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The addition of dimethyl acetylenedicarboxylate to Zphenyl-1-azapyrrocoline yields the corresponding I-azacyclazine. 
Hydrolysis and decarboxylation of the adduct gives Zphenyl-l-aaacycl[3.2.2] azine. 

The discovery that dimethyl acetylenedicarbox- 
ylate reacts with pyrrocoline in the presence of a 
dehydrogenating agent to give cycl[3.2.2]azine 
derivatives provides a particularly convenient 
route for the synthesis of members of this class of 
compounds.* One characteristic of the cycl[3.2.2]- 
azines is the fact that the central nitrogen atom is 
nonbasic, indicating its pi-electrons are completely 
involved in the aromatic ?r-electron system and 
thus not readily available for bonding. For this 
reason it was of interest to prepare examples of this 
class which would contain a periphery nitrogen and 
thus be capable of forming both acid and quater- 
nary salts, compounds whose solubility would be 
more favorable for physiological testing. In the 
present paper the synthesis of 2-phenyl-1-azacycl- 
[3.2.2]azine is described. 

The 2-phenyl-1-azapyrrocoline (I), needed as 
starting material, was prepared from %amino- 
pyridine following the procedure of Chichibabin.%s 
When this was allowed to react with dimethyl 
acetylenedicarboxylate in boiling toluene in the 
presence of a palladium-on-charcoal dehydrogena- 
tion catalyst, there was formed in about 29% 
yield a product having the correct composition 
for 3,4-dicarbomethoxy-2-phenyl-l-azacycl[3.2.2]- 
azine (11). Hydrolysis of I1 using methanolic potas- 
sium hydroxide followed by acidification gave the 
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(1) Abstracted from the B.S. Thesis of A. Miller, Uni- 
versity of Rochester, 1959. Supported in part by the Office 
of Ordnance Research, Army Ordnance Contract No. D. A.- 

(2) Present address: University of Oregon, Eugene, Ore. 
(3) A. Galbraith, T. Small, and V. Boekelheide, J. Org. 

Chem., 24, 582 (1959). 
(4) A. E. Chichibabii, Ber., 59, 2048 (1926). 
(5) C. Djerassi and G. R. Pettit, J .  Am. Chem. Soc., 76, 

4470 (1954) have questioned the structure of Chichibabin's 
product, suggesting by analogy with their observations on 
the reaction of Zpyridinethiol and phenacyl bromide that 
the correct structure was probably 3-phenyl-1-azapyr- 
rocoline. The addition reaction employed in ow synthetic 
scheme requires that the %position be unsubstituted and 
thus establishea the product as Zphenyl-1-azapyrmcoline 
in agreement with Chichibabin's original aesignment. 

30-069-0. R. D.-2528. 

corresponding diacid I11 in 88% yield. Decarbox- 
yiation of I11 was accomplished using copper 
chromite in boiling diphenyl ether and led to 2- 
phenyl- 1 -azacycl[3.2.2] azine (IV) in quantitative 
yield. 

The infrared and ultraviolet absorption spectra 
of 2-phenyl-l-azacycl[3.2.2]azine were very similar 
to those of 2-phenylcy~l[3.2.2]azine.~ As expected, 
2-phenyl-l-azacycl[ 3.2.2lazine was readily soluble 
in dilute acid and its ultraviolet absorption spec- 
trum in acidic ethanol was only altered slightly 
from that in neutral ethanol. 

It was hoped that l-azacyc1[3.2.2]azine, itself, 
could be prepared in a similar fashion. Unfortu- 
nately, the general methods worked out for the 
synthesis of pyrrocolines unsubstituted in the five- 
membered ring7 failed when it was attempted to 
apply them to the case of 1-aaapyrrocoline. 

EXPERIMENTAL* 

S , ~ - ~ r b o m e t h o x y - d - p h ~ y ~ l ~ ~ [ S . d . d ]  azine (11). To 
a solution of 1.5 g. of Zphenyl-1-azapyrrocoline4** (I, m.p. 
136-137') and 2.3 g. of dimethyl acetylenedicarboxylate in 
225 ml. of toluene there was added 3.2 g. of a 5% pal- 
ladium-on-charcoal catalyst and the mixture waa boiled 
under reflux in a nitrogen atmoephere for 25 hr. After 
removal of the catalyst, concentration of the filtrate gave a 
tarry residue. This was taken up in benzene and psased 
over alumina (activity 11). From the benzene eluates there 
was recovered 419 mg. of Zphenyl-I-azapyrrocoline and 540 
mg. (29%, based on unrecovered Zphenyl-1-azapyrrocoline) 
of yellow crystals, m.p. 156-162'. These, on sublimation, 
gave yellow needles; m.p. 163-164'; ultraviolet absorption 
(log e) in ethanol: 393 (4.19), 326 (4.16), 257 (4.44), and 
208 mp (4.50); and infrared absorption: peaks a t  5.78 and 
5.88 (ester carbonyls), 12.60 and 14.57 p. 

Anal. Calcd. for ClPH14NPOd: C, 68.25; H, 4.21; N, 8.38. 
Found: C, 68.18; H, 4.42; N, 8.39. 

Hydrochloride of ~ , , 4 - d i c a r b o x ~ - d - p h y ~ l ~ ~ c l [ S . d . d ] -  
azine (111). When 125 mg. of the diester I1 was dissolved in 
a warm solution prepared from 13 ml. of methanol and 5.2 g. 
of potassium hydroxide, the potassium salt of the diacid 111 
began precipitating immediately and hydrolysis waa com- 
plete in 5 min. The potassium salt (100% yield) was col- 
lected by filtration and then dissolved in 6N hydrochloric 
acid. This caused the precipitation of 100 mg. (88%) of 
I11 as a yellow powder. Since I11 did not melt below 300' 
and was insoluble in the common organic solvents, it could 

(6) R. J. Windgassen, W. H. Saunders, Jr., and V. 

