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carboline6 and 0.040 g. of the hydrochloride salt of the above 
ester were dissolved in 25 ml. of refluxing ethyl alcohol. Ethyl- 
eneimine (0.67 g.) dissolved in 10 ml. of ethyl alcohol was added 
dropwise to the refluxing solution and this heating was continued 
for 24 hr. On chilling, this solution deposited light yellow 
crystals which were collected on a Buchner funnel, washed with 
ethyl alcohol, and then recrystallized from an excess of that 
solvent. One gram of pure product, m.p. 234-235" dec., was 
obtained. Infrared absorption shows a strong broad band a t  
3400 cm. -l (overlap of indole and amide NH)  and a strong amide 
band a t  1670 cm.?; 224 mp ( e  36,190), 278 (39,340), 289 
(6,360). 

Anal. Calcd. for Cl4HlSN3O: C, 69.69; H, 6.26; H ,  17.42. 
Found: C ,  69.95; H, 6.29; N,  17.57. 
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The reaction of pyrrocolines with dimethyl acetyl- 
enedicarbo~ylate?-~ an early example of a general 
procedure now known as the 1,3-dipolar addition re- 
action,6 provides convenient access to cycl[3.2.2]azine 
and its various derivatives. Although the central 
nitrogen of cyc1[3.2.2]azine is not basic, nitrogen atoms 
placed in the perimeter are basic and allow for the 
preparaton of the  corresponding quaternary salts 
which are more suitable for physiological testing.' 
I t  was for this reason that work was initiated on the 
synthesis of 5-azacycl[3.2.2]azine deriGatives. How- 
ever, since then studies on the correlation of molecular 
orbital calculations with experimental data on the 
electronic spectra and basicity of the cyclazines has 
made it desirable to have additional examples with 
nitrogen in the periphery as an aid to evaluating the 
parameter to be assigned to 

As starting material, 4,6-dimethylpyrimidine was 
converted in 97% yield to the corresponding quaternary 
bromide I using phenacyl bromide in benzene a t  room 
temperature. Cyclization by the Chichibabin proce- 
dureI0 gave 7-methyl-2-phenyl-6-azapyrrocoline(II) in 
.560/, yield. Treatment of I1 with dimethyl acetylene- 
dicarboxylate in the presence of a palladium-on-char- 
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coal catalyst and toluene then led to the corresponding 
5-azacycl[3.2.2]azine I11 in 28% yield. Hydrolysis of 
the diester with base proceeded essentially quantita- 
tively to give the diacid IV. Finally, decarboxylation 
of the diacid using copper powder and aniline occurred 
smoothly in 78% yield to produce the desired 6-methyl- 
2-phenyl-5-azacycl[3.2.2 ]azine (V) . 

Br- 1 

111, R =  -COzCHs 
IV, R =  -CO,H 
V, R =  -H 

As expected, 6-methyl-2-phenyl-5-azacycl[3.2.2]azine 
was readily soluble in aqueous acid. However, its 
ultraviolet and visible absorption spectrum showed an 
unexpected shift to longer wave lengths in the presence 
of acid. Thus, in neutral ethanol V showed maxima a t  
227 (4.26), 264 (4.54), 327 (4.34), and 452 mp (log e 
3.59), whereas in 0.09 M hydrochloric acid maxima were 
observed a t  227 (4.22), 268 (4.55), 366 (4.'33), and 473 
mM (log e 3.31). This shift becomes understandable, 
however, when it is considered that V, on protonation, 
is a resonance hybrid with contributing structures 
such as VI and VII. 

VI w 
In the original plan the presence of the methyl group 

a t  the 6-position of V was desired so that a second 
Chichibabin ring closure could be effected to give the 
interesting fused bispyrrocoline represented by VIII. 
Unfortunately, attempts to accomplish this ring 
closure were unsuccessful. 

