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Abstract—The C(120)-C(2)-C(3) stercochemical relationship in several racemic 1.2,3,4,6.7,12,12b-octahydro-3-
methoxycarbonylindolo{2,3-a)quinotizine derivatives has been determined by ''C NMR spectral analysis. The
proper shift assigament was coafirmed by recording the spectra of selectively deuterated derivatives. Tbe shifts of
specific carbons are found to be coaformationally diagnostic. The C(12b)-C(2)-C(3) stereochemical relationship in
mmwwmmwxyﬁuncmnamhw
14{2-(3-indolyDethyl]3 S-dimethoxycarbonyipyridine derivatives is discussed.

In connection with our studies concerning the preparation
of indole alkaloid models of vallesiachotamine 1 type by
selective alkaline decarboalkoxylative cyclization of
partially hydrogenated 1 - [2 - (3 - indolyDethyI]3.S -
dimethoxycarbonylpyridine derivatives,' we found the
tetrahydropyridine derivative 2 (2 in Ref. 1; XV in Ref.
2) to yield both of the two possible diasterecisomers 3a
and 3b, but the tetrahydropyridine derivative 4 (3 in Ref.
1; XVI in Ref. 2) only one of the four possible dias-
tereoisomers Sa, 5b, Sc and 54. The analytical data
mmummmusms(smc.mm-
tively, in Ref. 1) of the prepared compounds were given,'
bmumeonndaedmmtopuhhhlhemnm
concerning their s Chmsfortheum!om
formation of C(12b)H-C()H trans compounds in the
akaline decarboalkoxylative cyclization of appropriste
tetrahydropyridines have been made,’ but the recent
ambiguity in the preparation of di-18,19-dihydroantir-
hmbyunmbnnm&od“hsdaﬂymm
the matter requires further in and makes a
proper determination of the C(12b)-C(2) stereochemical
relmouhlpmcompoundS(&de 1) of special

Rmﬂywehwdevebpedawbod‘pemmlhe
C(12b)-C(2) relationship to be chosen with a high degree
of stereoselectivity in the preparation of 1,2,6,7,12,12b -
hexahydro - 2 - methyl - 3 - methoxycarbonylindolo{2,3-
ajquinolizines 6 and 7 (11b and 12), respectively, in Ref.
6). This method, combined with the NaBH Jacetic acid
reduction”® of the formed C(2) epimers to the cor-
responding  1,2,3,4,6.7,12,12b-octashydrocompounds Sa,
5, Sc and S4, made all four possible stereoisomers
available for analysis. Moreover, the NaBH Jacetic acid

tIV. M. Lounasmas and C.-J. Jobaasson, Tetrahedron 33, 113
(l’ﬂ).mwatmht’lwuumduuﬂad

reduction of the recently described'® 1,2,6,7,12,12b -
hexahydro - 3 - methoxycarbonylindolo{2,3-a)quinolizine
8 (8 in Ref. 1; 11a in Ref. 6) permitted the additional and
easy preparation of compounds 3s and 3b. Thus the time
appeared ripe for a detailed determination of the stereo-
chemistry of all of the above-mentioned 1,2,3,4,6,7,12,12b-
:uhydroindololz.}alquinolizim.k.k.h.a.kmd

During the last few years, ’C NMR analysis has
provea to be a powerful tool for the structure elucidation
and analysis of organic compounds. The advances in the
field of stereochemical determinations have been espe-
cially notable. Hence, '’C NMR analysis seemed to be
the méthode de choix for the determination of the
stereochemistry of compounds 3a, 3b, Sa, 5b, S¢ and 54,
and the results described in the present report were
mainly obtained by this method.

RESULTS

The NaBH/Jacetic acid reduction’® of the recently
described'® 1,2,6,7,12,12b - hexahydro - 3 - methoxy-
carbonylindolo{2,3-alquinolizine 8 (8 in Ref. 1; 1la in
Ref. 6) afforded compounds 3a and 3d in good yield.
Similar treatment of the recently described® C(2) epi-
meric 1,2,6,7,12,12b - hexahydro - 2 - methyl - 3 -
methoxycarbonylindolo{2,3-a]quinolizines 6 and 7 (11d
and 12b, respectively, in Ref. 6) yielded compounds Sa,
$b, Sc and 54.

