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2,5-Bis(polyfluoroalky1)-1,3,4oxadiazoles and the 2,5-bis(po1yfluoroaIkyl)-1,3,4thiadiazo1es have been prepared by 
heating bis(polyfluoroacy1)hydraaines with excess phosphorus pentoxide and phosphorus pentasulfide, respectively, a t  
200-30O0. 

The cyclodehydration of diacylhydraeines by 
heating alone or with thionyl chloride results in the 
formation of 2,5-dialkyl-1,3,4-oxadiazoles11 and 
synthesis of the corresponding 2,5-dialkyl-1,3,4- 
thiadiazoles has been accomplished by reaction of 
diacylhydrazines with phosphorus pentasulfide. lv2 

We now report the preparation of new represen- 
tatives of these two classes of five-member 
cycles, 2,5-bis(polyfluoroalkyl)-l,3,4-0xadiazoles (I) 
and 2,5-bi s (polyfluoroalkyl)-l,3,4-thiadiazoles (11). 
The (polyfluoroalky1)oxadiazoles I, in which R, 
= C3F7-, C7F16-, and H(CF&-, were obtained 
in 50-70% conversions by heating the bis(po1y- 
fluoroacy1)hydrasines with excess phosphorus pent- 
oxide at 200-300'. 

0 0 
II 

RJNHNHCR, A 

I 

In  contrast to the behavior of fluorine-free diacyl- 
hydrazines,l the bis(polyfluoroacy1)hydrasines did 
not cyclodehydrate when refluxed with thionyl 
chloride or phosphorus oxychloride. Furthermore, 
only low yields of 2,5-dialkyl-1,3,4-oxadiazoles 
were obtained when diacylhydrazines were treated 
with phosphorus pentoxide, the preferred reagent 
for dehydrating the bis(polyfluoroacy1) hydrazines. 
An alternative synthesis of the (polyfluoroalky1)- 
oxadiazoles was found in the reaction of poly- 
fluoroalkanoic acids with hydrazine hydrate in 
refluxing benzene to obtain a mixture, presumably 
consisting of the bis(polyfluoroacyl)hydrazine, the 
monoacyl hydrazinium carboxylate, and the bis- 
(hydraainium)dicarboxylate, which was then heated 
with phosphorus pentoxide. In this way, bis(po1y- 
fluoroalky1)oxadiazoles I wit,h R y  = CFs-, 
CzF5--, and H(CF2)4-- were obtained in yields of 
26%, 49%, and 13%, respectively. 

The bis(polyfluoroalky1)oxadiazoles I are liquids 
boiling over the range from 65' ( R y  = CF,) to 
236' (R, = C7FI5) without decomposition and are 
quite stable thermally. The boiling points of the 
(polyfluoroalky1)oxadiazoles I are appreciably lower 
than the boiling points of their alkyl analogs. 

(1)  R. Stolle, J. prakt. Chem., 11, 68, 137 (1903); 11, 

(2) R. Stolle and L. Gutmann, J. prakt. Chem., 11, 69, 
69,151,481 (1904). 

509 (1904). 

For example, 2,5-dimethyl-l,3,4-oxadiazole boils 
a t  178',' while 2,5-bis(trifluoromethyl)-l,3,4-oxa- 
diazole (I. R, = CFa) boils at 6 5 O ,  a differential 
(112') somewhat greater than one might expect. 

The bis(polyfluoroalky1)thiadiazoles 11, in which 
R, = C z F s  and H(CF&-, were prepared by 
treating the bis(polyfluoroacy1)hydrazines or the 
hydrazinium fluorocarboxylates with phosphorus 
pentasulfide a t  250-300'. For example, 1,2-bis(5- 
hydrooctafluorovalery1)hydrazine formed 2,5-bis(4- 
hydrooctafluorobutyl)-l,3,4-thiadiazole (11. R, = 
H(CF2)4-) in 74% conversion, while pentafluoro- 
propionic acid and hydrazine hydrate gave 2,5- 
bis(pentafluoroethyl)-1,3,4-thiadiazole (11. R,  = 
C2F6--) in 56% yield. 

