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A general synthesis of A-aromatic 18-nor-8-aza steroids have been demonstrated from the enamine of a 3-ar-
ylethylamine and 1,3-cyclopentandione. The C-ring atoms were introduced by reaction of the enamine with -
propiolactone. Cyclization to form the B ring occurred with redox dispropionation to give an 8-aza steroid with
the C-ring aromatic (7) and the C ring in the tetrahydro state (9). Reductions of 7 and 9 were investigated to form
the trans-anti-cis isomer of 2,3-dimethoxy-18-nor-8-azaesterone (13). The reaction of 9 with electrophiles oc-

curred at oxygen.

The potential of heterocyclic analogs of the cyclopenta-
nophenanthrenes to function as steroidal antagonists or
antimetabolites has prompted an interest in the synthesis
of many nitrogen heterocycles as aza or diaza steroids.?-6
Except for the preparation of 8-aza steroids by Brown and
coworkers,52 the syntheses usually involve the formation of
the 8-14 and/or 12-13 bond(s) in an intermediate having
preformed A, B, and D rings. In order to provide for the
possibility of introducing 11 and 12 substituents in an 8-
aza steroid nucleus, a study was made of synthetic ap-
proaches to 8-aza steroids (1) via formation of the 9-10
bond with an intermediate having preformed A, C, and D
rings (2).

A logical intermediate for forming the 9-10 bond of an
8-aza steroid, based on the enamine nature of dihydro-7
and tetrahydropyridines,® is the reduced form of 1-(2-aryl-
ethyl)-5-pyrindanone salt (3a). The 5-pyrindanone (3b)
was prepared by oxidation of pyrindan (4)° by buffered po-
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tassium permanganate.l? This 5-pyrindanone,!!® unlike the
isomeric 7-pyrindanone, prepared from 7-pyrindanol,lP
showed no evidence of existing as the enolic tautomer. Qua-
ternary salt formation proved to be difficult, because the
electron attraction of the 3-carbonyl and steric interference
of the a-methylene had the effect of reducing the nucleo-
philicity of the heterocyclic nitrogen. The competing reac-

tion, dehydrohalogenation of the arylethyl halide, was a se-
rious side reaction., As a result this approach was aban-
doned.

The synthesis of a similar intermediate which could be
used to prepare 11- and/or 12-substituted 8-aza steroids
was investigated using a modification of the route of Brown
and coworkers® and Nagata and Castle and coworkers.2
The reaction of methoxylated §-arylethylamines with 1,3-
cyclohexadione and 1,3-cyclopentadione gave quantitative
yields of enamino ketones (5). The vinylogous amide of the

0 0
|

|
R? R

53, R = Re=CHO, n=1 6a, Rl = R? = CHO; n=1
b RR=H RR=CHO;,n=1 b R =H Re=CHO;n=1
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enamine system of 5 decreases the nucleophilicity of the
enamine, and similar systems undergo alkylation largely on
oxygen.!12 Thus the choice of the 3-carbon molecule with
which to form the C ring was complicated, for the cycliza-
tion must occur with formation of a functional group capa-
ble of undergoing 9-10 bond formation to form the B ring.

The logical reagent to accomplish this result would be a
derivative of acrylic acid in view of the success of this route
in the synthesis of lycopodium alkaloids.!3 Acrylonitrile or
ethyl acrylate gave no reaction with 5e. This is surprising
in view of the successful reaction of acrylonitrile with com-
parable systems.52 The use of the more reactive acrolein or
acrolein dimethyl acetal also failed to undergo reaction. Di-
methyl acetylenedicarboxylate gave a reaction with 5e¢;
however, the product contained more than one of the ac-
etylenic moieties. As might have been predicted from the
work of Meyers and coworkers,3% the reaction of 5¢ with
{3-chloropropionic acid did not occur.

The reaction of a limited number of enamines with 8-
propiolactone was reported to give the substituted pro-
pioamide.!* This suggested that the alkylation of 5¢ would
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occur with subsequent cyclization to form the desired in-
termediate 6c. Reaction did not occur at the reflux temper-
ature of benzene or toluene; however, with chlorobenzene
as solvent 5e gave a moderate yield of 6¢. The isolation of
the product was improved by using xylene as solvent. Com-
parable results were obtained from the reaction of 5a and
5b with 8-propiolactone, giving good yields of 6a and 6b.
The dihydropyridone structures for 6a—c were conclusively
evident from the spectral data.

