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zole was recrystallized from ether-petroleum ether, m.p. 
73-74'. Admixture of the same product prepared by method 
A-1 or A-2 caused no depression of the melting point; yield 
48% based on crude aminoguanidine hydriodide. 

The hydrochloride was prepared in ether solution with 
dry hydrogen chloride and recrystallized from ether-iso- 
propyl alcohol, m.p. and mixture m.p. 156-157'. 

All the 1-alkyl-5-alkylaminotetra~oles and their hydro- 
chlorides prepared by this procedure are listed in Tables I1 
and VI, respectively. In  all cases the products were identical 
with the materials prepared by Method A-1 or A-2. 
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A group of seven 1-alkyltetrazoles was prepared by interaction of alkyl isocyanides and hydrazoic acid in benzene solu- 
tion, The same method was applied to the synthesis of 1-phenyltetrazole but the yield was very poor. The Dimroth pro- 
cedure for preparation of 1-aryltetraxoles by coupling diformyl hydrazide and diazonium salts also gave very poor yields of 
1-phenyltetrazole. A new procedure involving an adaptation of the von Braun synthesis of 1,5-disubstituted tetrazoles was 
developed. Interaction of formanilides successively with phosphorus pentachloride and hydrazoic acid in toluene gave fair 
yields of the desired 1-aryltetrazoles. A group of eight 1-aryltetraeoles was prepared in this way. Their ultraviolet absorp- 
tion spectra were determined and compared with those of comparable 5-aryltetrazoles. 

Although many 5-substituted tetrazoles are 
known, only very fern 1-substituted tetrazoles have 
been described. BensonJ3 in his review of tetrazole 
chemistry. listed only seven examples including the 
questionable 1-hydroxytetrazole. It was the pur- 
pose of this study to investigate the preparation and 
properties of a larger group of 1-substituted 
tetrazoles. 

Qf the known methods for synthesis of l-sub- 
stituted tetrazoles three appeared to offer pos- 
sibilities of rather general application. Oliveri- 
Mandala and ,41agna4 obtained 1-methyl-, I-ethyl-, 
and 1-phenyltetrazole by addition of hydrazoic 
acid t o  the appropriate isocyanide in ether solution. 
1-Aryltetrazoles mere prepared by Dimroth and de 

R-ITC + HN, + R-IG-CH 
I I  

I 

Montmollin6 by coupling aryl diazonium salts with 
diformyl hydrazide in aqueous alkaline medium 
and cyclizing the resulting diazohydrazide with 
warm aqueous alkali. Freund and Paradies6 and 
later StollQ and Henke-Stark7 oxidized l-substi- 
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tuted-5-mercaptotetrazoles which had beeii pre- 
pared by interaction of isothiocyanates and hydra- 
zoic acid or sodium azide. illthough only l-methyl- 
and 1-phenyltetrazole have been prepared this 
way, a variety of 1-substituted 5-mereaptotetra- 
zoles have been described. 
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For the preparation of 1-alkylteti.azoles the addi- 
tion of hydrazoic acid to alkyl isocyanides* ap- 
peared to  be the most generally applicable proce- 
dure. h series of seven 1-alkyltetrazoles was prc- 
pared in this way (Table I) but the method leaves 
much to be desired because of the disagreeable 
character of the requisite alkyl isocyanides. The 
latter were best prepared by the technique of 
Guillemard8 by interaction of alkyl iodides and sil- 
ver cyanide at  steam bath temperature under re- 
flux. Crude yields of the isocyanides were gen- 
erally satisfactory, although the products were 
probably contaminated with dimerized or polj*- 
merized material in iiicreasing quantity on stand- 
ing which necessitated immediate use of the crude 
products in the next step of the synthesis. An at- 
tempt to estimate the isocyanide content of the 
crude products by a bromide-bromate titration in- 

(1908). 
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dicated a marked decrease of titratable material 
during 24 hr., but it was not possible to standardize 
the procedure for lack of a standard of known pu- 
rity. The crude alkyl isocyaiiides were added im- 
mediately to a benzene solution of hydrazoic acid 
arid heated under reflux- on a steam bath for periods 
of 1-5 hr. The 1-alkyltetrazoles TTere subsequently 
isolated by fractionation under reduced pressure. 
1-Phenylteti azole was also prepared from phenyl 
isocyanide and hydrazoic acid, but the ansatis- 
factory yield of tetrazole coupled with poor yields 
of the isocyanide in the carbylaniine reaction 
prompted investigation of other methods of syii- 
thesis for 1-aryltetrazoles. 

