 

obtained in approximately 60% yield when the reaction was performed at room tem- 

perature in ether solutioncontaining an equivalent of pyridine, orin pyridine solution 

alone. In either solution, however, a small quantity (616%) of the fullycyclised 1,2- 

bis-(3-phenyl-l,2,4-oxadiazol-5-yl)tetrafluoroethane (XIV) was also obtained. 

J. Fluorine Chem., 2 (1972/73) 
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+CICO-_(CF,),-COCL 

(xx) (xm) 

Separation of these two compounds was made possible by the solubility of the salt 

(XIII) in hot water. 

(c) Difluoromalonyl chloride gave one product: 

Reaction with benzamidoxime in either ether solution containing an equivalent of 

pyridine, or in pyridine solution alone, gave the fully cyclised compound bis(3- 

phenyl-1,2,4-oxadiazol-5-yl)difluoromethane (XV) as by far the major product. 

cRN-oH 
\ 

+ CICOCF, COCL - 

NH, 

The three fully cyclised materials (XII) (R = I-I), (XIV) and (XV) showed 

an interesting variation in melting point, the difluoromethylene-linked compound 

melting at 67-68”, the tetrafluoroethylene-linked one at 150-151” and the hexa- 

fluoropropylene-linked one at 64”. 

The rather unexpected formation of the arylamidoxime salts from hexa- 

fluoroglutaryl and tetrafluorosuccinyl chlorides does appear to preclude extension 

of the arylamidoxime-perfluorodiacyl chloride reaction into a polymer-forming 

one; Brown11 was similarly unable to prepare polymers by the reaction of hexa- 

fluoroglutaryl chloride and hexafluoroglutarodiamidoxime. However, the salts have 

led, via the corresponding perfluorocarboxylic acids, to a novel group of 1,2,4- 

oxadiazolyl perfluoro-olefins 9. 

The formation of the salts might be readily explained by assuming the diacyl 

chloride to have only half-reacted, giving an intermediate (XVI): 

R N-O 
\ 

C -_(CF,), -COCI 

II 

NH, 0 

The ease of cyclisation of such a fluoroalkyl-substituted intermediate has already 

been established, and the water thus evolved would hydrolyse the remaining acid 

chloride group. The resulting acid could subsequently react with further arylami- 

doxime to form the arylamidoxime salts. However, the possibility of forming the 

salts from the open-chain compounds (VIII), and the fact that there is no strong 

J. Fluorine Chem., 2 (1972/73) 



FLUOROALKYL(ENE)-1,2,4- AND 1,3,4-OXADIAZOLES 145 

evidence for such salts from difluoromalonyl chloride, necessitates an additional 

explanation. 

Thus the diversity of products may be explained by postulating 5- and 6- 

membered ring transition-state complexes. It seems possible that the conversion, 

in polar solvents, of O,O’-hexafluoroglutaryl di(arylamidoximes) (VIII) (R = H, 

p-CHs, m-CH,) into arylamidoxime salts (IX) (R = H, p-CHs, m-CHs) might 

involve the following reaction sequence : 

R 

F?- \ ~~N-o\c_(cF*)I-C/o-N~~ / R_ - 
I / II II -cY I - 

N: 0 0 NH* 
/\ 

H H 

0 HO-N 
R 

(lx) 

The relatively strong electron-withdrawing nature of the perlluoroalkyl chain 

facilitates cleavage of the C-O-(N) bond and leads to the formation of the aryl- 

amidoxime salts. If it is assumed that the O,O’-perfluoroalkyl di(arylamidoximes) 

(VIII) are intermediates, even in those reactions performed in pyridine solution, 

then the above mechanism could apply for both hexafluoroglutaryl and tetra- 

fluorosuccinyl chlorides. 

A further possibility is the formation of 5- or 6-membered ring transition- 

state complexes of the type (XVII) from the half-reacted intermediate (XVI) via 

structure (XVIII), again the resulting acid reacting with further arylamidoxime to 

give arylamidoxime salt. 

J. Fluorine Chem., 2 (1972173) 
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R 
\ 

n, 
CHN -O\C _-(CF,), _/ _ 

CF 
/\ C” 

N -0, ,(CFA \ ,s’ 

- 
II \O 

- \ /c\z/c\oH 

NH2 0 
“1’ 
H I 

(ml (XQIU) 

Similar transition-state complexes involving a strained 4-membered ring are 

less likely, which could explain the different behaviour of difluoromalonyl chloride 

towards arylamidoximes. 

