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( I )  in 750 ml. of water at fX0 there was pmsed a current 
of chlorine for 45 min. After cooling to  35', the solid (3.4 
a . )  was collected on a filter. It was recrystallized from di- 
methylformamide (with a Norit decolorization) on addition 
of one-third its volume of water. Yield, 2.7 g. (15%). It 
begins to rhar a t  about 300' but melts >350". 

Anal. Calcd. for COH~X~OCI: C, 39.0; H, 2.7; N, 30.4. 
Pound: c, 39.3; H, 2.9; N, 30.4. 

3. Prom ethyl a-chloroawtoacctate and 3-ammo-1 ,S,& 
t raazok .  To 28 ml. (0.15 mole) of ethyl acrtoacetate there 
was added 24 ml. of sulfuryl chloride and the solution was 
heated on trhe steam-bath 2 hr. To this crude ethyl a- 
chloroacetoacetate there was added 100 ml. of awtir acid 
and 12.6 g. (0.15 mole) of 3-amino-1,2,4-triazolr; the mix- 
tiire was refluxed for 4 hr., cooled, and the solid collertcd 
and recrystallizc=d from dimrthylformamidc. Yield, 25 g. 
T l i ~  product was identical with that obtained by chlorina- 
tion of I, as shown by the infrared absorption curve. 

6-Hydroxy-6-methyl-4-oxo-1 ,S,,Ya,7-tttraznindene (XVII ). 
Ammonium pcrsulfate (34 g.; 0.15 mole) in 70 ml. of water 
was added dropwise ovrr a period of 1 hr. to a stirred, cold 
soliitiori of 15 g. (0.1 mole) of 6-methyl-40xo-l,3,3a,7- 
tetrazaindenr (I), dissolved in 220 ml. of 3N sodium hy- 
droxide. The 6-methyl-4-oxo-1,3,3a,7-tetrazainden-5-yl sul- 
fate was rollcctcd (15 g.)  and recrystallized from water. 

A mixture of 7 g. of the sulfate and 28 ml. of 5N hydro- 
chloric acid \r;~ts refluxed 0.5 hr., cooled, and the solid col- 
lerted. The crude product was recrystallized from dimethyl- 
formamide to give 3.5 g. of XVII, m.p. above 330", with pro- 
gressive darkening above 300". 

Anal. Calrd. for C6H8h-402: C, 43.4; 13, 3.6. Found: C, 
44.0; H, 4.0. 

~-llilethyl-6-oxo-l,S,Sa,7-t~trazai~~dcne (111); synthpsis via 
5-mercnpto-~-methyl-6-oxo-l,2,Sa,7-tetrazai~ne. To a solu- 
tion of 7 g. (0.05 mole) of 2-hydrazino-6-methyl-4-oxo- 
pyrimidine (V) in 2 1. of hot absolute alcohol there was 
added 7 g. of phenyl isothiocyanate, the mixture was re- 
fluxed for 15 min., was allowed to stand overnight, and the 
solid product was collected. After recrystallization from 
water, 5 g. of 3-mereapto-4-methyl-G-oxo-1,2,3a,7-tetra- 
zaindene (VI), n1.p. 280", was obtained. 

Anal. Calrd. for CeHcNaOS: C, 40.0; H, 3.3; N, 30.1; S, 
17.7. Found: C, 39.6; H, 3.7; N, 31.1; 8, 18.5. 

For desulfurization, 5 g. of VI in 250 ml. of water arid 3 
tablespoons of commercial Raney nickel was refluxed for 3 
hr , with stirring. The mixture was filtered and the filtratc 
rvaporated to 50 mi., coolrd, and the solid rollertcd and 
ieerystallizcd frpn watrr to give 0.6 g. of product, m.p. 
205- 298'. 

Anal. Calcd. for CsHsNdO: C, 48.0; H, 4.0. Found: C, 
47.7; H, 5.4. Although the analysis of this material was not 
considered to be satisfactory, it  was shown to be identical 
with a pure sample, prepared as described below, both by 
mixed melting point and absorption curves. 

