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N-Alkylthiocarbonyltryptophan (2a—i) and tryptamine (2j—m) derivatives can be converted
into the corresponding 3,4-dihydro-f-carbolines (3) under mild conditions by the use of alkylating
or acylating agents. The NaBH, reduction of 1,3-disubstituted 3,4-dihydro-p-carbolines (3a—i)
gave cis- (5) or trans-1,2,3,4-tetrahydro-f-carbolines (6) with satisfactory stereoselectivity. The
synthesis of optically active 3a, b and 5a, b is also described.

Keywords——N *-thioacyltryptophan; 3,4-dihydro-f-carboline-3-carboxylate 1-substituted;
1,2,3,4-tetrahydro-f-carboline-3-carboxylate 1-substituted; alkylthioiminium salt; Bischler—
Napieralski reaction; Pictet—Spengler reaction; Lawesson’s reagent

We recently reported a new synthetic route providing acid- and base-sensitive 3,4-
dihydro- (3) and 1,2,3,4-tetrahydro-B-carboline nuclei, (5 and 6), from tryptophan and
tryptamine derivatives under mild reaction conditions.!* The route involves the preparation
of an N“-thioacyl derivative (2), cyclization of 2 to 3 via a thioiminium salt (4) by treatment
with an alkylating or an acylating agent, and the stereoselective reduction of 3 to 1,2,3,4-
tetrahydro-f-carbolines (5 and/or 6) with sodium borohydride. In this paper, we present full
details of the above studies.
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Chart 1

Synthesis of 3,4-Dihydro-p-carbolines (3)

Although the Bischler—Napieralski (B.—N.) reaction is the most common method for the
synthesis of 3, the reaction is usually conducted by heating an amide with a dehydrating agent
(phosphorus oxychloride or phosphorus pentoxide).> Under these rather drastic conditions,
N*-acetyltryptophan and its ester analogs yield 1-methyl-f-carboline (harman) instead of 1-
methyl-3,4-dihydro-f-carboline-3-carboxylic acid derivatives, owing to the accompanying
aromatization and decarboxylation.® Several improved methods using polyphosphate ester,”
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mercuric chloride,® and acetyl chloride—trifluoroacetic acid” under milder conditions have
been reported by other groups. Recently we found that N*methylthiocarbonyltryptophan
methyl ester (2a), prepared from the corresponding N *-acetyl derivative (1a) by treatment with
Lawesson’s reagent,® was readily converted to methyl 1-methyl-3,4-dihydro-f-carboline-3-
carboxylate (3a) by the reaction with methyl iodide in acetone at room temperature. Since the
reaction conditions are very mild and almost non-acidic, this method should be applicable to
the synthesis of a variety of sensitive 3,4-dihydro-S-carbolines as an improved B.—N. reaction.

CO2CH3 CO2CH3 CO2CH3
| 1l + |+
KI":]&(NI H R&X ﬂ NH - -R4SH @:{J:;N(H X"
2a 4a 3a
CH30H
CO2CH3
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la : R=COCH3
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Chart 2

Initially we examined the reaction of 2a with various alkylating and acylating agents
(R*X) in different solvents (Chart 2). Table I summarizes the results. Most reagents (R*X) are
effective for this cyclization reaction, giving 3a in a fair to good yield. However, the Meerwein
reagent (Et;O " BF, 7), tosyl chloride, and trimethylchlorosilane were not favorable, because
the reactions with these reagents were very slow and the reaction mixtures showed con-

TasLe 1. The Cyclization of N*-Methylthiocarbonyltryptephan
Methyl Ester (2a)

CO2CH3 CO2CH3
@—r\( R4 X +
J NH —_— U EINH
N 5;‘ ©rN£;( -
H H X
2a 3a
Reaction conditions
Entry R*X Yield of 3a (%)
Solvent Temp. Time (h)
1 CH,l CH,OH r.t. 24 —a
2 CH,I CH,COCH; r.t. 24 90
3 CH,l CH,Cl, Refl. 24 90
4 CH;,l CH,CN 50°C 15 84
5 C¢H,CH,Br CH,CIl, Refl. 24 82
6 CH,=CHCH,Br CH,Cl, Refl. 48 84
7 C¢H,CH,Cl CH,Cl, Refl. 72 16
8 CzH,COCl CH,Cl, - Refl. 24 83
9 CH,COCl1 CH,Cl, Refl. 24 72
10 CICO,C,H; CH,COCH, r.t. 48 38

a) The reaction gave a mixture of 1a and 7.9
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siderable coloration. As for solvents, aprotic ones are generally usable and no significant
difference was observed among them. On the other hand, protic solvents such as methanol
(entry 1) did not give a cyclized compound but a mixture of tryptophan methyl ester (7)° and
its N*-acetyl derivative (1a).

We next investigated the cyclization of a variety of N*thioacyltryptophans (2b—i) and
N°-thioacyltryptamines (2j—m) under similar conditions. Various tryptophan derivatives,
upon treatment with methyl iodide, gave the corresponding 3,4-dihydro-f-carbolines in good
yields (Table II). The compounds (2¢, d, f) which have bulky substituents (cyclohexyl, terz-
butyl, or N*-benzyl) also cyclized under the conditions described to give 3¢, d, f in satisfactory
yields (entries 12, 13, and 15). Only N*-cyclohexylthiocarbonyl-1-methyltryptophan methyl
ester (2i) did not undergo smooth cyclization. The reaction was very sluggish and gave a poor

TaBLE II. The Cyclization of the Thioamides (2b—i) with Methyl Iodide

O,CH3 02CH3
] N-R3 CH3l - I *N—-R3

N N -
s

Al =I(Rz Mgz !
i 3b—i

Reaction conditions

Entry 2 Yield of 3 (%) mp (dec.) °C
Solvent Temp. Time (h)

11 b CH,Cl, Refl. 24 83 191—193°
12 ¢ CH,CN 50°C 24 80 2152179
13 d CH,CN 50°C 60 52 180—181%
14 e CH,COCH, Refl. 48 86 169—170°
15 f CH,Cl, Refl. 24 62 203—205%
16 g CH,CN 50°C 24 88 169—170°
17 h CH,CN 50°C 96 79 180—1819
18 i CH,CN 50°C 96 3340 159—1619

a) The starting material (2i) was recovered unchanged in around 359 yield. b) 3b (X=Br) was
obtained in 399 yield when 4-nitrobenzy! bromide was used instead of CH,I. ¢) Recrystallized from
CH;OH-is0-Pr,0. d) Recrystallized from CH;OH. e) Recrystallized from iso-PrOH.

TaBLE III. The Cyclization of the Thioamides (2j—m) with Alkyl Halide

4
O e —RX L -3
: s CH3CN : Z

X
R? refl. R2
2j—m 3j—m
Entry 2 R*X Reaction time (h)  Yield of 3 (%) mp (dec.) °C»
19 j CH;l 24 83 2732175
20 k CH;l 24 72 259—260
21 I CH,I 24 289 —
22 1  CH,CH,Br 48 70 266—267
23 1 4-NO,C,H,CH,Br 15 90 266—267
24 m CH,I 5 43 263—264
25 m C¢H,CH,Br 2 56 277—278
26 m  4-NO,C,H,CH,Br 4 76 277278

a) Isolated as the free base, mp 198—200°C. b) All products were recrystallized from CH;OH.
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yield of 3i, along with the unchanged starting material. The use of other alkylating agents
failed to improve the yield of 3i.

Table III shows the results of the similar cyclization reaction of tryptamine derivatives.
All the reactions were carried out in refluxing acetonitrile, because they were generally slower
than those of tryptophan derivatives. Methyl iodide is not always effective in this series of
compounds (entries 21 and 24). However, the use of benzyl bromides remarkably improved
the yields of cyclization products (entries 22, 23, 25, and 26).

We presumed that this cyclization proceeds through the initial formation of an
-alkylthioiminium salt (4) followed by spontaneous cyclization and liberation of an alkanethiol
at room temperature or in a refluxing solvent, giving a 3,4-dihydro-f-carboline (Chart 2). We
have some experimental evidence (Chart 3) for this pathway.