VIII 

Experimental11 

l-Phenacyl-4,6-dimethylpyridinium Bromide (I) .-A solution of 
11.0 g. of 4,6-dimethylpyrimidine and 21.0 g. of phenacyl bro- 
mide in 60 ml. of benzene was allowed to stand a t  room tempera- 
ture for 10 days. The orange-yellow preripitate, which sepa- 
rated, was collected by filtration, washed with benzene, and air- 
dried. This gave 31.4 g. (97%) of product of sufficient purity 
for use in the next step. Recrystallization of the orange-yellow 
solid from absolute ethanol gave 23.0 g .  (71%) of yellow crystals, 
m.p. 173" dec. 

Anal. Calcd. for C14H15NzOBr: C, 54.73; H,  4.92; N ,  
9.12; Br, 26.01. Found: C, 54.38; H ,  4.95; N ,  8.84; Br, 
25.94. 

7-Methyl-2-phenyl-6-azapyrrocoline (11) .-To a stirred solution 
of 10.5 g. of the crude quaternary bromide I in a mixture of 50 
nil. of ethanol and 350 ml. of water there was added a saturated 

(11) Microanalyses by  Micro-Tech Laboratories and  F. Pascher. Melt- 
ing points are uncorrected. 
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aqueous solution prepared from 10 g. of potassium bicarbonate. 
The resulting orange-brown suspension was heated on a steam 
bath for 1 hr. and cooled, and the solid which separated was 
collected. This, after being washed thoroughly with water and 
then air-dried, was recrystallized from benzene to give 3.8 g. 
(567,) of yellow crystals, m.p. 180-190" dec. Treatment with 
charcoal in acetonitrile followed by an additional recrystallization 
from benzene yielded white crystals, m.p. 180-190' dec. The 
ultraviolet absorption spectrum of I1 in ethanol showed a max- 
ima a t  254 mp (log e 4.74) with a shoulder a t  258 mp (log €4.72). 

Anal. Calcd. for Cl4H12N2: C, 80.74; H,  5.81; N, 13.45. 
Found: C, 80.67; H,  5.86; N,  13.23. 

3,4-Dicarbethoxy-6-methyl-2-phenyl-5-azacycl[3.2.2] azine 
(III).-To a solution of 9 .O g. of 7-methyl-2-phenyl-6-azapyr- 
rocoline (11) and 9.4 g. of dimethyl acetylenedicarboxylate in 
540 ml. of toluene there was added 8.0 g. of a 5y0 palladium-on- 
charcoal catalyst, and the mixture was heated under reflux in a 
nitrogen atmosphere for 21 hr. After removal of the catalyst 
and solvent, the brown, gummy residue was taken up in benzene 
and passed over neutral alumina (800 g., grade 111, Woelm). 
Following the initial eluate which contained 0.25 g. of 11, the 
main fraction gave 4.15 g.  (28%) of bright yellow crystals, m.p. 
152-154'. A further recrystallization from ethyl acetate 
yielded yellow needles, m.p. 155-156'. The absorption spec- 
trum of I11 in ethanol showed maxima a t  242 (4.53), 266 (4.30), 
336 (4.29), and 448 mp (log e 3.91). 

Anal. Calcd. for C ~ O H I ~ N Z O ~ :  C, 68.96; H,  4.63; N, 8.04. 
Found: C,68.77; H,4.75; X, 7.87. 

3,4-Dicarboxy-6-methyl-2-phenyl-5-azacycl[3 2.21 azine (IV). 
-A mixture of 150 mg. of I11 and 30 ml. of methanol saturated 
with potassium hydroxide was heated at  50" with stirring until 
complete solution resulted (30 min. ), whereupon precipitation of 
the dipotassium salt of IV occurred. The mixture was heated 
for an additional 30 min. before collecting the precipitate by 
filtration. The solid precipitate was redissolved in a minimum 
amount of water, and the solution was acidified with concen- 
trated hydrochloric acid. There separated 130 mg. (95%) of 
yellow crystals, m.p. 230-235". 

