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reaction of the oxadiazole with two moles of methylamine) 
pumped off and 7.00 g. (957c) of 1,2-bis(N-methylperfluoro- 
butyrimidoy1)hydrazine removed. After recrystallization 
from toluene, the product melted at  105.0-105.8". 

This product also was prepared in 93W yield by allowing 
2,5-bis(perfluoropropyl)-1,2,4-osadiazole to react with re- 
fluxing methylamine for 2 hr. 

1 ,2-Bis( N-methylperfluoropropionimidoyl)hydrazine and 
1 , 2 - B  i s(N-methylperfluoroacetimidoy1)hydrazine.-Thwe 
two compounds were prepared by either method described 
for 1,2-bis( N-methylperfluorobutprimidoy1)hydrazine. 1 ,2- 
Bis(N-methylperfluoropropionimidoy1)hydrazine was ob- 
tained in quantitative yield, m.p. 94.5-95.0", as was 1,2- 
bis( N-methylperfluoroacetirnidoyl)hydrazine, m.p. 99.0- 
99.5O. 

3,5-Bis( perfluoropropyl)-4-methyl- 1,2,4,4 H-triazole .- 
l,z-Bis-( N-methylperfluorobutyrimidoyl)hydrazine, 3.0 g. 
(0.0066 mole), was placed in an 8-in. test tube, equipped 
with side arm and drying tube, and mixed with 3.0 g. of 
phosphorus pentoxide. A water-cooled cold-finger conden- 
ser was fitted in the reaction tube and the reaction mixture 
heated at  80-85' for 4 hr. A white, flaky solid, 3,5-bis-(per- 
fuoropropyl)-4-methyl-l,2,4,4H-triazole, 2.4 g. (8870), m.p. 
47.5-48.0°, was deposited on the condenser and sides of the 
reaction tube. 

3,5-Bis(perfluoroethyl)-4-methyl-l,2,4,4H-triazole and 
3,5 - Bis(perfluoromethy1) - 4 -methyl - 1,2,4,4H - triazo1e.- 
These two compounds were prepared by the procedure de- 
scribed for 3,5-bis(perfluoropropyl)-4-methyl-l,2,4,4H-tri- 
azole. 3,5-Bis(perfluoroethyl)-4-methyl-l,2,4,4H-triazole 
was obtained in 94Yc yield, m.p. 49.5-50.0'. 3,5-Bis(per- 
fluoromethyl)-4-methyl-l,2,4,4H-triazole was distilled from 
the reaction mixture as a liquid (93y0 yield), b.p. 199.5- 
200"; dZ6 1.613; nz6 1.3647. 

1-(Perfluorobutyrimidoy1)-2-( N-methylperfluorobutyrimi- 
doy1)hydrazine.--1 - (Perfluorobutyrimidoyl) - 2 - (perfluoro- 
butyry1)hydrazine (1.65 g., 0.0039 mole) was placed in a 

50-ml. round-bottom flask equipped with a Dry Ice reflux 
condenser and 10 ml. of ethyl alcohol added. The reaction 
solution was frozen in liquid nitrogen, the flask pumped free 
of air, and excess methylamine condensed in the flmk. The 
mixture was allowed to warm to the reflux temperature of 
methylamine and refluxed for 3 hr. at atmospheric pressure. 
Unchanged methylamine was removed under reduced pres- 
sure to give a white solid product. Recrystallization from 
t,oluene yielded 1.50 g. (90%) of 1-(perfluorobutyrimidoy1)- 
2-(N-methylperfluorobutyrimidoyl)hydrazine, m.p. 122.0- 
122.5'. Heating this product with an equal weight of phos- 
phorus pentoxide at  150' for 2 hr. p u l t e d  in deamiriation 
and produced 3,5-bis( perfluoropropyl)-l,2,4-trittzole in 807, 
yield. 

Determination of pK. of the Triazoles.-3,5-Bis( per- 
fluoroniethyl)-l,2,4-trittzole, 0.0162 g . ,  was dissolved in 
a mixture of 4 ml. of water (freshly distilled, free of carbon 
dioxide) and 4 ml. of dioxane (free of peroxides and acid). 
The solution was titrated with 0.0100 N sodium hydroxide 
and the pH determined by the potentiometric method. The 
change in pH was very rapid near the end point, and the 
curve had the characteristic shape of a strong acid-strong 
base titration. The pK, value of 3.0 was taken from the 
curve at  the point where one half of the triaaole had been 
neutralized (where pH = pK.). The molecular weight 
found by titration was 197; the calculated value is 205. 

Titrations of 3,5 bis(perfluoroethyl)-l,2,4-triazole and 
3,5-bis(perfluoropropyl)-1,2,4-triazole were carried out by 
the same procedure. The pK, values of these two com- 
pounds were 2.72 and 3.10, respectively. Molecular weights 
found by titration were 304 (calcd. 305) and 395 (calcd. 
405). 

Acknowledgment.-The authors are indebted to 
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A series of s-triazolo [4,3-a] pyraziries has been synthesized by ring closure of 2-hydrazinopyrazines with ortho esters, a 
The structures of several interesting by-products obtained in these method superior to that of acidic cyclodehydration. 

reactions are discrissed. 