The identities of the oxa- and thiadiazoles were 
established by their elemental composition and by 
their infrared and NMR spectra. The polyfluoro- 
alkyl oxadiazoles exhibited absorptions in the 
infrared near 6.35 p in the -C=N- region. In the 
alkyl series, 2,5-dimethyl-l,3,4-oxadiazole absorbs 
in the --C"=N region a t  6.30 p and a t  5.75 p a 3  With 
the polyfluoroalkyl thiadiazoles the infrared absorp- 
tion shifted to 6.7 p. The fluorine magnetic resonance 
wab shifted appreciablyby the replacement of oxygen 
by sulfur. Thus, the resonance of the fluorine atoms 
in the alpha position in 2,5-bis(4-hydrooctafluoro- 
butyl)-1,3,4-oxadia~ole [I. R, = H(CF2),-] was 
at 2690 C.P.S. while the corresponding fluorine atoms 
in 2,5-bis(4-hydrooctafluorobutyl)-1,3,4-thiadiazole 
[11, R, = H(CF,),-] exhibited a peak a t  2080 
C.P.S. The fluorine resonance of 2,bbis(trifluoro- 
methyl)-1,3,4-oxadiazole (I. R, = CF,) consisted 
of a single peak a t  45 C.P.S. on the high field side 
relative to 1,2-difluorotetrachloroethane. 

EXPERIMENTAL 

All melting points and boiling points are uncorrected. 
The infrared spectra were obtained using a Perkin-Elmer 

Model 21 double-beam spectrophotometer. 

(3) M. Milone and E. Barello, Guzz. chim. itul., 81, 683 
(1951). 
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The NMR spectra were obtained by means of a high-res- 
olution magnetic resonance spectrometer and associated 
electromagnet, both manufactured by Varian Associates, 
Palo Alto, Calif., operated a t  56.4 mc./sec. and approxi- 
mately 14,081 gauss. A capillary of 1,2-difluoro-tetrachloro- 
ethane was placed in each sample, and the spectra were cali- 
brated in terms of displacement in cycles per second (c.P.s.) 
from the fluorine resonance of 1,2difluorotetrachloro- 
ethane. All peaks were to the high field side. 

1 ,&Bis( pol yfluoroacy1)hydrazines. 1 ,t?-Bis( 6-hydrooeta- 
fluorovaEeryl)hydrazine.4 To a stirred solution of 0.14 mole (38 
g.) of 5-hydrooctafluorovaleryl chloride in benzene was added 
0.14 mole (7 g.) of hydrazine hydrate. After stirring for 1.5 
hr., the mixture was refluxed with a water eliminator at- 
tached until all the water had been removed. Filtration of the 
hot benzene mixture removed the hydrazine dihydrochloride. 
On cooling the benzene solution, there was obtained 22 g. 
(64% yield) of l,Zbis(5hydrooctafluorovaleryl)hydrazine, 
m.p. 131-132'. 

Anal. Calcd. for CloH,FlaN202: C, 24.60; H, 0.82; F, 62.27; 
N, 5.74. Found: C, 24.44; H, 1.31; F, 61.20; N, 6.19. 

The following 1,2bis( perfluoroacy1)hydrazines were pre- 
pared by the same method. 

ll2-Bis(perfEuorobutyy/l)hydrazine. From 0.13 mole (29 9.) 
of perfluorobutyryl chloride there was obtained 15.6 g. 
(59% yield) of bis(perfluorobutyryl)hydrazine, m.p. 167- 
168°.6 

l,bBis(perfEuoroocfanyl)hydrazine. From 0.09 mole (37.5 
g.) of perfluorooctanoyl fluoride there was obtained 28 g. 
(76% yield) of bis(perfluorooctanyl)hydrazine, m.p. 137- 
139". 

Anal. Calcd. for ClgH2F30N202: C, 23.31; H, 0.25; N, 3.40. 
Found: C, 23.76; H, 0.40; N, 3.80. 

9,5-Bis(polyfEuoroaZky1)-1,3,4-oxadiazoles (I). The follow- 
ing procedures were used for the preparation of the oxadia- 
zoles. 

Method A .  d,6-Bis(4-hydrooeta$uorobutyl)-1,3,~-oxadia- 
zob [I. R f  = (CF,),H]. An intimate mixture of 3.3 mmoles 
(6.5 g.) of 1,2-bis(5-hydrooctafluorovaleryl)hydrazine and 
46 mmoles (6.5 g. ) of phosphorus pentoxide was heated a t  a 
bath temperature of 250' for 1 hr. The volatile product was 
distilled under reduced pressure to give 4.8 g. (77% yield) 
of crude product. Fractionation at atmospheric pressure 
gave 3.7 g. (59% yield) of 2,5-bis( 4hydrooctafluorobutyl)-1, 
3,4oxadiazole, b.p. 193-195'. 

Anal. Calcd. for CIOH2F16N20: F, 64.66; N, 5.96. Found: 
F, 65.14; N, 6.04. 