The cyclodehydration reaction of 6a—c to form the bis-
nor-8-aza steroids appeared to be analogous to the cycliza-
tion used by Meltzer and coworkers to form aza steroids.52
However, the reaction of 6a with polyphosphoric acid gave
a high yield of product which was shown by proton magnet-
ic spectrum to be a mixture of two aza steroids. Separation
of the two products by precipitation of the perchlorate
from acetonitrile—ethanol gave, as the more insoluble mate-
rial, the A,C-bisaromatic-8-aza steroid (7a). The aromatic
nature of the heterocyclic ring was clear from the presence
of an AB quartet at 9.0-ppm downfield from TMS in the
pmr spectrum, and the orientation of the cyclization to give
the 2,3-dimethoxy rather than the 3,4-dimethoxy-8-aza ste-
roid was indicated by the sharp singlets for the protons at-
tached to the oxygenated aromatic ring. The formation of
this pyridinium derivative required that dehydrogenation
as well as cyclodehydration had occurred. This suggested
that the second product should be in the oxidation state of
a tetrahydropyridine. Evaporation of the solvent from the
isolation of 7a gave an oil which was crystallized. This solu-
ble salt was shown to have the structure 8a by spectral
analysis. Treatment of the salt with base gave the enamino
ketone 9a, which was protonated on oxygen by perchloric
acid to give 8a, identical with the original material.

Protonation of enamino ketones on treatment with acid
has been reported with a number of aza steroids.!5-18 The
properties reported for these compounds compare well with
those observed for 8a and 8b.
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b, Rt = H; R* = CH,0

9a, R! = R? = CH,0
b, Rt = H; R? = CH,0

The relative yields of the two cyclization products 7a and
8a did not vary with the reaction time for the ratioof 1 to 1
was observed at 80% completion, complete reaction, and
two times the reaction time for complete reaction. This
suggests that two molecules of an intermediate cyclization
product, probably a dihydropyridine, undergo dispropor-
tionation to form 7a and 8a and argues against the possibil-
ity that 7a or 8a could be the intermediate in the formation
of the other. These results are similar to those described in
the synthesis of partially reduced lepidine by cyclization.1®
No evidence for a dihydrointermediate could be obtained
for the cyclization.

The reaction of 6b with polyphosphoric acid also gave
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two products (7b and 8b) in a ratio of 1 to 1 resulting from
disproportionation of the intermediate. The position of cy-
clization was para to the methoxy group to give 8-aza ste-
roids, 7b and 8b, with a 3-methoxy substituent as was
shown by the nmr spectra of the aromatic protons of 7b
and 8b.

The decomposition of the intermediate dihydropyridine,
formed by the cyclodehydration of 6¢ with phosphorus
oxychloride, apparently took a different course. A single
product was detected and had the properties of a quater-
nary salt. The spectral data of the product were consistent
with structure 10 in which the carbonyl group was reduced
as the dihydropyridine underwent oxidation.

In an effort to avoid the complications of the oxidation—
reduction reaction, the dihydropyridone of 6¢ was oxidized
to the pyridone 11 which was then subjected to cyclodehy-
dration conditions. The oxidation of 6¢ was caused most
conveniently by activated manganese dioxide. No reaction
of 11 was observed with phosphorus oxychloride in a sol-
vent; however, using the reagent itself as solvent gave a di-
chloro derivative, 12. Cyclodehydration of 11 by other re-
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agents or cyclodehydrohalogenation of 12 failed and the
synthesis of D-homo-8-aza steroids by this route was not
investigated further.

The reactions of the A,C-bisaromatic-8-aza steroids 7a
and 7b and the tetrahydro derivatives 8a and 8b were stud-
ied as a means for preparing other 8-aza steroid derivatives.
The pyridinium ring C of 7a or 7b should provide a reactive
site for reduction by hydrogenation2 or complex metal hy-
drides?! or addition of cyanide.?? The catalytic hydrogena-
tions gave no reaction and sodium borohydride reduction
of 7a gave a small yield of 8a. Addition of cyanide appeared
to give formation of a dimer related to viologen.23

The reduction of the salt 8a with hydrogen over catalysts
or by complex metal hydrides gave only 9a on work-up.
The reduction of 9 with lithium aluminum hydride did give
saturation of the 13-14 double bond, for the infrared spec-
trum of the product 13 gave the carbonyl stretching vibra-
tion at 1740 cm~! indicating the absence of conjugation.
The appearance of Bohlmann bands at 2810 and 2890 cm™1
in the infrared spectrum?* and the comparison of the pmr
spectrum with related aza steroids? allowed the assign-
ment of the trans-anti-cis stereochemistry to the product,
2,3-dimethoxy-1,3,5(10)-triene-8-azagonan-17-one (13).26

The alkylation of 2,3-dimethoxy-1,3,5(10),13-tetraene-
8-azagonan-17-one (9a) was investigated as a means for
preparing other 8-aza steroids. The enamino ketone system
of 9a has three possible sites for reaction with electrophiles;
however, in view of the exclusive reaction with protons at
oxygen, alkylation of 9a should also occur at oxygen to give
14. The cisoid enamino ketones have been reported to give
reaction at either carbon or oxygen depending on the sol-
vent.1? The reaction of 9a with methyl iodide gave a high
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yield of the O- methyl salt, 14. The spectral properties of 14
were quite similar to those of the proton salt 8a and sup-
ported the structural assignment of 14.