Of the two possible ring systems formed by the 
fusion of an s-triaaole nucleus with a pyraziiie 
nucleus, only one is known and that in the form 
of its benzo derivative, s-triazolo [4,3-a]quinoxa- 
line.3 This communication describes the prepara- 
tion of the parent ring system itself, s-triazolo- 
[4,3-a]pyrazine, and several alkyl and aryl sub- 
stituted members of this system. 

The most efficient method of synthesis of the 
s-triazolo [4,3-a]pyrazine ring system (11) was 
found to  be the ring closure of 2-hydrazinopyra- 
zines (I) with ortho esters, a method analogous to 

(1) Part V, K. T. Potts and T. H. Crawford, J. Ot-g. Chem., 2'7, 2631 

(2) Department of Chemistry, University of Louisville. 
(1962). 

the cyclization of 2-hydrazino derivatives of tJhe 
pyridazine, pyrimidine, and quinoxaline ring sys- 
tems to  the corresponding fused s-triazole deriva- 
tives with these  reagent^.^,^ 

The hitherto unknown 2-hydrazinopyrazines 
were readily prepared in good yield from the cor- 

(3) Den-itsu Shiho and S. Tsgami, J. Am. Chem. Soc., 82, 4044 
(1960). 

(4) C. F. H. Allen, H. R. Beilfuas, D. M. Burnesa, G .  A. Reynolds, 
J. F. Tinker, and J. A. van Allan. J .  Ore. Chem., 24 ,  787, 793 (1959). 
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TABLE I 
N ~ ~ - N  

,++R 
R 

3,5,6-TRISUBSTITUTED S-TRIAZOLO [4,3-U]PYRAZINES 
Coin- 

pound M.P., Yield, Sol- -Found- -Calculated- 
no. R R' O C .  % vent' Formula C H N C H N 
1 H  H 194-195 75 a C5H4X4.0.5HI0 46.6 4 . 1  43.0 46.5 3.9 43.4 
2 CHI H 190 55 d C7HBN4 56.6 5 .3  37.4 56.7 5.4 37.8 
3 C6Hj H 187-188 72 d Ci7Hi1Ni 74.8 4.5 20.7 75.0 4.4 20.6 
4 H  CHP 239 78 a C6H&4 53.7 4.4 41.7 53.7 4.5 41.8 

6 CsH5 CHI 200-201 43 d CiaHirNa 75.4 5 .0  19.3 75.5 4 .9  19.6 
i H  CzHs 158 70 b C7HsNa 57.1 5 .4  37.5 56.7 5 . 4  37.8 
8 CH3 CyHj 93-94 62 d CeHizX4 61.1 6.9 31.8 61.3 6 . 9  31.8 
9 CsHs CaHs 234-5 50 d Ci9Hl&4 75.7 5 . 5  18.6 76.0 5 . 4  18.7 

a = methanol; b = benzene; c = 

5 CH3 CHS 126-127 65 c CsHioN4.HgO 53.6 6 .7  31.2 53.3 6.7 31.1 

a All crystallized as white needles except 2 which separated as rectangular plates. 
petrol; d = benzene-petrol, 

TABLE 11 
I'ICRATE DERIV.4TIVES O F  3,5,6-TRISUBSTITUTED S-TRIAZOLO [4,3-a]PYRAZINES 

Compound AI.p., ---Found------7 -Calculated-- 
no. O C .  SolventU Formula C I1 N C H N 
1 1T7 (decomp.) a. CllH7~707 38.1 2 . 3  28.0 37.8 2.2 28.0 
2 136-137 1) C13H11N707 41.7 3 .1  2 5 . i  41.4 2.9 26.0 
3 145-146 C C28Hi6s707 55.6 3 . 1  19.4 55,2 2 .8  19.6 
4 156-167 b Ci2HgS707 39.9 2 . 8  26.7 3 9 . i  2.5 27.0 

6 158-159 c 5 8 . i  3.9 17.3 58.5 3 . 6  17.7 
100-101 c C13HliN707 41.0 3 .2  26.0 41.4 2.9 26.0 

8 127-128 c CijHijX707 44.7 4 . 1  23.8 44.4 3.7 24.2 

All cryst'allixed as yellow needles except 2 arid 3, which forrned orange rhombs and orange rosettes, respectively. 

5 134-135 C CirHi3X707.0.5Ce.Ha 47.2 3.8 23.3 47.4 3.8 22.8 
c 

9 132-133 C CI~H~~?;~O~.O.~CE,HS 39.G 3 .9  16.9 59.2 3 .9  17.3 
a = 

chloroform; b = benzene; c = benzene-petrol. 

responding 2-chloropyraxinesj by reaction with 
98% hydrazine in boiling absolute alcohol (the 
use of hydrazine hydrate resulted in diminished 
yields), this method being similar to  the well 
described displacement of the chloro group by 
ammonia used for the preparation of 2-aminopyra- 
Ainesk6 They were charactwized as their picrates, 
which very tenaciously held one half mole of ben- 
Lene of crystallization. 

