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hydroxide solution. Only two fractions were encountered 
and these were identified by their peak eluant volumes as 
azelaic acid, 50.1 mole yo, and sebacic acid, 49.9 mole %. 

Application of the above described procedures to the 
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dicarhoxylic acids obtained from the heat-treated sample 
showed the mixture to be 48.8 mole percent azelaic and 
51.2 mole percent sebacic acid. 
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The reaction of 5-amir~otetrazole with a-lteto esters yields condensation products originally formulated as tetrazolo[a]- 
pyrimidines. The structure of this ring system has been substantiated through an alternative synthesis involving diazotiza- 
tion of 2-hydrazinopyrimidines and cyclization of the intermediate azidopyrimidines. Orientation of the substituents is 
supported by a study of the acylation of 5-aminotetrazole, 

The formation of tetrazolopyrimidines by con- 
densation of p-diketones and 0-keto esters with 5- 
aminotetrazole was first described by 13ulow. 
The condensation with P-diketones in ethanol 
solution catalyzed with piperidine gave products 
assigned the structure I. With acetoacetic ester in 
glacial acetic acid a compound (IIa) was said to 
form; the possibility of formation of compounds 
of structure I11 was not considered. More recently 
Nachod and Steck4 repeated Bulow’s preparation 
of Ia  for use in spectrographic studies without 
questioning the structure assignment. The arbi- 
trary assignment of structures by Bulow made 
reinvestigation of this group of compounds de- 
sirable. Alternative methods of synthesis were de- 
vised with the object of demonstrating (1) the 
presence of the bicyclic system and (2) the orienta- 
tion of the substituents according to I1 rather than 
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(1) Based on the doctoral thesis submitted to Michigan 
State University by Leonard E. Brsdy. Presented before 
the Division of Medicinal Chemistry at  the 134th Meeting 
of the American Chcmical Societv. Chicago, Ill., Septemhrr 

1 .  - 
7-12, 1958. 

(2) Present address: Abbott Laboratories, North Chi- 
cago, Ill. 

(3) C. Bulow, Ber., 42, 4428 (190‘3). 
(4) F. C. Nachod and I<. A. Steck, J .  Am. Chem. Soc., 

70, 2819 (1‘348). 

111. The structural relationship of these com- 
pounds both to the purines arid to bicyclic systems 
related to pentamethylenetetrazole made an exten- 
sion of examples of this type of system attractive. 

The condensation of P-keto esters with 5-amino- 
tetrazole was reinvestigated to determine the effect 
of solvents and catalysts on the reaction.It quickly 
became apparent that coildensations in glacial ace- 
tic acid as recommended by B u l o ~ ~  were not satis- 
factory. The product (Ira) obtained with aceto- 
acetic ester was contaminated with large amounts 
of 5-acetamidotetrazole with which the product 
formed a molecular complex. The product de- 
scribed by Bulow as IIb, but for which no analysis 
was given, obtained with benzoylacetic ester under 
similar conditions proved to be 5-acetamidotetra- 
zole. Using ethanol as solvent and piperidine as 
catalyst, as recommended for the condensation of 
p-diketones with 5-aminotetrazole,3 greatly im- 
proved yields of tetrazolopyrimidines were ob- 
tained from p-keto esters. The condensation prod- 
uct (IIb) with benzoylacetic ester was actually 
obtained under these conditions. Similar condensa- 
tions with a variety of alkylated acetoacetic esters 
gave the products IIc-IIh. 

To establish the presence of a pyrimidine ring 
system in the products the procedure of Finnegan, 
Henry, and Liebers for the synthesis of substituted 
5-aminotetrazoles was adapted. These authors 
had shown that a variety of S-methyl thiuronium 
salts could be converted into 5-aminotetrazole 
derivatives by interaction successively with hy- 
drazine to form aminoguanidinesc and nitrous 
acid t,o form guanyl azides. The latter cyclized 
readily to form the tctrazoles. Coilsidering 2- 
mcthylmcrcaptopyrimidines ( ITT)  as cyclic S- 

(6)  W. G. Finnegati, R. A. Henry, and E. Lieher, J. Ory. 

