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ABSTRACT 

Condensation of P-712-methoxyphenethyla~nine with methyl coumalate followed by saponi- 
fication of the ester gave ~-(m-111cthoxyphenethyl)-5-carboxy-2-pyrido1e (I) .  Cyclization of 
the pyridone using phosphorus oxychloride gave 3-carboxy-6,7-dihydro-9-methoxybe1~zo[a]- 
quinolizinium chloride ( I l e ) ,  which, on catalytic reduction, afforded the two possible racemic 
3 - c a r b o x y - 1 , 3 , 4 , 6 , 7 , l l b - h e x a h y d r o - ~ o i i n e s  ( I I I b  and IVb).  The 
corresponding ethyl esters were prepared in an analogous manner and their stereochemistry 
was assigned on the basis of equilibration experin~ents. Mercuric acetate oxidation of the  
racernic esters gave 3-carbethoxy-1,2,3,4,6,7-hexahydro-9-methoxybenzo[a]quinolizinium per- 
chlorate ( V ) .  

In continuing our worli on the preparation of amino acid analogues of artificial estrogens 
(I), we became interested in incorporating a nitrogen atom into the skeleton of coinpounds 
related to doisyilolic acid. Several isomers of the latter compound are linown to be potent 
estrogens (2). This paper describes the preparation of soine polyhydrobenzo[a]quinolizines 
(111-V) which represent 8-aza analogues of doisynolic acid. 

By the method of Wiley, Smith, and Knabeschuh (3), treatment of inethyl coumalate 
(4) with an excess of m-methoxyphenethylamine and saponification of the crude product 
gave N-(m-nlethoxyphenethy1)-5-carboxy-2-pyridone (I) in 82y0 yield. Cyclization of 
this pyridone using phosphorus oxychloride in xylene (3) followed by treatment of the 
intermediate acid chloride with absolute ethanol gave 3-carbethoxy-6,7-dihydro-9- 
n~ethoxybenzo[a]quinolizii~ium chloride (IIa) in 72% yield. Treatment of the crude 
reaction mixture with potassi~im iodide gave the corresponding iodide (IIb). I-Iydrolysis 
of the intermediate acid chloride gave the quinolizinium acid salts IId and IIe. 

A iluinber of attempted cyclizations of pyridones to produce substituted quinolizinium 
con~pounds have yielded simply the corresponding pyridiniuin salts (ref. 5 and references 
therein). That  N-(m-inethoxypl~enetl~yl)-5-carboxy-2-pyridone did undergo cyclization 
to the quinolizinium ring system is evidenced by the fact that the products IIa-IIe have 
ultraviolet absorption spx t ra  characteristic of this ring system (3), but different from 
what would be expected froin a composite of the isolated m-methoxyphenyl and carboxy- 
chloropyridinium chroinophores had cyclization not occurred. I t  is generally found that 
Bischler-Napieralski reactions of N-m-methoxyphenethylamides and lactams occur 
preferentially with cyclization para to the methoxyl group (6-8). That  a para ring closure 
occurred in the present work is indicated by spectral means, and will be discussed later 
under the preparation of IIIa. 

Catalytic hydrogenation of the quinolizinium ester salts IIa-IIc using Adams catalyst 
resulted in the isolation of the two possible racemic forms of the free amino ester. The 
best results were obtained when the chloride salt IIa  was used because of its greater 

1Frowz part of tlze thesis presented by J. M. S. i n  partial fiilfillment of tlze reqziiren~ents for tlze PA.D. degree, 
1960. 

