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A series of fifty-five derivatives of tetrazole acids including simple and substituted amides, hydrazides, and basic esters 
and amides has been prepared. Routine pharmacological screening of these compounds has shown that some of them possess 
signs of physiologic action. 

Recently Jacobson and Amstutz’J have reported 
two methods for the synthesis of tetrazolylacetic 
acids. The first method involved transmetalation 
of l15-disubstituted tetrazoles containing a hydro- 
gen atom on the alpha-carbon atom of the substit- 
uent in the 5-position followed by carbonation and 
hydrolysis to produce 1-substituted-5-tetrazolyl- 
acetic acids. The second method adapted a well 
known synthesis of 1,5disubstituted tetrazolesa.* to 
starting materials already containing an ester 
group. Both 1-substituted-5-tetrazolylacetic acids 
and the isomeric 5-substituted-1-tetrazolylacetic 
acids were prepared by this procedure, the latter 
isomers not being available through the first 
method. 

The first two papers in this ~ e r i e s ~ , ~  describe a 
number of new tetrazole derivatives that have been 
prepared and screened for potentially useful physio- 
logic action such as that possessed by many simple 
1 ,5-disubstituted tetrazoles. The inclusion of the 
carboxyl group as a new functional component of 
tetrazole compounds has now made possible the 
preparation of a series of tetrazole acid derivatives 
including simple and substituted amides, basic 
esters and amides, and hydrazides for screening as 
possible therapeutic agents. During the course of 
this investigation a series of fifty-five of these de- 
rivatives has been prepared from sixteen tetrazole 
acids or the corresponding simple esters. They are 
listed in Table I together with the pertinent 
physical data. 

The tetrazolylacetic acids were found to  be re- 
sistant to thionyl chloride although phosphorus 
pentachloride generally produced the acid chloride. 
With the 1-substituted-5-tetrazolylacetic acids 
gentle warming with phosphorus pentachloride in 
benzene solution was usually sufficient to promote 
reaction, excessive heating frequently causing de- 
carboxylation of the acid and the production of 
tarry by-products. However, no acid chloride could 

( I )  Jacobson and Amstutz, J. Org. Chem., 18, 1183 

(2) Jacobson and Amstutz, J. 078. Chem., 21, 311 

(3) von Braun and Rudolph, Ber., 74, 264 (1941). 
(4) Harvill, Herbst, Schreiner, and Roberts, J .  Org. 

(5) Cosgrove and LaForge, J. Org. Chem., 21, 197 

(6) D’Adamo and LaForge, J .  Org, Chem., 21,340 (1956). 

-- 

(1953). 

(1956). 

Chem., 15, 662 (1950). 

(1956). 

be isolated from 1-n-butyl-5-tetrazolylacetic acid, 
no appreciable reaction taking place at room tem- 
perature and decarboxylation of the acid occurring 
upon heating the reaction mixture. The 5-substi- 
tuted-1-tetrazolylacetic acids, which are less prone 
to decarboxylate in hot generally required 
several hours of refluxing with phosphorus penta- 
chloride ir? benzene in order to produce good yields 
of the acid chlorides. The acid chlorides were either 
viscous oils or solids, generally unstable on standing 
in the air, although several of the solid acid chlo- 
rides could be purified by recrystallization from dry 
solvents. As recrystallization of some of the solid 
acid chlorides resulted in considerable loss and a 
questionable increase in purity, the acid deriva- 
tives were usually prepared by interaction of the 
crude acid chloride with the appropriate reagent 
immediately after its isolation. 
Pentamethylenetetrazole-Ccarboxamide (5 1) was 

prepared from both the methyl and ethyl ester, the 
methyl ester giving a much better yield. It is inter- 
esting to  note that in the first preparation of this 
amide two different crystalline modifications were 
obtained from the two esters (see Table I.) The 
lower-melting form was converted into the higher- 
melting one by seeding during recrystallization. 
Thereafter, several attempts to  repeat the prepa- 
ration of the lower-melting modification failed, 
only the higher-melting form being isolated. 