( 6 )  G. I\.. Kirstctrl and G. 13. 1,. Smith, J .  ,Anz. Chrm. 
Chem., 18, 779 (1953). 

Soc., 58, 800 (1936). 
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methyl thiuronium salts, it  was found possible 
to convert them into 2-hydraxinopyrimidines (V) 
by interaction with hydrazine. Treatment of the 
hydrazinopyrimidines with nitrous acid completed 
the formation of the tetrazolopyrimidines (11) 
identical in all respects with the correspondingly 
substituted products obtained from alkylated 
acetoacetic esters aiid 5-aminotetrazole. 

R ~ ~ S C H ,  R<* “”2 R T a  

It and It’ defined a 8  for I1 

Thc prcserice of the pyrimidine ring was also 
substantiatcd when 2-amino-4-methyl-6-hydroxy- 
pyrimidine was isolated as the result of attempts to 
reduce IIa  in glacial acetic acid with hydrogen in 
the presence of platinum oxide. Neither hydro- 
genolysis of the tetrazole ring nor hydrogenation 
were observed in a similar attempt to reduce IIa  in 
aqueous ethanol containing potassium hydroxide. 

It remained to determine whether the orientation 
of the substituents in the tetrazolopyrimidiries was 
in accord with I1 or 111. Compounds of structure 
I1 would be expected if the initial reaction between 
/3-keto esters and 5-aminotetrazole was azomethine 
formation. On the other hand, if the first step 
involved acylation of 5-aminotetrazole by the es- 
ters, compounds of structure I11 would be likely to 
result. With this in mind conditions for the acyla- 
tion of 5-aminotetrazole were studied. Prolonged 
heating with an excess of carboxylic acid caused 
acylation of 5-aminotetrazole. The same products 
were obtained by interaction with the corresponding 
acyl chlorides or anhydrides. Direct interaction of 
5-aminotetrazole with esters of carboxylic acids 
failed to cause acylation; starting materials could 
be rccovered completely. On the other hand, 
interaction of 5-aminotetrazole with esters in 
glacial acetic acid solution gave modest yields 
(20-25ojO) of the acylaminotetrazole. Apparently 
acylation with esters is catalyzed in acetic acid solu- 
tion. An attempt to induce acylation of 5-amino- 
tetrazole with esters in ethanol solution in presence 
of piperidine was not successful. 

Since piperidine failed to catalyze interaction of 
simple esters with 5-aminotetrazole in ethanol solu- 
tion, whereas under similar conditions azomethine 
formation with simple carbonyl compounds has 
been shown to take place readily,’,* it seems likely 

R ’  \ N  “,.R’ \ N  FIN,O-R’ \ N  
OH OH 
IV V 

( i )  II.  A.  Henry and W. G. Finnegan, J .  Am. Chem. 

( 8 )  11. A.  Henry and W. G. Finnegan, J. Am. Chem. 
Soc., 76, 923 (1954). 

Soc., 76, 926 (1954). 

that the initial step in the condensation of @-keto 
esters with 5-aminotetrazolc involves azomethine 
formation. Subsequent elimination of the elements 
of ethanol from the axomcthine would give tetra- 
zolopyrimidincs of structure 11. Although struc- 
ture I11 cannot be excluded unequivocally on the 
basis of available evidence, the formation of com- 
pounds of structure I1 seems more probable. 

The tetrazolopyrimidines prepared from 5- 
aminotetrazole and @-keto esters are listed in 
Table I. With the exception of IIf all of these com- 
pounds were also prepared from the appropriate 
2-methylmercaptopyrimidines. In  addition 5,7- 
dimethyltetrazolo [alpyrimidine (Ia) was prepared 
both from acetylacetone and 5-amino-tetrazole and 
from 2-methylmercapto-4,6-dimethylpyrimidine. 