Application of the Dimroth procedure for the 
synthesis of 1-phenyltetra~ole~ gave only a very 
sinal1 yield of the desired product in our hands al- 
though the technique had been applied with consid- 
erable success to other diacyl hydrazides in the 
preparation of 1 -ary1-5-alkyltetra~oles.~~~ 

In wew of these difficulties an attempt was made 
t o  extend the yon Wraun techniquelo for the prep- 
aratioii of 1,s-disubstituted tetrazoles to  N -  
bubstituted formainides. Wallachl' had reported 
the formation of N,N'-diphenylformamidine by 
interartion of formanilide and phosphorus penta- 
chloi ide. Since Wallach worked without solvent 
;tiid without temperature control of the exothermic 
reaction and isolated the product by distilling the 
reaction mixture at atmospheric pressure, the for- 
mation of formimidyl chlorides under more moder- 
at(> conditions was not precluded. Experiments in 
which fornianilide 11-as treated in toluene solutioii 
xith phosphorus pentachloride at  or below room 
temperature led to  the formation of an inter- 
mediate that ieacted with hydrazoic acid in the 
same solvent to gire moderate quantities of 1- 
phenpltetrazole. The procedure mas extended suc- 

fully to substituted formaiiilides and N-iso- 
hutplformamide ; however, the yield of 1 -isobutyl- 
tetrazole from the latter was poor and the pi'ocess 
doeh not appear promising for the synthesis of 1- 
djiyltet~~azoles imdt.r the conditions studied. 

.\rAH("O --f .irSHC>HCI? _I) 

I'Clh - HC1 

Ir 
- H (  I 

ArS-;CHCl--+ ArSC 
TI1 \HhT3/ 

.h--T- --CH 
~' 

\y/ 
U N  

1' 

During the reaction of phosphorus pentachloride 
with the fornianilides at ice bath temperature a 
heavy oil ranging from yellow to bright red in color 

(9) n.-Y. Wii and El. 11. Herbbt, J .  Org. C ~ P I I L . ,  17, 1216 

(10) J.  von Hmuu a ~ l  U'. Rudolph, Be,.., 74, 264 (1911 ). 
(1952). 

1 1  i 0 \17:tllarh, I R ~ L , ,  214, 103 (1882) 

separated without evolution of hydrogen chloride. 
When the reaction mixture was allowed to come to  
room temperature, hydrogen chloride was evolved. 
These observations could be interpreted as initial 
formation of ai1 unstable amide chloride (11) which 
subsequently lost hydrogen chloride with formation 
of the formimidyl chloride (111) or possibly the aryl 
isocyanide (IT), either of which could react with 
hydrazoic acid to form the tetrasole (T). Since hy- 
drogen chloride is also evolved during the reaction 
with hydrazoic acid, 11 would appear to be the 
inore likely intermediate. The 1-aryltetrazoles pre- 
pared in this way are listed in Table I. They are all 
solids of considerably loaer melting point than the 
corresponding 5-aryItetrazoles.'* The product from 
the reaction with o-formotoluidide could not be 
made to crystallize nor could it be purified by dis- 
tillation. 

Ultraviolet absorptioii spectra of a number of 1- 
alkyl- and 1-aryltetrazoles were examined in the 
region of 210-300 nip, n'either tetrazole nor the 1- 
alkyl- or 5alkyltetraholes exhibited appreciable 
absorption in this range. d pattern also shorn by 5- 
cyclohexyltetra~ole.~~ AI1 the 1-aryltetrazoIes 
showed strong absorption bands with maxima and 
extinction coefficients as noted iii Table 11. I t  is 
interesting that substitution on the benzene ring 
of the 1-phenyl- and the 5-pheiiyltctrazole systems 
has similar effects In both instances rrieta and para 
substituents caube a progressively greater shift of 
the maximum tov aid longer IT aye lengths. I\ hilc 
ortho substituents cause a shift of the mnxiniuni 
toward shortel wave lengths. Just as in the 5- 
aryltetrazole series" the strong absorption band of 
the I-ai yltetrazoles may be attributed to the reso- 
nance interaction of the phenyl and tetrahole rings 
(Figure 1). The ehift of the maximuni to murh 
shorter wax e lengths in the ortho substituted com- 
pounds niay \imilarly be attributed to interferenw 
with the attaiiiiiiriit of a coplanar configuration by 
the tt{o riiiq< chic t o  a bulky group in the orfhcr 
position. 