CHsl CH3CN
N 5o CH3CN NG AR Ty NP R
r.t

s /
H I
R2 RZ"SCHs H g2 !
2j 4j 91% 3i 91%
2m 4m 74%% 3m 55°%
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N
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C _
2a —SOMSCHZBr _ [4q:Ré=cHycqts | (S | congcHascocsts
CH2Cl2 CgHsCOCl
refl. ] 9

3a
Chart 3

When 2j, m in acetonitrile were allowed to react with methyl iodide at room temperature,
the intermediary thioiminium salts (4j, m) were precipitated as crystals, whose structures
were confirmed from their spectral data and also by converting them (with NaBH,) to N*-
ethyltryptamine (8j) and N*benzyl-N*ethyltryptamine (8m), respectively. The isolated
thioiminium salts (4j, m) were, in turn, heated at reflux in acetonitrile without addition of
methyl iodide to give the cyclization products, 3j, m, in good yields. In order to determine the
liberated sulfur part, we examined the reaction using benzyl bromide as an alkylating agent.
The reaction of 2a with an equimolar amount of benzyl bromide gave 759, yield of 3a and
95% yield of phenylmethanethiol, which was isolated as its benzoate (9) by treatment of the
mother liquor with benzoyl chloride. A similar reaction with two molar amounts of benzyl
bromide also gave 3a in 75% yield and phenylmethanethiol in 729, yeild, together with
dibenzylsulfide in 5% yield. These results indicate that alkyl halide is used only for the
alkylation of 2 yielding 4, and the sulfur part is eliminated as an alkanethiol rather than as a
dialkylsulfide (a plausible alternative).

Reduction of 3,4-Dihydro-p-carboline with NaBH,
Many authors have described the synthesis of 1-substituted 1,2,3,4-tetrahydro-g-
carboline-3-carboxylates (5 and 6) by the Pictet—Spengler (P.-S.) reaction of tryptophan
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derivatives and various aldehydes or ketones, and have discussed the diastereoisomeric ratio
of the products, 5 and 6.'" In general, the P.-S. reaction was reported to give a mixture of 1,3-
cis (5) and 1,3-trans isomers (6), with some exceptions.!!”® On the other hand, Kanaoka
et al® synthesized 5a by the hydride reduction of 3a prepared by their improved B.-N.
reaction. However, little work has been done on the latter synthetic route via the 3,4-dihydro-
derivatives (3) because of difficulty in the preparation of 3 by the usual B.-N. reaction.
Thus, we were interested in the conversion of a variety of 3, prepared by our method
described in the preceding section, into the 1,2,3,4-tetrahydro derivatives, 5 or 6, by treat-
ment with hydride reducing agents, and in the steric course of the reduction.

; J 2CH3 : ; 4CO2CH3

3a—d,g—i Sa—d,g—i
Chart 4
CO2CH3 COzCH3 CO,CH3
o @‘(}f @t—q
6f 85% 10 %
He/Pd-C H -
R3 = CH,CqHs 2 2/Pd=C
CO,CH3
| °
m 52 85 %
H a
6a 91 %
Chart 5

TaBLE IV. The Reduction of 3 with NaBH,

Yield (%) of reduction products P.-S. reaction
Entry 3

5 (mp, °C) 6 (mp, °C) ratio (5:6)”
27 a 93 (133—134) —b 91:69
28 b 95 (209—210) —b 40 : 60
29 c 859 (154—155) 10 (147—148) 40 : 60
30 d 95 (116—117) —
31 f 11 (foam) 85 (144—145) 5<6%
32 g 949 (73—74) — 0:100
33 h 86 (138—139) 3 (197—198) 0: 100
34 i 61 (128—129) 6 (149—150) 0:100

a) Ratios reported in ref. 11g, unless otherwise stated. b) A trace of 6 was detected in the reaction
mixture by TLC. ¢) The P.—S. reaction of H-Trp~OH and acetaldehyde. (Ref. 11a). &) NaBH;CN was
used. e) N*Benzyl H-Trp—OCH; and acetaldehyde gave 48%; yield of 6f and 99 yield of 5f in our hands.

The reduction was carried out at —20—— 78 °C in methanol with NaBH, or sodium
cyanoborohydride (NaBH;CN), and the results are summarized in Table IV. As can be seen
in the table, the reduction proceeded almost stereoselectively to give the 1,3-cis isomers (5) as
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major products in most cases; these products could be isolated in pure form by simple
recrystallization in good yields. The amounts of the trans isomers (6) formed were very small
or detectable only by thin-layer chromatography (TLC). Only the N*-benzyl derivative (3f)
afforded the 1,3-trans isomer (6f) predominantly, together with a small amount of the cis-
isomer (5f) (entry 31); the hydrogenolysis of 5f and 6f gave 5a and 6a, respectively (Chart 5).

The stereochemistry of the reduction products was deduced from the spectral (proton
and carbon-13 nuclear magnetic resonance (‘H and '3C-NMR)) and physical (mp and Rf
values) properties, as compared with those reported in the literature,'” and also from
chemical correlation with known compounds. Particularly informative was a characteristic
ABX pattern for the C-3 methine and C-4 methylene protons in the "H-NMR spectra (J,5 =
14—16Hz, J,x =10—12Hz, Jgx=3—5Hz); this was observed with all the 1,3-cis isomers
(5a—i), in agreement with the results reported by several authors.''»®!? In the *C-NMR
spectra, the signals for C-1 and C-3 in the 1,3-trans isomers (6) appeared at higher field than
those of the corresponding cis isomers (5), as Cook et al.''® described for typical 1,3-
disubstituted 1,2,3,4-tetrahydro-fB-carboline derivatives. The 1-terz-butyl derivative (5d) (en-
try 30) is a new compound. Therefore, the 1,3-cis relationship follows only from the analogy
with other 1,3-cis homologs (an ABX pattern for the C-3 and C-4 protons in the 'H-NMR;
signals due to C-1 at 62.2 ppm and C-3 at 56.2 ppm in the '*C-NMR).

It is of interest to compare the diastereoisomeric ratio with that of the P.—S. reaction
products (also shown in Table IV). A great difference is observed with N°-methyl derivatives
(entries 32, 33, and 34); in contrast to the 1,3-trans predominance''? in the P.-S. reaction,
mainly the 1,3-cis isomers (5g—i) were obtained by our method. On the other hand, the result
with the N2-benzyl derivative (entry 31) is parallel with the well-known results of the P.-S.
reaction of various N*benzyltryptophan derivatives.!'"?

Optically Active 3,4-Dihydro- and 1,2,3,4-Tetrahydro-f-carbolines

Previero et al.”® and Kametani et al.”? have synthesized optically active 1-methyl-3,4-
dihydro-B-carboline-3-carboxylates by the reaction of (R)- and (S)-N*-acetyltryptophan
derivatives and acetyl chloride in trifluoroacetic acid. More recently, Szantay er al.'*?
intensively studied the B.-N. reaction of (S)-N®-acyltryptophans and succeeded in the
asymmetric synthesis'*” of Vinca alkaloids via chiral 1-substituted 3,4-dihydro-p-carboline-3-
carboxylates.

: ‘*f--os *fﬂB %,C02CH3 %,CO2CH3
, Nl s J‘H @;L(;\r{!-l_ Wi @_@H
H 5%, H g2 X H g2 H &2
2a,b 3a,b (18,35)5a,b (1R,3R)5a,b
(S) A=CO,CH, B=H

(R) A=H B=CO,CH;
Chart 6

We are also interested in the formation of a chiral p-carboline nucleus by using our
cyclization-reduction method, and we attempted to synthesize methyl (R)- and (S)-1-methyl-
3,4-dihydro- and 1,2,3,4-tetrahydro-g-carboline-3-carboxylates, (R)- and (S)-3a, 5a, and also
the 1-phenyl homologs, (R)- and (S)-3b, 5b, from D- and L-tryptophans. Optically active
thioamides, (R)- and (S)-2a, b, were prepared by the reaction of the corresponding amides,
(R)- and (S)-1a, b, with Lawesson’s reagent, which was reported to be a non-racemizing
thionation reagent for peptides.!® The optical purity of (S)-2a was also confirmed experimen-
tally by reconverting it into the original amide, (S)-1a; treatment of the thioamide, (S5)-2a,
with methyl iodide in methanol,” followed by acetylation with acetic anhydride gave a 929
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TaBLE V. The Cyclization and Reduction of the Optically Active Isomers

Cyclization (2—-3) Reduction
Entry 2 R*X
Conditions® 3(%)Y o 509 [o?