1,3,4-Oxadiazoles 

2,5-Bis(perfluoroalkyl)-1,3,4-oxadiazoles and poly(perfluoroalkylene-1,3,4- 

oxadiazoles) have already been synthesised by two general techniques : dehydration 

of the corresponding mono- or di-hydrazide r-14 and reactionls,r6 of the pertluoro- 

alkyltetrazole with perfluoromono- or di-acyl chlorides according to the method 

pioneered by Huisgen et al.“. 

In the current work, the latter technique was successfully employed using 

5phenyltetrazole (XIX) and a variety of perfluoroacyl chlorides in pyridine 

solution at 90”, to give the 5-perfluoroalkyl-2-phenyl-1,3,4-oxadiazoles (XX) 

(RF = C2F5, n-CsF, and n-C,F,,) and 1,3-bis(2-phenyl-l,3,4-oxadiazol-5-y1)- 

hexafluoropropane (XXI) (Table 5). 

// 
N-NH 

yN-- \ 
C,H, - C 

‘N=N 

+ R,COCI - C6H,-C 

‘0’ 

C-R, 

(XIX) (xx) 

+ CICO -(CF,), -COCI - C,H,-C 

(XXI) 

These compounds all have melting points above the comparable 2,5-bis- 

(pertluoroalkyl)-1,3,4-oxadiazolesr*,rs, which are mobile liquids at room temper- 

ature, and in all cases they are higher melting than the analogous 1,2,4-oxadiazoles 

(Table 1). 

Spectral studies 

A study of the UV and NMR spectra of a series of non-fluorinated 1,2,4- 

oxadiazoles has led18 to the conclusion that the two double bonds in the ring, 

though conjugated, are not part of an aromatic system. Similarly, the UV spectra 

of 2,5-bis(perfluoroalkyl)-1,3,4-oxadiazolesr* or 3,5-bis(pertIuoroalkyl)-1,2,4-oxa- 

diazoless do not show any absorption in the 2200-3400 A region, which might 

imply aromatic delocalisation. However, unlike the other disubstituted perfluoro- 
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alkyl-oxadiazoles, 3,3’-bis(heptafluoro-n-propyl)bi-1,2,4-oxadiazol-5-y1 (XXII) and 

2,2’-bis(heptafluoro-n-propyl)bi-1,3,4-oxadiazol-5-y1 (XXIII) were shown5 to have 

absorption maxima at 2320 (log E,,,, = 4.04) and 2340 A (log E,,,~~, = 4.09), 

respectively. 

TABLE 5 

5-PERFLUOR~ALKYL- AND F~~L~~R~.~LKYLEN~-~-~ENYL-~,~,~-~~ADIAz~LE~ (xx) AND (XXI) 

RF Yield M.p. (“C) Analysis: 

(%) or b.p. Calcd. % Found % 

(“C/mmHg)C HF--N C HTN 

GFs(nc) 80 54-56/0.1 45.5 1.9 36.0 10.6 45.3 1.7 36.2 10.3 
n-GF,(nc) 81 29 42.1 1.6 42.3 8.9 41.8 1.6 42.3 8.6 
n-GFi5(nc) 74 56-57 35.0 1.0 55.4 5.4 35.4 1.0 55.2 5.7 

8 
N-N 

(CF,), -C 
\ 

C-C&(nc) 57 101-102 51.8 2.3 25.9 12.7 52.4 2.4 25.8 12.8 

‘0’ 

4 
N-O, /O-N ,N-N PN-N\ 

n-C,F, -C c-c 
8. 