Pharmacology. All of the compounds in Table I 
with the exception of two (23 and 25) were sub- 
jected to  routine pharmacological screening. Of the 
fifty-three compounds screened forty-one were de- 
void of any significant physiologic action other than 
toxic manifestations at  the higher dose levels when 
administered to rats intraperitoneally in graded 
doses of 100-800 mg./kg. The remaining twelve 
compounds (2,3,18,19,22,24,27,30,32,35,37 and 55) 
produced signs of central nervous system depression 
below the lethal dose. The most active depressants 
were No. 2 which produced depression a t  100 mg./- 
kg. and drowsiness a t  400 mg./kg. and No. 37 
which produced depression at  200 mg./kg. and un- 
consciousness at 600 mg./kg. 

None of the compounds produced more than tran- 
sient pressor or depressor effects on the blood pres- 
sure of nembutalized dogs when administered in- 
travenously in aqueous or propylene glycol solutions 
a t  5 or 10 mg./kg. Neither did they influence the 
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typical responses to  test doses of epinephrine, acet- 
ylcholine, or histamine under the same experimental 
conditions. 

All water-soluble derivatives were tested in the 
isolated rabbit heart and the isolated guinea pig 
gut, no desirable action being observed in the former 
case at  dilutions of 1 : 2000 and no antispasmodic ac- 
tivity being detected in the latter case a t  dilutions 
at  1 : 25,000. 

Four of the hydrazides were tested for in vitro 
antituberculosis activity against the human H37Rv 
strain of tubercule bacilli in liquid media of three 
types (Tween-Albumin, Proskauer and Beck, and 
P & E3 with 10% horse serum). None of the com- 
pounds produced more than a partial inhibition in 
concentrations ef 0.1 mg./ml. in any of these 
media. In most instances, no inhibition whatso- 
ever was seen in this concentration. 

It is interesting to note that the three derivatives 
of pentamethylenetetrazole (Metrazol@) (52, 53, 
54) resulting from this work are remarkably inac- 
tive, showing neither pronounced stimulant nor 
depressant properties. In  general, there appears 
to be no obvious relationship between the chemical 
structures of the compounds in this series and the 
physiologic properties that they possess. 

The authors are indebted to  
Dr. Eiwin G. Gross and Dr. Hugh H. Keasling of 
the State University of Iowa for carrying out the 
pharmacological screening of these compounds. 
The tests for in vitro antituberculosis activity were 
done by the Trudeau Laboratories, Trudeau, New 
York. 

Acknowledgment. 

EXPERIMENTAL 

Tetrazole acdds and esters. The tetrazole acids and esters 
from which the derivatives were prepared were synthesized 
by the procedures of Jacobson arid A m s t u t ~ ~ ~ * . ~  (except 
where otherwise noted). Preparation of the following com- 
pounds by these methods haa not been previously reported. 

~(1-CyclohezyGb-tetrcrzolyl)propionic acid waa prepared in 
59% yield by metalation and carbonation1 of I-cyclohexyl- 
5-ethyltetrazole. Recrystallieation from water gave pure 
product of m.p. 137.5-138.5' (dec.). 

A d .  Calc'd for Cl&LsN,Ot: C, 53.6; H, 7.2; N, 25.0. 
Found: C, 53.6; H, 7.2; N, 25.2. 

l-pCarbozyphenyG5-me~yltetrazob. Application of the 
tetrazole ring closure synthesis' to ethyl pacetamido- 
henzoate gave I-p-curbethozyphay1-6-methyltetrawle in 60% 
yield after recrystallization from propanol-2; m.p. 89-91 '. 

Anal. Calc'd for CIIHI*N,O~: C, 56.9; H, 5.2; N, 24.1. 
Found: C, 56.8; H, 5.2; N, 24.0. 