The immonium bond of 14 would be expected to undergo
reduction to give 15, the enol ether of 13. Treatment of 14
with hydrogen over palladium gave no reaction; however,
reaction of 14 with sodium borohydride gave two products,
15 and 16. The spectral data of 15 showed that it was the
enol ether of 13. The strong Bohlmann bands observed in
the infrared spectrum of 15 provided evidence for the
trans-anti stereochemistry for the 9, 13, and 14 positions.

The nmr spectrum of 16 provided the best clue of the
structure of this unexpected product. Only two O- methyl
signals were observed and a signal characteristic of a vinyl
proton was evident. These results in conjunction with the
other spectral data suggested that 16 was formed by reduc-
tion of the immonium bond and reductive cleavage of the
17-methoxyl goup. The loss of the methoxyl group may
occur by an elimination reaction to form 17 or reductive
cleavage of the allylic methoxyl group of 18 may give 16 di-
rectly.

The alkylation of 13 with allyl halides or tosylate proved
to be more difficult than methylation; however, heating 13
with neat allyl bromide under reflux gave the O-alkylated
product in moderate yield. No C-alkylated product was de-
tected. Attempts to cause a Claisen-type rearrangement of
the vinyl allyl ether?” by heating 19 gave only the deal-
kylated product 13.
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Experimental Section

Melting points were determined using a Thomas-Hoover Capil-
lary Melting Point apparatus or a Mel-Temp Apparatus and were
not corrected for thermometer stem exposure, Elemental analyses
were determined using an F and M Model 185 C, H, and N analyz-
er. Infrared spectra were determined using Perkin-Elmer Model
137 or 337 spectrometers with samples prepared as mulls or KBr
pellets. The ultraviolet absorption spectra were measured on a
Cary 15 spectrometer in the solvent indicated, and the nuclear
magnetic resonance spectra were determined using a JEOL Model
MH-100 spectrometer,

Preparation of N-(8-3,4-Dimethoxyphenethyl)-3-aminocy-
clopent-2-en-1-one (5a). To a one-neck, 500-ml, round-bottom
flask, equipped with a Dean-Stark trap and a condenser, were
added 10.0 g (55.3 mmol) of 8-3,4-dimethoxyphenethylamine, 5.0 g
(51.0 mmol) of 1,3-cyclopentanedione, and 250 ml of dry henzene.
The suspension was stirred magnetically and heated under reflux
until the theoretical amount of water was collected (ca. 2-3 hr). At
this time the reaction was homogeneous. The solvent was removed
under reduced pressure and the resulting solid was triturated with
anhydrous ether to give, on filtration, 13.1 g (98.3%) of N-(3-3,4-
dimethoxyphenethyl)-3-aminocyclopent-2-en-1-one (5a) as an off-
white solid: mp 125-128°; pmr (CDCls) 6 6.61 (broad, 1 H), 6.58 (s,
3 H), 4.87 (s, 1 H), 3.73 (s, 6 H); ir (KBr) 1560 (C==0), 3180 (NH)
em ™ uv (95%, CoHs0H) 229 (log € 3.96), 271 nm (log € 4.56).

Anal. Caled for C15sH1gNOs: C, 68.94; H, 7.33; N, 5.36. Found: C,
68.82; H, 7.20; N, 5.19,

Preparation of N -(8-3-Methoxyphenethyl)-3-aminocyclo-
pent-2-en-l-one (5b). Following the procedure for the prepara-
tion of 5a, 3.0 g (19.8 mmol) of 3-3-methoxyphenethylamine, 1.94 g
(19.8 mmol) of 1,3-cyclopentanedione, and 50 ml of dry benzene
were converted to 4.5 g (98.5%) of N-(8-3-methoxyphenethyl)-3-
aminocyclopent-2-en-1-one (5b): mp 104-106°; pmr (CDCl3) 6 7.27
(m, 1 H), 7.18 (m, 1 H), 6.9-6.65 (m, 3 H), 4.98 (s, 1 H), 3.75 (s, 8
H), 3.65-3.2 (m, 2 H), 2.87 (t, 3 H, J = 6.5 Hz), 2.7-2.1 (m, 4 H); ir
(KBr) 1570 (C==0), 3190 (NH) ¢m~1; uv max (95% C.HzO0H) 271
nm (log ¢ 4.498).

Anal. Caled for C14H17NOQs: C, 72.70; H, 7.41; N, 6.06. Found: C,
72.91; H, 7.42; N, 5.98.

Preparation of N-(8-3,4-Dimethoxyphenethyl)-3-aminocy-
clohex-2-en-1-one (5c). Using the procedure for the preparation
of 5a, 36.2 g (0.20 mol) of 3,4-dimethoxyphenethylamine, 22.4 g
(0.20 mol) of 1,3-cyclohexanedione, and 500 ml of dry benzene gave
55.0 g (100%) of N-(8-3,4-dimethoxyphenethyl)-3-aminocyclohex-
2-en-1-one (5¢) which on recrystallization from xylene melted at
116 to 119°: pmr (CDCly) 6 6.75 (m, 3 H), 5.80 (broad, N-H), 5.14
(s, 1 H, vinyl), 3.88 (s, 6 H, OCHj); ir (KBr) 1575 (C=0) and 3180
(NH) em=1L; uv max (95% CaHs0H) 229 (log € 3.914), 288 nm (log ¢
4.538).