C-CC,F,-n n-C,F, -C 
B 

c-c 
\N/ %,I 

C-C,F 
.lo/ io/ 

(XXII) (xxlu) 

It was suggested that the occurrence of absorptions in the UV is due to 

increased conjugation in such compounds, due specifically to the N=C-N=C- 

C=N-C=N and C=N-N==C-C=N-N-C chromophores. The interaction of 

a phenyl group in the 2 position of the 1,3,4-oxadiazole or the 3 position of the 

1,2,4-oxadiazole rings leads similarly to absorptions in the near-UV (Tables 6 

and 7). The S-perfluoroalkyl- and perfluoroalkylene-3-phenyl-1,2,4-oxadiazoles 

absorb at shorter wavelengths than both compound (XXII) (by 95-60 A) and the 

Sperfluoroalkyl- and perfluoroalkylene-2-phenyl-1,3,4-oxadiazoles (by 315-275 A); 

in both cases the conjugated chain length of the 3-phenyl-1,2,4-oxadiazoles is 

shorter, having three rather than four double bonds. However, the 5-perfluoroalkyl- 

and perfluoroalkylene-2-phenyl- 1,3,4-oxadiazoles absorb at considerably longer 

wavelengths (by 200 A) than compound (XXIII), although both systems have 

four conjugated double bonds. Probably an enhanced degree of interaction between 

benzene and 1,3,4-oxadiazole rings, due to the x-electron delocalisation in the 

benzene ring, is responsible. Those 1,2,4-oxadiazoles having perfluoroalkylene 

groups between identical conjugated systems, namely (XII) (R = H), (XIV) and 

(XV), and the 1,3,4-compound (XXI), all absorb at the same wavelength, but with 

twice the intensity of those compounds containing only one such conjugated 

system. This is expected, since the perfluoroalkylene groups entirely break the 

conjugation between the two chromophores. 
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A feature of the 5-perfluoroalkyl-2-phenyl-1,3,4-oxadiazoles is the red-shift 

(65 A) observed on replacement of the proton in position 5 of the oxadiazole ring; 

this is in contrast to the blue shift observed on replacement of the proton in 

position 5 of the 1,2,4-oxadiazole ring, which blue shift is as much as 200 A in the 

pentafluoro-ally19 derivative. 

TABLE 6 

UV SPECTRA OF C,H, - 
/ N-O, 

C\NHc-Ra 
R A max. 6) E 

HW 2380 14000 
CzF, 2225 9650 
n-GF, 2235 10900 
n-C,F15 2235 11100 

/O- N\ 
CF, C C - C,H, 2260 23100 

\N’ 

/O-N 

(CF,), -C 
\ 

C - C,H, 2250 22200 
\,/ 

/o--N\\ 
(CF,),--C C - C,H, 2265 19000 

\,/ 

CFzCF=CFzd 2180 12000 

Q In ethanol solution. 
b In diethyl ether solution. 
C Ref. 18. 
d Ref. 9. 

TABLE 7 
/ 

UV SPECTRA OF CsH,--C 
N-N\C_Ra 

‘0’ 

R A max. (‘Q E 

Hb 2475 18600 
GF5 2540 18100 
nGF7 2540 22400 
n-GFm 2540 18200 

gN--\ 
(CF,), -C c - C,H, 2540 39400 

‘0’ 

a In ethanol solution. 
b Ref. 17. 
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Thermal stabilities 
The superior thermal stability of the 1,3,4- over the 1,2,4-oxadiazole ring 

system observed19 in the non-fluorinated model compounds and polymers is like- 

wise exhibited by the perfluoroalkyl-substituted systems (Tables 8 and 9). Moreover, 

the perfluoroalkyl-I ,2,4-oxadiazoles are considerably less stable than their non- 

fluorinated analogues, the thermal decomposition points (7-D) of which range 

from 260-280”. 

TABLE 8 
HN--O 

DECOMPOSITION TEMPERATURES OF C,H, - C 
\ 

C-R= 

‘NR 

R TD (“C>b 

--.- 

CzFs 197c 
n-GF7 209 c 
n-G& 239 

/O-N 
CF, -C 

\ 

\N/’ -C=H5 203 

/O-N 

(CF,), -C 
b 
C- CGH, 

NN/ 

.“-N\c_ c H 
(CF,),-C 

\,/ 6 5 

209 

223 

8. By isotensiscope. 
b TD defined as the temperature at which the rate of pressure rise reaches 0.88 mmHg min-I. 
C Measured at 3 atmospheres pressure. 