Hydrolysis of the ester in hydrochloric acid-acetic acid 
solution gave an 85% yield of the acid after recrystallization 
frorn methanol, m.p. 255-257' (dec.). 

A d .  Calc'd for C&N,Ot: C, 52.9; H, 4.0; N, 27.4. 
Found: C, 53.0; H, 4.0; N, 27.4. 

8 - ( l - C y ~ ~ G 6 - t e t r a w l y l ) p r o p i o n i c  acid waa prepared in 
29% yield by condensation of I-cyclohexyl-5chloromethyl- 
tetrazole with diethyl sodiomalonate f o l l o d  by alkaline 

saponification. The product was obtained as a colorless 
solid after recrystallization from dilute propanol-2; m.p. 
176-178'. 

Anal. Calc'd for CloHl~N40~: C, 53.6; H, 7.2; N, 25.0. 
Found: C, 53.7; H, 7.3; N, 24.9. 

Ethyl a-(l-methyl-5-tetrawlyZ)phenyZucetate was obtained 
in 76% yield by Fischer esterification of CY-( l-methyl-5- 
tetrazoly1)phenylacetic acid,' b.p. 178-180°/1.5 mm. 
n y  1.5330. 

A d .  Calc'd for C12HllN402: C, 58.5; H, 5.7; N, 22.8. 
Found: C, 58.6; H, 5.8; N, 23.3. 

Ethyl 1-n-butyl-5-tetrawlylacehte. Jacobson and Amstutz2 
report isolation of this ester in the tetrazole ring closure syn- 
thesis but give no physical constants as the crude product 
decomposed on attempted distillation. The corresponding 
acid was prepared in 74% yield by the metalation and 
carbonation procedure and underwent Fischer esterifira- 
tion in 77% yield to give the pure ester of b.p. 136-137°/0.1 
mm. n'i 1.4643. 

Anal. Calc'd for C9H16N402: C, 50.9; H, 7.6; N, 26.4. 
Found: C, 51.1; H, 7.7; N, 26.5. 

Methyl pentomethylenetetrazole-6-carbozylate was prepared 
by Fischer esterification of the corresponding acid.' Yield, 
73%; b.p. 174-177"/1.0 mm.; m.p. 56-59' (from ether- 
petr. ether). 

A n a l .  Calc'd for CpHlzN402: C, 49.0; H, 6.2; N, 28.6. 
Found: C, 49.1; H, 6.2; N, 28.7. 

The corresponding ethyl ester was prepared in 700/, yield, 
b.p. 169-172'/0.8 mm. n'z 1.4931. 

Anal. Calc'd for CloHl,N40~: C, 51.4; H, 6.7; K, 26.7. 
Found: C, 51.3; H, 7.0; N, 26.7. 

Methyl 7,9,9-trimethylpentumefhylenetetrazole-7-carboxylate 
was prepared by the method of Roberts, Herbst, and Har- 
vill.8 

Tetrazole acid derivatives. As most of the tetrazole acid 
derivatives were prepared by the same procedures either 
from the acid through the intermediate acid chloride or 
from the ester, only a few illustrative examples of typical 
reactions are given below. 

N-Benzyl-5-cyclohexyl-1-tetrazolylacetamide (23) (from the 
acid). A mixture of 5-cyclohexyl-I-tetrazolylacetic acid 
(15.8 g., 0.075 mole) and phosphorus pentachloride (15.6 
g., 0.075 mole) in 150 ml. of dry benzene was stirred and 
refluxed for two hours until hydrogen chloride evolution 
had ceased. The resulting colorless solution was concen- 
trated to dryness under reduced pressure at a bath tem- 
perature of 60-70". Then 50 ml. of dry benzene was added 
to the residue and the system was again concentrated to 
dryness to insure complete removal of the phosphorous 
oxychloride. The crude solid acid chloride was dissolved in 
200 ml. of warm dry benzene and the filtered solution was 
added during 30 minutes to a stirred solution of benzyl- 
amine (16.1 g., 0.15 mole) in 100 ml. of dry benzene cooled 
in an ice-bath. The resulting mixture was warmed to 60- 
70' for one hour, chilled, and the colorless solid was filtered 
off and dried. After the crude solid was washed with 200 ml. 
of cold water to remove the benzylamine hydrochloride, it 
was twice recrystallized from 50% propanol-2 giving fine 
colorless needles of the amide. Yield, 15.5 g. (69%), m.p. 