The s-triazolo [4,3-u]pyrazines prepared by this 
method are described ill Table I. The ready 
availability of ortho esters from alkyl cyanides 
through the correspoiiding imino ester hydro- 
chlorides' allows considerable variation of the 
substituent at position 3;  we are at present ex- 
tending this method to  include more diversified 
variations of substituents in the pyraziiie portion 
of the ring system. The structnres of these procl- 
ucts were assigned maiiily on the basis of analytical 
and molecular weight determinations, compati- 
bility of spectral data with such structures, chemi- 
cal properties, and by analogy with other similar 
synthetic procedures. All the s-triazolo [4,3-a]- 
pyrazines were characterized as their picrates 

( 5 )  G. Karmas and P E Spoerri, J Sm. Chem hoc. ,  74, 1580 

(6) G. W. 13. Cheeseman. J Chem. Soc., 242 (1960) A C Eriakson 

(7) R M. i\lcClvain and J. TV. Nelson, tbzd., 64, 1825 (1924). 

(1952). 

r r d P .  E. Spoerri, J. Am. Chem. Soc., 68, 400 (1946). 

(Table 11). We have consisteiitlg found th:t1 
picrates provide a satisfactory means of charar- 
teriziiig s-triazole derivatives.8 They are some- 
times difficult to prepare and are often solvated, 
benzene especially being retained Yery tenaciously, 
and are best prepared in benzene solution. 

Acidic cyclodehydration agents that were t w t l  
so successfully in the pyrimidine seriesg were 
unsatisfactory in this series. 2-Hydrasiiiopyrazirie 
itself TTith formic acid gave largely carbonaceous 
material, and 2,3-diphenyl-G-hydrazinopyrazi11c 
formed the corresponding 5,6-diphenyl-s-triazoIo- 
/4,3-a]pyrazine (compound 3) in only 10% yield. 
(The use of dimethylformamide as the cyclization 
agent likewise gave this product in low yield .) 
Attempted cyclization with an acetic acid-acetica 
anhydride mixture gave instead of the 3-methyl 
isomer (compound 6), a complex acetylated product 
whose structure is discussed later. The cyclization 
of the corresponding acyl derivatives was also 
difficult to effect . S-Renzoy1-2.,?-diphrnyl-6-h~~- 
drazinopyrazine was converted into 3,5,6-triphenyl- 
s-triazolo [4,3-a]pyrazine (characterized oiily by 
spectral data) with phosphorus oxychloride in 
very minute yield; boiling phenol could not effect 

(8) K. T. Potts, J .  Chem. Soc. ,  3461 (1954): 

(9) N. Takahayashi, J .  P11ar.m. SOC. Japan, 76, 1242 (1925). 

D. €2. Liljrgren a ~ ~ d  
K. T. Potts, {bid. ,  518 (1961). 
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this cyclization. The action of polyphosphorio 
acid at  150° for three hours resulted in the forma- 
tion of a product of as yet undetermined structure 
in good yield. On the basis of spectral data, we 
suspect this to  be the required triphenyl compound 
but it has not yet been possible to  characterize it 
completely. The ring closures with acids, and also 
with orthoesters, can be regarded as occurring 
through the attack of an intermediate carbonium 
ion on the nitrogen atom of the pyrazine ring. 
The ease of cyclization should thus be related to  
the basic strength of the nucleus. Pyrazine, 
with a pKa value of 0.6 compared to that of pyrim- 
idine 1.3, pyridazine 2.3, pyridine 5.2, and tri- 
methylamine 9.8,l0 is a weak mono acid base whose 
salts are easily dissociated, but which can form a 
disalt under anhydrous conditions. The polariza- 
tions of the carbon-nitrogen double bonds are 
opposed to  each other and the formation of a mono 
cation in acid solution would tend, by the strong in- 
ductive effect, to lower the availability of electrons 
at  the second nitrogen, thus retarding cyclization. 
[It is interesting to  note that 2-hydrazinopyridine 
is more readily converted into the fused s-triazole 
system with acidic cyclodehydration agents than 
with the corresponding or tho ester^.^^] However, 
derivatives of the s-triazolo I4,3-a]quinoxaline ring 
system can be obtained in good yields either by the 
action of acids or ortho esters on the appropriate 
2-hydrazino  compound^.^ As the pKa of the 
quinoxaline nucleus is also about 0.6, it is difficult to  
reconcile this ease of cyclization with the basicity 
of the nucleus. However, the presence of the 
benzene ring appears to impart special properties to  
the quinoxaline nucleus. It makes it very sus- 
ceptible to attack by nucleophilic agents such as 
sodium bisulfite, hydrogen cyanide, and Grignard 
reagents which form addition compounds across 
the carbon-nitrogen double bonds, reactions which 
do not occur in the p.yrazine series.12 This can be 
attributed to the electronic influences exerted by the 
benzene ring. It also eiiables the second nitrogen 
to act as though it is not deprived of electrons in 
the mono cation present in the above acidic cyclo- 
dehydrations, so that cyclization occurs with ease. 

Fused s-triazole systems have also been pre- 
pared by the direct reaction of benzhydrazide with 
a suitable heterocyclic system containing a reactive 
chlorine atom. Thus, from 2-chlorobenzothiazole 
(111) 3-phenyl-s-triazolo f3,4-b]benzot hiazole (IV) 
was 0 b t a i i ~ d . l ~  Application of this method to the 
2-chloropyrazines did not yield the expected s- 
t riazolopyrazines but instead sclf-condensat ion 

(10) .I. Albert, R. Goldacre, and J. Phi l l ipb,  d.  Chem. Xor., 2240 
(1948). 