35 (S)-a CH,l CH,COCH, rt  24h 90  +4221° 90  —832°
36  (R-a CH,I CH,COCH, rt  24h 90  —222° 90  +82.4°
37 (S)-a C,H,CH,Br CH,Cl, Refl. 24h 76 +263° 93 —81.6°
38 (R)-a C.HCH,Br CH,CI, Refl. 24h 77 —264° 91  +81.0°
39  (S)a CH,=CHCH,Br CH,CI, Refl.  48h 84  4260°

40  (S)-a CH,COCI CH,CI, Refl. 24h 72 4299°

41  (S)a C.H,COCI CH,Cl, Refl.  24h 83  +305° 9  —80.6°
42  (Ra C.H,COCI CH,CI, Refl. 24h 82 —308° 9  +80.2°
43 (S)-b CH,I CH,Cl, Refl.  24h  Not purified 789 —91.8°0
44 (Rb CH,I CH,CI, Refl.  24h  Not purified 739 1+89.8°/)

a) Solvent, temp, time. b) Yields of isolated products as HX salts corresponding to R*X used. c¢) [« (c=1.0,
CH,OH). d) Yields and [«]%’ (c=1.0, CH,;OH) of isolated products as HCI salts. The authentic (15,3S)-isomer!>?; [o]2° —82.4°
(¢c=1.0, CH,0H). e) Yield from 2b. Isolated as the free base. f) Measured in 1 N aqueous HCl solution.

yield of the amide, (5)-1a, whose optical rotation coincided with that of authentic (S)-1a. The
cyclization of (R)- and (S)-2a (entries 35—42) was examined with several different reagents as
shown in Table V. All of the reagents employed gave the corresponding salts (X =1, Br, and
Cl) of optically active (R)- and (S)-3a in good yields. Each salt was stereoselectively converted
into the 1,3-cis isomer ((1R, 3R)-5a or (1, 35)-5a) with NaBH,. Specific rotation values of the
products (entries 35, 36, 37, 38, 41, and 42) coincided with one another and also with that of
an authentic sample.'® This indicates that the reduction, and thus the cyclization, proceeded
without racemization. As with the (R)- and (S)-phenythiocarbonyl derivatives ((R)- and (S)-
2b) (entries 43 and 44), the cyclization products ((R)- and (S)-3b) could not be obtained in
crystalline form, so we converted the crude products into the tetrahydro-pB-carbolines,
(IR,3R)- and (1S,3S5)-5b, without purification. Although not determined precisely, the
optical purity'® of the products ((R)- and (S)-5b) thus obtained is presumed to be high, since
the reaction conditions were as mild as those used for the preparation of optically active 1-
methyl derivatives (3a and Sa).

Experimental

Melting points were determined on a Yanaco MP-J2 hot stage microscope and with a Yamato MP-21 melting
point apparatus. All melting points are uncorrected. Infrared (IR) spectra were obtained with a Hitachi 260-10 or an
FX-6200 FT-IR spectrophotometer. *H and !*C-NMR spectra were measured with a JEOL JNM-PMX 60 or a
JEOL FX-100 S spectrometer. Mass spectra (MS) were recorded on a Hitachi RMU-6M mass spectrometer.
Optical rotations were recorded with an automatic digital polarimeter (PM-201, Union Giken).

Preparation of the Thioamides (2) The thioamides (2) were prepared by treatment of the appropriate amide
(1) with Lawesson’s reagent (0.6eq) in dimethoxyethane (DME) at 20—50 °C. The general procedure is exemplified
by the preparation of 2a.

N*Methylthiocarbonyltryptophan Methyl Ester (2a)——A mixture of 1a (5.2g, 20mmol) and Lawesson’s
reagent (4.84 g, 12 mmol) in DME (100 ml) was stirred at room temperature for 3 h. The DME was removed under
reduced pressure. The residue was taken up in AcOEt, and the solution was washed with saturated aqueous NaHCO,
solution and H,O, then dried. Removal of the AcOEt gave a crude product which was purified by column
chromatography on silica gel (x 10). Elution with hexane-AcOEt (1:1) gave 5.39g (98%) of 2a, mp 99—101°C
(Lit.® mp 102—104 °C). IR (Nujol) cm~*: 3300—3400, 1730. MS m/e: 276 (M *), 201. 'H-NMR (CDCl,) §: 2.43 (3H,
s), 3.45 (2H, t), 3.68 (3H, s), 5.45 (1H, m), 6.87 (1H, d), 6.95—7.80 (SH, m), 8.30 (1H, br).

N*-Phenylthiocarbonyltryptophan Methyl Ester (2b) This compound (2b) was obtained from 1b in 959 yield
as a foam. IR (CHCIl,) cm™1: 3450, 3350, 1730. MS m/e: 338 (M *), 201. 'H-NMR (CDCl,) 6: 3.60 (2H, quasi-q), 3.70
(3H, s), 5.70 (1H, m), 6.90 (1H, d), 6.95—7.75 (9H, m), 7.95 (1H, br), 8.10 (1H, br).
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N*-Cyclohexylthiocarbonyltryptophan Methyl Ester (2¢)——This compound (2¢) was obtained from 1¢ in 909,
yield as a foam. IR (film) cm ~!: 3200—3500, 1730. MS m/e: 344 (M ™), 201. *H-NMR (CDCl;) §: 1.0—2.0 (11H, m),
2.40 (1H, br), 3.50 (2H, quasi-t), 3.70 (3H, s), 5.50 (1H, m), 6.95 (1H, d), 7.0—7.8 (4H, m), 8.20 (1H, br).

N°(tert-Butylthiocarbonyl)tryptophan Methyl Ester (2d)——This compound (2d) was obtained from 1d in 767,
yield, mp 122—123°C. IR (Nujol) cm ™ !: 3270, 1730. MS m/e: 318 (M *), 201. '"H-NMR (CDCl;) §: 1.23 (9H, ), 3.1—
3.7 (2H, quasi-t), 3.71 (3H, s), 5.40—5.65 (1H, m), 6.90 (1H, d), 6.95—7.6 (4H, m), 7.75 (1H, br), 8.15 (1H, br). 4nal.
Calcd for C,;H,,N,0,S: C, 64.12; H, 6.96; N, 8.80; S, 10.07. Found: C, 64.13; H, 7.03; N, 8.80; S, 10.00.

Methyl 3-(3-Indolyl)-2-(2-thioxopyrrolidin-1-yl)propionate (2e)——This compound (2e) was obtained from le in
849 yield, mp 117—118°C. IR (Nujol) cm™': 3200, 1740. 'H-NMR (CDCl;) é: 1.5—2.2 (2H, m), 2.70—3.15 (2H,
quasi-t), 3.2—3.6 (4H, m), 3.70 (3H, s), 6.05 (1H, quasi-q), 7.0—7.7 (5H, m), 8.20 (1H, br). Anal. Caled for
C,6H,sN,0,S: C, 63.55; H, 6.00; N, 9.25; S, 10.60. Found: C, 63.35; H, 6.11; N, 9.05; S, 10.36.

N*-Benzyl-N*-methylthiocarbonyltryptophan Methyl Ester (2f)-——This compound (2f) was obtained from 1f in
74% yield as a foam. IR (CHCL;) &: 3400, 1730. MS m/e: 366 (M™*), 201. '"H-NMR (CDCl,) é: 2.55, 2.60 (3H, a pair
of singlets) 3.30, 3.45 (3H, a pair of singlets), 3.90, 4.50 (2H, a pair of doublets), 3.3—3.7 (2H, m), 5.4—6.0 (1H, m),
6.8—7.7 (9H, m), 8.20 (1H, br). 4nal. Calcd for C,,H,,N,0,8: C, 68.83; H, 6.05; N, 7.65; S, 8.74. Found: C, 68.99; H,
6.13; N, 7.78; S, 9.01.

N°*-Ethylthiocarbonyl-1-methyltryptophan Methyl Ester (2g)——This compound (2g) was obtained from 1g in
989/ yield, mp 73—74°C. IR (Nujol)cm™!: 3420, 1740. MS m/e: 304 (M), 215. '"H-NMR (CDCl;) §: 1.23 (3H, 1),
2.60 (2H, q), 3.50 (2H, quasi-t), 3.70 (6H, s), 5.50 (1H, m), 6.80 (1H, s), 6.9—7.8 (SH, m). Anal. Caled for
C,sH,0N,0,S: C, 63.13; H, 6.62; N, 9.20; S, 10.53. Found: C, 63.06; H, 6.74; N, 9.22; S, 10.49.

N“*-Phenylthiocarbonyl-1-methyltryptophan Methyl Ester (2h) This compound (2h) was obtained from 1h in
87% yield, mp 125—126°C. IR (Nujol)cm ~*: 3360, 3060, 1740. MS m/e: 352 (M "), 215. '"H-NMR (CDCl,) é: 3.65
(2H, q), 3.68, 3.72 (6H, 2s), 5.65 (1H, m), 6.80 (1H, s), 7.0—7.8 (9H, m), 8.05 (1H, br). 4nal. Calcd for C,,H,,N,0,S:
C, 68.16; H, 5.72; N, 7.95; S, 9.10. Found: C, 68.34; H, 5.66; N, 7.81; S, 9.02.

N*-Cyclohexylthiocarbonyl-1-methyltryptophan Methyl Ester (2i)——This compound (2i) was obtained from 1i
in 95% yield as a foam. IR (CHCl,) cm™!: 3200—3400, 1740. MS m/e: 358 (M*), 215. '"H-NMR (CDCl;) : 1.05—
2.05 (10H, m), 2.45 (1H, br), 3.50 (2H, t), 3.73 (6H, s), 5.50 (1H, m), 6.80 (1H, s), 7.0—7.7 (5H, m).

