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-4 method has been developed for the synthesis of 5-substituted-I-tetrazolylacetic esters and acids and a series of these 
compounds has been prepared. Several I-substituted-5-tetrazolylacetic acids have also been prepared by this method but 
substituted tetrazolylcarbosylates could not be isolated. Some comparative properties of the 1- and 5-tetrazolylacetic acids 
are briefly disrussed. 

The first paper in this series3 reported the syii- 
thesis of a series of 1-substituted-3-tetrazolylacetic 
acids. These acids were prepared by transmetalatiiig 
tetrazoles containing a hydrogen atom on the a- 
carbon of the substituent in the 5-position using 
either phenyllithium or phenylsodium. Carbonation 
and subsequent hydrolysis of these l-substituted- 
5-a-metallotetrazoles gave the desired tetrazolyl- 
acetic acids. 

Although this synthesis has been found to be 
generally applicable for the preparation of the 2- 
acetic acids, it has been previously indicated4 that 
the analogous 5-substituted-1-tetrazolylacetic acids 
cannot be obtaiiied in the same way, the methvl 
group of 1-methyl-3-phenyltetrazole not heiiig 
metalated by phenyllithium. 
-4 possible synthetic route t o  the 1-acetic acids 

n ould invoh e the synthesis of the tetrazole nucleus 
from st8artii tg materials already containing the 
carboxyl group or a suitable derivative of it, usiiig 
the method developed by von Braun and Rudolph5 
and extended by Harrill, Herbst, Schreiner, and 
Roberts." -1s both the phosphorus peiitachloride 
and the hydrazoic acid used in this synthesis of the 
tetrasole nuc.leus .woiild readily attack n free car- 
boxyl group, the ester  vas taken a i  the derivative 
of choice. 

The iiitermediates necessary for the initiation 
of tetrazole ring closure in this series mere the 
E-acyl derivatives of a-amino acid esters (I) which 
are, in general, readily available from the corre- 
sponding a-amino acids through esterification and 
acylation. The svnthetic route as shown in Figure I 
has been successfully applied in the preparation 
of the ten 5-substituted-1-tetrazolylacetic esters 
(11) gireii in Table I. The esters were con- 
Trerted iiito the corresponding acids (HI) by 
hydrolysis in hydrochloric acid-acetic acid solu- 
tion or I)y sapoiiification i i i  alcoholic potas- 

( 1 )  Taken in part from the Ph. I>. Thesis of C. It. Jacob- 

(2) Present address: Bilhuher-Knoll Corp., Crane Street, 

(3 )  Jacobson and Amstutz. J .  Org. ('hem., 18, 1183 

(4) Jacobson, Master's Thesis, Lehigh University (1952). 
( 5 )  von Braun and Rudolph, Ber., 74, 264 (1941) 
(6)  Harvill, Herbst, Schreiner, and Roberts, J .  Org. 

son (1954) 

Orange, New Jersey. 

( 1953). 

Chern., 15, 662 (1950). 
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FIGURE I 

sium hydroxide. The acids are also listed in Table 
I. 

Five of the esters (IId, e, f ,  g, i) were isolated as 
crude oils which underwent gaseous decomposition 
on attempted distillation. Xeither could these oils 
be made to  crystallize. They were coin-erted directly 
to  the acids n-hich were more easily purified. The 
crude as well as the purified I-tetrazolylacetic 
esters also could be readily coiiverted to the corre- 
sponding amides. For example, 5-phenyl-l- 
tetrazolylacetamide was formed as colorless crystals 
upon allowing the cster to  stand in concentrated 
ammonium hydroxide for 24 hours 

Three attempts to  prepare 5-s~bstit~uted-1- 
tetrazolylacetic acids by the tetrazole ring closure 
method have failed to  give the desired products. 
Reactions with both acetyl-dl-alanine ethyl ester 
and isovalerylglycine ethyl ester hare  been un- 
successful. ..lpplication of the ester synthesis to  
ethyl dl-a-acetaminophenylacetate gave a 36% 
yield of an oil that  11-as found to be 5-ethoxy-2- 
methvl-4-phenyloxazole through aiialysis of it and 
its picrate. 