2Azrthor to whonz inquiries skozrld be addressed: Departnzent of Clzevtistry, The  Upjolzn Company, Kalamazoo, 
Michigan. 
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solubility as coinpared with the iodide and perchlorate salts IIb and IIc. Thus, when 
3-carbethoxy-6,7-dihydro-9-inethoxybenzo[a]quinoliziniui~~ chloride (IIa) was reduced 
catalytically using Adanls catalyst and a solvent mixture composed of 2 parts ethanol, 
2 parts water, and 1 part acetic acid, 3 molecular equivalents of hydrogen were absorbed, 
and the product obtained in 76Yo yield was the hydrochloride of 3-carbethoxy-1,3,4,6,7,11b- 
hexahydro-9-inethoxy-2I-I-benzo[a]quinolizine IVa in which the relationship of the 
hydrogen atoms attached to C-3 and C- l lb  is trans. The basis for this assignment will 
be given below. Also isolated from this reduction was 16yo of a lower-melting hydro- 
chloride salt which was a mixture of the two race~nic forms. That  the reduction toolc place 
in the pyridiniuin ring rather than the benzene ring is sho~vn by the ultraviolet absorption 
spectrum. The  hydrochloride of colnpound IVa has inaxinla a t  277 (E 1 750) and 284 inp 
(E 1 720) while 6-methoxy-1,2,3,4-tetrahydroisoquinoline hydrochloride has maxima a t  
278 (E 1 960) and 285 mp ( E  1 840). 

Treatment of the hydrochloride of IVa with dilute sodiuin hydroxide liberated trans- 
3-carbethoxy-l,3,4,6,7,11b-hexahydro-9-1~~ethoxy--2I-I-benzo[~uinolizine IVa in 95% 
yield. 

H 
1 

CI130 

C104- 

v 

\ 
C H P  

IIa, R = CZH5, X = CI IVa, I< = C2H5 
IIb, R = C2I15, X = I  IVb, R = H 
116, R = C2H5, S = CIO, 
Ild, I< = H, S = ClOa 
IIe, R = H , X  = CI 

On the other hand, catalytic reduction of IIa using Adarns catalyst in glacial acetic 
acid again resulted in an uptake of 3 ~nolecular equivalents of hydrogen. After evaporation 
of the reduction mixture, treatment of the crude oil with diiute aln~noniunl hydroxide 
resulted in the isolation of 86% of the isomeric cis ester IIIa. The ultraviolet spectra of 
compounds IIIa  and I17a are consistent with the presence of a 6-methoxy-1,2,3,4-tetra- 
hydroisoquinoline chromophore and are inconsistent with an 8-methoxy-1,2,3,4-tetra- 
hydroisoquinoline chromophore (7). This rules out the possibility that cyclization of I 
occurred a t  the less favorable position ortho to the rnethoxy group. Further conformation 
for the para ring closure of I can be found in the n.1n.r. spectrum of IIIa. The aro~natic 
region of the curve is typical of a 1,2,4-trisubstituted benzene of the estrone type (cf. ref. 8). 
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Equilibration studies 011 the isomeric esters IIIa  and IVa indicated that I IIa  is the less 
stable isonler and that  the equilibrium position lies approximately 80% on the side of 
IVa. The isomer IVa was therefore assigned the thermodynan~ically more stable configura- 
tion in which the carbethoxy group is equatorial. Treatment of both esters wit11 mercuric 
acetate in aqueous acetic acid followed by the addition of perchloric acid (6) resulted in 
the forillation of the saine dehydro product, 3-carbethoxy-1,2,3,4,6,7-hexahydro-9- 
metl~oxybenzo[a]quinolizii~iu~n perchlorate (V), in about 90% yield. Catalytic hydro- 
genation of V using Adams catalyst in glacial acetic acid gave a mixture of the t n ~ o  esters 
IIIa and IVa with the inore stable isomer IVa predominating in about the same ratio as  
found in the equilibration of the amino ester. 

The ease with urhich the mercuric acetate oxidation proceeds under the mild conditions 
used for both esters is indicative of a trans quinolizine systenl having an axial hydrogen 
a t  the bridgehead (9). Further evidence for the trans ring juncture is given by the fact 
that infrared spectra of both esters show four characteristic pealts in the carbon-hydrogen 
stretching region when a calciun~ fluoride prism is used: the major band a t  2 940 cm-1 
and three peaks of inediunl intensity a t  2 850, 2 815, and 2 780 cin-l. Such bands appear 
to be associated mith tertiary anlines which have two or more adjacent hydrogens trans 
diaxial to the electron pair of the nitrogen (refs. 10, 11; see, however, ref. 12 for possible 
exceptions). 