Several selectively deuterated analogues of com-
pounds 3a, 3, Sa, 50, Sc and 54 were needed for com-
parison. The replacement of NaBH, by NaBD, in the
NaBH Jacetic acid reduction (vide supra) permitted the
preparation of monodeuterioderivatives 3a-4-d,, 3b-4-d,,
Sa-4-d,, o-4d,, Sc-4-d, and Sd-4d, with high deuterium
cootent.$ The dithionite reduction® of 1 - [2 - (3 - in-
dolyl)ethyl] - 3 - methoxycarbonyl pyridinium bromide 9
(I in Ref. 2; 4a in Ref. 6) in D,O/CH,0OD afforded 4 -
deuterio - 1 - [2 - (3 - indolyD)ethyl] - 3 - methoxycarbonyl
- 1,4 - dihydropyridine 10-4-d,, which was transformed
by acid-induced cyclization to 2 - deuterio - 1,2,6,7,12,12b

- hexahydro - 3 - methoxycarbonylindolo{2,3-a)quinoliz-
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ine 6-2d,. The NaBH/Jacetic acid reduction yielded
monodeuterioderivatives 3a-2-d, and 30-2d,.

Compomdsh—bnnd!o—dmemmeonfomnoml
equilibrium by nitrogen inversion and cis-decalin type
ring interconversion (Scheme 1; only one enantiomer is
illustrated). The conformer with a trans diaxial C/D ring
juncture is not possible. Ring C is assumed to be in the
hll-c!nweonfamnooandonlythechnfomsolm
D are considered.

The trans C/D quinolizine ring juncture can be esti-
mtedtoheloﬁllmolmmblethnthemmg
juncture.t This supports the preponderance of coafor-
mation & in the conformational equilibrium of all com-
pounds examined except b, where the equilibrium is
slightly shifted in favour of conformation ¢.

1The trens diequatorial juacture in quinolizine itself has been
m:obemwnamw-a)mmmum
m

$About 60% of ¢. Based on an A-value difference of
0.8 kJ/mol. A-valucs used for a methyl group and a methoxycar-
bosyl group are 7.1kJ/mol (1.7kcal/mol) and 4.6kl/mol
(1.1 kealmol), respectively.” As a fisst approximation, the A-
values are assumed to be additive. The small noobonded inter-
actioas present ia conformers b and ¢ of several compounds,
which further favour cosformer s, are not takea into account.
§ln mobile systems where several coaformations are possible |
the chemical shift of any givea proton will be the weighted time
awdhwﬂunmmwmﬁ-h
question, provided that the conformational interchange is rapid. |
The C(120)H signal appearing at 8 4.10 in the 'H NMR spectrem *
of 5 is in full agreement with the conformational considerations
presentod (side suprs).

[

9 %
Scheme 1. Coaformational equilibrium of compounds 3a-d sad
Se-d.

The preponderance of conformation a in all tetracyclic
compoundsexmmedexcep!h is also supported by 'H
e y. The absence of any signal downfield

conldhenmdtotheC(lzb)Hu

characteristic of conformation a (trens-quinofizine

mm)""‘Ommtothednnmeucduplmm

effect of the electron pair of the basic nitrogen, it can be

expected that in conformations b and ¢ (cis-quinolizine

mmu)thC(l!b)HsunlquO.Sm
lower field.'*§

Moreover, the intensities found for the so-called
Bohimann bands™ in the IR spectra of the tetracyclic
compounds examined are in agreement with the con-
. formationa! conclusions preseated (vide infra).
| The C(12b)-C(2)-C(3) stereochemical r:hnomml:
med(orh—bmds.-dmmmmdby'
NMR spectral analysis. The fully proton-decoupled
spectra of 3a, 3, Se, 50, Sc 54 and 12, as well as of the
intermediate 1,4-dihydropyridine derivatives 10 and 11,
' taken in CDCl,, showed the chemical shifts depicted on
the formulas. The proper shift assignment was confirmed
by single-frequency, off-resonance decoupled (sford)