The isolation of an oxazole from this tetrazolyl- 
acetic ester synthesis IWS l i d  ciitirely uiiexpected 
a i d  was albo experienced in oiic of the siiccessful 
ester preparations. In the synthesis of ethyl cu-(3- 
phenyl-1-tetrazolg1)propionate a 4 7 %  yield of 5- 
ethoxy-4-methvl-2-phenyloxazole w'as realized. 
Karrer and his co-v-orkers7 have reported the 
preparation of n number of 5-ethoxyoxazoles by the 
action of phosphorn5 pentachloride or phosphorus 
pentoxide on N-acyl-a-amino esters. Similarly, 

( 7 )  ICarrer, Mizamichi, Storm, and \Vidiner, Helv .  Chinz. 
Ac ta ,  8 ,  205 (1925). 
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o a  a (g)'Wiley, J. o r g .  Chenz., 12, 43 (1047). 

(10) Meyer and Heimann, Compt. rend., 204, 1204 
2 (1937). 

Wrede and Feuerriegel,8 and Wileys have prepared 
numerous oxazoles from a-amino acids by treat- 
ment with acetic anhydride followed by phosphorus 
pentachloride or concentrated sulfuric acid. Some 
oxazole formation may have occurred in the syn- 
thesis of the other 5-substituted-1-tetrazolylacetic 
esters but no particular attempts were made to 
isolate such products if they were present. 

The synthesis of the analogous l-substituted-5- 
tetrazolylacetic acids by the same general method 
was also attempted. The starting materials in this 
series were N-substituted malonamates prepared 
from the corresponding malonic esters through 
saponification to the half acid, coiirTersion to  the 
acid chloride, and interaction with the appropriate 
amine. 

The preparation of the necessary n'-substituted 
malonamates proved to be a major stumbling 
block in the synthesis of a widely varied series of 
the 5-acetic esters and acids. Hen-ever, three 
accessible N-substituted malonamates were con- 
verted into the 1-substituted-5-tetrazolylacetic 
esters given in Table 11. The acids shonn in Table 
I1 were obtained by saponification of the corre- 
sponding esters in alcoholic potassium hydroxide. 

The crude esters were isolated as high-boiling 
oils, one of them, IVc, crystallizing to a low-melting 
solid after distillation. Ethyl I-n-butyl-5-tetrazolyl- 
acetate (IVa) could not be purified by distillation, 
undergoing gaseous decomposition above 140" 
a t  0.5 mm. pressure. This crude ester was saponi- 
fied to the acid without purification. Both ethyl 
1-phenyl-5-tetrazolylacetate (IT%) and ethyl ~ ( 1 -  
phenyl-5-tetrazolyl)-n-butyrate (IVc) were con- 
verted into the corresponding amides in good yield 
by allowing the ester to stand in concentrated 
ammonium hydroxide until crystallization was 
complete. 

It should be noted that Meyer and Heimann'O 
haye reported that esters of the general type 
ArNHCOCH2C02R are readily transformed intc 
chlorinated quinolines by the action of phosphorus 
pen tachloride. However, under the conditions used 
in the preparation of the ethyl l-aryl-j-tetrazolyl- 
acetates from the ethyl malonanilates the formation 
of quinolines was not observed. 

Both the 1- and 5-tetrazolylacetic acids exhibit 
properties of typical organic acids. They are 
slightly stronger than acetic acid and the 1-isomers 
are likewise slightly stronger acids than the corre- 
sponding 5-isomers. For example, the dissociation 
constant of 5-phenyl-1-tetrasolylacetic acid (IIIe) 
is 2.0 X while that for l-phenyl-j-tetrazolyl- 
acetic acid (Vb) is 7.9 x 10-4. 