TABLE 9 
BN-N\ 

DECOMPOSITION TEMPERATURES OF C J-j 5 - C C-Ra 

‘O/ 

R TD (“cl 

CzFs >237b 
n-GF7 >245b 
n-GF15 >290b 

/ 
(C F213 - C 

N--N\\ 
C- C,H, -305 

‘0’ 

a By isotensiscope. 
b No decomposition below the boiling point. 
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From the results shown in Table 9 it is not surprising that other workers12,13 

have found the stability of the 2,5-bis(perfluoroalkyl)-1,3,4-oxadiazoles to be high; 

Brown et ~1.12 have reported no decomposition on heating such compounds in an 

evacuated sealed glass tube for 15 h at 3.50” and for 1 h at 400”. The claim5 that 

3,5-bis(perlluoroalkyl)-1,2,4-oxadiazoles are similarly stable is surprising; presum- 

ably decomposition was measured by changes which were not as sensitive as the 

isotensiscope method. 

The mass spectra of a number of these perfluoroalkyl and perfluoroalkylene- 

1,2,4- and 1,3,4-oxadiazoles have already been reportedza-22 and a study made of 

the electron impact fragmentation behaviour. A mass-spectral examination of the 

products resulting from the thermal decomposition of 5-perfluoroalkyl-3-phenyl- 

1,2,4-oxadiazoles (VI) (RF = C2F5, n-CsF, and n-C7F1,) between 260 and 290” 

has indicated the following fragmentation behaviour, which shows a difference 

from that on electron impact: 

------ R,--CN + C,H,-CN 

\ 
\ 

e.g. CFi,CF,Ch , C,Fl,CF,CFCh,etc 

Although, as with hydrocarbon aliphatic nitriles, no parent ions were shown by 

the perfluoroalkyl nitriles, the principle fragment ions indicated their transient 

existence. Above 300”, a more extensive decomposition occurred and phenyl 

isocyanate, benzonitrile and carbon dioxide were identified. No exact pyrolysis 

data is available for the perfluoroalkyl- 1,3,4-oxadiazoles, but no measurable 

decomposition was detected below 300”. 

Nucleophilic attack 

The effect of a nucleophilic reagent such as methylamine on the phenyl- 

substituted perfluoroalkyl- 1,3,4- and 1,2,4-oxadiazoles has also been studied. 

Brown and Cheng23 have already shown that 2,5-bis(perlluoroalkyl)- 1,3,4-oxadia- 

zoles are readily attacked by both ammonia and methylamine to give by ring 

opening the intermediates (XXIV) and (XXVI) which, by dehydration or deamina- 

tion, give the corresponding triazoles (XXV) and (XXVIl). 

/ N-NN\\ /NH-N 
\ 

R, - C C-RR, 
NH3 

‘0’ 
- RF-; C-RR, 

- Hz0 //N-N\C_R 

- R’-C\N/ F I 
0 NH, I 

H 

(EmI) (xxx) 
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HN--\ /NH-NH\ -CH,NH, 
N-N 

C-R, 
2CH,NH, / \ 

RF-C 

‘0’ 

- RF-C 
II 

C-R, 

II 

- RF-C 

‘N’ 

C-RR, 

“; 

N 

I 
I 

CH, c’-‘, 
c’-‘, 

(-1 (XXZU) 

Reaction of refluxing methylamme with 5-heptafluoropropyl-2-phenyl-1,3,4- 

oxadiazole (XX) (RF = n-CjF,) has given a product of structure (XXVIII); 

contrary to Brown and Cheng’s observation 23 for the bis(perfluoroalkyl)- 1,3,4- 

oxadiazoles, only one molecule of methylamine attacks the ring, presumably at 

the ring carbon attached to the perlluoroalkyl group: 

(XX,RF= n-C,F,) % 

\ /NH -NH, P--N \ 
C,H,- C 

II 
C-R, - 
II 

C,H, -C C-R, 

‘N’ 
0 N 

I 
I 

CH, 
C% 

(xxs!nI) (xxx) 

lnfrared and analytical data for compound (XXVIII) confirmed its structure. It 

was dehydrated by heating in the presence of phosphorus pentoxide to give the 

triazole (XXIX). 

5-Pentafluoro-n-propyl-3-phenyl-1,2,4-oxadiazole (VI) (R = n-C,F,) was, 

EXPERIMENTAL 

Starting materials 

Pentadecafluoro-octanonitrile, b.p. 101-102” (Found : C, 24.1 

however, unaffected after several hours in refluxing methylamine. 