Anal. Caled for C16HgNO3: C, 69.79; H, 7.69; N, 5.09. Found: C,
69.74; H, 7.58; N, 4.86.

Preparation of N-(8-3,4-Dimethoxyphenethyl)-1,2,3,4-te-
trahydropyrindan-2,5-dione (6a). A solution of 100.0 g (0.38
mol) of N-(8-3,4-dimethoxyphenethyl)-3-aminocyclopent-2-en-1-
one (5a), 150 g (2.08 mol) of B-propiolactone, and 3 1. of chloroben-
zene was heated under reflux for 7 days. Every 24 hr 200 ml of
chlorobenzene was distilled off to remove any water formed from
the reaction and was replaced by an equal amount of dry chloro-
benzene. The solvent was removed under reduced pressure and the
resulting red oil was chromatographed on neutral alumina and
eluted with ethyl acetate. Evaporation of the ethyl acetate under
reduced pressure gave a solid which was recrystallized from 2-pro-
panol to give 81.5 g (67.5%) of N-(8-3,4-dimethoxyphenethyl)-
1,2,3,4-tetrahydropyrindan-2,56-dione (6a): mp 156-158°; pmr
(CDCl3) 6 6.74 (m, 3 H), 3.88 (m, 8 H); ir (KBr) 1640 (C=0 pyri-
done), 1680 (C==0, conjugated) cm™!; uv max (95% C.H;OH) 228
(log € 4.1), 286.5 nm (log € 4.2).

Anal. Caled for C1gH21NOy: C, 68.55; H, 6.71; N, 4.44. Found: C,
68.64; H, 6.78; N, 4.43.

Alternatively the reaction could be run using a mixture of xy-
lenes as the solvent. In this case the water was removed with a
Dean-Stark trap, the reaction time was decreased to 20 hr, and a
slightly larger excess of §-propiolactone was used (approximately
15%). Under these conditions the yields of 6a varied from 41 to
50%.

Preparation of N-(8-3-Methoxyphenethyl)-1,2,3,4-tetrahy-
dropyrindan-2,5-dione (6b). Following the procedure for the
synthesis of 6a, except for decreasing the frequency of removing
the chlorobenzene-water azeotrope to every 3 days, 4.0 g (17.35
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mmol) of N-(3-3-methoxyphenethyl)-3-aminocyclopent-2-en-1-
one (5b), 4.0 g (55.5 mmol) of B-propiolactone, and 125 ml of chlo-
robenzene were converted to 3.4 g (68.8%) of N-(3-3-methoxyphe-
nethyl)-1,2,3,4-tetrahydropyrindan-2,5-dione (6b): mp 119-120°;
pmr (CDCl3) 6 3.82 (t, 2 H,J = 7.0 Hz), 3.74 (s, 3 H), 2.87 (t,2 H, J
= 7.0 Hz), 2.33 (s, 4 H); ir (KBr) 1620 (C=0, pyridone), 1670
(C==0, conjugated) cm~1; uv max (95%, CoH;OH) 291 (log ¢ 4.23),
282 (log € 4.21), 218 nm (log € 4.09).

Anal. Caled for C17H9NOs: C, 71.56; H, 6.71; N, 4.91. Found: C,
71.67; H, 6.66; N, 4.82.

Preparation of N-(§-3,4-Dimethoxyphenethyl)-1,2,3,4,5,-
6,7,8-octahydroguinoline-2,5-dione (6¢). Using the method de-
scribed for the preparation of 6a, 18.0 g (0.065 mol) of N-(8-3,4-
dimethoxyphenethyl)-1-aminocyclohexen-3-one, 10.0 g (0.139

mol) of B-propiolactone, and 400 ml of xylene gave 13.9 g (65%) of”

6c: mp 82.5-83.5° (recrystallized from ether); nmr (CDCly) § 6.74
(s, 3 H), 382 (m, 8 H, OCH3N-CHjy), 247 (s, 4 H)
ir (KBr) 1510, 1605, 1640 (C==0, pyridone), and 1685 (C=0, keto)
cm™1; uv max(95% CoHsOH) 230 (log € 4.071), 299 nm (log € 4.182).

Anal. Caled for C19H23NOy: C, 69.28; H, 7.04; N, 4.25. Found: C,
69.46; H, 7.16; N, 4.22.