411 of the known 5-tetrazolylacetic acids undergo 

(8) Wrede and Feuerricgcl, 2. physiol. &m., 218, 12'3 
f1933). 
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TABLE I1 
1-SUBSTITUTED-5-TETRAZOLYLACETIC ESTERS AND ACIDS 

RI-X-C-CH-CO~R~ 
I I! I 
\ /  

N h R2 

Ii 
~~ 

Analyses 
Yield, B.P., "C. Calc'd Found 

Mm. C H N.E. C H X.E. No. Rl R2 Rt % (M.P.) 
- - - - - - - IVa n-C4H9 H C2Hj 65' - 

- 45 .6  6 . 6  184 45 .3  6 . 6  184 Va n-C4Hs H H 20b (127-128 d.)d 
0 . 1  56 .9  5 , 2  - 5 6 . 8  5 . 2  - 

Vhc CoHs H H 72 (135-135.5 d.) - - - - IVb' CsH5 H 

IVC CsHj CzHj CzHj 37 156-158 0 . 1  6 0 . 0  6 . 2  - 5 9 . 8  6 . 0  - 

- 56 .9  5 . 2  232 56.7 5.1 232 VC CsHs CzHc H 70 (88-89 d.)5 

C2Hj 35 160 
- - - 

(52-53)5 

a Crude yield. Ester could not be purified. ' Yield from crude ester. Ref. 3. Recrystallized from ethylene dichloride. 
e Recrystallized from ether-petr. ether. 1 The boiling-point and analysis of this ester agree with those of the same ester 
[Jacobson, Kerr, Jr., and Amstutz, J .  Ora. Chem., 19, 1909 (1954)] previously prepared from the acid obtained by the 
metalation p r ~ c e d u r e . ~  

simple decarboxylation a t  'their melting-points 
(below 150") to give the corresponding alkyl deriva- 
tives. The 1-acetic acids all undergo gaseous de- 
composition above 175", the lower-melting deriva- 
tives doing so upon heating the melts above this 
temperature. However, they not only evolve carbon 
dioxide but simultaneously undergo further de- 
composition with the production of dark tarry 
materials from which it has not been possible to 
isolate the products of simple decarboxylation. 
These results are in accord with Benson's state- 
mentll that tetrazoles which melt above 150" 
generally do so with decomposition of the tetrazole 
nucleus. 

While the free 5-tetrazolylacetic acids are prone 
to decarboxylate in solution a t  temperatures below 
their melting-points, the free 1-isomers appear to be 
quite stable under similar conditions. The sodium 
salts in both series are stable to prolonged refluxing 
indicating stability of the carboxylate ion. 

The relative ease of decarboxylation of the 5- 
acetic acids appears to arise from the ability of the 
carboxyl hydrogen to form a six-membered chelate 
ring structure involving one of the nitrogen atoms 
in the tetrazole nucleus. Loss of carbon dioxide 
thus probably follows a path similar to that sug- 
gested12 for the facile decarboxylation of the a- 
pyridylacetic acids, although no quantitative data 
is presently availabIe to support these conclusions. 
,1. further extension of this synthesis to the 

preparation of the corresponding 1- and 5-tetrazolyl- 
carboxylic esters was also attempted. The treat- 
ment of ethyl oxanilate with phosphorus penta- 
chloride and hydrazoic acid according to the usual 
procedure for the preparation of 1,5-disubstituted 
tetrazoles gave none of the desired ethyl l-phenyl- 
5-tetl'azolylcarhoxZIlate after prolonged refluxing, 

(11) Benson, Chem. Reus., 41, l ( l 9 4 7 ) .  
(12) Doering and Pasternak, J .  Am. Cheni. Soc., 72, 143 

(1050). 

the starting material being recovered. Neither did 
the stable imide chloride of ethyl oxanilate react 
with hydrazoic acid in refluxing benzene solution 
as evidenced by lack of hydrogen chloride evolution 
and recovery of ethyl oxanilate after treatment of 
the residue from the reaction mixture ni th  water. 
Thus it appears that the chlorine atom of this imide 
chloride is not capable of being replaced by the 
azide ion under the conditions used. 