Synth,esis and separation of mixture of 6-methyl-4-oxo- and 
4-methy~-6-ozo-l,~,Sa,7-tetraza~ndenes. h mixture of 2- 
hydrazino-6-methyl-4-oxopyrimidine (V) (5  g.) and ethyl 
orthoformate (200 ml.) wa8 refluxed for 72 hr., cooled, and 
t,he orange solid c ~ l l e c t e d . ~ ~ ~ ~  The crude reaction product 
was recrystallized from water and the material that \vas 
obtained was recryst~allized twice more from water and once 
from ethanol to give 1.7 g. (32%) of 4-methyI-6-oxo-l,2,3a,7- 
tetrazaindene (111), m.p. 29G-298". 

Anal. Calcd. for CsHsNdO: C, 48.0; H, 4.0; N, 37.3. 
Foiind: C, 47.9; H, 3.9; N, 37.3. 

The filtrates from the recrystallizibt,ions were evaporatcd 
t,o a small volume, filtercd hot., and the filtrate cooled in the 
refrigerator. The solid that was obtained was recrystallized 
three times from water to give 2.5 g. (48%) of &methyl- 
4-oxo-1 ,2,3a17-tetrazaindene (11), m.p. 252-254'. 

Anal. Calcd. for C&.N40: C, 48.0; HI 4.0; K, 37.3. 
Found: C, 48.1; H, 4.0; N, 37.1. 

In an alternate procedure, 100 ml. of dimethylformamide 
was used in place of the ortho ester, yielding 1 g. of I11 
and 3 g. of 11. A mixture of dimcthylformamide and ethyl 
orthoformate gave about the same mixture. 

R-Meth,yl-~-oxo-1,2,Ya,7-tctrazaindene. A sohltion of 10 g. 
of 2-hydrazino-&methyl-4-oxopyrimidinr (V) in 15 ml. of 
9870 formic acaid was kept at 50-60' for 1 hr. and cvltporated 
bo dryness bclow 60'. The solid was crystallized from water, 
yielding 7.7 g. (72%) of 11, m.p. 251-253', identical in all 
respects to that prepared as described in the preceding 
section. This material, when refluxed in formic acid, was 
t,ransformed into &mcthyl-4-oxo-l,3,3a,7-tetrazaindene (I), 
identical in melting point, mixed melting point, and ultra- 
violet arid infrared spcctra with that prepared according to 
ref. (1 ). 

ROCHESTICX 4, N. 1'. 

( 1 9 )  It is twlieved that the orange color i.i dur t,o a for- 
mazan formrd tw thc reaction of 2 molcs of hydrazine with 
1 molr of ethyl orthoformatc. Follouwi by oxidation, but :I 
pure mattvial has not hem isolatrd. 

(20) This reaction has also 1)wn stndicd 1)v Mr. 11. A. 
Williams, of t h r  Kodak Timitcd Research TJsl)oratorirs, 
Harrow, Englsnd. 

The Structure of Certain Polyazaindenes. 111. 
1,2,3a,?- and 1,3,3a,?-Tetrazaindenes 
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This paper contains a description of the preparation and properties of 1,2,3a,7- and 1,3,3a,7-tctrasainrJcncs not spccifically 
pertinent to topics discussed in the first ttwo papers. 