N-[2-(3-Indolyl)ethylJthioacetamide (2j) This compound (2j) was obtained from 1j in 95% yield, mp 128—
129°C (1it.®) mp 126—127°C). IR (Nujol) cm™*: 3400, 3200, 3050. '"H-NMR (CDCl,) é: 2.40 (3H, s), 3.05 (2H, 1),
3.95 (2H, q), 6.9—7.7 (6H, m), 8.13 (1H, br).

N-[2-(3-Inodolyl)ethylJthiobenzamide (2k)——This compound (2k) was obtained from 1k in 959 yield, mp
117—118°C (Lit.®) mp 117—119°C). IR (Nujol) cm~*; 3420, 3220, 3060. '"H-NMR (CDCl;) é: 3.15 (2H, t), 4.10 (2H,
d), 6.85—7.80 (11H, m), 8.05 (1H, br).

N-[2-(3-Indolyl)ethyl]cyclohexanecarbothioamide (2I)——This compound (2I) was obtained from 11 in 887
yield, mp 115—116°C. IR (Nujol) cm~*: 3340, 3300. 'H-NMR (CDCl;) 6: 1.0—2.0 (10H, m), 2.40 (1H, br), 3.10
(2H, t), 4.00 (2H, q), 7.0—7.8 (6H, m), 8.15 (1H, br). Anal. Calcd for C,,H,,N,S: C, 71.29; H, 7.74; N, 9.78; S, 11.19.
Found: C, 71.22; H, 7.78; N, 9.93; S, 11.09.

N-Benzyl-N-[2-(3-indolyl)ethyl]thioacetamide (2m)——This compound (2m) was obtained from 1m in 95% yield,
mp 92—93 °C. IR (Nujol) cm™!: 3460, 3400, 3000. 'H-NMR (CDCl,) é: 2.65 (3H, s), 3.15 (2H, @), 3.70 (1H, m), 4.15
(1H, m), 4.55, 5.30 (2H, 2s), 6.8—7.8 (10H, m), 8.17 (1H, br). Anal. Calcd for C;xH,,N,S: C, 73.99; H, 6.54; N, 9.08;
S, 10.39. Found: C, 74.13; H, 6.55; N, 9.18; S, 10.33.

Preparation of 3 (X=I): Cyclization of 2 with Methyl Iodide Cyclization was carried out under an argon
atmosphere in the dark. The general procedure is exemplified by the preparation of 3a.

3-Methoxycarbonyl-1-methyl-3,4-dihydro-9 H-pyrido[ 3,4-b]indole Hydriodide (3a, X=I)——A solution of 2a
(5.52 g, 20 mmol) and CH;,I (5.5 ml) in acetone (55 ml) was stirred for 24 h at room temperature. The acetone selution
was concentrated under reduced pressure. The resulting precipitates were collected by filtration and recrystallized
from CH,OH to give 6.66 g (90%) of 3a (X=1), mp 214—216 °C (dec.). IR (Nujol) cm ~': 3250, 1730, 1620, 1550. MS
mje: 242 (M), 183. 'H-NMR (DMSO-d;) 6: 2.85 (3H, s), 3.65 (2H, quasi-d), 3.75 (3H, s), 5.25 (1H, quasi-t), 7.0—
8.0 (4H, m), 12.40 (1H, brs). Anal. Caled for C, H ,N,0, HI: C, 45.42; H, 4.08; N, 7.57; 1, 34.28. Found: C, 45.28;
H, 4.12; N, 7.55; 1, 34.03.

3-Methoxycarbonyl-1-phenyl-3,4-dihydro-9 H-pyrido[3,4-b]indole Hydriodide (3b, X=I)——IR (Nujol) cm™":
3200, 3140, 1760, 1600. MS mj/e: 304 (M ™*). 'H-NMR (DMSO-d,) 5: 3.70 (3H, s), 3.80 (2H, quasi-q), 5.30 (1H, quasi-
q), 6.9—8.15 (9H, m), 12.0 (1H, brs). Anal. Caled for C,,H;(N,0,-HI: C, 52.79; H, 3.96; N, 6.48; 1, 29.36. Found:
C, 52.23; H, 3.97; N, 6.37; 1, 29.46.

1-Cyclohexyl-3-methoxycarbonyl-3,4-dihydro-9 H-pyrido[3,4-b]indole Hydriodide (3c, X=I)——-1IR (Nujol)
cm™!: 3160, 3120, 3070, 1750 1620. MS m/e: 310 (M *), 251. 'H-NMR (DMSO-d;) 6: 1.1—2.2 (11H, m), 3.1—3.6
(2H, m), 3.75 (3H, s), 5.20 (1H, quasi-q), 7.0—8.0 (4H, m), 12.45 (1H, brs). Anal. Calcd for C;oH;,N,0, HI: C,
52.07; H, 5.29; N, 6.39; I, 28.95. Found: C,.52.03; H, 5.29; N, 6.38; I, 29.24.

1-tert-Butyl-3-methoxycarbonyl-3,4-dihydro-9 H-pyrido[3,4-bJindole Hydriodide (3d, X =I)——IR (Nujol) cm™ L,
3170, 1740, 1590. MS m/e: 284 (M), 225. 'H-NMR (DMSO-dy) 6: 1.60 (9H, s), 3.4—3.8 (2H, m), 3.70 (3H, s), 5.15
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(1H, quasi-q). 7.0—8.0 (4H, m), 12.00 (1H, brs). 4nal. Caled for C,,H,,N,0, -HI: C, 49.53; H, 5.13; N, 6.80; I, 30.78.
Found: C, 4@.69; H, 5.38; N, 6.56; 1, 30.93.

1,2,3,5,6,11-Hexahydro-5-methoxycarbonylindolizino[ 8,7-b]indol-4-ium Iodide (3e, X =I)——A solution of 2e
(3.02 g, 10 mmol) and CH;I (3 ml) in acetone (30 ml) was stirred for 15h at room temperature. Removal of the solvent
and excess CH;I gave 4.4g of a methylthioiminium salt (de, X=1) as an oil. IR (Nujol) cm™!: 3480—3240, 1750,
1570. "H-NMR (CDCl,) é: 2.0—2.6 (2H, m), 2.75 (3H, s), 3.3—3.8 (4H, m), 3.80 (3H, s), 4.20 (2H, quasi-t), 5.00 (1H,
t), 7.0—7.8 (SH, m), 9.70 (1H, brs). This oil was dissolved again in acetone (30ml) and refluxed for 60 h. After
cooling, the precipitated crystals were collected and recrystallized from iso-PrOH to give 3.40 g (86%) of 3e (X =I), IR
(Nujol) cm™": 3080, 1750, 1620, 1580. MS m/e: 268 (M *), 209. *H-NMR (CDCl,-DMSO-d,) 6: 1.9—2.7 (2H, m),
3.5—4.0 (4H, m), 3.75 (3H, s), 4.0—4.7 (2H, m), 5.30 (1H, br), 6.9—7.8 (4H, m), 11.95 (1H, brs). Anal. Calcd for
Ci6Hy7IN,O,: C, 48.50; H, 4.32; 1, 32.03; N, 7.07. Found: C, 48.34; H, 4.27; 1, 31.84; N, 703

2-Benzyl-3-methoxycarbonyl-1-methyl-3,4-dihydro-9 H-pyrido{ 3,4-b]indolium Iodide (3f, X=I)—IR (Nujol)
cm™!: 3090, 1750, 1580. MS m/e: 332 (M), 273. 'H-NMR (DMSO-d) §: 3.10 (3H, brs), 3.2—4.2 (2H, m), 3.65
(3H, s), 4.9—5.9 (3H, m), 6.9—8.0 (9H, m), 12.55 (1H, brs). Anal. Caled for C,,H,,IN,0,: C, 54.80; H, 4.60; N,
6.09; 1, 27.57. Found: C, 54.78; H, 4.54; N, 6.04; I, 27.55.

1-Ethyl-3-methoxycarbonyl-9-methyl-3,4-dihydro-9 H-pyrido[3,4-b]indole Hydriodide (3g, X=I)——IR (Nujol)
m~': 3120, 1730, 1610. MS m/je: 270 (M ™), 211. '"H-NMR (CDCl,-DMSO-d,) §: 1.45 (3H, t), 3.25 (2H, quasi-q),
3.65 (2H, quasi-d), 3.75 (3H, s), 4.05 (3H, s), 5.15 (1H, quasi-q), 7.0—7.8 (4H, m). Anal. Calcd for C,;¢H4N,0,-HI:
C, 48.26; H, 4.81; N, 7.03; 1, 31.86. Found: C, 48.12; H, 4.74; N, 7.00; I, 31.85.