The attempted preparation of ethyl 3-methyl-l- 
tetrazolglcarboxylate by application of this tetra- 
zole synthesis to acetylurethan appeared to proceed 
normally. However, the crude product reacted 
vigorously with water accompanied by evolution of 
hydrazoic acid, some starting material and much 
resinous matter being recovered. The results suggest 
that the necessary imide chloride was formed and 
was subsequently transformed into the intermediate 
imide azide which did not undergo ring closure to 
form the tetrazole. I n  the presence of water the 
isolated imide azide then decomposed with evolu- 
tion of hydrazoic acid. 

Aclinou,ledgements. The authors \vish to express 
their sincere thanks to E. Bilhuber, Inc. for financial 
support which made this work possible. They are 
also indebted to  Mr. Anthony D'Adamo of the 
above firm for the synthesis of one of the tetrazole- 
acetic acids and to  Dr. F'elmar B. Fish of Lehigh 
University for performing some of the analyses. 

EXPERIMEKTAL'3 

N-ACYL-a-AMINO ACID ESTERS 

Acetylglycine ethyl ester was prepared in 89% yield from 
glycine ethyl ester hydrochloride by the method of Chcr- 
buliez and Plattner.I4 

(13) All melting points taken with Anschutz thcrmom- 
eters and together with boiling points arc otherwise uncor- 
rected. 

(14) Cherbuliez and Plattner, Helv. Chim. $eta, 12, 317 
(1929). 
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Propionylylycine ethyl ester. Glycine ethyl ester hydrochlo- 
ride (70 g., 0.5 mole), propionic anhydride (130 g., 1.0 mole), 
and fused sodium acetate (41 g., 0.5 mole) were stirred and 
heat,ed at  100" for one hour. After concent.rating the re- 
action mixture under reduced pressure the residue was 
thoroughly washed with four 100-ml. portions of ether. Dis- 
tillat.ion of bhe et,her from t,he dried extract followed by 
fractionat,ion of the residual oil gave 55.0 g. (69%) of color- 
less oil of b.p. 136-137"/8 mm. The product solidified in t,he 
receiving flask to a colorless cryst,alline solid of m.p. 51.5- 
53.0". 

Anal. Calc'd for CiH1:+SO:,: C,, 52.8; H, 8.2. Found: C, 
52.6; H, 8.0. 

Hexah.ydrohippuric acid ethyl esier was prepared by addi- 
tion during one hour of cxlohexanecarbonyl chloride (58.7 
g., 0.4 mole) to a cold (10-15') stirred solution of glycine 
ethyl ester hydrochloride (55.8 g., 0.4 mole) and anhydrous 
potassium carbonate (1 11 g., 0.8 mole) in 5CO ml. of water. 
After an additional hour's stirring at  room temperature the 
whit'e precipitate was filtered oft' and washed successively 
with 100 ml. of water, 200 ml. of 3 &V hydrochloric acid and 
100 ml. of water. Recrystallization of the crude product 
from 607, ethanol gave 47.0 g. (55%) of the pure ester as 
small colorless needles, m.p. 83-84".'j 

Phcnacetiuir a,rid ethyl ester was prepared from phenyl- 
acetyl chloride, glycine ethyl ester hydrochloride, and 
anhydrous potassium chloride in the same way as described 
for the preparation of hexahydrohippuric acid ethyl ester. 
Recrystallization of the crude product from 50% ethanol 
gave 61.2 g. (GSLj;) of small colorless needles of the ester, 
m.p. 79-80.5". Hotter,16 rvho prepared this ester by reaction 
of the silver salt. of the acid with ethyl iodide, reports a m.p. 
of 79". 

Ethyl hippurate was prepared by esterification of hippuric 
acid in refluxing 95y0 ethanol containing 3% concentrated 
sulfuric acid for six hours. Addition of petr. ether to a solu- 
tion of the crude ester in ether gave the product in 78% 
yield; m.p. 58-59". [Lit. m.p.'s 60.5" (by Fisher esterifica- 
tion of acid)," 67.5" (from acid chloride)'8]. 

dl-Benzoqlalunine ethyl ester. dl-Benzoylalanine was pre- 
pared by the method of Fischerlg and esterified according to 
the procedure of Brenzinger." 