; F, 71.7; 

N, 3.2%. Calcd. for CsFi,N: C, 24.3; F, 72.1; N, 3.5%) was prepared by the 

methods of Swarts24 and Gilman and Jones 25 for other perfluoroalkanonitriles, 

from the commercially available carboxylic acid via the esters and amides. Per- 

fluoromonoacylchlorides and 5-phenyltetrazole were prepared bywell-authenticated 

methods. 

Preparation qfpentadecajhoro-n-octanamidoxime 

Hydroxylamine hydrochloride (3.7 g, 50 mmole) dissolved in water (30 ml) 

was stirred with sodium carbonate (2.7 g, 25 mmole) until carbon dioxide had 
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ceased to be evolved. Pentadecafluoro-octanonitrile (19.7 g, 50 mmole) in ethanol 

(50 ml) was added, and then further ethanol until a homogeneous mixture was 

obtained. There was an immediate exothermic reaction and colourless, crystalline 

plates precipitated; the mixture was stirred for a further 2 h without external 

heating. The solid was filtered off, washed with water and dried in vucuo (P,O,) 

to give pentadecafluoro-n-octanamidoxime (19.8 g, 93x), m.p. 122-123.5”. 

Recrystallisation from aqueous ethanol gave m.p. 126-127” (lit.5 m.p. 121-122.5”). 

(Found: C, 22.5; H, 1.1; F, 66.7; N, 6.5”/,. Calcd. for C7H3F15NZO: C, 22.4; 

H, 0.7; F, 66.6; N, 6.5x.) 

Reactiorls of pentadecafuoro-n-octanamidoxime 

(i) With hexafluoroglutaryl chloride 

Pentadecafluoro-n-octanamidoxime (8.6 g, 20 mmole) was dissolved in 

pyridine (6 ml) and DMF (20 ml), the solution being stirred under nitrogen with 

the exclusion of atmospheric moisture. Hexafluoroglutaryl chloride (2.8 g, 

10 mmole) in dry DMF (10 ml) was slowly added; a white solid was precipitated 

and a slight exotherm noted. The mixture was then stirred at room temperature 

for 16 h. The precipitate was collected, washed and dried (P205) in vacua to give 

O,O’-hexafluoroglutaryl di(pentadecafluoro-n-octanamidoxime) (III) (nc) (1.8 g, 

16.5x), m.p. 125-130”; after recrystallisation from ethanol/water, m.p. 131-132”. 

(Found: C, 23.7; H, 1.0; F, 63.9; N, 5.9%. Calcd. for CZ1H4F36N404: C, 23.7; 

H, 0.4; F, 64.5; N, 5.3x.) The filtrate was concentrated and, on addition of water, 

unreacted pentadecafluoro-n-octanamidoxime (3.9 g) was precipitated. 

O,O’-Hexafluoroglutaryl di(pentadecafluoro-n-octanamidoxime) (1.5 g, 

1 mmole) was thoroughly mixed with an excess of phosphorus pentoxide and 

heated at 200-250” for 8 h with the exclusion of atmospheric moisture. The solid 

product was extracted with dry ether, the ether extract dried (MgSOJ and the 

solvent removed to leave a straw-coloured oil (0.6 g). The IR and mass spectra of 

this oil indicated it to be the dicyclised 1,3-bis(3-pentadecafluoro-n-heptyl-1,2,4- 

oxadiazol-5-yl)hexafuoropropane (IV) (nc). 

(ii) With diplzenyl isophthalate 

Diphenyl isophthalate (3.0 g, 10 mmole) dissolved in DMF (40 ml) was 

added with stirring to a solution of pentadecafluoro-n-octanamidoxime (8.2 g, 

20 mmole) in DMF (40 ml) with the exclusion of atmospheric moisture and heated 

to 100-120” for 12 h. The colourless, crystalline plates which appeared on cooling 

were collected, washed with DMF and dried (P,O,) in vacua to give 1,3-bis(3- 

perfluoro-n-heptyl-1,2,4-oxadiazol-5-yl)benzene (V) (nc) ( 1.1 g, 11.5 “/,), m.p. 

lOO-101”; recrystallisation from ethanol gave m.p. 101-102”. (Found: C, 31.0; 

H, 0.5; F, 60.3; N, 5.9%. Calcd. for C24H4F30NJ02: C, 30.8; H, 0.4; F, 60.0; 