(11) H. Burton and X. T. Potts, unpublished results. 
(12) For pertinent references see: Y. H. Pestt ,  in Elderfield'a 

"Heterocyclic Chemistry," Vol. VI,  John Wilsy, New York, 1957. pp. 
400, 477; A. Albert, W. L. F. Armarego, and E. Spinner. J .  Chem. 
Soe., 2689 (1961); W. L. F. Armarego, &id., 561 (1962). 

(13) G.  A. Reynoldb and J. .i. van Allan, J .  Org. Chem.,  94, 1478 
1 1 O i O j  

I11 IV 

products of benzhydrazide. From the reaction of 
benzhydrazide with 2,3diphenyl-6-chloropyrazine 
in boiling phenol with a trace of sodium phenoxide, 
the major product isolated was identified as 3,s- 
diphenyl-s-triazole; a second product obtained in 
small quantities appeared to be 2,3-diphenyl-6- 
phenoxypyrazine, formed from the chloropyrazine 
and the small amount of sodium phenoxide added 
as a catalyst. Similarly, 2,5-diphenyl-1,3,4-oxa- 
diazole was obtained from the reaction of 2,3- 
dimethyl-6-chloropyrazine with benzhydrazide iin- 
der these conditions, and from a similar reaction 
between 2-chloropyrazine and benzhydrazide, di- 
benzoylhydrazine mas formed. Benzhydrazide is 
a weaker nucleophile than primary amines or 
hydrazine and its inability to displace the chlorine 
atom a t  a faster rate than that a t  which it under- 
goes self-condensation a t  these elevated tempera- 
t u r e ~ * ~  may be attributed to this fact. It has been 
reported that the s-triazolo[4,3-a]quinoxalines were 
formed only in very poor yields by the above proce- 
dure.a 

Several other incidental methods used for effect- 
ing ring closure of 2-hydrazinopyrimidines were 
also investigated in this series. With carbon 
disulfide, a 2-hydrazinopyrimidine gave the s- 
triazolopyrimidine with a mercapto group in the 
3-position. However, 2-hydrazinopyrazines did 
not cyclize under these conditions but gave a 
product derived from the condensation of two 
moles of the hydrazine with one of carbon disulfide. 
Thus the reaction of 2,3-diphenyl-B-hydrazino- 
pyrazine with carbon disulfide yielded 1,3-di(2,3- 
diphenyl-6-pyraziny1amino)thiourea (V) . The for- 
mation of this product is analogous to  the formation 
of substituted thioureas from aromatic amines and 
carbon disulfide, l8 and the fact that di-condensation 
occurred in preference to ring closure may be also 
attributed to the low basicity of the pyraaine 
nucleus. 

V 

Phcnyl isothiocyaiiate has also I)een used to ob- 
tain fused s-triaaole systems with a 3-mercapto 
substituent,, but when it reacted with 2,3-diphenyl- 
6-hydrazinopyrazine, the product isolated in very 

(14) D. R. Liljegren and K. T. Potts, Chem. Ind., 2049 (1961); 
D. R. Liljegren and K. T. Potts, J .  Chem. Soc.. 518 (1961); K. T. Potts, 
Chen .  Rev., 87, 100 (1961). 

(15) (a) W. khrkwald and M. Chain, Ber., 88 ,  1900 (1895); (b) 
C. F. H. Allen. H. R. Beilfuris, D. hf. Burgees, G. A .  Reynolds, J. F. 
Tinker, and J.  A.  van Allan, J .  Org .  Chem., 96, 361 (1960). 

(16) .i. W. Hofniann, Ann., TO,  112 (1849). , . =., ", . 
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TABLE I11 
Infrared data,b 

v Cm,-\ N.M.R. data,' Ultraviolet data," 
-Maxima- Bonded Amide r r  Values for protons- 

x * NH NH co I1 C Hc Phenyl c -3  
Ph r,'J..z(JH"z 1 

Phx,NyN-NHCOCH3 I 
Ph f! COCH3 

Ph N 

a In ethanol. See ref. 17, 

228 13,000 3390 3279 . . . . . .  . . . 2.78( 1.87( l)d 
293 16,000 
350 7,000 
229.5 24,900 3333 3252 1709 1471 7.72(3)d 2.72(10)d 0.78(1)a 
285 13,130 7.92( 3)d 
326 14,130 
228 24,000 , , , . * .  17336 . . . 7 . 5 5 (  6)d 2.76( 0.78( l)d 
283 12,000 1712(sh) 7.71(3)' 
324 12,000 

See ref. 18. Number of protons. Broad absorption band. 

poor yield was identified as 5,6-diphenyl-s-triazolo- 
[4,3-a]pyrazine. This elimination of a mercapto 
group from an s-triazole nucleus does not occur 
readily unless an oxidizing agent4 or Raney nickelI5b 
is present, and it probably occurred in this case 
during the drastic work-up procedure. 