A considerable variety of tetrazaindenes is now 
known. Some examples having the nitrogen atom in 

(1) C. F. H. Allen, 1%. R. Reilfuss, n. &I. Burnrss, G. A. 
Reynolds, J. F. Tinkcr, and J. A. VsnAllan, J .  Org. C l ~ c m ,  
24, 779, 787 (1959). 

the 1,2,3a, and 7- or the 1,3,3a, aid '?-positions are 
described in this and the preceding papers of the 
series,' as well as in the earlier litertiture.2-6 

- - 
(2) 15. Birr arid W. Wdthcr, H e r ,  86, I401 (1953). 
(3) E. Birr, Z. wiss. Phot., 50, 107 (1956). 
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Several preparative procedures have been em- 
ployed. The most general is the interaction of ethyl 
acetoacetate and a 3-amino-l,2,4-triazole. Analo- 
gous reactions have been carried out using alkylated 
acetoacetic esters, diketene, ethyl ethoxalylpro- 
pionate, ethyl a,P-dibromopropionate, and ethyl 
ethoxymethylenemalonate. A second procedure 
employs an ortho-ester and 2-hydrazino-4-hydroxy- 
6-methylpyrimidine. The ester may be replaced by 
formic acid or dimethylformamide. Substances ob- 
tained by the same procedures were assumed to have 
the same bond arrangement; in several instances, 
this was confirmed by a comparison of the absorp- 
tion spectra.' 

A few notes on the individual substances are in 
order. 5 - Methyl - 4 - oxo - 1,3,3a,7 - tetrazaindeiie 
(I) was obtained from 3-amino-l,2,4-triazole and 
ethyl ethoxalylpropionate. The first product that 
separated appeared to be a solvated 5-methyl-4- 
oxo-6-(3- triazolylcarbamyl) - 1 ,3,3a,7- tetrazaindene 
(11)) which, upon subsequent hydrolysis, gave 6- 
carboxy - 5 -methyl - 4 - oxo - 1,3,3a,7 - tetraza- 
indene (111). The latter underwent easy decarboxyl- 
ation to the 5-niethyl-4-oxo derivative (I). 

4-Oxo-l,:3,3a,7-tetraxaiiidetie (IV) resulted from 
the interaction of ethyl a,P-dibrornopropionate and 
3-amiiio-l,2,4-triazole. 

0 IV OH 

In  a manner analogous to that discussed in the 
previous paper,l when 2-hydrazino4-hydroxy-6- 
methylpyrimidine was treated with an ortho ester, 
a mixture of the two expected isomers (V and VI) 
in the 1,2,3a,7-series resulted; these were separated 
by fractional crystallization. 

(4) c. Hulow, Bw., 42, 2208, 2599, 3555, 4429 (1909). 
(5) C .  Bulow and K. €-I:tas, Ber., 42, 3648 (1909). 
(6) N. Heimbacli and W. Kelly, Jr., U. 8. Patent 

2,444,605 (1948). 

+ 

The cyclizations of hydrazinopyrimidines give 
different products under different conditions. 
For instance, 2-hydrazino-4-hydroxy-6-methylpy- 
rimidine, on warming (50") in formic acid, gives 4- 
oxo-6-methyl-1,2,3a,7-tetrazaindene (1711) ; in boil- 
ing formic acid, the hydrazine is converted to the 
1,3,3a,7-isomer (VIII). In boiling phenyl acetate, 
the hydrazine is converted to the rearranged di- 

H H 
CHJ N ,N,N 
\-A cHyyl N-N 

OH 0 0 

reflux. FICOOH f 
VI1 VI11 

methyl isomer, (IX, 1% = CH,). When the free 
hydrazine in acetic acid or its acetyl derivative in 
formic acid is employed, only a trace of I X  (R = 
CH,) is produced, but hydrogen chloride in acetic 
acid brings about the reurrangement of X (R = 
C€13) satisfactorily. 2-EthylmercLLpto-6-methyl- 
4-hydroxypyrimidine can also be used as a starting 
material, provided it is given a prior treatment with 
acethydrszide. The analogous P-hydroxyethyl- 
tetrazaindenes (TX, X. It = CI-I&H20I-I) are 
obtainable by slight modifications of the same 
procedures. The ll2,:3a,7-form results from ring 
closure in pheriol, whereus the rearranged 1,3,3a,7- 
isomer is obtained if hydrogen chloride in acetic 
acid is employed. 