Ethyl ril-a-acetarnino-n-bul!/rate. By Fischer esterification21 
of a-amino-n-butyric acid the ethyl ester hydrochloride was 
isolated in 94% yield; n1.p. 142.5-143.5°. (Lit. m.p. 142°).22 

Ethyl a-amino-n-butyrate hydrochloride (50 g., 0.30 
mole), fused sodium acetate (50 g., 0.61 mole), and acetic 
anhydride (100 g., 0.98 mole) were stirred for one hour on 
a steam-bath and then the excess acetic anhydride and acetic 
acid were distilled off under reduced pressure. Extraction 
of the residue with five 100-ml. portions of ether followed by 
distillation of the ether from the combined dried extract,s 
left a yellow oil that was fractionated under reduced pres- 
sure. Yield, 41.1 g. t1.p. 105-106°/1 mm. When analysis of 
the product showed the carbon content to he about 17, 
below theory, the ester was t,wice refractionated at 90"/0.2 
mm. and 93"/0.4 mm. Analysis after each fractionation 
continued to give the Fame carbon content' although the 
hydrogen and nitrogen values checked theory. 

Anal. Calc'd for CSHlSSOa: C, 55.5;  H, 8.7; N, 8.1. 
Found: C, 54.3; 13, 8.6:  S ,  8.0. 

Efhiil  tli-cu-ac.etat,,iriophen!/lac.c'tute was syiithcsized from 

dl-a-aminophenylacetic acid by esterification and acstyla- 
tion according to the procedure of Marvel and Soyes23 in 
58% over-all yield; m.p. 62-64". 

Ethyl  dl-a-benzamidophenylacetate. Et,hyl dl-a-amino- 
phenylacetate was prepared from the corresponding acid in 
80% yield by the method of Marvel and XoyesZ3 and then 
was benzoylated in 80% yield according to the procedure of 
KosseIJz4 m.p. 85-86'. 

Bthyl a-benzaatidoisobutyl.ate. a-Ben~amidoisobutyric acid 
was prepared from a-aminoisobutyric acid and benzoyl chlo- 
ride in 805; yield by the method of Steiger.26 Esterification 
of the resulting acid for 24 hours in reflusing 95% et,hanol 
containing 45% concentrated sulfuric acid gave 73Yb of the 
ethyl ester after recrystallization from 5O0& methanol, m.p. 
119-121O. (Lit. m.p. 123" with softening at  117' when the 
ester was prepared from the acid chloride2F). 

a-n'uphthoylglycine ethyl ester m-as prepared from a- 
naphthopl chloride, glycine ethyl ester hydrochloride, and 
anhydrous potassium carbonate using the same procedure 
as described for the preparation of hexahydrohippuric acid 
ethyl ester. By dissolving the crude product in boiling 95Yc 
ethanol ( I  g./10 ml.) a 17% yield of a-naphthoic anhydride 
was separated upon cooling. Dilution of the ethanolic fi1trat)e 
n-ith vater gave the ester as an oil which soon solidified. 
Further iwrystallization of the ester f i ~ ) m  a 1:trge volume of 
petr. et,her (b.1). 60-68") gave pure product in 47'; yield, . .  

m.p. 80.5-81.5'. 
-Anal. Calc'd for C15HI,S0S: S, 5.5 .  Found: S,  5.5.  

S-SCBSTITUTED ~ I d L O S A X l b T E B  

Potassium morioethyE ?rulonate was prepared in 669; yield 
by saponification of diethyl malonate with alcoholic potas- 
sium hydroxide according to the procedure of Freu~id .~?  