Cyclization of N-(8-3,4-Dimethoxyphenethyl)-1,2,3,4-te-
trahydropyrindan-2,5-dione (6a). To 30 g of polyphosphoric
acid at 90° in a 125-m! beaker was added 3.8 g (12.05 mmol) of N-
(8-3,4-dimethoxyphenethyl)-1,2,3,4-tetrahydropyrindan-2,5-di-
one(6a). The solution was heated 6 hr with occasional stirring and’
was quenched with 90 g of crushed ice. Aqueous perchloric acid
(10%) was added dropwise with stirring until precipitation ceased,
and the beaker was covered and cooled overnight at approximately
5°. The precipitate was removed by filtration, washed with cold
water, and dried to a constant weight to yield 4.42 g (92.5%) of the
crude mixture of cyclization products 7a and 8a. In several reac-
tions the yields ranged between 92 and 100%. The solid was dis-
solved in 150 ml of boiling acetonitrile. To this was added 300 ml
of absolute ethanol. The mixture was concentrated to 175 ml by
evaporation and was allowed to cool. After standing overnight at
room temperature, the solution deposited crystals which were col-
lected by filtration and dried to give 2.0 g (42.2%) of 2,3-dime-
thoxy-1,3,5(10),8,11,13-hexaene-8-azagonan-17-one perchlo-
rate (7a): mp 294-295° dec; pmr (DMSO-dg). 6 8.95, 8.86, 8.84,
8.76 (g, 2 H), 7.95 (s, 1 H), 7.42 (s, 1 H), 4.86 (t, 2 H, J = 7.0 Hz),
3.74 (m, 2 H), 3.43 (t, 2 H, J = 7.0 Hz), 3.10 (m, 2 H); ir (KBr) 1720
(C=0), 1605 (s, Ar, C=C); uv max (95% CoH;OH) 337 (log ¢ 3.85),
299 (log € 3.99), 281 (log € 3.94), 236 nm (log ¢ 3.90).

Anal. Caled for C1gH3CINO7: C, 54.62; H, 4.58; N, 3.54. Found:
C, 54.52; H, 4.63; N, 3.56.

Evaporation of the filtrate gave 1.9 g (39.9%) of 2,3-dimethoxy-
1,3,5(10),8(14),13(17)~pentaene-8-azagonan-17-ol perchlorate
(8a): mp 208-209° dec; pmr (DMSO-dg) § 8.44 (s, 2 H), 6.96 (s, 1
H), 6.82 (s, 1 H), 4.76 (d, 1 H, J = 9.0 Hz), 3.74 (s, 6 H); ir (KBr)
3300 (OH), 1610 {C=CC==N}), 1500 ecm™1; uv max (95% C;Hs0H)
293.5 nm (log € 4.58). )

Anal. Caled for C1gHooCINO7: C, 54.35; H, 5.07; N, 3.52. Found:
C, 54.22; H, 5.39; N, 3.47.

Cyclization of N -(8-3-Methoxyphenethyl)-1,2,3,4-tetrahy-
dropyrindan-2,5-pyrindan-2,5-dione (6b). Using the procedure
for the cyclization of 6a, 10 g of polyphosphoric acid caused the
conversion of 1.5 g of N-(8-3-methoxyphenethyl)-1,2,3,4-tetrahy-
dropyrindan-2,5-dione (6b) to a 1.9-g (quantitative) yield of a mix-
ture of 7b and 8hb. The precipitate from ethanol-acetonitrile was
0.78 g (41%) of3-methoxy-1,3,5(10),8,11,13-hexaene-8-azagonan-

" 17-one perchlorate (7h): mp 263-264° dec; pmr (DMSO-dg) 5 8.60
(AB, 2 H), 832 (d, 1 H, J = 8.5 Hz), 4.27 (t, 2 H, J = 6.5 Hz), 3.91
(s, 3H), 3.34 (t, 2 H, J = 6.5 Hz); ir (KBr) 1700 (C=0), 1596 (Ar,
C=C) ecm~%; uv max (95% CsH;OH) 286 (log « 3.78), 265 nm (log ¢
3.83).

Anal. Caled for C7HgCINOQg: C, 55.82; H, 4.41; N, 3.83. Found:

C, 55.65; H, 4.45; N, 4.10

Evaporation of the filtrate and recrystallization of the residue
from acetone-petroleum ether gave 0.75 g (39%) of 3-methoxyl-
1,3,5(10),8(14),13(17)-pentaene-8-azagonan-17-ol perchlorate (8b)
as a yellow solid: mp 220-222°; pmr (TFA) 6 7.12(d, 1 H, J = 8.0
Hz), 470 (d, 1H, J = 11.0 Hz), 3.76 (s, 3 H); ir (KBr) 1650 (C=C-
C=N) em~!; uv max (95% CyHsO0H) 293 nm (log ¢ 4.52).

Anal. Caled for C17HgoCINQg: C, 55.22; H, 5.45; N, 3.79. Found:
C, 55.37; H, 5.46; N, 3.71.