The infrared spectrum showed strong absorptions a t  3.32 

(C-F), 9.6 p ,  10.02 p, 10.40 p, 10.62 p ,  11.2-11.6 p (broad), 
11.68 p, 12.3-12.8 p (broad), 13.50 p, and 14.80 p. 

The fluorine magnetic resonance spectrum consisted of 
five chemically shifted resonances, a doublet having com- 
ponents a t  4108 and 4055 C.P.S. (-CFzH), and three singlets 
at 3580, 3290, and 2690 C.P.S. (internal -CF2-). All the 
resonances exhibited considerable fine structure. 

Other oxadiazoles made by the same general procedure 
are described below. 

2,5-Bi.s(perjlu.oropropyl)-l,3,4-oxadiazole (I. Rf = CSFT). 
A mixture of 10 mmoles (4.2 g.) of l,Zbis(perfluorobutyryl)- 
hydrazine and 30 mmoles (4.3 9.) of phosphorus pentoxide 
gave 2.8 g. (69% yield) of 2,5-bis(perfluoropropyl)-1,3,4 
oxadiazole, b.p. 118-119'. 

Anal. Calcd. for C8FI4N?O: F, 65.50; N, 6.90. Found: F, 
66.75; N, 6.85. 

The infrared spectrum showed absorptions at 6.35 p 

p (CF,-H), 6.35 p (-C=N-), 7.14 p, 7.35 p, 7.6-9.1 p 

(-C=N-), 6.40 p, 7.08 p, 7.40 p, 7.7-9.0 p (C-F), 8.80 p, 
9.26 p, 9.85 p, 10.85 p, 11.38 p, and 13.30 p. 

2,5-Bis(perfluoroheptyl)-l ,S,4-oxadiazole (I. Rj  = C T F ~ ~ ) .  
A mixture of 28.6 mmoles (23.5 g.) of 1,2-bis(perfluorooctan- 

(4) We are indebted to Dr. R. A. Carboni for this ex- 

(5) Private communication, D. C. Remy, m.p. 165-166". 
periment. 

oy1)-hydrazine and 239 mmoles (34 g.) of phosphorus pent. 
oxide gave 12.6 g. (55% yield) of 2,&bis(perfluoroheptyl)_ 
1,3,4oxadiazole, b.p. 234-236'. 

Anal. Calcd. for C18~soNzO: C, 23.84; F, 70.70; N, 3.48. 
Found: C, 24.41; F, 69.97; N, 3.87. 

The infrared spectrum showed absorptions at 6.38 p (-C 

9.85 p, 10.35 p, 10.45 p, 11.35 p, 11.50 p, 12.05 p, 12.36 p, and 
13.37 p. 

Method B .  ~,6-Bis(trifl~rometh~l)-l,3,~-oxadiazole (I. 
Rf = CF1). A mixture of 0.5 mole (25 9.) of hydrazine hy- 
drate, 0.25 mole (57 9.) of tritluoroacetic acid, and 300 ml. of 
benzene was refluxed for 1 hr. The mixture was then refluxed 
for 2 hr. with a water eliminator attached. An additional 0.25 
mole (57 9.) of trifluoroacetic acid was added. The resulting 
mixture was then refluxed for 2 hr. without the water elim- 
inator and 15 hr. with the water eliminator attached. The 
white solid obtained upon cooling was removed by filtration; 
it weighed 76 g. and had no definite melting point. An addi- 
tional 26 g. of product in the form of a viscous liquid was ob- 
tained by removing the solvent from the filtrate. A mixture 
of the solid and 100 g. of phosphorus pentoxide was heated for 
2 hr. a t  200" under an efficient reflux condenser. 1,2,4Tri- 
chlorobenzene (100 ml.) was added to the reaction mixture 
which was then heated 3 hr. at 220'. The volatile material 
was distilled from the reaction flask to give 31.9 g. of crude 
2,5bis(trifluoromethyl)-l,3,40xadiazoleJ b.p. 45-65'. A 
mixture of the viscous liquid and 100 g. of phosphorus pent- 
oxide was heated 3 hr. a t  250' under an efficient reflux con- 
denser. Distillation of the volatile product gave 7 g. of crude 
2,5-bis(trifluoromethy1)-lJ3,40xadiazole, b.p. 45-45'. 

The crude products were combined, washed with 20 ml. of 
ice water, 20 ml. of cold 27'' aqueous sodium hydroxide, and 
dried over anhydrous magnesium sulfate. Careful fractiona- 
tion gave 26.8 g. (26% yield) of 2,5-bis( trifluoromethy1)-l,- 
3,4oxadiazole, b.p. 62.5-65'. 