o x  0 IX 

Birr has listed a series of 6-alkylatcd4-oxo- 
1,3,3a17-tetraxaindenes (erroneously named as "1,2- 
3a,7"). Some of these, and the 6-benzyl derivative 
were also prepared in these Laboratories. The 2- 
hydroxymethyl (IX. R = C€120XI) compound 
was obtained by the standard synthesis from a 
substituted amiiiotriazole. 
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TABLE I 
PROPERTIES OF TETRAZAINDENES 

~ 

Analyses, yo 
Position of Subs. 1,3,3a,7-series M.P., Empirical Calcd. Found - --._I__ 

Yo. 2 4 5  6 "C. Formula C H N C H N  

IV OH 204-205a C7HloN.& 46.4 5.5 30.9 45.9 5.2 30.6 
OH CH3 CHS 304-305O C~HSNIO 51.2 4.9 34.2 50.9 5.0 34.7 

X I  OH C?H, 212-214 C7HsN4O 51.2 4.9 34.2 51.4 5.0 34.3 
OH C7Hw 128-130 CI2IIlsN,O 61.4 7.7 23.9 61.3 8.1 24.2 
OH CnHz, 128-131' C1aH28N4O 66.2 9.0 19.3 65.9 8.9 19.8 
OH CBHSCHS 240 Ca11ioN40 63.8 4.4 24.8 63.8 4.5 24.9 

CHa C1 CHs 149-15od C7H7CINI 46.0 3.8 30.7 46.1 4.6 31.0 
I X  CHzOH OH CH3 227-229 C7HsN40z. '/aHnO 44.5 4.8 29.7 44.5 4.7 29.8 
I X  ClHzOEI OH CH1 275-277 C7HsNdOz 46.6 4.5 31.1 45.8 4.8 31.1 
I X  CHZC1 OH CHa 211-260d C7H7CIN4O 42.4 3.5 42.4 3.7 
IX C7H15 OH CHs 172 CidhNIO 62.9 8.1 22.6 62.9 8.0 22.2 
I X  CI1H23 OH CH3 163 C17HZe"O 67.1 9.2 18.4 66.9 9.4 18.6 

37.4 
111 OH CH3 COOH >325 C ~ H ~ N ~ O I  43.3 3.1 29.4 43.2 3.4 28.9 
I X  CzH,OI-I OH CH3 262-263 CsH~oru'rOz 49.5 5.2 28.8 49.7 4.9 28.4 

V CH3' CH3 OH 309-310 C,HsN*O 51.2 4.9 34.2 50.9 5.0 34.5 
VI CHj' OH CH3 3 10-3 1 1 C~&NIO 51.2 4.9 34.2 51.4 5.1 34.7 
X C2H40He OH CHz 237-240 CnHwNa01 49.5 5.2 28.8 50.0 6.3 28.9 

I OH CH3 >300 C~H&JIO 37.4 

The alcoholate. Birrs gives 287-288' for the unsolvated substances. Birr* gives 291-292'. ' Birr3 gives 100-101", doubt- 
less a hydrate. C1: Calcd., 19.5. Found, 10.4. In  3-position of the 1,2,3a,7- compound. 

EXPERIMENTAL 

Most of the procedures employed for the preparation of 
the various substances have been described in the previous 
papers of this series. The properties of the new tetrazain- 
denes are collected in Table I. 