Preparation of N-(8-3,4-Dimethoxyphenethyl)-1,2,5,6,7,8-
hexahydroquinoline-2,5-dione (11). A solution of 1 g (3.02
mmol) of N-(8-3,4-dimethoxyphenethyl)-1,2,3,4,5,6,7,8-0ctahy-
droquinoline-2,5-dione (6c) in 75 ml of methylene chloride was
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treated with 12 g of activated MnOQs. After stirring for 24 hr,the
mixture was filtered, and the insoluble residue was washed well
with methylene chloride. Evaporation of the solvent from the com-
bined methylene chloride solutions gave an oil which crystallized
from methanol to give 0.40 g (40%) of N-(8-3,4-dimethoxypheneth-
y1)-1,2,5,6,7,8-hexahydroquinoline-2,5-dione (11): mp 184-185.5°;
nmr (CDClg), 8 7.73 (d, 1 H, J = 9.5 Hz), 6.6-6.4 (m, 3 H), 6.30 (d, 1
H,J = 9.5 Hz), 4.33 (t,2 H, J = 6.5 Hz), 3.73 (s, 3 H), 3.67 (s, 3 H),
2.88 (t, 2 H, J = 6.5 Hz); ir (KBr) 1510, 1540, 1590 (C==0 pyri-
done), 1665 (C=0, keto) cm~?; uv max (95% CoH;0H) 227 (log ¢
4.00), 283 nm (log € 4.32).

Anal. Caled for C1gH21NOg: C, 69.71; H, 6.47; N, 4.28. Found: C,
69.51; H, 6.51; N, 4.14.

Preparation of  N-(8-3,4-Dimethoxyphenethyl)-2,5-di-
chloro-7,8-dihydroquinelinium Perchlorate (12). A solution of
1.0 g (3.06 mmol) of N-(8-3,4-dimethoxyphenethyl)-1,2,5,6,7,8-
hexahydroquinoline-2,5-dione (11) in 20 ml of phosphorus oxy-
chloride was heated under reflux for 0.5 hr. Excess phosphorus ox-
ychloride was removed by evaporation under reduced pressure,
and the red residue was dissolved in 20 ml of water, treated with
charcoal, and filtered to give a yellow solution. Perchloric acid
(10%, aqueous) was added dropwise until precipitation ceased, and
the mixture was cooled overnight at 0-5° to complete precipita-
tion. The solid was isolated by filtration and recrystallized twice
from acetone to give 0.74 g (59%) of 12: mp 206-207.5°; nmr (TFA)
§8.25(d,1H,J=90Hz),7.67(d,1H,J = 9.0Hz),6.56 (m, 3 H),
6.21 (t,1 H, J = 4.5 Hz), 4.73 (t, 2 H, J = 6.5 Hz), 3.51 (s, 6 H); ir
(KBr) 1455, 1505, 1575, and 1620 em™! (no C==0); uv max (95%
C2Hs0H) 231 (log ¢ 4.10), 252 (log € 3.85), 281 (log € 4.02), 327 nm
(log € 3.80).

Anal. Caled for C19H20CI3NOs: C, 49.11; H, 4.33; N, 3.01. Found:
C, 49.21; H, 4.46: N, 3.03.

Preparation of 2,3-Dimethoxy-1,3,5(10),13-tetraene-8-aza-
gonan-17-one (9a). A suspension of 0.50 g (1.52 mmol) of 2,3-
dimethoxy-1,3,5(10),8(14),18(17)-pentaene-8-azagonan-17-ol per-
chlorate (8a) in 25 ml of methylene chloride was treated with 10 ml
of 5% aqueous sodium hydroxide. The reaction mixture was stirred
under nitrogen for 15 min and the layers were separated. The
aqueous phase was extracted twice with 10-ml portions of methy-
lene chloride, and the combined organic layers were washed with
two 20-ml portions of water and dried over magnesium sulfate
under nitrogen. The drying agent was removed by filtration and
the solvent was evaporated. The addition of ether to the residue
gave a white solid which was recrystallized from ethyl acetate~hex-
ane to give 0.24 g (64%) of 2,3-dimethoxy-1,3,5(10),13-tetraene-8-
azagonan-17-one (9a): mp 158-160°; pmr (CDCls) 6 6.80 (s, 1 H),
6.68 (s, 1 H), 4.52 (d, 1 H, J = 10.0 Hz); ir (KBr) 1640 (C=0),
1560, 1490 cm™%; uv max (95% CoH;0H) 293 (log € 4.63), 228 nm
(log € 4.00); mass spectrum M+, 299, .

Anal. Caled for C1gHoNQs: C, 72.22; H, 7.07; N, 4.68. Found: C,
72.04; H, 7.00; N, 4.61.

Preparation of . 2,3-Dimethoxy-1,3,5(10),8(14),13(17)-pen-
taene-8-azagonan-17-ol Perchlorate (8a) from 9a. To a solu-
tion of 0.10 g (0.33 mmol) of 2,3-dimethoxy-1,3,5(10),13-tetraene-
8-azagonan-17-one (9a) in 5 ml of 95% ethanol was added 10 drops
of 10% agueous perchloric acid. The solution was cooled overnight,
and the precipitate which formed was collected by filtration to give
0.10 g (75%) of2,3-dimethoxy-1,3,5(10),8(14),13(17)-pentaene-8-
azagonan-17-ol perchlorate (8a) as the monohydrate, mp 120-
122°, .