Anal. Calcd. for C18H12~204: C, 67.50; H, 3.78; N ,  8.75. 
Found: C ,  67.20; H,3.98; N,8.58. 

When the diacid 11' was recrystallized from pyridine, the 
monopyridinium salt of IV separated as long, orange needles, 
m.p. 170" dec. 

Anal. Calcd. for C Z ~ H I ~ N ~ O ~ :  C, 69.16; H,  4.29; N, 10.52. 
Found: C, 69.07; H ,  4.42; N ,  10.55. 
6-Methyl-2-phenyl-5-azacycl[3.2.2] azine (V).-A mixture of 

900 mg. of the crude diacid IV and 1.0 g. of copper powder in 
250 mi. of aniline was boiled under reflux until evolution of 
carbon dioxide ceased. After removal of the catalyst and 
concentration under reduced pressure, the gummy residue was 
taken up in benzene and chromatographed over Florisil (300 g . ) .  
From the third fraction of eluate there was obtained 510 mg. 
(78%) of an orange-yellow solid, m.p. 135140'. Recrystalliza- 
tion from an ether-pentane mixture (1 : 1) produced large, yellow- 
orange crystals, m.p. 145-147'. The n.m.r. spectrum in 
methylene chloride showed a proton signal for the methyl group 
a t  7.18 r .  In concentrated sulfuric acid this signal was shifted 
to 6.77 r with two smaller additional signals a t  6.70 and 7.03 
T .  The latter two signals are presumably due to protonation 
on carbon a t  the 1- and 4-positi0ns.~ 

Anal. Calcd. for C16H12S2: C, 82.73; H,  5.21; N ,  12.06. 
Found: C, 82.86; H,  5.28; N,  11.90. 
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Cyclohexane-l,3diacetic acid readily cyclized to 
bicyclo [3.3.1 Inonan-3-one (2a) when heated with 

barium oxide. Hydroxylamine converted the ketone 
to the oxime 2b, which underwent the Beckmann 
rearrangement to give the desired lactam, 3-azabicyclo- 
[4.3.l]decan-4-one (3). Cyclohexane-l,4-diacetic acid, 
under conditions which readily cyclized the 1 ,3-isomer1 
gave no bicyclo [3.2.2]nonan-3-one (5) .  The ketone 2a 
can exist in a stable two-chair conformation, while 5 
would possess a strained boat form of the cyclohexane 
ring. This difference in conformation may account for 
the difference in ease of formation of the two ketones. 

CH2C02H 
CeHsSOiCl b -  CH2COZH 

1 2 4 X = O  
b, X =NOH 

Nopinone (6a) recently has been made available' by 
ozonolysis of p-pinene. This preparation was repeated 
and the ketone was converted to the oxime 6b and 
thence by Beckmann rearrangement to a crystalline 
lactam. The oxime is assigned the configuration with 
the hydroxyl group anti to the cyclobutane ring, since 
this configuration is sterically less strained than the 
syn form. Because of the trans nature of the rearrange- 
ment, the lactam is assigned the structure 7,7-dimethyi- 
2-azabicyclo [4.l.l]octan-3-one (7). This type of as- 
signment, applied previously to other atom-bridged 
oximes and Iactams,z was shown subsequently to be 
correct by degradation studies.3 

Sa,X=O 7 
b, X = NOH 

/ NH- \ 

Polymerizations.-The lactams were converted to 
polyamides by heating at  200-223' with 5% of 85% 
phosphoric acid as catalyst.2 Lactam 3 polymerized 
much more readily than lactam 7. Hydrogen crowding 
within the bridged rings is considered to be the de- 
stabilizing factor in these molecules which causes them 
to polymerize. Like many other polyamides possess- 
ing alicyclic rings in the polymer chain,2 these poly- 
mers displayed quite high melting points; 4 melted 
a t  297' and 8 a t  358'. 

Experimental 

Cyclohexane-1,3- and 1,4-diacetic Acids.-Pure nL-phenylene- 
diacetic acid was not available but an approximately 1 : 1 mixture 
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