3-Methoxycarbonyl-9-methyl-1-phenyl-3,4-dihydro-9 H-pyrido[ 3,4-b]indole Hydriodide (3h, X =I)——IR (Nujol)
m™': 1740, 1600. MS m/e: 318 (M*), 259. 'H-NMR (DMSO-d;) §: 3.30 (3H, 5), 3.75 (3H, s), 3.80 (2H, m), 5.30 (1H,
m), 7.1—8.1 (9H, m). Anal. Calcd for C,,H,sN,0, HI: C, 53.83; H, 4.29; N, 6.28; 1, 28.44. Found: C, 53.56; H, 4.19;
N, 6.15; 1, 28.27.

1-Cyclohexyl-3-methoxycarbonyl-9-methyl-3,4-dihydro-9 H-pyrido[3,4-blindole Hydriodide (3i, X=I)——IR
(Nujol) cm™1: 1740, 1590. MS mj/e: 324 (M*), 265. "H-NMR (DMSO-d;) §: 1.1—2.3 (11H, m), 3.1—3.8 (2H, m),
3.70 (3H, s), 4.05 (3H, s), 5.10 (1H, m), 7.0—8.0 (4H, m). 4nal. Calcd for C,,H,,N,0,-HI: C, 53.11; H, 5.57: N, 6. 19;
I, 28.06. Found: C, 53.05; H, 5.58; N, 6.16; 1, 28.14.

1-Methyl-3,4-dihydro-9H-pyrido[3,4-b]indole Hydriodide (3j, X =I)——A solution of 2j (1.09g, 5mmol) and
CH;l (1 ml) in CH;CN (10 ml) was stirred for 4h at room temperature and then concentrated in vacuo. The resulting
crystals were collected, rinsed with CH,CN, and dried to give 1.64 g (91%) of 4j, mp 144—146°C. IR (Nujol) cm !
3300, 3120, 1610. MS m/e: 232 (M), 185. "H-NMR (DMSO-d;) 6: 2.70 (3H, s), 2.80 (3H, s), 3.15 (2H, t), 3.80 (2H,
t), 6.95 (1H, d), 7.0—7.7 (4H, m), 10.90 (1H, br). Anal. Calcd for C,;H,(N,S-HI: C,43.34; H, 4.76; N, 7.78: S, 8.90; I,
35.23. Found: C, 43.23; H, 4.73; N, 7.58; S, 9.08; 1, 34.98. A solution of 4j (1.44g, 4mmol) in CH,CN (20 ml) was
refluxed for 24 h. Removal of the solvent, followed by recrystallization from CH;OH, gave 1.14 g (91%) of 3j (X =1I).
IR (Nujol) cm ~*: 3000—3600, 1650, 1580. MS m/e: 184 (M *). 'TH-NMR (DMSO-d,) é: 2.70 (3H, s), 3.20 (2H, 1), 3.90
(2H, t), 7.0—8.0 (4H, m), 12.25 (1H, brs). Anal. Caled for C;,H,,N,-HI: C, 46.17; H, 4.20; N, 8.97; I, 40.65. Found:
C,46.33; H, 4.26; N, 8.83; I, 40.35. In a separate experiment (entry 19), 3j (X=1I) was directly obtained from 2jin 83%,
yield by heating 2j with CH,I in CH,CN.

1-Phenyl-3,4-dihydro-9 H-pyrido[3,4-blindole Hydriodide (3k, X =I)-——IR (Nujol) cm™': 3180, 3120, 3050,
1600. '"H-NMR (DMSO-d,) é: 3.35 (2H, t), 4.10 (2H, t), 7.0—8.1 (9H, m), 11.95 (1H, brs). Anal. Calcd for
C;,H 4N, -HI: C, 54.56; H, 4.04; N, 7.49; I, 33.91. Found: C, 54.70; H, 3.96; N, 7.38; I, 34.21.

1-Cyclohexyl-3,4-dihydro-9 H- (1.43 g, Smmol) and CH,I (1 ml) in
CH;CN (10 ml) was refluxed for 24 h. The CH,CN was removed under reduced pressure. Aqueous NH,OH solution
was added to the residue and the mixture was extracted with CHCI,. After evaporation, the residual oil was
chromatographed on silica gel (CHCL,—CH,OH (9:1) as an eluent) to give 0.35g (28%) of 31 (free base), mp 198—
200 °C. Treatment with HBr—CH,OH gave 31 (X =Br), mp 265—267 °C (dec.).

2-Benzyl-1-methyl-3,4-dihydro-9 H-pyrido[ 3,4-b]indolium Iodide (3m, X =I)——A solution of 2m (1.23 g, 4 mmol)
and CH,I (1 ml) in CH,CN (10ml) was stirred for 3h at room temperature and then concentrated in vacuo. The
resulting crystals were collected, rinsed with acetone and dried to give 1.33g (74%) of 4m, mp 151—153°C. IR
(Nujol) cm™*: 3200, 1570. 'H-NMR (DMSO-d,) §: 2.70, 2.80 (3H, a pair of singlets), 2.90, 2.95 (3H, a pair of
singlets), 2.7—3.4 (2H, m), 3.7—4.4 (2H, m), 5.25 (2H, m), 6.9—7.7 (10H, m), 10.90 (1H, brs). Anal. Calcd for
Cy0H,3IN,S: C, 53.34; H, 5.15; 1, 28.18; N, 6.22; S, 7.12. Found: C, 53.51; H, 5.20; I, 27.88; N, 6.15; S, 7.18. A
solution of 4m (408 mg, 0.9 mmol) in CH;CN (10ml) was refluxed for Sh. Removal of the solvent, followed by
recrystallization from CH;OH, gave 200mg (55%) of 3m (X =I). IR (Nujol) cm™*: 3100, 1610, 1550. MS m/e: 274
(M*). "H-NMR (DMSO-d,) 6: 3.00 (3H, s), 3.22 (2H, quasi-t), 4.14 (2H, quasi-t), 5.35 (2H, s), 7.1—8.0 (9H, m),
12.45 (1H, brs). Anal. Calcd for C,gH,IN,: C, 56.73; H, 4.76; 1, 31.55; N, 6.96. Found: C, 56.55; H, 4.66; I, 31.28; N,
6.78. In a separate experiment (entry 24), 3m (X =I) was directly obtained from 2m in 43% yield by heating 2m with
CH,I in CH,CN.

Preparation of 3 (X = Br): Cyclization of 2 with Benzyl Bromides or Allyl Bromide——Cyclization was carried out
under an argon atmosphere with protection from light. The general procedure is exemplified by the preparation of 3a
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(X=Br).

3a (X=Br) i) From 2a and Benzyl Bromide (Entry 5): A solution of 2a (1.10 g, 4mmol) and benzyl bromide
(1.37 g, 8mmol) in CH,Cl, (10 ml) was refluxed for 24 h, then concentrated in vacuo. The resulting crystals were
collected and recrystallized from CH;OH-ether to give 1.06 g (82%) of 3a (X=Br), mp 205—207 °C (dec.). Anal.
Calcd for C,,H,,N,0,-HBr: C, 52.03; H, 4.68; N, 8.68; Br, 24.72. Found: C, 52.31; H, 4.70; N, 8.88; Br, 24.94.

ii) From 2a and Allyl Bromide (Entry 6): A solution of 2a (2.00g, 7.2mmol) and allyl bromide (1.32g,
11 mmol) in CH,Cl, (40 ml) was refluxed for 48 h. Work-up gave 1.95 g (84%) of 3a (X =Br), mp 205—207 °C (dec.).

3i (X=Br) Treatment of 2i with 4-nitrobenzyl bromide (1.5eq) in CH;CN gave-3i (X =Br), mp 190—192°C
(dec.) (recrystallized from iso-PrOH-iso-Pr,0). Anal. Caled for C,,H,,N,0, -HBr: C, 59.26; H, 6.21; N, 6.91; Br,
19.71. Found: C, 59.38; H, 6.22; N, 6.74; Br, 19.51.

31 (X=Br) i) From 21 and Benzyl Bromide (Entry 22): Treatment of 21 with benzyl bromide (1.4eq) in
refluxing CH,CN gave 31 (X = Br), IR (Nujol) cm ~*: 3000—3300, 1630. '"H-NMR (DMSO-d;) é: 1.0—2.3 (10H, m),
2.95—3.65(3H, m), 3.7—4.2 (2H, m), 7.0—7.9 (4H, m), 12.40 (1H, brs). Anal. Caled for C;,H,,N,-HBr: C, 61.27; H,
6.35; N, 8.41; Br, 23.98. Found: C, 61.25; H, 6.35; N, 8.36; Br, 23.86. '

ii) From 21 and 4-Nitrobenzyl Bromide (Entry 23): Treatment of 21 (1.43g, Smmol) with 4-nitrobenzyl
bromide (1.40 g, 6.5 mmol) in CH,CN (20 ml) gave 1.50 g (90%;) of 31 (X=Br).