(7) V. Boekelheide and R. J. Widgassen, Jr., J. Am. 

(8) All melting points are corrected. Analyses by the 

Boekelheide, J .  Am. Chem. Soc., 81, 1459 (1959). 

chem. Soc., 81, 1456 (1959). 
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not readily be puiified further and was used aa such in the 
next experiment. For analytical purposes, the hydro- 
chloride of I11 was prepared by dissolving 30 mg. of the 
pure diester I1 in 5 ml. of boiling 6N hydrochloric acid and 
concentrating the solution to dryness. The crystalline residue 
melted at 288-290'. 

A d .  Calcd. for C,,HlIN204Cl: C, 59.57; H, 3.24; N, 
8.17. Found: C, 59.88; H, 3.51; N, 8.39. 
.f?-Phenyt-ldzocyc2[3.d.d]azine (IV). A mixture of 150 

mg. of I11 and 115 mg. of copper chromite catalyst in 30 
ml. of diphenyl ether was boiled under reflux for 8 hr. The 
solution was then diluted with benzene and the catalyst 
was removed by filtration. The filtrate waa extracted several 
t i e s  with 6N hydrochloric acid. After neutralization, the 

aqueous acid extract was extracted in turn with an ether- 
benzene mixture. Concentration of the organic layer gave 
107 mg. (100%) of yellow-orange crystals, m.p. 73-79'. 
These, on sublimation gave 77 mg. (72%) of pale yellow 
crystals; m.p. 83-84'; ultraviolet absorption (log E) in 
neutral ethanol: 395 (4.32), 380 (4.18), 312 (4.24), 251 
(4.48), 232 (4.28) and 209 mp (4.30); ultraviolet absorption 
(log E )  in acidic ethanol (ssturated with gaseous hydrogen 
chloride): 388 (4.32), 370 (4.39), 301 (3.99), 255 (4.45), 
235 (4.19) and 212 mp (4.48). 

A d .  Calcd. for Cl&Na:  C, 82.54; H, 4.62; N, 12.84. 
Found: C, 82.90; H, 4.87; N, 12.86. 
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Sodium borohydride reduction of imines prepared from indole3-csrboxddehyde and primary amines sffords a practical 
synthesis of 3-akylaminomethylindoles. Imines derived from the ssme aldehyde and ethanolaminee undergo s imul tane~~s  
acetylation and ring closure with acetic anhydride, giving 1-acetyl-%( 1-acetyl-3-indoly1)oxazolidinee. This ring closure is 
contrasted with acetylation of certain other 8-hydroxyimines in which similar oxazolidine formation does not occur, and the 
implications of the reaction in the special case of 3-acylindole derivatives are discussed briefly. 

The appearance of several recent reportsaJ 
concerning the chemistry of 3- acylindoles and 
corresponding indole-3-carbinols, derived from 
them by sodium borohydride reduction, prompts 
us to describe some work along similar lines which 
has been carried out in this laboratory during the 
past two years. 

We became interested in aminomethyIindoIes 
for several remons. It appeared to us that while the 
preparation of compounds basically related to 
tryptamine currently is undergoing exhaustive 
development in the hands of numerous investiga- 
tors, little or no attention has been focused re- 
cently upon compounds related to gramine, which, 
pharmacologically, is interesting in its own right. 
Although some tertiary amines closely related to 
gramine have been prepared,' few, if any, secondary 
amines of the same type have been reported. Gra- 
mine and its quaternary salts have been employed 
frequently aa synthetic intermediates ever since 
their now well known utility in alkylation reactions 
was demonstrated by Snydeld and his colleagues, 
but the field comprised of analogs of gramine has 

(1) kh. Edwin It. Klett. 
(2) E. Leete, J .  Am. C h .  SOC., 81, 6023 (1959). 
(3) J. Szmuszkowicz, J.  Am. C h .  SOC., 82, 1180 (1960). 
(4) See P. L. Julian, "The Chemistry of Indoles," 

Chap. 1, in Elderfield, Hetetoqidic Compo~mnds, John Wiley 
and Sons, Inc., New York, 1952, Vol. 3, p. 54, for a sum- 
mary of some @amine analogs prepared by the uaual 
Mannich condensation. 

(5) H. R. Snyder, et al., J. Am. C h .  SOC., 66, 200 
(1944); 70, 1857, 3770 (lQ48); 71, 663 (1Q49). Spo also 
rbf. 4, 

remained little exploited. Therefore we set about 
synthesizing a series of Nb-substituted 3-amino- 
methyliidoles, hoping to find some representatives 
of this class of compounds which would have useful 
pharmacological properties. 

It is now known that SchifT bases derived from 
aromatic aldehydes are reduced to secondary 
amines with sodium borohydride.6 We have investi- 
gated the use of this procedure with a variety of 
aldimines, and we find that it is almost universally 
applicable whenever the products obtained are 
stable under alkaline conditions. Furthermore, 
with methanol M the solvent as directed,s even 
those secondary amines which are very sensitive 
to hydrogenolysis under the conditions of catalytic 
hydrogenation undergo a minimum of this un- 
desirable cleavage. In the particular case at  hand, 
the most practical approach at present to synthesis 
of compounds of general structure I1 is found to 

(6) J. H. Billman and A. C. Diessing, J ,  Or#. Chem., 22, 
1968 (1857)b 