N, 5.9x.) Further heating of the filtrate for 12 h did not yield more of compound 

(V). 
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Preparation of 5perfluoroalkyl-3-phenyl-1,2,4-oxadiazoles 

Benzamidoxime (100 mmole) was dissolved in anhydrous ether (200 ml) 

and pyridine (100 mmole) and the solution, which was cooled to 0”, stirred under 

nitrogen with the exclusion of atmospheric moisture. Perfluoroacyl chloride 

(100 mmole) was added drop-wise via a cooled (-70”) funnel; a dense white solid 

immediately precipitated and progressively thickened. The solution was then 

allowed to warm to room temperature for 2 h when there was a marked reduction 

in the amount of precipitate. The solution was refluxed for 2 h, cooled to room 

temperature and filtered. Removal of the solvent left an oil, or low-melting solids. 

These products were purified by distillation or recrystallisation from ethanol 

(Table 1). 

Reaction of arylamidoximes with hexaJuoroglutary1 chloride 

(i) In ether solution 

The arylamidoxime (100 mmole) was dissolved in anhydrous ether (850 ml) 

and pyridine (100 mmole), and the solution stirred under nitrogen with the 

exclusion of atmospheric moisture. Hexafluoroglutaryl chloride (50 mmole) was 

added drop-wise; a dense, white precipitate formed immediately with no apparent 

exotherm. The reaction mixture was stirred at room temperature for 20 h and then 

filtered. The washed precipitate was dried (P205) in vacua to give O,O’-hexafluoro- 

glutaryl di(arylamidoximes) (VIII). These products (Table 2) were purified by 

careful precipitation (water) from DMF solution. 

To the filtrate was added a solution of arylamidoxime (0.05 equiv.) in ether 

(200 ml) and pyridine (0.1 equiv.). A further dense precipitate immediately appear- 

ed, but then mainly re-dissolved; after being stirred for 3 h at room temperature, 

the solution was filtered from a very small tacky precipitate and the ether distilled. 

The remaining pyridine solution was poured on to ice/hydrochloric acid mixture 

to give a granular solid. This solid was washed and dried (PzOs) in vacua to give 

the arylamidoxime 4-(3-aryl-1,2,4-oxadiazol-5-yl)hexafluoro-n-butyrate (IX) (nc). 

These products (Table 3) were purified by recrystallisation from water or ethanol/ 

water. 

(ii) In pyridine solution 

The arylamidoxime (100 mmole) was dissolved in pyridine (1 1) and the solu- 

tion stirred under nitrogen with the exclusion of moisture. Hexafluoroglutaryl 

chloride (50 mmole) was added slowly: there was no precipitate, but an exotherm 

was observed and controlled at 40” by external cooling. The solution was stirred 

at 40” for 3 h; most of the pyridine was then removed by distillation under reduced 

pressure and the residual oil poured on to ice/hydrochloric acid mixture. The 

granular solid thus obtained was collected, washed and dried (PzOs) in vacua. 

Extraction with hot water gave the salts (IX) (Table 3). The water-insoluble 

products were purified by crystallisation from ethanol and found to be 1,3-bis- 

(3-aryl-1,2,4-oxadiazol-5-yl)hexafluoropropanes (XII) (nc) (Table 4). 
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Reaction oj’benzamidoxime with tetrafluorosuccinyl chloride 

(i) In ether solution 

Conditions used in the reaction of hexafluoroglutaryl chloride with arylami- 

doximes were repeated. The products obtained were benzamidoxime 3-(3-phenyl- 

1,2,4-oxadiazol-5-yl)tetrafluoropropionate (XIII) (nc) (59%), m.p. 145-146” 

(Found: C, 51.0; H, 3.3; F, 17.8; N, 13.1%, equiv. 424. Calcd. for C18H14F4N404: 

C, 50.9; H, 3.3; F, 17.8; N, 13.1%, equiv. 426) and 1,2-bis(3-phenyl-1,2,4-oxadiazol- 

5-yl)tetrafluoroethane (XIV) (nc) (6%), m.p. 150-151” (Found: C, 55.5; H, 2.9; 

F, 14.2; N, 19.4%. Calcd. for C1sH1,,F4N402: C, 55.4; H, 2.6; F, 14.4; N, 19.5%). 