On the basis of the above evidence for trans-fused rings, and the results of the equilibra- 
tion studies, the more stable low-melting nlaterial is assigned structure IVa with the 
carbethoxy group equatorial. The  isoineric ester is assigned the configuration with an  
axial carbethoxy and is represented by IIIa. After this work had been ccmpleted, Ohlti 
and Noike (13) published independently the structural assignment of the isonleric 
3-carbethoxyquinolizidines, in which essentially the saine methods of elucidation were 
employed. 

Once the coilfiguration of the aiuino esters had been determined, the preparation of 
the corresponding anlino acids was investigated. I-lydrogenation of 3-carboxy-6,7- 
dihydro-9-inethoxybenzo[a]quinoliziniur chloride (IIa),  using Adains catalyst in glacial 
acetic acid and in aqueous acetic acid solution, resulted in the formatioil of luixtures of 
amino acids as their hydrochlorides. Separation of the isoilleric compounds by fractional 
crystallization from absolute ethanol gave 46yo of the less soluble higher-melting isoiner 
later sl1011r11 to be the hydrochloride of IVb. The filtrate gave the lower-melting hydro- 
chloride of IIIb in .!joyo yield. The homogeneity of the different isomers mas sho~vn by  
paper chromatography . 

Treatment of the hydrochloride of IVb with exactly 1 equivalent of sodium hydroxicle 
afforded the anlino acid IVb in 9474 yield. The relationship of this ainino acitl ancl there- 
fore of its antecedent hydrochloride to  the amino esters mas deteriniiled by treating an 
ethanolic solution of the free ainino acid with ethereal diazoethane. The ainino acid IVb 
was converted to the amino ester IVa (equatorial carbethoxy) in a 93% yield. 

In the same inanner as above, the hydrochloride of IIIb was convertetl to the free 
ainino acid IIIb in 89Yo yield ancl this in turn was transformed into the ainino ester IIIa  
(axial carbcthoxy) in 72y0 yield by treatluent with ethereal diazoethane. 

The infrared spectra of these isoineric acids are of interest, in that IIIb with its axial 
carboxyl group can form an intranlolecular hydrogen bond while the isomeric amino 
acid IVb cannot forin such a bond unless the nitrogen atoll1 undergoes inversion to give 
the less favorable cisoid ring juncture mith the electron pair on nitrogen oriented equa- 
torially and the N-alkyl group oriented axially. Spectra of the amino acids in potassium 
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bromide pellets show that I I Ib  (axial carboxyl) has absorption peaks a t  2 860 cm-I 
(rn, C-H stretching), 2 740-2 580 cm-l (w, broad, characteristic of ainine salts), and 
two pealts associated with carboxyl absorption: 1 675 cm-I (s, broad, hydrogen-bonded 
associated carboxyl) and 1 590 cm-l (m, ionized carboxyl). 

The isomeric ainino acid IVb shows essentially the same peaks but there are significant 
differences in intensity and exact location. The 2 860 cnl-l peal: is allnost nonexistent 
and the absorption a t  2 720-2 580cnl-l is more intense than in IIIb. The carboxyl 
absorption, hoxvever, shows the greatest change. The free-carboxyl absorption has shifted 
to 1 650 cin-l and is present only as a shoulder. The ionized carboxyl a t  1 590 cm-l has 
increased greatly in intensity and is the most intense band in the spectrum. 

Paper chromatography of the two amino acid preparations indicated that the prepara- 
tions were homogeneous. The inore soluble cis inaterial I I Ib  moved faster under the 
conditions employed and a mixture of the two isomers was separated without difficulty. 

E X P E R I M E N T A L  

Infrared spectra were determined with a Perkin-Elmer (model 21) spectrophotometer fitted with a sodium 
chloride prism unless otherwise specified. Ultraviolet spectra were determined in 95y0 ethanol with a Cary 
recording spectrophotometer (model 11 MS) .  T h e  microanalyses were performed b y  Dr. S .  M .  Nagy and 
his associates. Melting points are uncorrected. 