Synthetic studies in the alkaloid field—V

ne

\ COOMl

H i ns
[ ]

3d » b}
Table 1. "'C Chbemical shifts of deuterated indolo{2,3-a}
Jedy B Jebea N S Srbg Sedet, 344

cQ1) 29.2 27.2 29.0 27.0 3.1 n.6 37.4 33.6
€(2) 27.1 4.4 28.? 28.0 33.1 2.5
c(3) 41.9 40.4 41.6 40.3 M,9 48.9 49.6 43.1
c(4) 7.1 54.8

c(6) 33.3 53.0 $3.1 2.8 33.1 s1.7 52.3 32.9
[{¢)]) 21.8 20.8 21.7 20.3 21.6 18.2 21.7 21.5
C(7a) 108.1 108.4 108.1 108.1 108.4 107.8 107.? 107.8
c(mn) 127.2 127.6 127.2 122.5 127.3 127.6 127.2 127.3
c(8) 118.2 118.1 118.0 118.0 118.0 112.9 118.1 118.0
c(9) 119.5 119.3 119.3 119.) 119.3 119.3 119.4 119.3
€(10) 121.% 121.4 121.3 121.3 121.3 121.3 121.4 121.2
c(11) 110.8 110.8 110.7 110.7 110.7 110.8 110.7 110.7
C(l1e) 13.0 136.1 1%.0 135.9 136.0 135.7 13.0 136.0
C(12s) 1.5 1.3 134.3 134.0 134.4 133.1 1M.1 134.8
c(1v) 9.9 58.6 9.4 38.3 53.6 53.7 39.1 9.6
Mo 13.9 19.3 20.0 19.0
Qe 51.6 1.7 51.7 51.?7 51.9 1.3 51.6 1.2
C=0 174.2 124.0 174.1 124.0 173.6 174.1 174.1 123.2

+All the uo'etn were recorded in e,y solutioa.

The § values are fa parts per million dowvnfield from lh‘ll.

spectra, by recording the spectra of selected deuterated
derivatives (Table 1),t and by comparison with the ear-
lier shift assignment. 7-**

1The proper shift assigament of C(4) (22.0 ppm) in compouad

10 was confirmed by the spectrum of the 4-d, counterpart of 10.
$An excelleat illustration of this is the interpretation of the
spectrum of compound Sb: the sigaals of the carboas C(3) and
C(@) of the nondeuvterated compound appear at 49.2 and
48.9 pp, respectively, but in the spectrum of the 4d, counter-
pert at 43.9 and 48.5 (apparent triplet) ppa. In the present case
the correct assignment of the signals could be confirmed by
single-frequency. off-resonance decoupled (sford) spectrum of
compound Sb-4-d,.

The replacement of one of the two hydrogeas by
deuterium on a C atom causes a strong disturbance in the
corresponding '’C signal. This effect follows from the
increased spin-lattice relaxation time (T,) of the deu-
terated carbon, from the increased complexity due to the
C-D splitting, and from the decreased inteasity due to
the decreased nuclear Overhauser eflect (NOE). The
signals of the partly deuterated carbons show, in general,
an uplield shift of 0.2-0.5 ppm. The carboas adjacent to
thedemauedonesshowusimilu.mm
shift. In consequence of this, great caution needs to be
exercised in interpreting by deuteration the signals of
carbons possessing very similar chemical shifts.$
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A comparison of the chemical shifts of C(3), C(2), C(4)
and C(1) in 12, 38 and 3» gives clear evidence of the
stereostructures depicted in the formulas. Especially, the
y-shielding effect at C(1) in 3b is characteristic. The
results seem to indicate that equatorial methoxycarbonyl
groups cause a-, 8- and y-deshielding effects of ca. 16, 2
and 0 ppm, respectively, and that axial methoxycarbonyl
groups cause a- and B-deshielding effects of ca. 14 and
0 ppm, respectively, but a y-shielding effect of ca. 3 ppm.
However, the conformational considerations (vide supra)
must be taken into account.