3m (X=Br) i) From 2m with Benzyl Bromide (Entry 25): Treatment of 2m with benzyl bromide (1.5eq) in
CH,CN gave 3m (X =Br). 4nal. Calcd for C,gH,oBrN,: C, 64.23; H, 5.39; Br, 22.49; N, 7.89. Found: C, 64.08; H,
5.37; Br, 22.21; N, 7.76.

ii) From 2m with 4-Nitrobenzyl Bromide (Entry 26): Treatment of 2m with 4-nitrobenzyl bromide (1.5eq) gave
3m (X=Br) in 769 yield. '

Preparation of 3a (X=Cl)—Cyclization was carried out under an argon atmosphere with protection from
light.

i) From 2a and Benzoyl Chloride (Entry 8): A solution of 2a (1.10 g, 4mmol) and benzoyl chloride (1.02 g,
8 mmol) in CH,Cl, (10 ml) was refluxed for 24 h. The solution was concentrated in vacuo. The resulting crystals were
collected and recrystallized from CH;OH-ether to give 920 mg (83%) of 3a (X=Cl), mp 210—212°C (dec.). Anal.
Calcd for C,,H,,N,0,-HCL: C, 60.33; H, 5.45; N, 10.05; Cl, 12.72. Found: C, 60.05; H, 5.38; N, 9.89; CI, 12.93.

ii) From 2a and Acetyl Chloride (Entry 9): Treatment of 2a with acetyl chloride (2eq) in CH,Cl, gave 3a (X =
Cl), mp 210—212°C (dec.).

iii) From 2a and Ethyl Chloroformate (Entry 10): Treatment of 2a with ethyl chloroformate (3 eq) in acetone
gave 3a (X=Cl), mp 210—212°C (dec.).

iv) From 2a and Benzyl Chloride (Entry 7): Treatment of 2a with benzyl chloride (2 eq) in CH,Cl, gave 3a (X =
Cl), mp 210—212°C (dec.).

Isolation of Sulfur-Containing Product——A solution of 2a (1.02g, 3.7mmol) and benzyl bromide (632mg,.
3.7mmol) in CH,Cl, (20ml) was refluxed for 20h under an argon atmosphere with protection from light. The
resulting precipitates (893 mg (75%) of 3a (X =Br)) were collected by filtration. Benzoyl chloride (624 mg, 4.4 mmol)
and triethylamine (562 mg, 5.6 mmol) were added to the filtrate at 0 °C. After 24 h at 0 °C, the solvent was removed
and the residue was chromatographed on silica gel. Elution with hexane-AcOEt (10:1) gave 804 mg (95%) of 9.
Spectral data of 9 were identical with those of an authentic sample.

Reduction of Thioiminium Salts 4j and 4m'®——NaBH, (114 mg, 3 mmol) was added to a stirred solution of 4j
(1.00g, 2.8 mmol) in CH;OH (30ml) at —78°C. Stirring was continued for 1h at —78°C, then the reaction was
quenched by addition of acetone (1 ml) and the CH,OH was evaporated off. The residual oil was taken up into CHCl,,
washed with brine, and dried. Removal of the solvent, followed by recrystallization from ether-hexane gave 450 mg
(86%) of 8j, mp 81—82 °C. Similarly, NaBH, reduction of 4m (477 mg, 1.1 mmol) gave 279 mg (95%,) of 8m as an oil.
Treatment with HCI-CH,OH gave 8m-HCl, mp 230—232°C.

Conversion of 3 into 5 and/or 6 with Hydride Reducing Agents——1,3-Disubstituted 3,4-dihydro-p-carbolines (3)
were reduced to 1,2,3,4-tetrahydro-g-carbolines (5 and/or 6) with NaBH, (1.2eq) or NaBH,CN (1.5eq) at —20—
—78 °C. The general procedure is exemplified by the preparation of 5a.

cis-3-Methoxycarbonyl-1-methyl-1,2,3,4-tetrahydro-9 H-pyrido[ 3,4-b]indole (Sa——NaBH, (456 mg, 12 mmol)
was added to a stirred solution of 3a (3.70 g, 10 mmol) in CH;OH (350 ml) at —78 °C. The mixture was stirred for 1 h
at —78°C, and the reaction was quenched by addition of acetone (1 ml). After concentration, the resulting oil was
dissolved in CH,Cl,, washed with brine, and dried. Removal of the solvent and treatment of the residue with HCl-
ether gave colorless crystals, which were recrystallized from CH,OH to give 2.61 g (93%) of 5a (HCl salt), mp 242—
244 °C (dec.). Treatment of the HCl salt with dil. aqueous NH,OH solution gave Sa, mp 133—134 °C (Lit.> mp 130— -
131°C). IR (Nujol) ecm™*: 3300, 3150, 3050, 1730. MS m/e: 244 (M%), 229. 'H-NMR (CDCl,) 6: 1.51 (3H, d, J=
6.8 Hz, C,-CH,), 1.90 (1H, br, NH), 2.83 (1H, ddd, J=15.1, 11.2 and 2.7 Hz, C,-H), 3.13 (1H, ddd, /=15.1, 4.4 and
2.0Hz, C,-H), 3.83 (3H, s, OCH,), 3.87 (1H, dd, J=11.2 and 4.4 Hz, C,-H), 4.27 (1H, brq, C,-H, on irradiation at
1.51, brt), 7.07—7.17 (2H, m), 7.33 (1H, brd), 7.48 (1H, brd), 7.85 (1H, br's, NH): The **C-NMR spectrum of 5a was
consistent with that reported in the literature.!!