N-(m-i1~et1zosyphenetlzyl)-6-curb0xy-2-~yrido~~e ( I )  
A mixture o f  2.0 g o f  methyl coumalate (4)  and 5 ml of  m-methoxyphenethylamine was converted to  

3.0 g (82%) o f  crude product, n1.p. 179-18l0, b y  the method o f  Wi ley  et ul. (3) .  Recrystallization o f  the 
material twice from 95% ethanol gave white crystals o f  I ,  1n.p. 180.5-181'. T h e  ultraviolet spectrum showed 
peaks a t  261 m p  ( e  16 100) and 303 m p  ( e  5 310). T h e  infrared spectrum (ICBr pellet) showed carbonyl 
peaks at 1 700 and 1 640 cm-l. 

Anal. Calcd. for ClSHlSNOd: C ,  65.92; H,  5.55; N ,  5.13. Found: C ,  65.62; H ,  5.54; N ,  5.08. 

3 - C n r b e t h o x y - 6 , 7 - d i h y d r o - 9 - ~ t z e t h o r y b e n ~ z i 2 1 m  Iodide ( I Ib )  
Following a known method (3 ) ,  we converted 1.4 g o f  N-(~tz-methoxyphenethyl)-5-carboxy-2-pyridone 

t o  1.8 g o f  IIb, 1n.p. 315-219" (decomp.) (recrystallized from ethanol-ether). T h e  ultraviolet spectrum showed 
~nas ima  at  220 ( e  23 BOO), 201 ( e  6 620), and 364 m p  ( e  27 320) and a shoulder a t  258 mp ( e  5 000). T h e  
infrared spectrum showed a carbonyl peal; a t  1725 cm-l. 

Anal. Calcd. for C17Hl8IN03: C ,  49.65; H,  4.41; N ,  3.41. Found: C ,  49.72; H ,  4.37; N ,  3.51. 

3-Carbethosy-6,7-dilz~~dro-9-~tzetlzoxybe~zzo[a]p~~i~~olieitziz~~n Chloride ( I I a )  and Perchlorate ( I I c )  
Cyclization o f  5.0 g o f  I using phosphorus oxychloride (3)  gave a product which was recrystallized from 

25 ml o f  water t o  give 4.2 g (72%) of  IIa, n1.p. 200-201°, raised to  20s-20g0 after recrystallization from 
ethanol-ether. 'The ultraviolet and infrared spectra showed essentially the same characteristics as described 
above for the corresponding iodide salt (IIb).  

T h e  filtrates from the above crystallizations were combined and treated with 2 ml o f  72y0 perchloric acid 
to  give 1.9 g (27%) o f  the perchlorate salt IIc, m.p. 210-212". A n  analytical sample recrystallized from 
aqueous methanol had m.p. 209-210' and suitable infrared and ultraviolet spectra. 

Anal. Calcd. for C I ~ H I ~ C I N O ~ :  C, 53.20; H,  4.74; N ,  3.65. Found: C ,  53.32; H,  4.64; N, 3.50. 

S-Carboxy-6,7-dihydro-9-~tzetl~oxybe~zeo[a]pz~inolizinium Perchlorate ( I I a )  
N-(nz-Methoxyphenethy1)-5-carboxy-2-pyridone (1.0 g) was cyclized as described above in the prepara- 

tion o f  IIb; however, water (30 ml )  rather than ethanol was used in the reaction with the  intermediate 
acid chloride. T h e  aqueous mixture was allowed t o  stand at room temperature for 10 min,  then 70 ml o f  
water was added t o  dissolve the precipitate. T o  the  solution was added 2.0 g o f  sodium perchlorate, a pre- 
cipitate forming immediately. T h e  suspension was cooled at 5' overnight and then filtered. Recrystallization 
o f  the precipitate from ethanol-water gave 2.0 g (S l yo )  of product, m.p. 270" (decomp.). T h e  ultraviolet 
spectrum has maxima a t  220 ( e  23 SOO), 284 ( e  6 650), and 355 i n p  ( e  33 400) and a shoulder a t  254 m p  
( e  4 900). 

Anal. Calcd. for C15HldClNO7: C ,  50.80; H ,  3.97; N ,  3.95. Found: C ,  50.78; H ,  4.01; N ,  3.88. 