The various tctrazaindenes that contain oxo groups re- 
semble those described in the preceding paper.' The most 
conspicuous property is the tendency to retain solvent of 
crystallization. One solvent may partially or entirely replace 
another on recrystallization. 
6-Methyl-4-0zo-l,S,Sa,7-tetrazaind~ (I). A mixture of 3- 

amino-l,2,4triazole (8.4 g., 0.1 mole), ethyl ethoxalyl- 
propionate (21 g., 0.1 mole), and 54 ml. of acetic acid was 
refluxed for 3 hr. After standing a t  room tcmperature over- 
night, the solid was collected and recrystallized from 
dimethylformamide to  give 5-8 g. of 5-mcthyl-4-oxo-6-( 3- 
triazolylcarbamyl)-l,3,3a,7--tetrazaindene (11) as the mono- 
hydrate,7 m.p. 275", and sometimes as the mon~alcoholate,~ 
m.p. 257". Hydrolysis of 8 g. of this material by boiling for 
5 hr. with 85 ml. of 4% hydrochloric acid gave 5 g. of 6- 
carboxy-5methyl4oxc-1,3,3a,7-tetrazaindene (111). The 
latter compound was decarboxylated by heating for 10 min. 
in boiling Dowtherm to give 5-methyl-Poxo-l,3,3a,7--tetr- 
azaindene. 
4-0xo-I,S,Sa,Y-tetrazaindene (IV). A solution of 17 g. 

(0.2 mole) of 3-amino-l,2,4triazole and 52 g. (0.2 mole) of 
ethyl a,@-dibromopropionate in 100 ml. of pyridine was re- 
fluxed for 3 hr., cooled, and diluted with an equal volume 
of water. The cream-colored solid %-as collected and recrystal- 
lized from alcohol to give 7 g. of product as the alcoholate. 

2-Hydroxymethyl-6-methyl-4-0~0-1 ,S,Sa,Y-tetraznindene (IX, 
R = C H 2 0 H ) .  The necessary 3-amino-5-hydroxymethyl- 
triazole glycolate was prepared as follows: To 1.24 kg. of 
aminoguanidine bicarbonate in a 12-1. flask was added 2 kg. 
of 70% aqueous glycolic acid, octyl alcohol being added to  
control foaming. When foaming had ceased, 10 ml. of con- 
centrated nitric acid was added so that it  wet the sides of 

(7) Indicated by the analytical results; the solvent-free 
form is obtainable, but only by stringent drying. 

the flask above the liquid. The whole waa refluxed for 24 hr. 
The liquid was poured into an enameled pan, cooled to 5" 
for 15 min., the solid was collected on a filter, sucked dry, 
and recrystallized from 2 1. of ethanol. This solution WBR 
cooled to 5" for 15 min. and filtered. Yield of triaaole, m.p 

Anal. Calcd. for CsHl~N40,: C, 31.5; H, 5.3; H, 29.5. 
Found: C, 32.0; H, 5.2; N, 31.4. 

Cyclizaiim. A mixture of 1 kg. of 3-amino-5hydroxy- 
methyltriazole glycolate, 4.5 1. of practical ethyl aceto- 
acetate, and 80 ml. of glacial acetic acid was heated on the 
steam-cone for 24 hr., cooled to 25", filtered, and washed with 
ethanol. The damp cake was dissolved in 3 1. of boiling water, 
decolorized and filtered, and 3 1. of concentrated hydro- 
chloric acid was added to the hot solution. After cooling a t  
5" for 1 hr., the product was filtered and dried. A quantita- 
tive yield of the pure white anhydrous material resulted 
(crystallization from water yielded a hemihydrate). 

&ChloromeU~y l -6 -me thyZ-4 -ozo -1 ,9 , Ja ,7 -~ t r~~~  (IX, 
R = CH&l). A mixture of 900 g. of Zhydroxymethyl-6- 
methyl-4-oxo-1,3,3a,7-tetrazaindene and 2 or 3 1. of recently 
distilled phosphoryl chloride was heated gently until dis- 
solved, and then 20-40 min. longer and cooled. It was 
poured upon ice and filtered promptly (the filtrate will heat 
up in a few minutes if not drowned out). The solid waa 
washed with cold water and recrystallized in portions from 
water (100 ml. per g.) using Darco, and allowing the hot 
solution to  boil briskly for at least 10 min. Yield was 400 
g. 