The product obtained from treatment of 2,3- 
diphenyl-6-hydrazinopyrazine with boiling acetic 
acid-acetic anhydride was found to be a triacetyl 
derivative of the hydrazine. Such a compound 
could be represented by structures VI and VI1 
and, mainly on the basis of the spectral data 
shown in Table 111, structure VI, 1,2,2-triacetyl- 
1-(2,3-diphenyl-6-pyrazinyl)hydrazine, is the more 
satisfactory. This triacetyl derivative readily lost 
an acetyl group and gave a diacetyl compound 
which was also obtained from the hydrazine 
and acetyl chloride in pyridine solution. Treat- 
ment of the hydrazine with the theoretical amount 
of acetyl chloride required for monoacetylation 
always gave this diacetyl product, Two isomeric 
diacetyl compounds (VIII) and (IX) are also 
possible; the former is preferred on mechanistic 
grounds and by analogy with the formation of 1,2- 
diacet yl-1-phenylhydrazine from 2-acetyl-1-phenyl- 
hydrazine and acetic anhydride.l9 The spectral 
data shown in Table I11 confirm the assignment of 
structure VI11 t o  this product. 2-Hydrazino- 
quinoxaline likewise did not cyclize to the cor- 
responding s-triazolo [4! 3-a ] quiiioxaline with acetic, 
anhydride but formed a diacetyl product.S On the 
basis of the above evidence this product is probably 
1,2-diacetyl-l-(2-quinoxalinyl) hydrazine. 

Several interesting features in the n.m.r. data of 
these compounds are worthy of further comment. 
The C-3 proton of VI occurs a t  very low field 
(7 0.77) and this can be attributed to  the strong 

(17) Measurenients were made in 3-mm. cella using a Grubb Parsons 
Model 84 double-beam spectrometer, a t  a concentraton of about 
6 mg./ml. We thank Dr. R. A. Jones for these precise measurements. 

(18) Determined on a Varian Model HR 60 Instrument in aceto- 
nitrile solution (aatd. solution) at  60 Mo./sec. and calibrated by side- 
band technique, using tetramethylsilane as internal standard. We are 
indebted to Dr. T. H. Crawford for these measnrements. 

(19) R. Behreiid and W Reinsberg, Ann., 877, 202 (1960); R. L. 
H a m a n  and D. Fulton, J .  Am. Chem. Soc., 80, 1895 (1958). 

deshielding effectz0 of the carbonyl function of the 
acetyl group attached to N-1. This is very strong 
evidence against structure (VII) since the carbonyl 
functions of the two acetyl groups attached to  N-2 
could not deshield this proton to  any extent. Fur- 
thermore, this C-3 proton in VI1 should be similar 
to a pyridone C-3 proton which has been shown to 
give a signal a t  T 3.43.21 A further consequence of 
the deshielding property of this carbonyl function 
attached to X-1 is the effect it has on the methyl 
protons of the acetyl groups attached to E-2. 
These are deshielded to a small extent and result in 
a signal a t  lower field. 

COCH3 COCHB 
I / 

'OCH3 COCKs I /  

\ Ph N Ph N 

Ph N Ph N 
x YN-' COCH, 1 Y N - N \ C O C H ,  

VI TI1 

COCHj 

VI11 IX 

Experimentalz2 
Modified Method of Preparation of 2-Hydroqpyrazine.- 

A more satisfactory preparative procedure was obtained by 
varying the original method6 as follows. The reaction 
mixtures from three runs were combined and concentrated 
to a volume of ca. 1 1. in a cyclone evaporator and the pre- 
cipitated 2-hydroxypyrazine was separated and purified by 
extraction with chloroform in a Soxhlet apparatus. The 
above mother-liquor was evaporated to dryness in a film 
evaporator and a further quantity of 2-hydroxypyrazine 
was extracted from this dried residue with chloroform as 
above. The 2-hydroxypyrazine (40% yield) crystallized 

(20) L. M. Jackman, "Applications of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry." Pergamon Press. New York, 
1959, pp. 121-125. 

(21) J. A. Elvidge and L. M. Jackman, J .  Chem. Soe., 859 (lQ5l). 
(22) Petrol refers to  the fraction, b.p. 6C-8Oo. All evaporations 

were carried out under reduced pressure on the water bath and melting 
point were determined in capillariea. Analyses were carried out by the 
C.B.I.R.O. Microanalytical Laboratory. Melbourna. 
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from the chloroform as light fawn needles, m.p. 181-185" 
(lit.,6 m.p. 188-190') and was sufficiently pure for use with- 
out further purification. 

2-Chloro-5,6-diphenylpyrazine was obtained in satis- 
factory yield only by the following procedure. 2-Hydroxy- 
5,6-diphenylpyrazine (75 g.), phosphorus oxychloride (275 
ml.), phosphorus pentachloride (75 g.), and several drops of 
conc. sulfuric acid were heated under reflux for 20 days. 
The phosphorus oxychloride was evaporated, methanol 
added, and the slurry filtered. This yielded 75 g. (93%) of 
crude chloro compound, m.p. 122-124', raised to 126-127' 
on recrystallization from methanol (lit.,L m.p. 126-127'). 