*-$H (--JI+CH - /I 

N, ,N - N, ,N 
'N 'N 

-0 q- -- $€I 
1_3 PI" \N' 

FIG 1 

Infrared spectra foi the t-substitukd fetnzoles 
help described as well as comparable &substituted 
and 1,5-disubstituted tetrazoles have been IT- 

corded. l 4  
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Alkyl isocyanides were prepared from alkyl iodides and 
silver cyanide under the conditions recommended by Guille- 
mard.8 The normal alkyl isocyanides from ethyl to heptyl 
as well as isobutyl and isoamyl isocyanide were prepared in 
this way. Phenyl isocyanide was prepared by the carbyl- 
amine reaction under the conditions recommended by 
Illalatesta.1fl An attempt was made to estimate the amount 
of isocyanide in the crude products by treatment of their 
benzene solutions v i th  excess standard bromide-bromate 
solution, addition of potassium iodide, and back-titration 
with standard thiosulfate. Bromide-bromate solution was 
used up in decreasing amounts as the isocyanides were kept 
for a day or two. Lack of a pure standard prevented further 
exploration of this procedure. 

Diformyl hydrazzde wa3 prepared from sodium formate 
and hydrazine sulfate according to Pellizzari. l7 

Formandides and N-alkylformamades were prepared by 
heating the appropriate amines with excess formic acid. 
Most of the formanilides were purified by crystallization; 
the N-alkylformamides, formanilide, and m-formotoluidide 
were distilled. 

I-Alkyltetrazoles were prepared from the alkyl isocyanides 
and hydrazoic acid in benzene solution. The preparation of 
n-hexyltetrazole serves as a typical example. A mixture of 
8.0 g. of crude n-hexyl isocyanide and 100 ml. of a 16% 
solution of hydrazoic acid in benzene was heated under 
reflux in a well-ventilated hood for 3 hr. The solvent was 
removed under reduced pressure and the residue was boiled 
under reflux for an hour with ZOY0 hydrochloric acid. After 
making the cooled solution alkaline with sodium hydroxide, 
the crude tetrazole layer was separated and the aqueous 
layer was shaken with ether. The combined tetrazole layer 
and ether solution were dried over sodium sulfate before 
the ether was removed by distillation and the residue frac- 
tionated under reduced pressure. Physical constants and 
analytical data are given in Table 1. The 1-alkyltetrazoles 
are sparingly soluble in water, soluble in concentrated 
aqueous acids, and most of the common organic solvents 
except petroleum ether. Their aqueous suspensions are 
neutral or weakly basic to litmus. 

I-Aryltetraaoles were prepared from the formanilides by 
reaction successively with phosphorus pentachloride and 
hydrazoic acid in toluene. The preparation of l-m-tolyl- 
tetrazole serves as a typical example. A solution of 33.8 g. 
(0.25 mole) of m-formotoluidide in 100 ml. of toluene was 
stirred and cooled in an ice bath during the portion-wise 
addition of 52 g. (0.25 mole) of phosphorus pentachloride. 
Upon complete reaction with the phosphorus pentachloride 
the resulting bright yellow solution was treated with 100 
ml. of a 16% solution of hydrazoic acid in toluene, stirred 
at  room temperature for 24 hr., poured over ice, made alka- 
line with sodium hydroxide, and filtered. The filter cake was 
washed by resuspension first in 4% sodium hydroxide and 
then in water. A further quantity of the crude product was 
obtained by separating the toluene layer from the filtrate 
and evaporating the toluene. The two crops mere combined 
and recrystallized from aqueous isopropyl alcohol. Final 
purification was accomplished by repeated extraction with 
warm cyclohexane from which the tetrazole separated as 
colorless crystals. Physical constants and analytical data 
are given in Table I. 1-Phenyltetrazole and l-o-methoxy- 
phenyltetrazole mere also crystallized from cyclohexane. 
All the other 1-aryltetrazoles were crystallized from iso- 
propyl alcohol. In some instances the formanilide was 
insoluble and was used as a suspension in toluene. The 
product of reaction with phosphorus pentachloride varied 

(15) Microanalyses were done by Micro-Tech Labora- 

(16) L. Malatesta, Gazz. chzm. ztal., 77, 238 (1947); 

(17) G .  Pellizzari, Gaze. chm.  ital., 39, I, 520 (1909). 

tories, Skokje, Ill. 

Chem. Abstr., 42, 869 (1948). 
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in color from bright yellow to bright red and in some in- 
stances separated as a pasty mass or an oil without inter- 
ference in the subsequent reaction with hydrazoic acid. 

1-Phenyltetrazole was also prepared from phenyl iso- 
cyanide and hydrazoic acid4 in benzene solution and by 
Ilimroth's method froni benzene diazonium chloride and 
diformyl hydrazide. I n  both instances the yields vere poor 
but the products were identical with the material prepared 
from formanilide. 