The requisite 2-methylmercaptopyrimidines 
(Table 11) were prepared by interaction of S- 
methyl thiuronium iodide and appropriate @- 
keto esters in aqueous alcoholic solution in presence 
of potassium hydroxide.9 2-Hydrazinopyrimidincs 
(Table 111) were prepared by interaction iii 
alcoholic solution of 2-methylmercaptopyrimidines 
and either anhydrous or 85% hydrazine hydrate. 
Benxal derivatives of the hydrazinopyrimidines are 
described in Table IV. The 2-hydraxinopyrimidines 
were converted into azido compounds or tetra- 
zolopyrimidines by interaction with sodium nitrite 
in dilute, aqueous acid solution. 

Screening of the compounds in Table I in the 
Parke, Davis Laboratories indicated no marked 
inhibitory action on growth in microbiological 
systems. When administered to mice intraperitone- 
ally, I Ia  and IIh were lethal a t  dosage levels of 
5 mg. per kg. The other compounds were slightly 
less toxic; I Ib  was tolerated up to 150 mg. per kg. 
No pronounced central nervous effects were ob- 
served below the lethal dose.1° The compounds 
failed to show anticancer activity when screened by 
the Cancer Chemotherapy National Service Center. 

EXPERIMENTAL” 

&Hydroxytetrazolo[a]pyrimidines were prepared by three 
methods: ( A )  the condensation of p-keto esters with 5- 
aminotetrazole in glacial acetic acid3; (B) the condensation 
of @-keto esters and 5-aminotetrazole in ethanolic solution 
in the presence of piperidine; (C) the diazotization of 2- 
hydrazino-6hydroxypyrimidines. 

(A) A mixtwe of 42.5 g. (0.5 mole) of anhydrous 5-amiiio- 
tetrazole12 and 78 g. (0.6 mole) of ethyl acetoacetate in 250 
ml. of glacial acetic acid was heated under reflux for 48 hr. 
The solid which prccipitated on cooling could be separated 
by repcatcd fractional crystallization from water into I l a  

(9) H. L. Whceler and H. F. Merriam, Am. Chem. J., 
29, 478 (1903). 

(10) The cooperation of Dr. Graham M. Chen of tho 
Parke, Davis Laboratorirs is gratefully acknowledged. 

(11) Microanalysw on all compounds were done by 
hiicro-Tech Laboratories, Skokic, Ill. All melting points 
wcre taken in open capillarics and are not corrected. 

(12) R. M. Herbst arid J. A. Garrison, J. Org. Chem., 
18, !I41 (1953). 
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TABLE I 
 HYDROXY TETRAZOLO[U] PYRIXIDINES 

Analyses 
Cpd. Yield, Calculated - -- Found 
h o .  It II' Method % M.P. Formula C H h '  C I€ N 
IIa  CIIs H A 17 247-248 doc. C6€16N60 39.7 3.3 46.4 39.8 3.6 46.6 

13 40 247-248 
C 52 247-248 

I Ib  CcHs I-i €3 21 224-225 dec. CIO&N60 56.3 3.3 32.8 56.6 3 .6  33.1 
C 71 224-225 dec. 
A 0  

C 56 226 dec. 
IIc CHB CH3 13 49 226 dec. CBH7NbO 43.6 4 . 3  42.4 43.9 4 .5  42.3 

IId CH3 CJIi B 46 182-183 C7HgNsO 46.9 5 .1  39.1 46.8 5.1 39.0 

IIe CIIa n-C3H7 B 52 145-146 CsHuNsO 49.7 5 . 7  36.2 49.8 5 . 8  36 .3  

IIf i-CaHr B 16 182-183 CsH11~50 49.7 5 . 7  36.2 49.7 5 .6  36.2 
IIg CH3 n-CJlp I3 30 151-152 CgHlsiT-60 52.2 6 . 3  33.8 52 .1  6 . 3  34.1 

IIh -(CHz)4- B 26 199-200 dec. CsHeNbO 50.2 4 .7  36.6 50.0 5 .0  36.6 

C 40 182-183 

C 60 145-146 

c 63 151-152 

C 31 199-200 dec. 