cis-3-Methoxycarbonyl-1-phenyl-1,2,3,4-tetrahydro-9 H-pyrido[3,4-b]indole (5b)——NaBH, reduction of 3b
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(1.73 g, 4mmol) in CH,OH gave 1.16g (95%) of 5b, mp 209—210°C (Lit.!*”> mp 201—203°C, Lit.''¥ mp 220—
222°C). IR (Nujol) cm™!: 3400, 3330, 1740. MS mj/e: 306 (M), 245, 218. 'H-NMR (CDCl,) é: 2.33 (1H, br, NH),
2.97 (1H, ddd, J=15.1, 10.5 and 2.5Hz, C,-H), 3.23 (1H, ddd, J=15.1, 5.0 and 1.9Hz, C,-H), 3.79 (3H, s, OCH,),
3.96 (1H, dd, J=10.5 and 5.0Hz, C;-H), 5.22 (1H, brs, C,-H), 6.8—7.7 (5H, m), 7.36 (5H, s). The '3C-NMR
spectrum of Sb was consistent with that reported in the literature.!'?
cis-1-Cyclohexyl-3-methoxycarbonyl-1,2,3,4-tetrahydro-9 H-pyrido-[3,4-b]indole (S¢)——NaBH,CN reduction
of 3¢ (1.75 g, 4mmol) in CH,OH gave a mixture of cis- and trans-tetrahydro-p-carboline (Sc and 6¢). The mixture was
separated by column chromatography on silica gel ( x 100). Elution with CH,Cl,—AcOEt (50: 1) gave 1.06 g (85%) of
5¢, mp 154—155°C (Lit.'¥) mp 153—154 °C). IR (Nujol) cm ~!: 3360, 1730. MS mj/e: 312 (M), 255, 229. 'H-NMR
(CDCl,) 6:0.9—2.0 (11H, m), 1.96 (1H, brs, NH), 2.75 (1H, ddd, J=15.4, 11.2 and 2.5 Hz, C,-H), 3.11 (1H, ddd, /=
15.4, 4.3 and 2.0 Hz, C,-H), 3.71 (1H, dd, J=11.2 and 4.3 Hz, C;-H), 3.80 (3H, s, OCH,), 4.12 (1H, br, C,-H), 7.0—
7.4 (3H, m), 7.46 (1H, m), 7.83 (1H, brs, NH). The '3C-NMR spectrum of 5S¢ was consistent with that reported in the
literature.!'® Further elution with CH,Cl,~AcOEt (50:1) gave 125mg (10%) of 6¢, mp 147—148°C (Lit.'*)) mp
147—149°C). The spectral data were consistent with those reported in the literature.'/+9
cis-1-tert-Butyl-3-methoxycarbonyl-1,2,3,4-tetrahydro-9 H-pyrido[ 3,4-b]indole (5d)——NaBH, reduction of 3d
(1.24 g, 3mmol) in CH;OH gave 815mg (95%) of 5d, mp 116—117°C (recrystallized from iso-Pr,0). IR (Nujol)
cm ™t 3430, 1730. MS m/e: 286 (M ™), 229. 'TH-NMR (CDCl,) §: 1.12 (9H, s, tert-Bu), 2.17 (1H, br, NH), 2.75 (1H,
ddd, J=14.5, 11.0 and 2.4Hz, C,-H), 3.13 (1H, ddd, J/=14.5, 3.7 and 1.7Hz, C,-H), 3.65 (1H, ddd, J=11.0 and
3.7Hz, C,;-H), 3.82 (3H, s, OCH,), 3.97 (1H, brs, C,-H), 7.10—7.20 (2H, m), 7.33 (1H, brd), 7.50 (1H, brd), 7.87
(1H, brs, NH). 3C-NMR (CDCl,) é: 26.2 (t), 3 x26.8 (q), 35.4 (s), 51.8 (q), 56.2 (d), 62.2 (d), 110.4 (s), 110.4 (d),
117.5(d), 119.1 (d), 121.3 (d), 126.5 (s), 134.0 (s), 135.6 (s), 173.3 (s). Anal. Calcd for C,,H,,N,0,: C, 71.30; H, 7.74;
N, 9.78. Found: C, 71.38; H, 7.77; N, 9.79.
trans-2-Benzyl-3-methoxycarbonyl-1-methyl-1,2,3,4-tetrahydro-9 H-pyrido[ 3,4-bJindole (6f)——NaBH, reduc-
tion of 3f (2.30 g, 5 mmol) in CH,OH gave a mixture of cis- and trans-tetrahydro-f-carboline (5f and 6f). The mixture
was separated by column chromatography on silica gel ( x 50). Elution with CHCl; gave 1.42 g (859;) of 6f, mp 144—
145°C (recrystallized from CH;OH). IR (Nujol) cm~*: 3380, 1720. MS m/e: 334 (M ™), 319, 275, 243. 'H-NMR
(CDCl,) 6: 1.42 (3H, d, J=6.3 Hz, CH,;), 2.98 (1H, ddd, J=16.0, 5.8 and 1.4 Hz, C,-H), 3.20 (1H, ddd, J=16.0, 6.4
and 1.1Hz, C,-H), 3.68 (3H, s, OCHj,), 3.80, 3.93 (2H, ABq, J=13.0Hz, NCH,C¢H;), 4.00 (1H, dd, J=5.8 and
6.4Hz, C;-H), 4.17 (1H, brq, C;-H), 7.0—7.6 (9H, m), 7.62 (1H, brs, NH). '*C-NMR (CDCl,) : 21.9 (q), 22.4
(®), 51.0 (d), 51.6 (q), 53.9 (t), 57.0 (d), 106.1 (s}, 110.7 (d), 118.0 (d), 119. 3 (d), 121.5 (d), 127.0 (d), 4 x 128.4 (d),
3% 136.1(s), 139.9 (s), 173.6 (s). Anal. Calcd for C,;H,,N,0,: C, 75.45; H, 6.63; N, 8.38. Found: C, 75.40; H, 6.63; N,
8.38. Further elution with CHCI, gave 184mg (11%) of the 1,3-cis isomer (5f) as a foam. IR (Nujol) cm™": 3380,
1720. MS mje: 334 (M), 319, 275, 243. '"H-NMR (CDCl,) 6: 1.32 (3H, d, J=7.0Hz, C,-CHj;), 2.95 (1H, ddd, J=
16.0, 5.5 and 2.2 Hz, C,-H), 3.26 (1H, ddd, J=16.0, 6.0 and 1.7Hz, C,-H), 3.60 (3H, s), 3.88 (1H, dd, J=5.5 and
6.0Hz, C,-H), 4.01 (2H, quasi-s, NCH,C¢Hs), 4.21 (1H, brg, C;-H), 6.9—7.6 (9H, m), 7.64 (1H, s, NH). '*C-NMR
(CDCl,) §: 18.2 (q), 22.2 (1), 51.6 (q), 52.7 (d), 55.2 (1), 59.7 (d), 106.2 (s), 110.8 (d), 118.1 (d), 119.4 (d), 121.5 (d),
126.9 (s), 127.1 (d), 128.2 (d), 128.4 (d), 128.8 (d), 129.0 (d), 135.5 (s), 136.0 (s), 139.9 (s), 174.2 (s).
cis-1-Ethyl-3-methoxycarbonyl-9-methyl-1,2,3,4-tetrahydro-9 H-pyrido[ 3,4-b]indole (5g)——NaBH,CN reduc-
tion of 3g (432mg, 1.1 mmol) in CH;OH gave 278 mg (94%) of 5g, mp 73—74°C (recrystallized from ether—
petroleum ether). IR (Nujol) cm ~*: 3330, 1730. MS m/e: 272 (M ™), 243. *H-NMR (CDCl,) §: 0.96 (3H, t), 1.96 (3H,
m, CH,, NH), 2.76 (1H, ddd, /=15.0, 10.5 and 2.5Hz, C,-H), 3.14 (1H, ddd, J=15.0, 3.7 and 1.7Hz, C,-H), 3.65
(1H, dd, J=10.5 and 3.7 Hz, C,-H), 3.67 (3H, s, NCH,), 3.80 (3H, s, OCH,), 4.30 (1H, m, C,-H, on irradiation at
1.96, brs), 7.0—7.30 (3H, m), 7.48 (1H, m). }3C-NMR (CDCl,) 6: 8.9 (q), 26.7 (1), 28.0 (5), 30.8 (q), 51.9 (q), 52.8 (d),
56.0 (d), 108.5 (s), 108.5 (d), 117.5 (d), 118.8 (d), 121.0 (d), 126.3 (s), 135.9 (s), 137.3 (s), 173.3 (s). Anal. Calcd for
C,¢H,,N,0,: C, 70.56; H, 7.40; N, 10.29. Found: C, 70.69; H, 7.44; N, 10.27.
cis-1-Phenyl-3-methoxycarbonyl-9-methyl-1,2,3,4-tetrahydro-9 H-pyrido[ 3,4-b]indole (Shy——NaBH, reduction
of 3h (1.00 g, 2.2 mmol) in CH,OH gave a mixture of cis- and trans-tetrahydro-f-carboline (Sh and 6h). The mixture
was separated by column chromatography on silica gel. Elution with CHCl;~AcOEt (20: 1) gave 617 mg (86%,) of 5h,
mp 138—139°C (recrystallized from benzene-hexane). IR (Nujol) cm~*: 3340, 1740. MS m/e: 320 (M), 243. 'H-
NMR (CDCl,) §: 2.12 (1H, s, NH), 2.98 (1H, ddd, J=15.5, 10.6 and 2.5 Hz, C,-H), 3.14 (3H, s, N-CH,), 3.24 (iH,
ddd, J=15.5,4.2 and 1.7Hz, C,-H), 3.76 (3H, s, OCH,), 3.84 (1H, dd, /J=10.6 and 4.2 Hz, C;-H), 5.28 (1H, brt, C;-
H), 7.0—7.24 (3H, m), 7.29 (5H, s), 7.54 (1H, m), 1*C-NMR (CDCl,) §: 26.4 (t), 30.4 (q), 51.9 (q), 56.4 (d), 57.8 (d),
108.5 (s), 108.6 (d), 117.8 (d), 118.8 (d), 121. 2 (d), 126.0 (s), 127.9 (d), 2 x 128.0 (d), 2 x 128.6 (d), 134.8 (s), 137.0 (s),
141.3 (s), 172.7 (s). Anal. Caled for C,oH,,N,0,: C, 74.97; H, 6.29; N, 8.74. Found: C, 75.01; H, 6.25; N, 8.77.
Further elution with CHCl,~AcOEt (20: 1) gave 22 mg (3%) of 6h, mp 197—199°C (Lit.''? mp 196—198 °C). The
spectral data of 6h were consistent with those reported in the literature.'!?
cis-1-Cyclohexyl-3-methoxycarbonyl-9-methyl-1,2,3,4-tetrahydro-9 H-pyrido[ 3,4-b]indole (Si) NaBH, reduc-
tion of 3i (250 mg, 0.6 mmol) in CH,OH gave a mixture of cis- and trans-tetrahydro-f-carboline (5i and 6i). The
mixture was separated by column chromatography on silica gel. Elution with CHClL,—~CH,OH (20:1) gave 117mg
(61%) of 5i, mp 128—129 °C (recrystallized from CH;OH). 'H-NMR (CDCl,) 6: 1.0—2.3 (12H, m), 2.73 (1H, ddd,
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J=15.2,10.5 and 2.4 Hz, C,-H), 3.15 (1H, ddd, J=15.2, 3.5 and 1.8 Hz, C,-H), 3.65 (1H, dd, J=10.5 and 3.5 Hz, C;-
H), 3.68 (3H, s, NCH;), 3.80 (3H, s, OCH,), 4.32 (1H, br, C,-H), 6.96—7.36 (3H, m), 7.48 (1H, m). 13C-NMR
(CDCl,) 6:25.1 (1), 26.2 (1), 26.4 (1), 26.6 (1), 27.0 (1), 29.9 (1), 31.1 (q), 42.2 (d), 51.8 (q), 55.9 (d), 56.5 (d), 108.5 (d),
109.2 (s), 117.4 (d), 118.8 (d), 120.8 (d), 126.2 (s), 135.5 (s), 137.5(s), 173.3 (d). Anal. Calcd for C,,H,¢,N,0,: C, 73.59;
H, 8.03; N, 8.58. Found: C, 73.62; H, 8.05; N, 8.55. Further elution with CHCl;~CH,O0H (20: 1) gave 11 mg (6%) of
6i, mp 149—150°C (Lit.'*® mp 151—152°C). The spectral data of 6i were consistent with those reported in the
literature.*!?