Ethyl nzalonanilate was obtained in GOTc yield upon treat- 
ment of potassium monoethyl malonate with phosphorus 
oxychloride followed by aniline, the method of Rugheimer 
and Hoffmanx28 The product vias isolated as a yellow oil 
that was not crystallized. A melting-point of 38-39' is 
reported.28 

Ethyl S-n-hutylmalonamate. A solution of phosphorus 
oxychloride (30.7 g., 0.2 mole) in 50 nil. of dry benzene was 
added during 30 minut'es to a stirred suspenPion of ethyl 
potassium malonate (68.0 g., 0.4 mole) in 350 ml. of dry 
benzene, the reaction mixture being kept cool in an ice- 
bath. Reaction was completed by warming the mixture on a 
st,eam-bath until a clear solution was obtained. 

A solution of n-butylamine (58.5 g., 0.8 mole) in 50 ml. of 
dry benzene was added to  the cooled acid chloride solution 
during 30 minutes, the solution finally t,hickenirig to a clear 
stiff gel that was allolved to stand overnight. 

The gel lcquified upon washing with two 200-ml. portions 
of 3 X hydrochloric acid followed by two 100-ml. portions 
of water. Removal of the benzene from the dried benzene 
solution under reduced pressure left -18 g. of a yellow oil that  
w a ~  distilled under reduced pressure at  lt8'/1 mm. giving 
37.0 g. (49%) of a clear colorless oily liquid. 

.Inal. Calc'd for C9T&7?;03: C, 57.7; H. 9.2. Found: C, 
57.5; H, 9.1. 

Eth!/Z ethylnialonanilate \vas prepared in  555; over-all 
yield from diethyl et,hylmalonate through t Iic int,ermediate 
half acid and acid chloridc according to t h e  procedure of 
Staudingw arid Bere~a.~g 

(15) Godchot, Bull. soc. chinr., [-I] 9, 261 ( l o l l ) ,  reports 
m.p. 75-76" for this compound prepared by acylation of 
glycine folloR-ed by esterification. 

(16) Hotter, J .  prakt.  Chenz., [2] 38, 97 (1888). 
(1T) Conrad, J .  prakt. Chenz., [2] 15, 241 (1877). 
(18) Fixher, Ber. ,  38,605 (1905). 
(19) Fischer, B e y . .  32, 2451 (1899). 
(20) Brenzinger, Z.  physzoi. Chenc , 16,  552 (1892). 
(21) Fiwher, Ber. ,  34, 433 (1901). 
(22) Curtius and Sieber, Rer., 5 5 ,  1543 (1922). 

(23) RIarvel and Soyes, J .  Atti. C h e w  SOL., 42, 2259 

(24) Kossel, Ber., 24, 4145 (1891). 
( 2 5 )  Steiger, J .  Org. Chem.,  9, 396 (1944). 
(26) 1Iohr and Geis, J .  prakt. Chem., [2] 81, 49 (1910). 
( a i )  Freund, Rer., 17, 780 (1884). 
(28) Rugheimer and Hoffmann, Ber., 17, 739 (1884). 
(29) Staudinger and Bereza, Ber., 42, 4908 (1909). 

(1920). 
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SUBSTITUTED TETRSZOLYLACETIC ESTERS AND ACIDS 

As the preparation of the esters listed in Tables I and I1 
and their saponification or hydrolysis to the corresponding 
acids mas accomplished by the same general procedures in 
each case, only a few examples are given below to illustrate 
the method used. 

Hydrazoic acid was best prepared according to t,he direc- 
tions of Ga.rbrecht and Herbst30 giving benzene solutions 
which conte,ined about' 127i of hydrazoic acid. 

Ethyl 5-ethyl-l-1etracol~/lucetale (IIb).  Phosphorus penta- 
cihloride (62.5 g., 0.3 mole! was added in one portion to a 
stirred solut,ion of n-propionylglycine ethyl ester (47.7 g., 
0.3 mole) in  500 ml. of dry benzene. The resulting mixture 
was stirred for 20 minutes accompanied by slight warming, 
a pale yellow solution resulting. A solutioii of hydrazoic 
acid (12.9 g., 0.3 mole) (202 ml. of soln. containing 0.064 
g. of HS3/ml.)  then vias added during 30 minutes keeping the 
solution near room temperature by cooling in a cold water- 
hath. The resulting solution was stirred for 30 minutes and 
it t8hen was slowly heated to reflux during 11/$ hours accom- 
panied by evolution of hydrogen chloride. When vigorous 
reflux had been attained hydrogen chloride evolution had 
ceased and the dark reaction mixture mas cooled and con- 
centrated under reduced pressure. 