Takinglhecl\emialnhilufoundforhmdlbua
basis, the equatorial and axial Me group a-, 8- and

y-parameterst were used to predict the chemical shifts
of C(2), C(1), C(3), C(12b) and C(4) in Sc and 5a, and 5d
and S, respectively. A comparison of the observed and
calculated chemical shiftst (Table 2), keeping the con-
formational considerations (vide supra) in mind, fully
confirms the C(12b)-C(2)-C(3) stereochemical relation-
ships presented for Sa-d.

The chemical shift of C(7) reflects the contribution of
different conformations to the conformational equili-
brium (due to the involvement of C(7) with C(4)),
whereas the chemical shift of C(12b) is in the first place
influenced by the y-effect of the C(2) methyl substituent.

Taking the chemical shifts found for C(7) in cis- and
trans - indolo{2,3 - alquinolizine systems (21.8 and
168 ppm, respectively)§ as a basis, the present confor-
mational equilibrium between conformers a and ¢ (the
contribution of conformer b is considered to be negligi-
ble) can be estimated with a relatively high degree of
accuracy (vide supra)

The compounds (Sa, 5b and 6a in Ref. 1) obtained by
selective alkaline decarboalkoxylative cyclization' of
partially hydrogenated 1 - {2 - (3 - indolyl)ethyl] - 3,5 -
dimethoxycarbonylpyridine derivatives proved to be
identical (m.p., TLC, "’C NMR) with 3a, 3b and Se,
respectively, and thus their sterecochemistry was settied.
The stereochemistry found for Sa (6a in Ref. 1) indicates
that in the case of 1 - [2 - (3 - indolyl)ethyl] - 3,5 -
dimethoxycarbonyl - 4 - methyl - 14,56 - tetrahydro-
pyridine 4 (3 in Ref. 1; XVI in Ref. 2) the alkaline
decarboalkoxylative cyclization leads to C(120)H-C(2)H
trans configuration, which, however, in all evidence is a
consequence of the C(4)H-C(S)H cis relationship in the

tFor an equatorial Me group, 5.6, 8.9 and 0.0 ppm, respec-
tively.’Fot an axial Me group, 1.1, 5.2 and - 5.4 ppm, respec-
tively

tFor calculations the compounds were considered, as a first
approximation, to be totally in the cooformation a.

§The values 21.8 and 16.8 ppm represent the shifts found for
the signals of C(7) in cis- and trams - 2 - t - butyl -
1234671212 - octahydroindolof{2.3-a)quinolizine, respec-
tively (2 and 3 in Ref. 17). It has been estimated that in the case
of the cis-2-t-butyl derivative the coatribution of conformer a to
the conformational equilibrium is at least 95%, whereas in the
case of the troms-2-1-butyl derivative the contribution of con-
former ¢ exceeds 99.9%. It is sssumed, that the values 21.8 and
16.8 ppm represent relatively well also the chemical shifts of C(7)
in pure conformations a and ¢ of 5 and 3.

¥Correlation of the value 18.6 ppm, found for the signal of C(7)
in compound 58, with the values 21.8 and 16.8 ppm indicates that
the coatribution of conformer ¢ (0 the coaformational equili-
brium between a and ¢ is about 60%. This is in good agreement
with the thermodynamic calculations (vide suprs). Similarly, the
value 20.7ppm found for the signal of C(7) in compound 3%
indicates that the coutribution of conformer ¢ to the coafor-
mationa) equilibrium is about 20-25%.

Table 2. Comparison of the observed and cakculated '’C chemical shifts for C(2), C(1), C(3), C(12b) and C(6) in compounads 3a, 30, S, Sb. Sc and 5d

Cale. for an Cale for aa
og. a’-gnq ax. ﬂ’m »

3l

Cale. for an
ax. Ciiy~growp

Calc. for an

0. Ciy-growp

a

33.6

45.3

s7.8

20.7

M.

3.5

0.7
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intermediate 1.4.5,6-tetrahydropyridine derivative 4,'%t
and thus cannot be used by way of analogy to resolve the
ambiguity existing in the preparation of di-18,19-dihy-
droantirhine (vide supra).