S-Carboxy-6,7-diRydro-9-nzet1zoxybenl"o[a]noizi iz  Clzloride ( I e )  
T o  5.0 g of  N-(m-methoxyphe11ethyl)-5-carboxy-2-pyridone was added 35 ml o f  phosphorus oxychloride 

and 25 ml o f  xylene. After the  mixture was heated gently under reflux for 2 h,  the  volatile material was 
removed under reduced pressure. T h e  residue was dissolved in 125 ml o f  water and allowed to  cool slowly. 
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Filtration gave 5.3 g (98Y0) of product, m.p. 265-266". Maxima in the ~lltraviolet spectrum occur a t  220 
(e 9 600), 283 ( 6  7 460), and 355 mp (E 24 200) and a shoulder a t  254 mp (e 5 520). 

Anal. Calcd. for C~SHI.ICIXO~:  C, 61.75; H ,  4.84; N, 4.81. Found: C, 61.71; H, 4.96; N, 4.58. 

tra~ts-S-Carbetl~ory-l,S,4,6,7,llb-hexahydro-9-~~tetl~oxy-2II-be~tzo[a]qz~i~tol~izi~~e (IVa) Hydrochloride 
T o  a solution of 3.0 g of IIa dissolved in a inixt~ire of 24 1111 of acetic acid, 50 ml of ethanol, and 50 ml of 

water \\.as added 500 nlg of Ada~ns  catalyst. Hydrogen was introd~lced a t  atmospheric pressure and the sus- 
pension was stirred vigorously. After the hydrogen uptake ceased (8 h), the suspension was filtered and the 
filtrate was evaporated to dryness. The oil was dissolved in 15 ml of absolute ethanol, treated with Norit, 
and filtered. The product was crystallized from absolute ethanol-ether giving 2.3 g (76%) of IVa hydro- 
chloride, n1.p. 194-197", raised to 201-202.5' after recrystallization. The ultraviolet spectrum shows maxima 
a t  227 (e 8 630), 277 (e 1 755), and 284 mp (E 1 720). 

Anal. Calcd. for Cl7H?.iC1NO3: C, 62.66; H, 7.42; N, 4.30. Found: C, 62.55; M, 7.40; N, 4.10. 
The filtrate yielded an additional 500 mg of material, m.p. 115-170°, which appeared to  be a ~ n i x t ~ ~ r e  of 

the two isomeric hydrochlorides. 

tra~ts-S-Carbethoxy-l,S,/t,6,7,llb-ltexahydro-9-?~zetl1ox~~-ZfI-b~nzo[aqzci~oizite (IVa) 
Treatment of a solution of 5.3 g of IVa hydrochloride in 25 ml of water with a slight excess of dilute 

sodium hydroxide solution and recrystallization of the crude product from ethanol-\\later gave 4.5 g (96%) 
of IVa, n1.p. 47-50', raised to 51 -25 '  after one recrystallization. The ultraviolet spectrum of IVa has 
maxima a t  220 (E 9 275), 278 (e 1 S90), and 286 inp (e 1840). The infrared spectrum (in CC14, calci~lm 
fluoride prism) shows maxima a t  2 850, 2 815, 2 780, and 2 760 cm-l (C-H stretching of transoid-ring 
system) and (with sodium chloride prism) 1 730 cm-I (ester C=O) and two peaks a t  1 110 and 990 cm-1 
(characteristic of this trans isomer). 

Anal. Calcd. for Cl7Hz3N03: C, 70.56; M, 8.01; N, 4.84. Found: C, 70.54; H, 7.96; N, 4.75. 

cis-S-Carbetlzoxy-l,S,~,6,~,llb-ltexakydro-~-nzetIrosy-,OH-be~tzo[alpite (IIIa) 
rl mixture of 2.5 g of IIa, 100 ml of glacial acetic acid, and 200 nlg of rldams catalyst was shaken in the 