Anal. Caled for C1gHgyCINOg: C, 51.74; H, 5.79; N, 3.35. Found:
C, 51.26; H, 5.80; N, 3.28.

The solid was dissolved in 20 ml of acetonitrile and 40 mi of ab-
solute ethanol. The volume of the solution was reduced to 20 mlL
Hexane was added and the solution was cooled. The resulting
solid, mp 208-209°, was collected by filtration. This material was
identical in all respects with the material from cyclization of 6a.

Anal. Caled for C1gHgCINO7: C, 54.835; H, 5.07; N, 3.52. Found:
C, 54.02; H, 5.70; N, 3.47.

Preparation of 3-Methoxy-1,3,5(10),13-tetraene-8-azago-
nan-17-one (9b). A stirred suspension of 0.50 g (1.34 mmol) of 3-
methoxy-1,3,5(10),8(14),13(17)-pentaene-8-azagonan-17-0l  per-
chlorate (8b) in 30 ml of methylene chloride was treated with 10 m!}
of 5% aqueous sodium hydroxide as in the preparation of 9a to give
0.30 g (82.4%) of 3-methoxyl-1,3,5(10),13-tetraene-8-azagonan-17-
one (9b): mp 122-125°; pmr (CDCly) 6 4.67 (m, 1 H), 3.90 (s, 1 H);
ir (neat) 1670 (C=0), 1600 (Ar, C=C) cm~l; uv max (95%
CoH50H) 293 nm (log ¢ 4.5); mass spectrum M+, 269.

Anal. Caled for C17H19NOg: C, 75.81; H, 7.11; N, 5.20. Found: C,
74.40; H, 7.19; N, 5.02.
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Preparation of 2,3-Dimethoxy-1,3-5(10)-triene-93,133-8-
azagonan-17-one (13). A solution of 1.0 g (3.3 mmol) of 2,3-dime-
thoxy-1,3,5(10),13-tetraene-8-azagonan-17-one (9a) dissolved in
80 ml of dry tetrahydrofuran was treated with 0.25 g of lithium
aluminum hydride and was heated under reflux for 3 hr. Aqueous
10% sodium hydroxide was added to decompose the excess lithium
aluminum hydride, and the resulting solid was removed by filtra-
tion. The solution was evaporated under reduced pressure and the
residue was recrystallized from hexane to give 0.25 g (25%) of 2,3-
dimethoxy-1,3,5(10)-triene-98,138,143-8-azagonan-17-one  (13):
mp 150-152°; pmr (CDCl; 6 6.71 (s, 1 H), 6.58 (s, 1 H), 3.85 (s, 6
H); ir (KBr) 2900, 2800, 1740 (C=0), 1600, 1520 ¢m™!; uv max
(95% CoHs0OH) 281 nm (loge 3.84).

Anal. Caled for C1gHo3NOs: C, 71.73; H, 7.69; N, 4.64. Found: C,
71.65; H, 7.88; N, 4.44.

Preparation of 2,3,17-Trimethoxy-1,3,5(10),8(14),13(17)-
pentaene-8-azagonane Iodide (14). A mixture of 103.6 mg (0.346
mmol) of 2,3-dimethoxy-1,3,5(10),13-tetraene-8-azagonan-17-one
(9a) and 5 of methyl iodide was heated under reflux under a posi-
tive pressure of nitrogen for 17 hr. The solid which formed was col-
lected by filtration and washed with dry ether. Recrystallization of
the solid from methanol gave 136.6 mg (90%) of 2,3,17-trimethoxy-
1,3,5(10),8(14),13(17)-pentaene-8-azagonane iodide (14): mp
166-167°; pmr (DMSO-dg) 6 7.01 (s, 1 H), 6.86 (s, 1 H), 4.92 (d, 1
H,J = 10.5 Hz), 4.14 (s, 3 H), 3.74 (s, 6 H), 1.50 (m, 1 H); ir (KBr)
1580 (ROC=CC==N), 1500, 1455 cm™!; uv max (95% CoH;OH) 290
nm (log € 4.58).

Anal. Caled for C19Ho4INOs: C, 51.81; H, 5.49; N, 3.18. Found:

.C, 51.65; H, 5.43; N, 3.07.

Preparation of 2,3-Dimethoxy-17-allyloxy-1,3,5(10),8(14),-
13(17)-pentaene-8-azagonane Bromide (19). A solution of 1.0 g
(3.35 mmol) of2,3-dimethoxy-1,3,5(10),13-tetraene-8-azagonan-
17-one (9a) in 25 ml of dry acetone was added 0.5 ml of allyl bro-
mide. The solution was heated under reflux for 24 hr. Dry ether
(25 ml) was added to cause the precipitation of all salts. The solid
material was removed by filtration and recrystallized from metha-
nol to give 035 g (25%) of 2,3-dimethoxy-17-allyloxy-

1,3,5(10),8(14),13(17)-pentaene-8-azagonane bromide (19): mp .