EXPERIMENTAL

The IR spectra were measured oa a Perkin-Elmer 237 appars-
tus and the UV spectra on a Perkin-Elmer 137 UV apparnatus.
Tbe'll NMR spectra were taken with a Jeol JNM-PMX-60
instrument and the '’C NMR spectra with a Jeol JINM-FX-100
instrument operating a! 25.20 MHz in the Fourier transform
mode. TMS was used as internal standard. The mass spectra
were recorded either on a Jeol JMS-D-100 Mass Spectrometer or
on a Hitachi Perkin-Elmer RMU 6E Mass Spectrometer at 70¢eV
using direct sample insertion into the jon source, whose temp.
was 100-120°. ‘l‘heelemenhloonpotmoumumlotlhe
molecular ions were confirmed by mass
measurements. The m.ps were determined in a BOchi capillary

m.p. apparatus and are uncorrected.
4 Deuterio - 1 - (2 - ( - indolyl)ethyl] - 3 - methoxycarbonyl - 1.4 -
sodium dithionite was added in

magaetically stirred
md’ﬂlowudNaHCO, (3.5g) in 40m! of D;O/CH,;0OD
{1:1) under N,. The mixture was stirred for 20 hr, the CH,O0D
evaporated off under vacuum, and the mixture extracted several
times with dichloromethane. The extracts were washed with
water, dmdomNa,SO..ndenpomdnndumm
residue was chromatograpbed oa alumina (act. IV), giving 496 mg
(78%) of a solid whose recrystallization from MeOH yielded
1044, as yellow crystals, m.p. 119-123°; MS M* at m/e 283.
Other noteworthy peaks at m/e 282, 268, 252, 153, 144 and 130.
2 - Denterio - 126,1,12,12b - hexahydro - 3 - methoxycer-
bonylindolo[23-a)quinolizine 8-2-d,. A soln of 10-4-d, (496 mg)
in anhyd McOH was saturated with dry HCl gas during s 2hr
period. The soln was left standing at room temp. for 18 hr and
then slowly poured into a suspension of NaHCO, in dich-
loromethane. The inorganic salts were fltered off and the dried
filtrate evaporated under vacuum. The residuc was chromato-
grapbed on alumina (act. 1V), giving 489 mg (90%) of a solid
whose recrystallization from McOH yielded 8-2d, as yellow
crystals, m.p. 170-172°; MS M* at m/e 283. Other noteworthy
peaks at m/e 282, 252 and 224.

NaBHJacetic acid reductions.

Generul procedure. Sodium borohydride (or sodium borodeu-
teride) was added in small portions to an externally cooled,
magnetically stirred soin of 1.26.7.12.12b - hexabydroindolo{2.3-
a)quinolizine derivative in glacial ACOH. The soln was allowed to
reach room temp. and the stirring was continued for | be. Water
was cautiously added and the soln slowly poured into s suspen-
sion of NaHCO, in dichloromethane. The inorganic sakts were
filtered off and the dried fiktrate evaporated under vacuum. The
residue was chromatographed on alumina (act. [V). The com-
ponents were separsted by preparstive silicagel plates.$

1Similar stereochemical results have been obtained by Wen-
kert®' in the preparation of di-3-isocorymantheidol (31a in Ref.
21) by alkaline decarboalkoxylative cyclization of the appropriate
tetrahydropyridine derivative (30 in Ref. 21). In this case the
COI2MH-C()H trans configuration found (corresponding to the
C()H-C(I15)H trans configuration when the biogeoetic number-
muutﬂw)umlllcvdeneeaholeomolm
COH-C(SIH cis relationship in the intermediate 1.4.56-tetra-
hydropyridine derivative used, M sn intermediate car-
hinotamine tiher § cannot be completely excluded.

1The ratio found between the amounts of differest C(3) epimers
varies slightly due to the easy epimerization of C(3).

- mie 288. Other poteworthy peaks at

“)

1234,6.1.12,120a - Octahydro - 3a - methoxycarbonylin -
dolo[2.3-a)quinolizine Ja and 123.46,7,12,120a - octahydro -
38 - methoxycarbonylindoio[2,3-a)quinolizine 3b. Reaction be-
twees § (230 mg) NaBH, (2.0g) sad 60 mi glacial AcOH yiclded 3
mixture of Je and 3.