TABLE I1 
2-bfETHYLMERCAPT0-6-nYDROXY PYRIMIDINES 

Analvses 
Cpd. Yield, Calculated Found 
No. R R' % M.P. Formula C H N S  C I I N S  

IVa CH3 H 50 219 Ref. 9 
IVb CeH' H 14 238 Ref. 9 

IVd CH3 C2Hs 16 201-202 Ref. 9 
IVe CHa n-CaW7 6 181-182 CsII1hN20S 54.5 7 .1  14.1 16.2 54.5 7.2 13.9 16.0 
IVg CHa n-CIH9 9 159-160 C&sN*OS 56.6 7 .6  13.2 15.1 5G.G 7.6 13.4 15.1 

IVC CH3 CHI 19 216-217 C7IIioN20S 49.4 5 .9  16.5 18.8 49.4 5 . 9  16.5 17.0 

IVh -( CHz )4- 27 218-219 CoH1zNzOS 55 .1  6 . 2  14.3 16.3 54.9 6 . 4  14.3 16.2 

and a substance whose elemental analysis approximated 
that of a complex of two rnoleculos of 5-acetamidotetrazole 
and one molecule of IIa;  the complex melted at 238' with 
decomposition. 

Anal. Calcd. for (C~HSN@)(CSHSN~O)Z: C, 32.6; H, 3.7; 
N, 51.8. Found: C, 33.6; H, 3.7; N, 52.0. 

The IIa prepared in this manner is described in Table I. 
Interaction of ethyl benzoylacetate and 5-aminotetrazole 

in glacial acetic acids gave a product, m.p. 267-268' with 
decomposition, identical in all respects with 5-acetarnido- 
tetrazole. 

(B)  The preparation of IIa will serve as an example. A 
solution of 8.5 g. (0.1 mole) of anhydrous 5-aminotetrazole, 
19.5 g. (0.15 mole) of ethyl acetoacetate and 1 ml. of piperi- 
dine in 100 ml. of absolute ethanol was heated under re f lu  
for 48 hr. Tho reaction mixture was evaporated to dryness 
on a steam bath and the residue recrystallized twice from 
hot water. Yields, melting points, and analytical data for 
compounds prepared by this method are given in Table I. 

In the prcparation of I Ib  from ethyl benzoylacetate and 
5-aminotctraxole in the presence of piperidine, the piperidine 
salt of the product separated on cooling the reaction mix- 
ture. The piperidine salt crystallized from water, apparently 
as u. hydrate, m.p. 119" (air dried) followed by resolidifica- 
tion and remelting at  144"; after drying at  100", m.p. 144'. 

Anal. Calcd. for C15Hl,NoO: C, 60.4; H, 6.1; N, 28.2. 
Found: C, 60.3; H, 6.3; N, 28.2. 

I Ib  was obtained by acidifying a hot aqueous solution of 
the piperidine salt with concentrated hydrochloric acid. 

All the tetraxolopyrimidines in Table I can be crystal- 
lized from hot water or from aqueous ethanol. 

(C) The preparation of IIa is typical of the series. To a 
solution of 5 ml. of concentrated hydrochloric acid in 30 ml. 
of water was added 4.0 g. of 2-hydrazino-4-methyl-6 
hydroxypyrimidirie (IVa). While stirring and cooling in an 
ice bath a saturated aqueous solution of sodium nitrite was 
added dropwise until the first excess was shown by the 
starch-potadum iodide end point. Stirring arid cooling 
were continued for 15 min. when solid sodium carbonate 
was added until the mixture reached pH 8. At this point 
the material that had separated during the diazotization 
redissolved. The mixture waa allowed to come to room tem- 
perature when it was acidified (pH 5) with hydrochloric 
acid. The solid which precipitated wae recrystallized from 
hot water. IIa prepared in this way was shown to be identical 
with that prepared by Methods -4 and B by melting point 
and mixture melting point determinations and by comparison 
of infrared absorption spectra. 

* 2-Methylmercaptopyriinidines were synthesized from 8 
methylisothiuronium iodide and the appropriate &keto 
esters in aqueous ethanolic solution in the presence of 
potassium hydroxide.9 The compounds prepared in this way 
are described in Table 11. 