J,4-Dimethyl-G-oxo- and S,G-dimethyl-4-0~0-1,2,Sa,7-tetr- 
uzaindenes (V and VI). 1. From a pyrimidinehydrazine and an 
ortho ester. A mixture of 5 g. of 2-hydrazino4hydroxy-6- 
methylpyrimidinez and 200 ml. of ethyl orthoacetate was 
refluxed for 24 hr., cooled, and the solid collected. The crude 
material was recrystallized from 3 1. of water to give 3,6- 
dimethyl-Poxo-l,2,3a,7-tetrazaindene (VI), m.p. 310". The 
filtrate waa concentrated to half its volume to give more of 
the same material (3.5 g. combined yield). The filtrate was 
concentrated to about 25 ml. and cooled, and the solid that 
waa obtained was recrystallized twice from water and once 
from ethanol to  give 0.8 g. of 3,4-dimethyl-&oxo-l,2,3a,7- 

113-115", 78-95 g. (45-55%). 
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trtrazaindcne (V), m p. 808-310'. The absorption spectra 
werc given prcvious1y.l 

2. From I-ncethVdrazido-/t-hydrory-fi-methylpyrimzdine. A 
mixture of 10 g. of Zhydrazin0-4-hydroxy-6-methylpyrimi- 
dima and 50 ml. of pyridine was treated with 5 ml. of acetyl 
ehloridr. The trmpcrature row to ahout 50°, and a solid 
separated. Aftcr 0.5 hr., the mixtnrr was filtcrrd. The white 
solid, map. 213-216', was crvstallizcd from 125 ml. of water. 
Yield was 1.7 g., m.p. 251-253' dcc.. 

And. Calcd. for C7HIONIO?: C, 46.1; H, 5 5; N, 30.8. 
Found: C, 46.1; H, 5.8; IT, 30 8 

T t  may he noted that the hydrazides mclt with foaming, 
suggesting a l o s ~  of water on heating. Trcatmcnt of this 
matcrial with formic acid at  70 & 5' for 1 hr. leaves it, 
unchanged. In boiling formic acid (4 hr.), snhstantially pure 
3,6-dim~thyl-4oxo-1,2,:3a,i-tetraxaindene (VI)  is formed, 
contaminated with a detectable amount, of the rcarranged 
isomer, 2,6-dimethyl-4-oxo-l,3,3a,i-tctrazaindenc (IX. R = 
CH,). 
~,b-Dimeth?~~-~-oxo-l,~~,~a,7-tefrazaindene (IX. R = CHI) .  

A soliltion of 5 g. of 2-hydrazino-4-hydroxy-6-methylpyrimi- 
dine2 in 50 ml. of phenyl acetate was rcflrrxed for 4 hr., 
roolcd, and filtcrrd The whitr solid was crvstallized from 
water; it mrlted a t  311-313'. The infrared absorption was 
identical with that of material prepared from rthyl aceto- 
acetate and 3-amin0-5-methyl-1,2,4-triazole.~ 
/t-Chloro-d,6-dimethyl-l ,J,Sa,r-tfh.aznind~~ap. .4 mixture of 

30 g of 2,6-dimethyl-4-0~0-1,3,3a,7-tctrazaindene (prepared 
from 3-amino-5-methyl-l,2,4-triazole and ethyl aceto- 
acetate8) and 100 ml. of freshly distilled phosphoryl chloride 

18) J. Thiele and IC. Hcidenreich, Ber., 26, 2599 (1803). 
-___ 

was refluxed for 1 hr., evaporated to dryness, t,he residue 
washed with chloroform, and then shaken with ice water 
and chloroform. The second chloroform solution was dried 
over sodium sulfate, passed through a 11,'rin. by 36-in. 
column of alumina ( Alcoa F-20, 200-mesh), and evaporated 
t o  dryness. The piire white chloride was ohtainod in n yield 
of 18 g. (54%). 