The oily residue was treated wit,h 200 ml. of water, heated 
just to reflux and again cooled. Extraction of the mixture 
with ether followed hy removal of the ether from the dried 
extract left 34.0 g. of a dark oil that, was fract'ionated under 
reduced pressure to yield 27.1 g. (49yo) of a pale yellow oil 
boiling at 155-156O/1 mm. 

5-Ethyl-l-tetraso~~/lacet~(: acid (IIIb),  ( AIethod 1). A 5.0-g. 
(0.027 mole) portion of the ester ( I Ib)  was refluxed for four 
hours with 25 nil. of glacial acetic. acid, 5 ml. of concen- 
trated hydrochloric acid, and 10 ml. of water. Removal of 
the solvents under reduced pressure left an oil that solidified 
to an almost colorless solid. Recrystallization from ethylene 
dichloride gave colorless needles of m.p. 132-133', yield, 
2.2 e.  (51%). 

The crude esters in this series usuallv could be hrdrolvzed 
" I  

to give the acids in over-all yields as good as or better than 
those obtained where the est,er was first purified. In this 
case it, was frequently desirable to put the crude acid 
through a preliminary purification with sodium bicarbonate 
before recrystallization. 

The 5-substituted-1-tetrazolylacetic acids prepared b y  
saponification of the esters (Method B)  were obtained 
through the procedure illustrated below by the preparation 
of 1-phenyl-5-tetrazolylacetic acid (Vb). 

Ethyl 1-phenyl-5-tetrazolylacetate (IVb 1. To a solution of 
ethyl malonanilate (39.6 g., 0.19 mole) in 400 ml. of dry 
benzene was added under cooling in a cold water-bath 
phosphorus pentachloride (39.8 g., 0.19 mole) the solution 
immediately becoming clear yellow. After st'irring for 30 min- 
utes, a Lenzene solution of hydrazoic acid (8.2 g., 0.19 
mole/147 ml. cont,aining 0.056 g. of HX3/ml.) was added 
during 30 minutes with continued cooling. The solution 
then was slon-ly heated over one hour to a bath temperature 
of 80" at which time the evolution of hydrogen chloride had 
ceased and the solutio11 had darkened. Upon removal of the 
benzene under reduced pressiire, the residual oil %-as shaken 
with 200 ml. of c d t f  watcr, thc oil was separated, and t'he 
aqueous layer. was extracted with threc 50-nil. portions of 
ether. The combined oil anti ether extracts wcrc dried and 
removal of the ether left 38.0 g. of a dark oil. Careful dis- 
tillation of t,hk oil nnder reduced pressure gave 15.4 g. 
(35'i;d) of colorless oily ester boiling at 160°/0.1 mm. .4 
large quantity of tarry residue was not distillable. 

l-PhenyZ-6-tetrazol,ylacetic acid (Vb). A solution of ethyl 
1-phenyl-5-tetrazolylacetate (11.6 g., 0.05 mole) in 50 ml. 
of absolute ethanol was added to a cooled solution of potas- 
sium hydroxide (2.8 g., 0.05 mole) in 50 ml. of absolute 

ethanol. The solution warmed slightly and a fine colorless 
precipitate quickly formed. After intermittent shaking for 
three hours, the precipitate was filtered off, washed with a 
small quantity of absolute ethanol, and dried. This potas- 
sium salt was dissolved in 50 ml. of water and the basic 
solution was acidified to below pH 2 with concentrated 
hydrochloric acid, 1-phenyld-tetrazolylacetic acid separat- 
ing as almost colorless, flocculent crystals that were re- 
crystallized f i  om hot (80") water to give colorless crystals 
of m.p. 132.5-133.5'd. Yield, 7.3 g. (72yG). Fuither re- 
crystallization gave product of m.p. 135.0-135.5"d. 