B-Dimethylaminoethyl ~~-(l-cyclohezyl-5-tefrazolyl)isobuty- 
rate hydrochloride, (14) (from the acid). Phosphorus penta- 
rhloride (69.8 g., 0.334 mole) was added portionwise during 
one hour to a stirred suspension of a-( 1-ryclohexyl-5-tetra- 
zoly1)isobutyric acid monohydrate (39.0 g., 0.152 mole) in 
390 ml. of dry benzene at  25-30'. The resulting clear solu- 
tion was warmed to 45" for 30 minutes and then it was con- 
centrated to dryness under reduced pressure. The colorless 
solid residue was kept under 5 mm. pressure in a water- 
bath at  50" for one hour to insure complete removal of the 

124-124.5'. 

(7) Jacobson, Kerr, and Amstutz, J .  Org. Chem., 19, 1909 
(1954). 

(8) Roberts, Herbst, and Harvill, J. Org. Chem., 15, 
671 (1950). 
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solvent and phosphorus oxychloride. Recrystallization of 
the crude :tcid chloride from 220 ml. of heptane gave 37.5 
g. (96%) of colorless product of m.p. 109-11lo. 

A solution of the acid chloride (19.0 g., 0.074 mole) in 
150 ml. of dry benzene was added during one hour to a cooled 
(5-10") stirred solution of 8-dimethylaminoethanol (6.6 
g., 0.074 mole) in 200 ml. of dry benzene. While the resulting 
solution was stirred for three hours without further cooling 
a colorless solid separated and the mixture was allowed to 
stand overnight. The crude product was filtered from the 
reaction mixture, w?-tr.cb:,d with dry benzene, dried and twice 
recrystallized from 1 : i propanol-2-benzene mixture to give 
10.3 g. (40"b) of the basic ester hydrochloride, m.p. 188- 
189". 4 n  additional quantity (8-9 g.) of less pure product 
was recovered by concentration of the recrystallization 
filtrates. 

Unsubstituted amides from acid chlorides were prepared by 
addition of' a benzene solution of the acid chloride to ice- 
cold concentrated ammonium hydroxide solution. The 
crude solid amide was filbered off and recrystallized from the 
appropriate solvent. 

Amides ,from esters were prepared by allowing a mixture 
of the ester and concentrated ammonium hydroxide or an 
aqueous amine solution to stand for one to three days. The 
amide was isolated either by filtration or concentration of 
the reaction mixture followed by recrystallization from the 
appropriate solvent. 

The hydrazides were prepared by refluxing the esters with 
hydrazine hydrate in alcoholic solution for two to five hours. 
The hydrazides usually separated readily upon cooling of 
the reaction mixture and after filtration were recrystallized 
from the appropriate solvent. 

Miscellaneous derivatives: -V-( cY-hydrozy-B,B,B-trh~r~ 
ethyl)-a-( 1-cyclohexyl-5-tetrazoly1)isobutyramide ( l a )  was pre- 
pared froni cy-( 1-cyclohexyl-5-tetrazoly1)isobutyramide and 
freshly distilled anhydrous chloral by adaption of the method 
of Willard and Hamilton.9 

5-Benzyl-1-tetrazolyhcetic acid ureide (91) was prepared by 
heating a paste of the acid chloride (16.4 g., 0.075 mole) 
and urea (9.6 g., 0.16 mole) in 30 ml. of toluene to 90' for 
one hour. The cooled mixture was filtered, washed with 
water, and twice recrystallized from 50% acetic acid solu- 
tion to give 13.6 g. (69%) of the ureide of m.p. 215-220" 
(slow dec. ;. 