Compound 3a (100 mg), m.p. 192-19¢° (MeOH): IR (CHCly)
Bohimann bends 2810 (m) and 2760 (m) C=O 1730 (s) cm™'; UV
(EtOH S4%) A, 203 (indl.) (¢18.450), 226 (¢ 40,350), 284 (¢ 9100)
and 291 (01930)11-. Apye 206 (indl.), 249 s0d 209 nm; 'H NMR
(CDCl,) 83.72 (3H, s, -COOCH,) and 8.4] (1H, s, N-H); MS M’
at m/e 284 corresponding 10 C,,HyyN,0,. Other noteworthy
peaks at m/e 283, 269, 253, 225, 184, 170, 169 and 156.

Compound 3 (T0mg), m.p. 223-225* (MeOH). IR (CHCly)
Bohimann bands 2805 (w) aod 2760 (w) C=O 170cm™'; UV
(EtOH 54%) A, 205 (¢ 14,050), 227 (¢ 28.400), 285 (¢ 6670) and
292 (¢ 5960) nem. A ., 207, 250 and 289 nm; 'H NMR (DMSO-d) 8
3.59 (3H, s, -COOCH,). MS M"* ot m/e 284 corresponding to
CnHyuN;0,. Other noteworthy peaks at e 283, 269, 253, 225, 184,
170, 169 and 136.

2 - Denterio - 12344,1,12,12ba - octehydro - 3a - methoxy-
carbonylindolo[2,3-a)quinolizine 30-2-d, ond 2 - demterio -
12346712120 - octahydro - 38 - methoxycar-
bomylindolo{2,3-a 30-2-d,. Reaction between 8-24,
(425 mg), NaBH, (3.0g) and 90 ml glacial AcOH yielded a mix-
ture of 3e-2-d, and -2d,.

Compound 3e-2d, (121 mg), m.p. 194-195° (MeOH); MS M" at

mie 284, 270, 254, 226, 184,
170, 169 and 156.

Compound 3-2d, (114 mg), m.p. 226-227° (McOH); MS M"* at
me 285. Other noteworthy peaks at mfe 284, 270, 254, 226, 184,
170, 169 and 136.

4 - Denterio - 12346.1,12,12ba - octehydro - 3a - methoxy-
carbonylindolo[2,3-alquinolizine 3o4-d, and 4 - demterio -
1,234.6,7,12,12ba octakydro - 3B - methosycar-
bonylindolo[2.3-a)quinolizine 3-4-d,. Reaction between' §
(297 mg), NaBD, (20g) and 60 ml giacial AcCOH yielded 3 mix-
tre of Je-4-d, and 3-44d,.

Compound 3a-4d, (135 mg), m.p. 191-192° (MeOH); MS M*
at mje 285. Other noteworthy peaks at m/e 284, 270, 254, 226,
184, 170, 169 and 156.

Compound 3-4-d, (19 mg), m.p. 225-226° (MeOH); MS M° at
mie 285. Other noteworthy peaks at mie 284, 270, 254, 226, 184,
170, 169 and 156.

12346.2,12,12ba - Octahydro - 2a - methyl - 3a - methoxy -
carbonylindolo[23-a)quinolizine Sa and 123446.7, ll.mt
octshydro - 2a - methyl - 3f - methoxycarbonylindolo[2,3-
s)guinolizine $b. Reaction between 6 (305 mg), NaBH, (20g)
and 60 ml glacial ACOH yielded a mixture of Sa and 5.

Compound Sa (4mg), m.p. 172-174° (MeOH); IR (CHCI,)
Boblmann 2820 (w) and 2770 (w) C=O 1730 (s) cm~'; 'H NMR
(CDCl,) 8 1.06 3H, d, ] = 6 Hz, <CH,), 3.72 (3H, 3, -COOCH),),
3.90 (1H, m, C(12b)-H, partly masked) and 7.88 (1H, br s, N-H);
MS M’ at m/e 298 corresponding to C,oHpN,0;. Other note-
worthy peaks at mie 297, 283, 267, 299, 184, 170, 169 and 156.