2-Isobutyltetrazole was prepared by interaction of 17.9 g. 
(0.18 mole) of N-isobutylformamide in 100 nil. of toluene 
xi th  3T g. (0.18 mole j of phosphorus pentachloride followed 
by treatment with 100 ml. of a lSYo solution of hydrazoic 
acid in toluene. After addition of the hydrazoic acid solu- 
tion the reaction mixt,ure was stirred for 1 hr. a t  room tem- 
perature and then for 3 hr. under reflux on a steam bath. 
The mixture was poured onto ice and made allialine with 
sodium hydroxide. After separation of the toluene layer the 
aqueous layer mas shaken once with toluene and then dis- 
carded. The combined tolucne solutions were dried and the 
residue left after removal of the solvent was fractionated. 
I-Isobutyltetrazole was collected a t  121-323' a t  1 mm., n y  
1.4590, yield 4.0 g. (18%). This product and the material 
prepared from isobutyl isocyanide gave identical infrared 
spectra. 

Ultraviolet absorption spectra were determined with 1 X 
10-*N solutions in 9570 ethanol using a Beckman Model 
DC spectrophotometer. Readings were made with 1-em. 
cells with 9570 ethanol as the blank. The region 210-300 

mp was scanned at  5-mp intervals and near the maxima 
readings were taken at  1-mp intervals. Tetrazole and the 
1-alkyltetrazoles showed only little absorption and no 
maxima in the region examined although in these c a m  
concentrations as high as 1 x 10-2M were used. 811 the 
1-aryltetrazoles exhibited a broad absorption band; maxima 
and extinction coefficients are recorded in Table 11. 

TABLE I1 
ULTRAVIOLET .kBSORPTION RfAXIMA O F  SOME 1- A S D  5- 

ARYLTETRAZOLES 

1-;iryltetrazoles 5-iiryltetrazoles 
Max. Max. 

Arvl (mp) e (mP) 

Phenyl 
m-Tolyl 

o-Chlorophenyl 
m-Chlorophenyl 
p-Chlorophenyl 
o - M  ethoxyphenyl 

p-Methoxyphengl 

P-Tolyl 

236 
239 
243 

239 
242 
235 
282 
255 

(215)b 

9,300 
8,700 

10,100 
(10,400) 

8,800 
14,000 
5,800 
3,800 

10,900 

241' 
243 
246 
234' 
242= 
247= 
246' 
294 
259= 

15,900 
13,600 
16, 700 
9,600 

14,000 
20,400 
11, GOO 
4,900 

16,900 

Ref. 12. Shoulder. 
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A procedure for the synthesis of 2-1nethyl-5-cthyl-i-pyridinethiol from 2-methyl-5-ethylpyridine has been developwl. 
The dehydrogenation of this o-ethylthiol to 6-methyl-5-azathianaphthene is discussed. 

After considering suitable systems in which to 
extend the use of the dehydrocyclixation react,ioii 
it  was decided that the pyridine ring offered a 
highly stable and interesting structure for such a 
study. In particular this ring system offers an ap- 
proach to the synthesis of heterocycles containing 
two hetero atoms. The fact that ethylpyridines are 
available commercially and that improved methods 
have been ivorked out for the introduction of sub- 
stituents into the pyridine ring2p3 indicated that 
the necessary starting materials should be relatively 
easy to prepare. Formation of the thiophene ring 
was chosen for the first of these experiments be- 
cause previous \T-orkl had shown that the dehydro- 
cyclization reaction is particularly useful in its for- 
mation. 

It was first expected that azathianaphthenes 
could be obtained by the reaction of hydrogen sul- 
fide with vinyl pyridines. It is known4 that styrene 

(1) For the previous paper in this series see J .  Org. Chenz., 

(2)  Den Hertog and Combe, Rec. trau. chim., 70,581 (1951). 
(3)  Ochiai, J .  Org. Chcm., 18, 534 (2953). 

21, 265 (1956). 

and hydrogen sulfide react at 600' to give thia- 
naphthene. A number of runs were made using the 
catalyst of Moore and Gree~isfelder,~ ab well a5 
with the catalyst used in the dehydrocyclization 
of o-ethy1thiopheiiol.l The products from the reac- 
tion of 4-vinylpyridine and hydrogen sulfide a t2 
600' were separated into two fractions: one was a 
red, tarry material soluble in water, but insoluble 
in ether, and the other was a yellov oil mhich 11-as 
soluble in ether and insoluble in water. Of two pos- 
sible paths which the reaction might take, A or B, 
a work-up of the ether soluble fraction indicated 
that this material was formed via path B as follows: 

CH=CHL 

h 

(4) hloore and Greensfelder, J .  Ani. Chein. Soc., 69, 
2008 ( 1947). 