4-Hydrox y-2-a-hydrox ypropionhydrarido-6-methylpyrimi- 
dine. This was formed by refluxing equimolecular propor- 
t,ions of 8-hydroxypropionhydrazide@ and Zethylmercapt,o- 
4-hydroxy-F-mcthylpyrimidine in aqueous alcohol for 20 
hr., cooling to 25", and filtering. The crude solid (60-75% 
yield), m.p. 223-226', with cvolut,ion of gas, was usually 
used directly, hut could be recrystallized from water ,  after 
which it melted a t  223-234", with foaming. 
I-~-H~droxyeth~yl-6-~t~ethyl-/t-oxo-~ ,S,Sa, 7-ktrazaindme (IX. 

R = C2H40H). A mixture of 6.3 g. of the hydrazide, 500 ml. 
of glacial acctic acid, and 50 ml. of concentrated hydro- 
chloric acid was refluxed for 20 hr., filtered hot from small 
impurities, and cooled. A white solid separated (12 g., m.p. 
257-260'). Recrystallized from water, it  yielded 6.5 g., 
m.p. 262-263'. 

S-B-Hydrox?~eth?~l-fi-meth?jl-/t-oxo-1 ,d,Sa,r-tetrazaindene (X. 
R = C2HIOH).  Eight g. of the hydrazide in ahout 100 g. of 
phenol was refluxed for 1 hr., cooled, and the phenol stcam- 
distilled. A white solid crystallized from the water. Yield 
was 3.3 g., m.p. 237-240'. 

ROCHESTER 4, pr'. Y. 
(9) T. L. Gresham, J. E. Janscn, F. W. Shaver, R. A .  

Bankert, and F. T. Frrdorck, J .  A m .  ChPm. Soe., 73, 3168 
(1951). 

[COMMUNICATION NO. 1997 FROM THE KODAK RBSEARCII T,ABORATORIES, E.4STMAN KODAK COXW4XY] 

The Structure of Certain Polyazaindenes. IV. Compounds from ,!?-Keto Acetals 
and p-Methoxyvinyl Ketones' 

C. F. 1-I. AT,TIEN, TI. R. BEITLFUSS, I). M. BURNESS, Q. .4. REYNOI,I)S, 
J. F. TINKER, AND J. A .  VANAT~T~AN 
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Thc reaction of 4,4-dimethoxy-2-butanone or 4-methoxy-3-huten-2-one with 3-amino-1,2,4-triazole leads to 6-methyl- 
I ,3,3x,i-tetraxaindene. The mode of formation and relation to the product from ethyl acetoacetate are discussed. This 
rcaction of p-keto acet,als with amino-suhstitiited azoles appears to hr general for the synthesis of polyazaindmes. 

The react8ion between 3-amino-1,2,4 triazole (I) 
and ethyl acetoacetate is now known2 to produce 
6-methyl-4-oxo-l,3,3a,7-tetrazaindene (11) ; how- 
ever, a t  the time the following work was under- 
taken there existed neither spectral evidence nor 
convincing chemical proof in that regard. Numerous 
attempts had been made to isolate an intermediate 
compound from this reaction, or related reactions, 
but to no avail. 

In  earlier work involving reactions of p-keto 
acetals vi th  aromatic amines and hydrazines,s 

(1) This paper is Part I11 of another serics from these 
Laboratories "Brttl-Keto Acetals," Parts I and IT of which 
appeared in J .  Org. Chem., 21, 97, 102 (1956). A portion 
of the subject matter of this paper appears in  U. S. Patent 
2,837,521, dated June 3, 1958. 

(2) C. F. H. Allen, H. R. Beilfuss, D. M. Burness, G. A. 
Reynolds, J. F. Tinker, and J. A. VanAllan, J .  Org. Chem., 
24,787 (1959), 

____. -. 

it was possible to  isolate intermediate condensation 
products, which could be characterized so that 
the structure of the product of a subsequent cycli- 
zation was clearly evident. It seemed reasonable to 
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