Compound % (S4mg) m.p. 186-187° (MeOH): IR (CHCIy)
Bohimann 2810 (vw) and 2760 (vw) C=0 1730 (s) cm~*; 'H NMR
(CDCl,) 8 0.98 (3H, d, ] = 6 Hz, -CH,), 3.59 (3H, 3, -COOCH,),
4.10 (1H, br s, C(12b)-H) and 7.78 (1H, br s, N-H); MS M* at
mie 298 comrespoading 10 C gHpuN,0,. Other noteworthy peaks
at mle 297, 283, 267, 239, 184, 170, 169 and 156.

4 - Denterio - 12346.1,12,12ba - octahydro - 2a - methyl - 3a
- methoxycarbonylindolo[23-a)quinotizine Sa-4-d, and 4 - dex-
terio - 12346.1,12,12ba - octahydro - 2a - methyl - 38 -
methoxycarbonylindolo(2,3-a S0-4-d,. Reaction be-
tween 6 (321 mg), NaBD, (2.0g) and 60 ml glacial AcOH yielded
s mixture of Sa-4-d, and S04d,.

Compound Sa-4-d, (111 mg), m.p. 171-173° (MeOH); MS M* at
mie 299. Other noteworthy peaks at mje 298, 284, 268, 240, 184,
170, 169 and 156.

Compound S0-4-d, (69 mg), m.p. 185-186° (MecOH); MS M° at
mie 299. Other noteworthy pesks at m/e 298, 284, 268, 240, 184, 170,
165 and 156.

1234L7121%8a - Octakydro - 2fi - methyl - 3a - methoxy -
carbonylindolo[2,3-a Jquinolizine Sc¢ end I2.3.4.6.1 1z.m¢ -
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octahydro - 28 - methyl - 38 - methoxycarbonylindolo{2,3-
alquinolizine 5d. Reaction between 7 (250 mg), NaBH, (2.0g)
and 60 mi glacial AcOH yielded a mixture of Sc and 5d.
Compound Sc¢ (71 mg), m.p. 170-171° (MeOH); IR (CHCl,)
Bohlmann 2810 (m) and 2760 (m) C=0 1730 (s) cm™'; 'H NMR
(CDCl,) 8 0.98 (3H, d, ] =6Hz, -CH,), 3.67 (3H, s, -COOCH,)

and 7.87 (1H, br s, N-H); MS M"* at m/e 298 corresponding to”

CigH2N20,. Other noteworthy peaks at m/e 297, 283, 267, 239,
184, 170, 169 and 156.

Compound 54 (49 mg), m.p. 171-173° (MeOH); IR (CHCl,)
Bohimann 2805 (w) and 2760 (w) C=O 1730 (s) cm™"; 'H NMR
(CDCl,) & 1.10 (3H, d, J = 6 Hz, -CH,), 3.67 (3H, s, -COOCH,),
3.90 (1H, m, C(12b)-H, partly masked) and 8.14 (1H, br s, N-H);
MS M* at m/e 298 corresponding to C,;H;,N,0,. Other note-
worthy peaks at m/e 297, 283, 267, 239, 184, 170, 169 and 156.

4 - Deuterio - 12,3,4,6,1,12,12ba - octahydro - 28 - methyl - 3a
- methoxycarbonylindolo[2,3-alquinolizine Se-4-d, and 4 - deu-
terio - 123,4,6,7,12,12ba - octahydro - 28 - methyl - 38 -
methoxycarbonylindolo[2 3-alquinolizine 5d-4-d,. Reaction be-
tween 2 (151 mg), NaBD, (1.0 g) and 30 ml glacial AcOH yielded
a mixture of Se-4-d, and Sd-4-d,.

Compounds Sc-4-d, (52 mg), m.p. 170-171° (MeOH); MS M* at
mje 299. Other noteworthy peaks at m/e 298, 284, 268, 240, 184,
170, 169 and 156,

Compound 58-4-d, (26 mg), m.p. 171-172° (McOH); MS M* at
mje 299. Other noteworthy peaks at m/e 298, 284, 268, 240, 184,
170, 169 and 156,
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