presence of hydrogen a t  atmospheric pressure until the theoretical amount of hydrogen was absorbed (7 h). 
The suspension was filtered and evaporated to dryness. The residue was dissolved in 50 ml of water to which 
dilute ammonium hydroxide was added until the mixture was alkaline. The aqueous suspension was extracted 
114th ether and the ether extract was washed with water until neutral. The solvent was removed under 
reduced pressure and the oil was crystallized from aqueous methanol yielding 1.85 g (8670) of product IIIa, 
1n.p. 83-86', raised to 85-86' on recrystallization from aqueous ethanol. The ultraviolet spectrum of IIIa 
has maxima a t  220 (e 9 720), 278 (e 1925),  and 286 inp (e 1850).  The infrared spectrum (in CCI4, calcium 
fluoride prism) sho\\~s maxima a t  2 850, 2 815, and 2 780 cin-I (C-H stretching of transoid-ring system) 
and (with sodiuln chloride prism) 1 735 cm-l (ester C=O) and two pealrs a t  1 100 and 1 076 cm-I (character- 
istic of this cis isomer). The n.1n.r. spectrum of IIIa in CDC13 shows signals centered a t  about 6.61, 6.74, 
and 7.12 p.p.rn. (tetramethylsilane = 0) for the 8-, lo-, and 11-hydrogens, respectively. 

rlnal. Calcd. for C171-123N03: C, 70.56; FI, 8.01; N, 4.84. Found: C, 70.67; H, 7.93; N, 4.80. 
The hydrochloride salt of IIIa was prepared by passing hydrogen chloride into an  ethereal solution of pure 

IIIa. The product was recrystallized from ethanol-ether, m.p. 210-211°, and gavc normal ultraviolet and 
infrared spectra. 

Eqzrilibratio?t Stzcdies of the cis and trans Iso?ners of S-Carbethoxy-l,S,~,6,7,llb-1texalzydro-9-ntetltoxy-2H- 
be~tzo[a]qzeiwolizine 

Standard curves of optical density vs. concentration were prepared from infrared data of synthetic mix- 
tures (10% solutions in CC14) of IIIa and IVa ~ising the 987 cnl-I peak and 1 076 cm-' peak of the trans and 
cis isomers respectively. 

(A) To 500 mg of IVa (m.p. 50.5-51.5") was added 10 ml of sodium ethoxide solution prepared from 500 mg 
of sodi~un in 50 ml of absolute ethanol. The solution was kept under a nitrogen atmosphere a t  room tempera- 
ture for 48 h. The solution was poured into 100 ml of ice water which was then extracted with ether. The  
ether extract \\.as washed until neutral and evaporated to give 450 mg of mixed amino esters. The oil was 
dried for 24 h a t  50' in vaczco. An infrared spectrum of the irlixture and utilization of the standard curves 
indicated the presence of 86% of IVa and 17% of IIIa. Normalization gives the equilibrium position as 
83.5y0 IVa and 16.5% IIIa. 

(B) T o  250 mg of IIIa (m.p. 85-85.4") was added 5.0 in1 of sodium ethoxide prepared from 500 mg of 
sodium and 50 1111 of absolute ethanol. The solution was kept under a nitrogen atmosphere a t  room tempera- 
ture for 48 h. The solution \\.as worlced up in the same manner as above to give.240 mg of mixed amino 
esters. The oil was dried for 24 h a t  50' i ~ t  vaczco. From the infrared spectrum of the mixture and utilization 
of the standard curves the mixture appeared to consist of 86y0 of IVa and 28y0 IIIa. Normalization gives 
the equilibrium position as 75.57, IVa and 24.5% IIIa. 

S-Carbetl~oxy-l,b,S,~,6,7-I~exaltydro-B-~~tetlto~ybenzo[a]qz~i~to1iei~tiz~n~ Percl~lorate (V) 
Both IIIa and IVa gave the same quinolizinium perchlorate after mercuric acetate oxidation. The pro- 

cedure used for each isomer was exactly the same and it is described below for the equatorial isomer IVa. 
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T o  a solution of 4.5 g of mercuric acetate in 25 nml of 5y0 acetic acid was added 1.0 g of tratts ester IVa. 
Mercurous acetate began precipitating withir~ 3 min as  the temperature of the mixture was raised to  60' 
and kept there for 2 h. Filtration gave 1.7 g (95y0) of mercurous acetate. The  filtrate was saturated with 
hydrogen sulfide and the suspension filtered through Celite. The  solution was concentrated under reduced 
pressure to  10 ml, a t  which point it was diluted to  50 1111 with absolute ethanol. The  solution was again 
concentrated to a volume of 10 nml under reduced pressure and 15 ml of absolute ethanol containing 0.5 in1 
of 70% perchloric acid was added. The  solution was diluted with ether giving 1.1 g of V, 1n.p 131.5-132.s0, 
and 90 mg, m.p. 139-131". The  sample melting a t  131.5-132.5' was analytically pure. The  i~ltraviolet 
spectrum of V has maxima a t  230 (E 5 890), 237 (E 7 400), and 323 mp (E 18 900) and a shoulder a t  244 n ~ p  
(E 5 680). 