142-143°; pmr (DMSO-deg) 6 7.04 (s, 1 H), 6.88 (s, 1 H), 6.02 (m, 1
H), 5.24-5.64 )m, 2 H), 5.00 (m, 2 H), 3.72 (s, 6 H); ir (KBr) 1600,
1575 (C=CC==N), 1515 cm—%; uv max (95% CoH50H) 290 nm (log
€ 4.54).

Anal. Caled for Co1HogBrNO3: C, 58.83; H, 6.42; N, 3.43. Found:
C, 58.56; H, 6.35; N, 3.73.

Attempted Rearrangement of 2,3-Dimethoxy-17-allyloxy-
1,3,5(10),8(14),13(17)-pentaene-8-azagonane Bromide (19). A
suspension of 25.6 mg (0.061 mmol) of 2,3-dimethoxy-17-allyloxy-
1,3,5(10),8,(14),13(17)-pentaene-8-azagonane bromide (19) in 25
m] of dry toluene was heated under reflux for 19 hr. At that time
all material had dissolved. The solvent was removed under re-
duced pressure to give an oily residue. An infrared spectrum (neat)
of the oil was identical with that obtained for 2,3-dimethoxy-
1,3,5(10),13-tetraene-8-azagonan-17-one (9a).

Reduction of 2,3,17-Trimethoxy-1,3,5(10),8(14),13(17)-pen-
taene-8-azagonane Iodide (14). A solution of 0.50 g (1.13 mmol)
of 2,3,17-trimethoxy-1,3,5(10),8(14),13(17)-pentaene-8-azagonane
iodide (14) in 50 ml of absolute ethanol was treated with 30 mg
(0.79 mmol) of sodium borohydride in 10 ml of absolute ethanol.
The resulting solution was stirred at room temperature for 0.5 hr,
and the solvent was evaporated at reduced pressure. The residue
was dissolved in 50 ml of methylene chloride and washed twice
with 10-ml portions of 5% aqueous sodium bicarbonate and once
with 10 ml of water and dried over anhydrous magnesium sulfate.
The drying agent was removed by filtration and the solvent was
evaporated under reduced pressure. The resulting material was
dissolved in a minimum amount of benzene and put on a column of
neutral alumina (10 g). Elution of the column with 325 ml of ben-
zene gave 0.10 g (31.1%) of 2,3-dimethoxy-1,3,5(10),13(17)-te-
traene-93,143-8-azagonane (16): mp 135-137° after sublimation at
120° (0.2 mm); pmr (CDClg) 6 8.73 (s, 1 H), 6.68 (s, 1 H), 5.53 (m, 1
H), 3.91 (m, 7 H); ir (KBr) 2910, 2810, 2700, 1675, 1630, 1600, 1525,
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767 cm~L; uv max (95% CoHsOH) 282 (log ¢ 3.58), 286 nm (log ¢
3.58).

Anal. Caled for C1gHosNOg: C, 75.76; H, 8.12; N, 4.91. Found: C,
75.45; H, 8.13; N, 5.11.

Elution of the column with 30 ml of ethyl acetate gave 0.13 g
(36.5%) of 2,3,17-trimethoxy-1,3,5(10),13(17)-tetraene-93,145-8-
azagonane (15): mp 109-110° (recrystallized from petroleum
ether); nmr (CDCl3) 6 6.82 (s, 1 H), 6.68 (s, 1 H), 3.89 (m, 9 H), 3.67
(s, 3 H); ir (KBr) 2900, 2800, 2700 (CH), 1690 (C=0), 1600 1520,
770 cm™!; uv max (95% CyHs0H) 282 (log € 3.61), 286 nm (log ¢
3.62).

Anal. Caled for C, gH2sNOs: C, 72.35; H, 7.99; N, 4.44. Found: C,
72.38; H, 7.89; N, 4.59.

Registry No.—b5a, 53129-00-3; 5b, 53129-01-4; 5¢, 27032-09-3;
6a, 2349-42-0; 6b, 2118-99-2; 6¢, 2349-40-8; 7a, 53129-03-6; 7h,
53129-05-8; 8a, 53129-07-0; 8b, 53129-09-2; 9a, 53129-10-5; 9b,
53129-11-6; 11, 53129-12-7; 12, 53129-14-9; 13, 53129-15-0; 14,
53129-16-1; 15, 53129-17-2; 16, 53129-18-3; 19, 53129-19-4; §-3,4-
dimethoxyphenethylamine,  120-20-7;  1,3-cyclopentanedione,
3859-41-4; 8-3-methoxyphenethylamine, 2039-67-0; 1,3-cyclohex-
anedione, 504-02-9; 8-propiolactone, 57-57-8; methyl iodide, 74-
88-4.
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