Further purificatioh of 2,5bidtrifluoromethyl)-lJ3,4 
oxadiazole was easily carried out employing preparative 
scale gas chromatography. A column of 0.75 in. X 12 ft. 
copper tubing packed with 20% fluoroalkylpyromellitate on 
35-65 mesh "chromosorb" was used. A column temperature 
of 105' with a helium back-pressure of 6 lb. eluted the prod- 
uct in 2.8 min. while the small amount of impurity began to  
come off in 6.5 min. At a loading of 1.5 ml. complete separa- 
tion was obtained. 

Anal. Calcd. for C$&zO: C, 33.31; F, 55.32; N, 13.60. 
Found: C, 23.86; F, 56.53; N, 13.40. 

The infrared spectrum showed absorptions at 6.25 p, 6.35 

=N-), 7.13p, 7.32p,7.59pl7.9-8.9p(C-F),9.25p,9.65p, 

p(-C=N-), 6.75pL,6.88p,7.05p,7.70p,8.0-8.6p(C-F). 
9.OOp, 9.94p, 10.23p, 10.37p, 13.10p, 13.30pand 14 .70~.  

The fluorine magnetic resonance spectrum showed one 
peak a t  45 C.P.S. 

2,6-~is(pen~$uo~oethyl)-l,~,~-oxadiazale (I. RJ = CBFS-). 
A mixture of 0.69 mole (113 9.) of pentafluoropropionic 
acid and 0.35 mole (17.5 9.) of hydrazine hydrate gave 100 g. 
of crude reaction product. There was obtained 52 g. (49% 
yield) of 2,5bis(pentafluoroethyl)-1,3,4-oxadiazole, b.p. 
84-85' after heating the crude reaction product with 100 g. 
of phosphorus pentoxide. 

Anal. Calcd. for CsFloNzO: C, 23.54; N, 9.16. Found: C, 
23.93; N, 9.70. 

The infrared spectrum showed absorptions at 6.36 p 

9.80 p, 10.30 p, 10.60 p, and 13.24 p. 
2,5-Bis(4-h ydrooctafEuorobutyl)-1,S,Q-oxadiazole (I. R f  = 

H(CF2)4-). A mixture of 0.2 mole (49.2 9.) of 5hydroocta- 
fluorovaleric acid and 0.1 mole (5 g.) of hydrazine hydrate 
gave 35.6 g. of crude reaction product. Upon heating the 
crude reaction product with 26 g. of phosphorus pentoxide for 
2.5 hr. a t  300" there was obtained 10.5 g.  of crude oxadiazole. 
Purification as above gave 6.3 g. (13% yield) of 2,5-bis(4 
hydrooctafluorobutyl)-1,3,4oxadiszole, b.p. 192-193'. 
1,6-Bis(pentafluoroethyZ)-l,S,~-thi~cZiazoZe (11. R f  =. CZF-). 

A mixture of 0.21 mole (34.5 g.) of pentafluoropropionic acid 

(-C=N-), 7.10 p, 7.48 p, 8.20 p, 8.42 p, 8.65 p, 8.85 p, 
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and 0.11 mole (5.5 g.) of hydrazine hydrate gave 31 g. of 
crude reaction product. The crude reaction product was 
mixed well with 46 g. of phosphorus pentasulfide and was 
then heated under an efficient reflux condenser for 1.5 hr. a t  
300". There was obtained 18.8 g. (56% yield) of 2,5.bis- 
(pentafluoroethyl)-l,3,4thiadmzole, b.p. 116-118'. 

Anal. Calcd. for CsFl0N&3: C, 22.37; F, 58.98; N, 8.70; 
S, 9.96. Found: C, 22.62; F, 58.75; N, 8.26; S, 9.43. 

The infrared spectrum showed absorptions a t  6.83 p 
(-C=N-), 6.90 p, 7.45 p, 8.25 p (broad), 8.55 p, 8.88 p, 
9.05 p, 9.32 p, 10.60 p, 12.60 p, and 13.35 p. 

d , 6 - B i s ( ~ - h y d ~ o o c ~ ~ ~ o ~ t ~ l ~ 1 , % , ~ - t h i a d i a z o l e  (11. RI  = 
H(CF&-). A mixture of 10 mmoles (5.0 9.) of 1,2bik(5-hy- 
drooctafluorovalery1)hydrazine and 23 mmoles (5 g.) of 
phosphorus pentasulfide was heated at a bath temperature of 
250' for 1 hr. The volatile material was removed by distilla- 

tion. There was obtained 3.6 g. (74% yield) of 2,5-bis(4 
hydrooctrtfluorobut~l)-l13,4thiadissole, approximate b.p. 
225', m.p. 44.545.5O. 