2-Hydrazinopyrimidines were prepared hy interaction of 
the 2-methylmercaptopyrimidines in ethanol solution with 
anhydrous hydrazine (Method A) or 85% hydrazine hydrate 
(Method B). ZHydrazino-4,5-dimethyl-6-hydroxypyrimi- 
dine (Vc) was prepared by both methods and will serve w 
an example. (A) A solution of 4.1 g. of 2-methylmercapto- 
4,5-dimethyl-G-hydroxypyrimidino and 8.2 g. of anhydrous 
hydrazine in 150 ml. of absolute ethanol ww.s heated under 
reflux for 28 hr. The mkture waa evaporated to dryncsa 
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TABLE I11 
ZHYDRAZINO-~-HYDROXYPYRIMIDINES 

Analvses 
Cpd. 
No. 

Yield, 
R R '  Method % M.P. 

Va 
Vb 
v c  

Vd 
Ve 
v g  
Vh 

CH3 H B 43 
c6fI6 H A 35 
CHs CH3 A 19 

B 41 
CHa C ~ H K  A 18 
CHs n-CaH, B 68 
CH3 n-C4H9 13 16 

-(cH2)4- B 41 

230-231 dec. 
219-220 dec. 
333 dec. 
333 dec. 
232" 
215-216b 
201-202 
324 dec. 

Calculated Found 
C H N  C H N  

42.8 5 . 8  40.0 43.1 5 .7  39.8 
59.4 5 . 0  27.7 59.6 5.0 27.7 
46.7 6 . 5  36.3 46.5 6 . 6  36.3 

50.0 7 . 2  33.3 50.2 7 . 3  33.5 
52.7 7 .7  30.8 52 .8  7 . 8  30.8 
55.1 8 . 2  28.6 55.3 8 . 4  28.8 
53.3 6 . 7  31.1 53.2 6 . 8  31.4 

" Resolidified and remelted at 320' with decomposition on continued heating. ' Resolidified and remelted a t  323' with 
decomposition on continued heating. 

TABLE IV 
2-BENZALHYDRAZINO-6-HYDROXYPYRIMIDINES 

OH 

Yield, 
R R '  % M.P. 

CH3 H 44 228-229 
CaHs H 56 261-262 
CH3 CH3 32 241-242 
CH3 C2Ha 17 228-229 
CHa n-CsHr 34 199-200 
CHa n-C4Hp 27 192-193 

Analyses 
Calculated Found 

Formula C H N C H N 

CizHizNrO 63.1 5 . 3  24.6 62.9 5 .4  23.6 
CirHirNiO 70.3 4 . 9  19.3 70.5 4 . 7  19.3 
CisHirNiO 64.4 5 . 8  23.1 64 .2  5 . 9  23.0 
CirH;eN4O 65.6 6 . 3  21.9 65.8 6 . 3  21.7 

64.5 6 . 9  20.1 64.0 6 . 8  20.0 
CieHzoN4O 67.6 7 . 1  19.7 67 .4  7 . 2  19.6 

a Calculated for the hemihydrate: C16H18N40*1/2H20. 

and the residue recrystallized from ethanol. (B) A solution 
of 4.3 g. of 2-methylmercapto-4,5-dimethyl-6-hydroxy- 
pyrimidine in 75 ml. of ethanol was stirred under reflux on a 
steam bath with 12.6 g. of 85y0 hydrazine hydrate. The 
evolution of methylmercaptan ceased after 60 hr. after 
which the solution was chilled and the solid that separated 
recrystallized from ethanol. The product was identical with 
the material prepared by Method A. In Table I11 are given 
yields, melting points and analytical data for compounds 
prepared in both ways. 
2-Benzalhydrazinopyrimidines. A solution of 1.1 g. of 

bcnzaldehyde in 5 ml. of ethanol and 0.6 g. of glacial acetic 
acid was treated with water until faintly cloudy. To this 
mixture 0.7 g. of 2-hydrazino4methyl-6-hydroxypyrimidine 
was added. The mixture was heated in a beaker on a steam 
bath until evaporated to dryness and the residue recrystal- 
lized from absolute ethanol. Other beneal derivatives were 
prepared in a similar manner. Table IV gives melting points, 
yields and analytical data for the benzal derivatives. 