2-Hydrazinopyrazines. General Method of Preparation. 
-The crude 2-chloropyrazine (0.1 mole), 98% hydrazine 
(16 ml., 0.5 mole), and absolute ethanol (50 ml.) were 
heated under reflux for 4 hr. The ethanol was evaporated 
and the resulting solid recrystallized from benzene. 2-Hy- 
drazinopyrazine (6.6 g., 60Q/,), m.p. 10&110', on further 
recrystallization from benzene, separated as cream needles, 
m.p. 112-113'. No worthwhile quantity of product was 
isolated from the mother liquor after work-up in the usual 
way. 

Anal. Calcd. for C4H6N4: C, 43.6; H, 5.5; N, 50.9. 
Found: C,43.7; H,5.4; N,50.6. 

The picrate crystallized from an acetone-petrol mixture 
as yellow plates, m.p. 155-156' (dec.). 

Anal. Calcd. for CloHgN7O7.0.5C6H6: C, 41.1; H, 3.5; 
N, 25.7. Found: C, 41.3; H,  3.2; N, 26.0. 

2,3-Dimethyl-6-hydrazinopyrazine (7.6 g., 54%), m.p. 
110-112', on two recrystallizations from benzene, formed 
very pale yellow needles, m.p. 119-120'. 

Anal. Calcd. for CaHloN4: C, 52.2; H, 7.3. Found: 
C, 52.0; H, 7.2. 

The picrate crystallized from ethanol as yellow needles, 
m.p. 169-170'. 

Anal. Calcd. for C1~HlaN707.0.5C~H~: C, 44.4; H, 
4.0; N, 24.1. 

2,3-Diphenyl-6-hydrazinopyrazine (17.2 g., 69%), m.p. 
151-153", on further crystallization from benzene, formed 
cream needles, m.p. 154-155'. Ultraviolet spectrum in 
ethanol: A,,, 228, 293,350 mp; E 13,000, 16,000,7,000. 

Anal. Calcd. for CI6Hj4N4: C, 73.3; H, 5.4; N, 21.4. 
Found: C, 73.4; H ,  5.4; N,  21.2. 

The picrate crystallized from benzene as orange rhombs, 
m.p. 157' (dec.). 

Anal. Calcd. for C22H1~N707.0.5C~H6: C, 56.6; H, 
3.8; K, 18.5. Found: C, 56.2; H, 3.9; N, 18.7. 

3,5,6-Trisubstituted-s-triazolo [4,3-a] pyrazines. General 
Method of Preparation.-The 2-hydrazinopyrazine (1 g.), 
the ortho ester (3 d.), and dry xylene (10 ml.) were heated 
under reflux for 4 hr. All traces of solvent were evaporated 
and the resulting solid recrystallized from the solvents listed 
in Table I. The picrates were formed in benzene solution. 
The concentration of picric acid was sometimes critical and 
occasionally long heating on a hot plate was required before 
the picrate separated (compounds 5,6,9). The picrates were 
recrystallized from the solvents shown in Table 11. 

Attempted Reaction of Benzhydrazide with 6-Chloro- 
pyrazines. (a)  The Isolation of 3,5-Diphenyl-l,2-4-triazole. 
-2,3-Diphenyl-6-chloropyrazine (1 .O g.), benzhydrazide 
(2.0 g.), and phenol (4.0 g.) containing a trace of sodium 
phenoxide were heated under reflux for 10 days. The phenol 
was removed by steam distillation and the remaining water 
evaporated. The solid residue (0.76 g.), m.p. 175-183", 
was chromatographed on alumina (15 9.) using benzene as 
eluent. Repeated recrystallization of the resulting solid 
from benzene gave white needles, m.p. 187-189'. This was 
identified as 3,5-diphenyl-1,2,4-triazole (lit.,2a m.p. 190') by 
mixed m.p. determination and comparison of its infrared 
spectrum with that of an authentic specimen.* 

A n d .  Calcd. for CI4Hl1Ns: C, 76.0; H,  5.0; N, 19.0. 
Found: C,76.2; H,5.1; N, 18.6. 

Found: C,44.0; H,  4.2; N, 23.9. 

(23) G. Pellizoarri, &SO. chim. ital., 41, 20, 93 (1911). 

In  another experiment carried out on a smaller scale, the 
first product isolated, after chromatography on alumina in 
benzene, separated from petrol as small, white, irregular 
prisms (0.15 g.), m.p. 94-95'. This product is most likely 
2,3-diphenyl-6-phenoxypyrazine. 

Anal. Calcd. for C Z ~ H ~ ~ N Z O :  C, 81.5; H, 4.97. Found: 
C, 81.7; H, 4.93. 

(b) The Isolation of 2,5-Diphenyl-l,3,4-oxadiazole.- 
When 2,3-dimethyl-6-chloropyrazine was used in the above 
reaction, 2,5-diphenyl-l,3,4-oxadiazole was isolated. It 
separated from petrol as white needles, m.p. 135-136' 
(lit.,*4 m.p. 138'). The infrared spectrum was identical 
with that of an authentic specimen which did not depress the 
m.p. of the product. 

Anal. Calcd. for CI~H~ONZO: C, 75.7; H, 4.5. Found: 
C, 75.5; H,  4.6. 