Anal. Calcd. for CloHzFtsNzS: N, 5.76; S, 6.61. Found: 
N, 5.65; S, 6.44. 

The infrared spectrum showed absorptions at 6.85 p 
(-C=N-), 7.10 p, 7.65 p, 8.15 p, 8.52 p (broad), 8.94 p, 
9.85 N, 11.55 p, 11.22 p, 11.30 p, 12.37 p, and 13.07 p. 

The fluorine magnetic resonance spectrum consisted of 
four chemically shifted resonances, a doublet having com- 
ponents at 4015 and 39G5 C.P.S. (-GFzH), and three singlets 
at 3495, 3170, and 2080 c.p.5. (internal 4 F r ) .  AU the 
resonances exhibited considerable fine structure. 

WILMINQT~N, DEL. 

[CONTRIBUTION FBOM TEE RESEARCH LABORATORY, SICEDISON S.P.A.] 

Preparation and Absorption Spectra of 
2-Methyl-4-vinyl- and 2-Methyl-6-vinylpyridine 

G. B. GECHELE AND S. PIETRA 

Received February 8, 1961 

ZMethyl4vinyl- and Zmethyl-Gvinylpyridine were prepared by catalytic dehydrogenation of the corresponding ethyl 
derivatives. Ultraviolet and infrared spectra were reported and discussed. 

2 - Methyl - 6 - vinylpyridine (2M6VP) and 2- 
methyl - 4 - vinylpyridine (2M4VP) were prepared 
with a view to comparing their properties, especially 
their absorption spectra, with other vinyl pyridines 
deriving, as by-products, from the preparation of 2- 
methyl-5-vinylpyridine through 2-methyld-ethyl- 
pyridine dehydrogenation.' 2-Methyl-4-vinylpyri- 
dine and 2-methyl-6-vinylpyridine were prepared 
by catalytic dehydrogenation of the corresponding 
ethyl derivatives. 

Analyses and separations were performed by gas 
chromatography. The substances were identified 
by spectral analysis; molecular weight resulted from 
mass spectrometry determinations. The position of 
the substituent groups was determined by the 
identification of oxidation products (by paper chro- 
matographic analysis); it  was also confirmed by 
the analysis of hydrogenation products. 

2-Methyl-6-vinylpyridine had already been pre- 
pared2 by reaction of formaldehyde on 2,6-lutidine. 

Ultrauiobt Spectra. 2-Methyl-6-vinylpyridine. Two 
bands are present in all solutions (methanol, hydro- 
chloric acid, sodium hydroxide). In  the case of both 
methanolic and basic solutions, they are located at  
282 m p  and 236 m p  (pH 10.02: €282 6570, €236 9450), 
while in the case of the acid solution, they lie a t  292 
mp and 235 mp ( p H  3.35: e292 11400, €236 6280). As is 
already known,a these bands can be attributed to 
bnthochromic shifts through conjugation of such 

(1) G. B. Gechele, A. Nenz, C .  Garbuglio, and S. Pietra, 

(2) J. Michalski and K. Studniazski, Roczniki Chemii, 
Chim. e Znd. (Milan), 42, 959 (1960). 

29, 1141 (1955). 

pyridine absorption as normally lies around 195 mfi 
(E band) and in the 250-260-mp region (B band). 
The ultraviolet spectra of 2-methyl-6-vinylpyridine 
are reported in Fig. 1, in which the pH 3.35 and pH 
10.02 absorption curves only are reported. The 
other measurements taken at  pH 0.20 and pH 
13.45, however, do not disclose the presence of an 
isosbestic point. 

220 260 300 my 

Fig. 1. Ultraviolet spectra 
of 2-methyl-6vinylpyridne 
in acid (pH 3.35) (-) 
and base (pH 10.02) (-) 
solutions (e ,  0.12 mmole/l.). 
E denotes the optical density 

2-Metityl-~-vinylpyridine. The basic and meth- 
anolic solutions show two bands at 281 and 242 
mp (pH 10.60: eB1 = 2910, -8 13,200). The acid 
solution, on the contrary, shows a broad absorption 
band only at  264 m p  (pH 3.35: e2@ 13,900). In our 
opinion, this probably arises from the lack of res- 
olution of two very near bands (type E and B, 

(3) M. Swain, A. Eisner, C. F. Woodward, and B. A. 
Brice, J .  Am.  Chem. Soc., 71, 1341 (1949). 