6,7-l)inathyltetratoZo[a]pyrimidine (Ia) was prepared from 
acetylacetone and 5-aminotetrazole in ethanol with piperi- 
dine as ~ a t s l y s t . ~  yield 49%, m.p. 151-152' after crystal- 
lization from watcr. 

Anal. Calcd. for CGII,N~: C, 48.3; 11, 4.7; N, 47.0. Found: 
C, 48.3; H, 4.6; N, 46.9. 

The aqueous mother liquors from recrystallization of Ia 
deposited a second product on thorough chilling. The prod- 
uct crystallized from water as long, fine needles, m.p. 139- 
140'. 

Anal. Found: C, 57.1; €1, 5.5; N, 30.1. 
The analysis corresponds with values calculated for a 

product formed by combination of one molecule of bamino- 
tetrazole and two of acetylacetone with elimination of three 
molecules of water. It was not investigated further. 

An alternate method of preparation involved interaction 
of 85y0 hydrazine hydrate and 2-methylmercapW,b 
dirnethylpyrimidk~e~~ in ethanol aa described for the 
hydroxy analogs to form 2-hydra~ino-4~6dimethylpyrimi- 
dine, m.p. 165', after crystallization from ethanol. 

Anal. Calcd. for C~HION~O:  C, 52.5; H, 7.3; N, 40.6. 
Found: C, 52.0; H, 7.2; N, 40.8. 

The b e n d  derivative was crystallized from ethanol, m.p. 
160'. 

A n d .  Calcd. for CI3Hl4N4: C, 69.0; H, 6.2; N, 24.8. 
Found: C, 68.8; H, 6.2; N, 24.9 

Treatment of 2-hydrazino-4,bdimethylpyrimidine with 
sodium nitrite in aqueous, acid solution as described for the 
hydrazinohydroxypyrimidines gave Ia, m.p. 151-152' after 
crystallization from ethanol. Mixture melting point deter- 
mination and comparison of infrared spectra showed the 
product to be identical with the material prepared by 
Biilow's method. 

Hydrogenolysis of 6-hydrozy-7-methyZtetra~olo [alpyrimi- 
dine. A solution of 3 g. of IIa in 150 ml. of glacial acetic acid 
waa shaken with 175 mg. of platinum oxide a t  65' for 24 hr. 
under 49 p.s.i. hydrogen pressure. After removal of the 
catalyst the solvent was evaporated and the residue ro- 
crystallized from water, m.p. 297' with decomposition. 
The product was identical with 2-amino-4-methyl-6-hy- 
droxypyrimidine prepared by the method of Jaeger." 

An attempt to hydrogenate 11s in 50% ethanol in the 
presence of 1.5 molar equivalents of potassium hydroxide 
with platinum oxide a t  room temperature and 49 p.s.i. 

(13) H. L. Wheelcr and G. S. Jamicson, Am. Chem. J., 

(14) J. Jaeger, Ann., 262, 3G5 (1891). 
32, 342 (1904). 
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TABLE V 
~-ACYLAMINOT~TR.AZOLES 

I1CONH-C-NH 
II I 
i Y N  
\N/ 

Analyses 
Yield, Calculated - Found 

R M.I’.a Method % Formula C H N C H N 

CH, 268-269 n 36 CsH6NoO 28.4 4 0 55 1 28.5 4 . 1  55.2 
Ref. 15 13 90 

A 27 C 4 H 7 N 6 0 34.0 5 0 49.6 34.0 5 2 49.4 CzH6 265 
265 B 27 

n-C3H7 250 A 39 C6HpNsO 38.7 5 . 8  45.1 38.7 5 . 8  45.2 
250 B 36 

(CZH6)zCH 237-238 A 8 
237-238 I3 77 lief. 16 

CBI& 280 B 54 Ref. 17 

a All melting points with decomposition. 

hydrogen pressure was not successful. Only IIa mas re- 
covered from the reaction mixture. 