(c) The Isolation of Dibenzov1hvdrazine.-In the rcac- 
tion 'of 2-chloropyrazine (1 .O g. j with benzhydrazide (1.2 
g.) as above, the re$idue left after removing the phenol by 
steam-distillation was identified as dibemoylhydrazine, 0.45 
g. (51'%), m.p. 234-235'. It crystallized from benzene- 
ethanol as fine, white needles, m.p. 240-241" (lit.,z6 m.p. 
240-241'), not depressed on admixture with an authentic 
sample with which it had an identical infrared spectrum. 

Anal. Calcd. for C14H12N~02: C,70.0; H,  5.0; N, 11.7. 
Found: C, 70.0; H,5.1; N, 12.0. 

5,6-Diphenyl-s-triazolo [4,3-a]pyrazine. (a) Ring Closure 
of the Hydrazine with 98% Formic Acid.-2,3-Diphenyl-6- 
hydrazinopyrazine (1.0 g., 0.004 mole) and 98% formic 
acid (15 ml.) were heated under reflux for 3 hr. The formic 
acid was evaporated and the residue crystallized from ben- 
zene-petroleum ether. It separated as a very pale yellow 
microcrystalline powder, 0.1 g. (lo%), m.p. 181-183'. 
The m.p. was not raised on further recrystallization, but 
the infrared spertrum was identical with that of the product 
obtained using ethyl orthoformate a9 the cyclization agent. 

Heating 2-hydrazinopyrazine with formic acid under 
these conditions, or a t  70', gave mainly a carbonaceous prod- 
uct. 

(b) Ring Closure with Dimethylformamide.-2,3-Di- 
phenyl-6-hydrazinopyrazine (0.5 g., 0.002 mole) and di- 
methylformamide (20 m].) were heated under reflux for 18 
hr. The dimethylformamide was evaporated and the residue 
recrystallized from benzene-petrol. The pure product (0.01 
g., 0.5%), m.p. 187-188', was identical with the product 
from the ethyl orthoformate ring closure. 

N-Benzoyl-2,3-diphengl-6-hydrazinopyrazine, prepared 
from benzoyl chloride and the corresponding hydrazine in the 
preEence of pyridine (15 hr.), separated as white needles 
(89%) from benzene-petrol, m.p. 189-190'. 

Anal. Calcd. for C23H1RN40: C, 75.4; H, 5.0; N, 15.3. 
Found: C, 75.6; H,  5.0; N, 15.2. 

Ring Closure of N-Benzoyl-Z,3-diphenyl-6-hydrazinopyra- 
zine. (a) Using Phosphorus Oxychloride.-The benzoyl 
compound (0.5 g.) and phosphorus oxychloride (5 ml.) 
were heated under reflux for 2 hr. The reaction mixture was 
then poured into ice water and the solid material collected. 
This was identified as starting material. The aqueous phase 
was neutralized and the precipitated material collected and 
crystallized from benzene-petrol yielding 7 mg., m.p. 238- 
239", of a product whose infrared spectral characteristics 
indicated that it was most likely 3,5,6-triphenyl-s-triazolo- 
[4,3-a] pyrazine. 

Using Phenol.-The benzoyl compound (0.4 g.) and 
phenol (1 g.) were heated and after 18 hr. reflux the phenol 
was removed by steam distillation. The residue (0.12 9.) 
crystallized from benzene-petrol as white needles, m.p. 
186-187'. Analytical and spectral data identified the prod- 
uct as unchanged N-benzoyl-2,3-diphenyl-6-hydrazino- 
pyrazine. 

(b) 

(24) R. Sto116, J. prakl. Chcm., 69 [ Z ] ,  157 (1904). 
(25) R. Stolld and A. Benrath, ibzd., 70 [2], 268 (1904); F. Amdt, 

L. Lowe, and L. Ergener, Islanbd Unir. Fen Fsk, Mecmuasi, Seri A ,  
13, 116 (1948). 
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Acetylation of 2,3-Diphenyl-6-hydrazinopyrazine. (a)  
Formation of 1,2,2-Triacetyl-l-( 2,3-diphenyl-6-pyrazinyl)- 
hydrazine.-The hydrazinopyrazine (1 .O g., 0.004 mole), 
acetic anhydride (2 ml.), and acetic acid (2 ml.) were heated 
under reflux for 2.5 hr. The acetylation mixture was evap- 
orated and the residue recrystallized from methanol (char- 
coal) from which it separated as colorless rhombs, m.p. 178- 
179'. Ultraviolet spectrum in ethanol: A,,, 228, 283, 324 
mp; e 24,000, 12,000, 12,000. 

Calcd. for C22HzoN40a: C ,  68.0; H,  5.2; N,  14.4. 
Found: C, 68.2; H, 5.3; N, 14.6. Mol. wt.: calcd., 388; 
found, 400. 