Hydrogenation of Sf——A solution of 5f (200 mg, 0.6 mmol) in CH;OH (10 ml) was hydrogenated in the presence
of 109 Pd—C catalyst (50 mg) at room temperature for 3 h under atmospheric pressure of hydrogen. After removal of
the catalyst, the filtrate was evaporated to dryness, and the residue was recrystallized from iso-Pr,O to give 125mg
(85%) of 5a, mp.133—134°C.

Hydrogenation of 6f——A solution of 6f (1.34 g, 4 mmol) in CH;OH (60 ml) was hydrogenated in the presence of
109, Pd—C (450 mg) under conditions similar to those described for 5f. Work-up gave 887 mg (91%) of 6a, mp 155—
156 °C (recrystallized from iso-Pr,0). IR (Nujol) cm~1: 3320, 1730. MS m/e: 244 (M), 229, 185. 'H-NMR (CDCl,)
6:1.45(3H, d, J=6.8 Hz, CHj;), 2.16 (1H, br NH), 2.99 (1H, ddd, J=15.4, 7.3 and 1.5Hz, C,-H), 3.12 (1H, ddd, /=
15.4, 5.2 and 1.1 Hz, C,-H), 3.75 (3H, s, OCH,), 4.00 (IH, dd, J=7.3 and 5.2 Hz, C;-H), 4.40 (1H, brq, C,-H, on
irradiation at 1.45, brs), 7.05—7.16 (2H, m), 7.30 (1H, brd), 7.50 (1H, brd), 7.80 (1H, brs, NH). 1*C-NMR (CDCl,)
0:21.6 (g), 25.1 (t), 45.7 (d), 52.0 (d), 52.5 (q), 106.5 (s), 110.7 (d), 118.0 (d), 119.4 (d), 121.7 (d), 127.1 (s), 136.0 (s),
136.3 (s), 174.2 (s). Anal. Caled for C,,H,,N,O,: C, 68.33; H, 6.60; N, 11.47. Found: C, 68.59; H, 6.54; N, 11.56.

Preparation of (S)- and (R)-Thioamide (2a, b) These compounds were prepared from the corresponding
optically active amides with Lawesson’s reagent in the same manner as described for di-2. (S)-2a; 989 yield, foam.
[0]2° +75.2° (¢=1.0, CH;0H). (R)-2a; 98% yield, foam. [« —74.5° (¢=1.0, CH,OH). (S)-2b; 97%, yield, foam.
[ +79.6° (c=1.3, CH;OH). (R)-2b; 959 yield, foam. [«]&’ —78.3° (c=1.0, CH;0OH).

Reconversion of (S)-2a into (S)-1a (S)-2a (1.00 g, 3.6 mmol), prepared from (S)-1a ([0]Z° +14.2° (¢=1.0,
CH,;0H), mp 155—156 °C), was dissolved in CH;OH (100 mi). Then CH,I (1 ml) was added, and the mixture was
stirred for 24 h at room temperature under an argon atmosphere with protection from light. Removal of the solvent
gave a crystalline mixture of (S)-1a and (S)-tryptophan methyl ester (S)-7.2 Without separation, this mixture was
dissolved in CH,Cl, (10 ml). Ac,O (220 mg) and N-methylmorpholine (436 mg) were added to the above solution at
0°C, and the mixture was stirred for 1.5h at room temperature, then poured into ice-water. The CH,Cl, layer was
separated, washed with H,O, and then dried. Removal of the CH,Cl,, followed by recrystallization from iso-PrOH,
gave 857mg (92%) of (S)-1a, mp 154—156°C. [«]®¥ +13.0° (¢=1.0, CH,OH).

Preparation of (S)- and (R)-3a——These compounds were prepared from (S)- and (R)-2a using several kinds of
alkylating and acylating agents under conditions similar to those described for dl-3a. (S)-3a (X =1): mp 204—206 °C
(dec.). Anal. Calcd for C,H ,N,O, -HI: C, 45.42; H, 4.08; N, 7.57; 1, 34.28. Found: C, 45.45; H, 4.04; N, 7.61; I,
34.53. (R)-3a (X =I): mp 204—206°C (dec.). Anal. Caled for C,,H ,N,0,-HI: C, 45.42; H, 4.08; N, 7.57; 1, 34.28.
Found: C, 45.51; H, 4.09; N, 7.72; 1, 34.54. (S)-3a (X=Br): mp 196—198°C (dec.). Anal. Calcd for
C,.H,;,N,0, -HBr: C, 52.03; H, 4.68; N, 8.67; Br, 24.72. Found: C, 51.99; H, 4.64; N, 8.61; Br, 24.79. (R)-3a (X =Br):
mp 196—198 °C (dec.). Anal. Caled for C,,H,,N,O0,-HBr: C, 52.03; H, 4.68; N, 8.67; Br, 24.72. Found: C, 52.09; H,
4.76; N, 8.81; Br, 25.01. (§)-3a (X =Cl): mp 202—204 °C (dec.). 4nal. Calcd for C,,H,,N,0, HCl: C, 60.33; H, 5.42;
N, 10.05; Cl, 12.72. Found: C, 60.17; H, 5.38; N, 9.95; Cl, 12.52. (R)-3a (X =Cl): mp 204—206 °C (dec.). Anal. Calcd
for C,,H,,N,0,-HCI: C, 60.33; H, 5.42; N, 10.05; Cl, 12.72. Found: C, 60.31; H, 5.36; N, 9.99; Cl, 12.60.

Preparation of (1S, 35)-5a and (1R,3R)-5a——NaBH, reduction of (S)-3a (X=1, Br, Cl) was carried out under
conditions similar to those described for the preparation of di-5a. After usual work-up and treatment with HCl—ether,
the resulting precipitate was recrystallized from CH;O0H to give (18, 35)-5a (HCl salt) in 90—939% yield, mp 252—
254°C (dec.). 4nal. Caled for C,H,(N,0,-HCL: C, 59.89; H, 6.10; N, 9.98; Cl, 12.63. Found: C, 59.80; H, 6.08; N,
9.92; Cl, 12.35. The spectral data of (1S, 35)-5a were consistent with those of an authentic sample.!* Similarly,
(1R, 3R)-5a (HCl salt) was obtained by reduction of (R)-3a (X =1, Br, Cl) with NaBH, in 90—91%/ yield, mp 252—

.254°C (dec.) (recrystallized from CH;OH). Anal. Calcd for C,,H,(N,O,-HCI: C, 59.89; H, 6.10; N, 9.98; Cl, 12.63.
Found: C,-59.85; H, 6.12; N, 9.91; Cl, 12.48. The spectral data of (1R, 3R)-5a were identical with those of (1.5, 35)-5a.

‘Preparation of (15, 35)-5b and (1R, 3R)-5b from (S)- and (R)-2b A solution of (§)-2b (1.20 g, 3.6 mmol) and
CH,;I (1 ml) in CH,Cl, (20 ml) was stirred for 24 h under conditions similar to those described for the preparation of
dl-3b. Work-up gave 1.67 g (100%) of crude (S)-3b as an oil. Without purification, this oil was dissolved in CH;OH
(40ml) and treated with NaBH, (129 mg, 3.4mmol) at — 78 °C. After | h, the reaction mixture was worked up as
described above. The crude product was chromatographed on silica gel (hexane—CH,Cl,~AcOEt (1:4:1) as an eluent)
to give 843 mg (789;) of (15, 35)-5b, mp 233—235 °C (recrystallized from CH;O0H). 4nal. Calcd for C;oH,N,0,: C,
74.49; H, 5.95; N, 9.15. Found: C, 74.44: H, 5.84; N, 9.10. The spectrat data of (1.5, 3.5)-5b were identical with those of
di-5b. Similarly, (1R, 3R)-5b was obtained by cyclization of (R)-2b, followed by reduction with NaBH,: 73%, yield, mp
234-—-235 °C (recrystallized from CH;OH). 4nal. Calcd for C,,H;4N,O,: C, 74.49; H, 5.95; N, 9.15. Found: C, 74.40;
H, 6.03; N, 9.10. The spectral data of (1R, 3R)-5b were identical with those of dI-Sb.
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