Acylation of 6-aminotelratole. ( A )  A mixture of 7.4 g. of 
anhydrous 5-aminotetrazole and 150 ml. of glacial acetic 
acid was boiled under reflux for 48 hr. After evaporation 
of the solvent the residue was recrystallixed twice from 
water, yield 4 p. (36%) of 5-acctamidotetrazole1 m.p. 268- 
2.69” with decomposi t i~n .~~ Similar preparations were done 
with propionic, n-butyric and diethylacetic acid. Yields, 
melting points and analytical data are given in Table V. 

(B)  Comparable acyl derivatives were obtained by narm- 
ing anhydrous 5-aminotetrazole with acetic anhydride,ls 
propionic anhydride, n-butyryl chloride, diethylacetyl 
chloride,16 and benzoyl chl0ride.1~ Data for the products are 
included in Table V. 

(C)  A mixture of 15.8 g. (0.11 mole) of ethyl diethyl- 
acetate and 8.5 g. (0.1 mole) of anhydrous 5-aminotetrazole 
in 250 ml. of glacial acetic acid was boiled under reflux for 
24 hr. The crystalline product that separated on cooling wa8 
recrystallized from water, yield 4.1 g., m.p. 238”, identical 
in all respects with 5-diethylacetamidotctrazole obtained 
in Methods A and B. 

(D) Attempts to prepare the acyl derivatives by warming 
5-aminotetrazole with ethyl acetate, ethyl propionate, 
ethyl n-butyrate, or ethyl benzoate alone or in ethanol or 
1,Cdioxane solution in the presence of piperidine were 
unsuccessful. In each oase 5-aminotetrazole was recovered 
completely. 

EAST LANSIKG, MICH 

(15) J. Thiele and I ~ .  Ingle, Ann., 287, 233 (1895). 
(16) R. Stoll6 and 0. Roscr, J .  prakt. Chem., 136, 314 (17) R. Stoll6 and F. Henke-Stark, J .  prakt. Chem., 124, 

(1933). 261 (1930). 

[(>0NrTHIHL.TION FROM THE 11. B. WETIIEHIIJ~ LABORATORY O F  CIIEMISTRY, PUHDUE UKIVERSITY] 

Synthesis of 1-Isobornyl-5-alkyl Tetrazoles’ 

CAIZLI<TON ITr. 110I3ERTS2 A N D  MILTON I,. MASKALERIP 

Received December 16, 1958 

The reaction of nitriles with 1,l-disubstituted olefins in the prefienre of an arid catalyst to form h‘-substituted amides 
(Rittcr Reaction) has been utilized to prepare a series of N-isobornylalkanamides from camphene and acetonitrile, propioni- 
trilr, n-hutyronitrilp, and n-valeronitrile. These amidw have been converted by the von Braun proredure to thr rorresporid- 
ing 1-isobornyl-5-alkyl tetrazolrs. The first memlwr in the series, l-isot)orriy1-5-mcthyl tetrazole, pofises~es stimulatory 
activity toward rats a t  dosages of 10 mg./kg. 

Gross and Fentherstone4 have studied the 111 tra- several series of compounds showed a surprising 
violet spectra of several series of pentamethylene- range of physiological activity, from strong seda- 
tetrazoles and 1,5-disubstituted tetraxoles. The tives to  strong analeptics. On the basis of an ad- 
- mittedly empirical correlation, the authors con- 

(1) From tt thesis submitted to the Graduate School, cl,lde, (ithat without exception, sllbstances pas- 
I’urdue University, in partial fulfillment of the require- 

August 1956. little or no absorption in the ultraviolet.” Typical 
of the ComDounds studied in the 1 ,Fj-disubstituted 

ments for the degree of Master of Science in Chemistry, sessing a potent and action showed 

(2) Present address: Polvmer Research Laboratory, The 
I& Chemical Co., Midland, Mich. ~ - -  

( 3 )  Present addrcss: The Pcnnsylvania State University, (4) F. W. Schueler, S. C. Wang, R. ?VI. Featherstone, and 
IJniversity Park, 1%. 15. G. Gross, J .  Pharnlacol. Ezptl. Il’hemp., 97, 266 (1949). 