(b)  Farmationof 1,2-Diacetyl-l-( 2,3-diphenyl-6-pyrazinyl)- 
hydrazine.-The hydrazinopyrazine (1 .O g., 0.004 mole), 
dissolved in dry pyridine (6 ml.), was treated with acetyl 
chloride (0.4 ml.; 0.004 mole) added dropwise. After 1 hr. 
nt room temp. the reaction mixture was poured into ice 
water and the resulting solid collected. The crude diacetyl 
compound (0.85 9.)  crystallized from benzene-petrol as 
small, white needles, m.p. 167-168' and repeated recrystal- 
lization was necessary to effect complete removal of the un- 
changed hydrazine present. 

Anal .  Calcd. for  C20HlsN402: C, 69.4; H, 5.2; S,  16.2. 
Found: C,69.1; H, 5.2; N, 16.2. 

This same product was obtained from the above triacetyl 
compound by dissolving it in methanol and evaporating the 
solution to dryness on the water bath. More methanol was 
added and the diacetyl derivative was first crystallized from 
methanol and then benzene-petrol. The triacetyl compound 
also tended to decompose slightly on prolonged boiling in 
toluene. 

Anal .  

Attempted Synthesis of 3-Mercapto-5,6-diphenyl-s-tria- 
zolo[4,3-a]-pyrazine. (a)  Using Carbon Disulfide.-2,3- 
Diphenyl-6-hydrazinopyrazine (1 .O g., 0.004 mole), carbon 
disulfide (2  ml., 0.025 mole), and pyridine (10 ml.) were 
heated under reflux until hydrogen sulfide ceased to be 
evolved (7 hr . ) . The solvent was evaporated and the residue 
recrystallized from a tetrahydrofuran-ethanol mixture. 13- 
Di(5,6-diphenyl-2-pyrazinylamino)thiourea separated in 
poor yield as a pale yellow, microcrystalline solid, m.p. 239- 
240'. 

Anal .  Calcd. for C~~H~GN&.O.~HZO:  C, 68.8; H, 4.7; 
N, 19.6; S, 5.6. Found: C, 68.4; H,4.5; N, 19.3; 8 ,  5.9. 

(b) Using Phenyl 1sothiocyanate.-The above hydrazine 
(1.0 g., 0.004 mole), phenyl isothiocyanate (0.7 g., 0.005 
mole), and trichlorobenzene (5 ml.) were heated under re- 
flux for 5 hr. The solvent was removed (at 0.05 mm.) and, 
after attempts a t  purification by crystallization failed, the 
residue was sublimed a t  150°/0.001 mm. The sublimate 
crystallized from benzenepetrol as white needles, m.p. 187- 
188" and was identified as 5,6-diphenyl-s-triazolo[4,3-a] 
pyrazine by mixed m.p. determination and comparison of its 
infrared spectrum with that of an authentic specimen. 
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Sodium 5-trifluoromethyltetrazole was readily prepared from trifluoroacetonitrile and sodium azide. The salt was con- 
verted to the free tetrazole, which is a strong, stable, organic nitrogen acid, methylated to give 1- and 2-methyl-5-trifluoro- 
methgltetrazole and chlorinated t o  give N-chloro-5-trifluoromethyltetrazole. 

Trifluoroacetonitrile a t  atmospheric pressure 
and room temperature reacts exothermally with 
sodium azide in acetonitrile to  give sodium 5- 
trifluoromethyltetrazole (I). These are the mildest 
conditions yet reported for the formation of a 
tetrazole from a nitrile and an inorganic azide.lV2 
The high reactivity of trifluoroacetonitrile is in 
agreement with the observation' that electronega- 
tive groups on the nitrile facilitate tetrazole forma- 
tion ; for example, pnitrobenzonitrile, terephthalo- 
nitrile, and perfluorocaprylonitrile reacted readily 
with sodium azide a t  100' in dimethylformamide 
to form 5-substituted tetrazoles. Benzonitriles 
with more electropositive substituents and aliphatic 
nitriles required higher temperatures and acid 
catalysis to give good yields of tetrazole. 

' 1 )  I Tanety of aromatic and aliphatic nltriles reacted with am- 
nioniuni azide in diinethylformamide a t  95-125' t o  give 5asubstituted 
tetrazolee [W. G Finnegan, R. A. Henry, and K. Lofqulet, J .  Ant. 
Chcm Soc.. 80, 3903 (19531.1 

(2)  5-Substituted tetrazoles were preparid from substituted aceto- 
nitriles and aluminum azide In refluxing tgtrahydrofurefi [H, Behrinsst 
and R. Kohl, B ~ T . ,  89, 4648 (18561.1 

These data and the results reported in this papei 
indicate that more than one mechanism is operating 
in tetrazole formation from nitriles and inorganic 
azides. Hence the general mechanism3 as stated 
by Henry, Finnegan, and Lofquistl may be sepa- 
rated into two mechanisms: (1) In the case of 
electronegatively substituted nitriles no acid cata- 
lyst is needed and the reaction probably proceeds 
by attack of azide ion on the carbon of the nitrile 

-C=N 

group followed by ring closure to  give the salt of 
the tetrazole. The electronegative substituent on 
the nitrile facilitates initial attack by azide ion and 
stabilizes the negative charge of the intermediate 
by its inductive effect. The positively charged 

(3) "The general mechanism for the reaction appears to  be a nucleo- 
philic attack of azide ion on the carbon of the rutrile group, followed 
by ring oldaute df the imino anide to fofm the titramole ring."l 