Ethyl N-(6-pentQmethyhtetrawlyl)urethan (53). Penta- 
methylenetetrazole-&carboxhydraside (52) (24.5 g., 0.115 
mole) was dissolved in a solution of 19.5 ml. of 6 N hydro- 
chloric acid in 200 ml. of water and the resulting solution 
was covered with 100 ml. of ether. With vigorous stirring and 
rooling below 10" in an ice-bath, a solution of sodium nitrite 
(8.5 g., 0.123 mole) in 40 ml. of water was slowly dropped 

(9) Willard and Hamilton, J. Am. Chem. Soc., 75, 2370 
(1953). 

into the reaction mixture. After the addition was complete 
the mixture was stirred below 10" for 30 minutes and then 
the colorless azide was filtered off and dried in v ~ e t u )  over 
phosphorus pentoxide. Yield, 19.2 g. (80%), m.p. 78" (dec.). 
A small additional qnantity of the azide could be isolated by 
evaporation of the ether layer in which it was only slightly 
soluble. The dry azide decomposed explosively when heated 
rapidly. 

A stirred suspension of the azide (19.2 g., 0.093 mole) in 
300 ml. of absolute ethanol was heated a t  60-70" until the 
smooth evolution of nitrogen ceased and then the milky 
suspension was refluxed for one hour. A small quantity of 
insoluble matter was filtered from the cooled solution which 
then was concentrated to dryness under reduced pressure. 
The solid residue was extracted with lo00 ml. of boiling 
ether which upon cooling and final chilling in a saltrice bath 
deposited colorless needles of the urethan. Concentration of 
the ether filtrate to 200 ml. followed by chilling gave an 
additional quantity of product. Yield, 18.6 g. (89%), 
m.p. 83.5-84.5". 

6-Amirwpentamethylaetetrawk hydrochloride (54). A solu- 
tion of ethyl N-(6pentamethylenetetrazolyl)urethan (53) 
(19.5 g., 0.087 mole) in 100 ml. of concentrated hydrochloric 
acid was refluxed for 8.5 hours. Concentration of the solution 
to drynew under reduced pressure left a colorless viscous 
oil as a residue which slowly solidifled upon standing. Re- 
crystallization of the solid from 99% ethanol gave colorless 
needles of the amine hydrochloride. Yield, 9.5 g. (58%), 
m.p. 254-255" (dec.). 

Anal. Calc'd for CJLClNb: Neut. equiv., 190. Found: 
Neut. equiv., 192. 

N-Phenyl-N'-( 1-phenyGb-tetrazolyl~thyZ)urea (20). The 
preparation of l-phenyld-tetrazolyltazi& from the cor- 
responding hydrazide (19) (17.5 g., 0.08 mole) followed the 
foregoing procedure except that additional ether (125 ml.) 
was used to take up the ether-soluble azide. The resulting 
yellow-green ether solution was separated, washed with 
saturated sodium bicarbonate solution and water, and dried 
over sodium sulfate. 

To the dry ether solution of the azide was added 100 ml. 
of dry toluene and the ether was distilled off through a short 
column. Upon heating the toluene solution, evolution of a 
gas began at 100" accompanied by the separation of some 
solid material. Refluxing was continued for one hour and 
after cooling the mixture a solution of aniline (7.5 g., 0.083 
mole) in 100 ml. of dry toluene was slowly added. An exo- 
thermic reaction took place with simultaneous separation 
of a tan solid. The mixture waa again refluxed for 1.5 hours 
most of the solid dissolving and being reprecipitated upon 
cooling. The crude product was filtered off and recrystal- 
lized with considerable loss 6rst from toluene and then from 
propylene dichloride. The yield of colorless product was 5 
g. (21%), m.p. 159.5-161'. 
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