Anal. Calcd. for C17H??CIX07: C, 52.65; H ,  5.72; N, 3.6'2. Found: C, 52.52; 11, 5.76; N, 3.64. 
The  cis amino ester gave 907; yield of V, m.p. 131.0-132.0". The infrared spectra of the products obtained 

from the isomeric esters are superirnposable and inixed melting point determination showed no depression. 

Reduction of S-Carbetkoxy-1,2,5,~,6,7-hexakydro-9-nzethoxybemo[alq1~i~t0li~i~tit~wt Perclilorate (V) 
T o  a suspension of 1.1 g of V in 50 rnl of glacial acetic acid was added 100 mg of Ada~ns  catalyst. Hydrogen 

was introduced a t  atmospheric pressure and the uptake was completed in 6 h. The suspe~lsioil was filtered 
and the filtrate evaporated to  dryness. The oil was dissolved in 50 ml of water and dilute amnmonium hydrox- 
ide was added until the mixture was basic. The suspension was extracted with ether. The  ether extract was 
washed with water to neutrality. The  ether was evaporated to  give an oil which was a mixture of the amino 
esters I I Ia  and IVa. The oil was dissolved in a methanol-water solution and 110 mg of IIIa,  m.p. 80.5-83", 
precipitated. Addition of water to  the filtrate followed by slow cooling precipitated 300 mg of IVa, m.p. 
46-48". 

Hydrochlorides of cis- and I r a n s - S - C a r b o x y - 1 , S , ~ , 6 , 7 , 1 1 b - I t e x a 1 t ~ ~ d r o - 9 - m e t ~ t e s  ( I I Ib  
and I Vb) 

A mixture of 4.5 g of 3-carboxy-6,7-dihydro-9-methoxybenzo[a]quinoizi1i~1m chloride (IIe), 400 rnl of 
acetic acid, and 400 mg of Adains catalyst was shaken in a hydrogen atmosphere a t  atmospheric pressure 
until the theoretical uptake of hydrogen had occurred (12 h). The  catalyst was removed and the filtrate 
evaporated to  dryness. The residue was leached with 30 n ~ l  of boiling absolute ethanol. The  insoluble 
material amounted to  2.1 g (46%) of the tralts isomer IVb, m.p. 274-28O0, raised to  287-288' after two 
recrystallizations from 95yo ethanol. 

Anal. Calcd. for C15H20CIN03: C, 60.50; H ,  6.77; N, 4.70. Found: C, 60.34; H,  6.70; N, 4.71. 
The  ethanol leach solution above was diluted to  a volume of 100 ml with ether giving 1.75 g (38y0) of 

the cis isomer IIIb, m.p. 231-235", raised to  235-239' on recrystallization froin aqueous ethanol-ether. 
Anal. Calcd. for CISH2aCIN03: C, 60.50; H ,  6.77; N ,  4.70. Found: C, 60.58; H, 6.88; N, 4.75. 
Paper chromatography of the isomeric amino acid hydrochlorides indicated that  the above materials were 

homogeneous as  far as was indicated by the development techniques used. From a spot of 100 y of each 
material was obtained a single spot. A mixture of 50 y of each was separated into two spots. The mobile 
phase for these experiments was methyl ethyl Iretoile to which ly0 nmethanol was added. Whatman No. 1 
paper was used and the spots were developed by passing the dried paper strip through a solution of iodine 
in carbon tetrachloride. The  compounds showed up as  yellow spots. 