(ii) In pyridine solution 

Conditions used in the reaction of hexafluoroglutaryl chloride with aryl- 

amidoximes were repeated to give (XIII) (58 %) and (XIV) (16%). 

Reaction of benzamidoxime with diJuoromalony1 chloride 

(i) In ether solution 

Conditions used in the previous experiments were repeated to give bis(3- 

phenyl-1,2,4-oxadiazol-5-yl)difluoromethane (XV) (nc) (57%) m.p. 63-64” (Found: 

C, 60.1; H, 3.1; F, 11.2; N, 16.‘6%. Calcd. for C17H10F2N402: C, 60.0; H, 2.9; 

F, 11.2; N, 16.5%); v,,,. 1600-1520 (C=N ring str.), 1350 (C2N20 ring str.), 

120&l 100 cm-l (C-F str.). 

(ii) In pyridine solution 

Conditions used in the previous experiments were repeated to give (XV) 

(58 %). 

Preparation of 5-perjluoroalkyl- and perjluoroalkylene-2-phenyl-1,3,4-oxadiazoles 

5-Phenyltetrazole (100 mmole) was dissolved in pyridine (100 ml) and the 

solution cooled below 5” and stirred under nitrogen with the exclusion of atmos- 

pheric moisture. A perfluoromonoacyl chloride (R,COCl; R, = C2F5, n-C3F,, 

n-C7F1,; 100 mmole) or hexafluoroglutaryl chloride (50 mmole) was added drop- 

wise via a cooled funnel; an immediate exotherm was observed but the solution 

temperature was not at this stage allowed to rise above 40”. After complete 

addition of the acyl chloride, the solution, which by then had turned to a deep red 

colour, was heated at 90-95” for 3-5 h. The solution was cooled and poured on 

to an excess of ice/hydrochloric acid solution giving tacky solids in all cases except 

with heptafluoropropionyl chloride. These 5-perfluoroalkyl- and perfluoro- 

alkylene-Zphenyl-1,3,4-oxadiazoles (Table 5) were purified by distillation ((XX); 

R, = CZFS), sublimation ((XX); R, = n-C3F,) or recrystallisation from ethanol 

((XX); R = n-C,F15; and (XXI)). 
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Reaction of 5-perjuoropropyl-2-phenyl-1,3,4-oxadiazole with methylamine 

5-Perfluoro-n-propyl-2-phenyl-1,3,4-oxadiazole (4.4 g, 14 mmole) was placed 

in a 50 ml flask equipped with a condenser cooled with solid carbon dioxide. 

Methylamine (5.0 g, 170 mmole) was condensed into the flask and the oxadiazole 

allowed to react with the refluxing methylamine for 3 h. During the reaction a deep 

yellow colour was produced. After removal of the excess of methylamine, the 

residual solid was dried (PzOs) in vacua to give l-(N-methylheptafluoro-n-butyri- 

midoyl)-2-benzoylhydrazine (XXVIII) (nc) (4.3 g, 89x), m.p. 174175”, and after 

recrystallisation from DMF, m.p. 174175” (Found: C, 41.9; H, 2.9; F, 39.4; 

N, 11.9%. Calcd. for Ci2Hi0F7N30: C, 41.7; H, 2.9; F, 38.6; N, 12.2%); vmax. 3250 

(N-H str.), 1660 cm-l (C-O str.). 

l-(N-Methylheptafluoro-n-butyrimidoyl)-2-benzoylhydrazine (3.5 g, 100 

mmole) was mixed with phosphorus pentoxide in a sublimator and heated at 150” 

for 3 h. A vacuum was then applied and 3-heptafluoropropyl-4-methyl-5-phenyl- 

1,2,4-triazole (XXIX) (nc) sublimed at 105-l lOojO. mmHg as a white solid (2.0 g, 

62x), m.p. 133-134”; after recrystallisation from ethanol m.p. 135-136” (Found: 

C, 44.5; H, 2.6; F, 39.6; N, 12.8%. Calcd. for Ci2HsF,N3: C, 44.1; H, 2.4; 

F, 40.6; N, 12.8%); v,,,~~, 3060-3030 (C-H str.), 1490-1460 (C=N str. ?), 1240- 

1100 cm-t (C-F str.). 
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