If the acid is the desired product in this synthesis, i t  is 
more expedient to saponify the crude ester, approximately 
the same over-all yield being obtained. In this case, i t  was 
found to be better to acidify the alcoholic suspension of the 
potassium salt and filter off the resulting potassium chloride. 
After evaporating the solvent from the filtrate the residue 
was suspended in water and extracted into ether. The ether 
solution then was extracted with saturated sodium bicarbon- 
ate solution and the acid  as obtained by acidification. This 
method i i a s  used when the crude ester could not he puri- 
fied. 

M I X E L L  4UEOL-6 PROUL-LTS 

5-Phenyl-1-tetrazolglacetan~ide. Crude ethyl 5-phenyl-I - 
tetrazolylacetate (Theor., 2.32 g 0.01 mole) was allowed to 
stand overnight in 10 ml. of concentrated ammonium 
hydroxide and the resulting colorless crystals were filtered 
off and washed with a small quantity of water. Dilution of 
the original filtrate produced a small additional crop of 
amide. Total yield, 1.05 g. (507,), m.p. 166-167". Recrystal- 
lization from water gave needles of m.p. 166.5-167.5'. 

Anal. Calc'd for CsHJYjO: C, 53.2; H, 4.5. Found: C, 
53.0; H, 4.4. 

l-Phenyl-6-letrazolyluceta~~~de was isolated as above from 
the corresponding ester in concentrated ammonium hy- 
droxide for 24 hours Colorless needles of m.p. 176-177' 
from water. Yield, 907c.31 

a-( l-Phenyl-6-tetrazolyl)-n-butyranizde 1% as obtained in 
61% yield and recrystallized from dilute ethanol to give 
amide of m.p. 126.5-127.5'. 

Anal. Calc'd for CllH13N50: C, 57.1; H, 5 .7 .  Foiind: C, 
57.0, H. 5.6. 

~-Ethoxz,-~-methy/-~-phe,ryloxazole. From the attempted 
preparation of ethyl a-( 5-methyl-1-tetrazoly1)phenylacetate 
in 0.18-mole quantity according to the above described pro- 
cedure was isolated 40.7 g. of a crude red oil. Distillation gave 
16.0 g. (367,) of the oxazole boiling at  128-131°/3.5 mm. 
From the large quantity of undistillable oily residue that 
remained, no acid could be isolated upon attempted acid 
hydrolysis. Refractionation of the oxazole gave a pale yellow 
distillate boiling a t  123-124"/2 mm. 

ilnal. Calc'd for C12Hi3S02: K, 6.9. Found: X, 7.1. 
The pzcrate had a melting point of 104-105" after two 

Anal. Calc'd for C18H1&409: S, 13.0. Found: N, 13.0. 
6-Ethoxy-4-methyl-2-phenyloxazole. Distillation of the 

crude led oil (19.6 g.) obtained in the preparation of ethyl 
a-(5-phenyl-l-tetrazoIyl)propionate in 0.086-mole quantity, 
gave 10.2 g. (47%) of colorless, oily oxazole boiling a t  116- 
120"/1.5 mm. The dark, oily, undistillable residue (7.5 g.) 
was hydrolyxcd to a-(5-phenyl-I-tetrazoly1)propionic acid 
(IIIf). Refractionation of the oxazole gave it rolorless dis- 
tillate boiling at 111-113"/0.8 mm. 

recrystallizations from 93% ethanol. 

Anal. Ctilc'd for CI,H&O,: N, 6 9. Found: S,  7.0. 
The picrate had a melting point of 121-122O after re- 

crystallization from 95Yc ethanol. Ai 12" melting-point 
depression was observed in a mixture melting point with 
picric acid (m.p. 121-1229. 

Anal. Calc'd for C18H16S409: S, 13.0. Found: S,  12.9. 
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