c i s - S - C a r b o x y - 1 , S , ~ , 6 , 7 , 1 1 b - h e x a h y d r o - 9 - 1 ~ t e t 1 ~ o x y - a H - b e n e o [ a ~ i e  ( I I Ib)  
A solutioil of 1.1 g of the hydroclmloride of IIIb in 10 ml of water \\?as neutralized to  pH 7 \vith dilute 

sodium hydroxide. The solution was evaporated to dryness under reduced pressure and the residue was 
triturated with 50 ml of absolute ethanol. The  suspension was diluted to a volu~ne of 100 1111 with ether and 
then filtered, giving 859 mg (89%) of IIIb, 1n.p. 219-2240, raised to  224225' (with sintering a t  218'). 
The ultraviolet spectrunm of IIIb has masima a t  227 (E 9 110), 277 (E 1720),  and 285 mp (e 1680).  The infra- 
red spec t r~~ in  (I<Br pellet) exhibits a strong band a t  1 675 cm-I (hydrogen-bonded carboxyl) and a medium 
band a t  1 590 cm-I (ionized carboxyl). 

Anal. Calcd. for C16HlgN03: C, 68.95; 1-1, 7.32; N, 5.36. Found: C, 68.98; N, 7.37; N, 5.41. 
Paper chromatography of the inaterial melting a t  224-2'25' with the same system used for the hydro- 

chloride indicated that the material \\.as hoinogeneous. The  cis iso~ner moves more rapidly than the tram 
isomer (described below) and a mixture of the two isomers is separated. 

trans-S-Carboxy-1,S,~,6,7,1Ib-hexal iydro-9-1i tetI tox~~-2H-be1tzo[at~e (IVb) 
Colmversio~m of 500 mg of the hydrochloride of IVb by essentially the same process as described above for 

the preparation of 1116 gave 410 ing (93%) of IVb, m.p. 231-24O0, raised to  240-242' oil recrystallizatioil 
from aqueous ethanol. The  ultraviolet spectrum of IVb has maxima a t  227 (E 9 ZOO), 277 (E 1790),  and 
285 mp (E 1 730). The infrared spectrum (I<Br pellet) exhibits a shoulder a t  1 650 cin-I (hydrogen-bonded 
carboxyl) and a strong band a t  1 590 cnl-I (ionized carboxyl). 

Anal. Calcd. for C15HlgN03: C, 68.95; 11, 7.32; N, 5.36. Found: C, 69.10; H,  7.39; N, 5.42. 
Paper chromatography of a sample of IVb melting a t  240-242' indicated that it was homogeneous. 
Mixtures of the isomeric amino acids IIIb and IVb could be separated effectively by leaching thein with 
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anhydrous benzene. The axial isomer 1112, is much more soluble in benzene and it was removed completely 
from the mixture. Concentration of the benzene followed by slow cooling gave I116 in well-defined crystals. 

Correlation of the Anzino Acids I I I 6  and IVb with the Correspondi7zg Axial and Egz~ntorial Esters. Trcat~rzent 
with Diazoetkane 

(A) T o  a solution of 150 mg of IVb in 15 ml of 95% ethanol was added an excess of ethereal diazoethane 
solution (14).  The solution was stirred a t  room temperature for 3 h and then evaporated to dryness. The 
residue was dissolved in 50 ml of anhydrous ether, filtered, and evaporated to dryness to  give 160 mg (97.5%) 
of crude product. An infrared spectrum indicated that the material was the equatorial ester. Recrystalliza- 
tion of the oil from ethanol-water gave 145 mg (85%) of the equatorial amino ester IVa, m.p. 49-50'. 
The amino acid IVb and the corresponding hydrochloride therefore have equatorial carboxyl groups. 

(B) T o  a solution of 150 mg of I116 (softening 210°, m.p. 219-322") in 15 rnl of an ethanol-water mixture 
was added an excess of ethereal diazoethane. The solution was stirred for 2 h and then evaporated to  dryness. 
The residue was dissolved in 50 ml of anhydrous ether, filtered, and evaporated to dryness to  give 155 mg 
(93.5y0) of crude product. Comparison of the infrared spectrum to  that of the pure axial ester indicated that 
there was a small amount of the low-melting equatorial isomer present. The oil was crystallized from an 
ethanol-water misture to  give 119 mg ('i3yo) of the axial ester IIIa,  n1.p. 83-54". The amino acid IIIb 
and its corresponding hydrochloride therefore have axial carboxyl groups. 
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