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N-Alkylthiocarbonyl tryptophan (La-f) and tryptamine (Eg:i)
derivatives can be converted into the corresponding 3,4-dihydro-f-
carbolines (3) under mild and non-acidic conditions by use of
alkylating reagents.
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For the preparation of 3,4-dihydro-f-carboline (3,4~dihydro-9H-pyrido([3,4-b]
indole) nucleus,l) the Bischler-Napieralski reaction has been widely used.
However, the reaction usually involves the treatment of an amide with phosphorus
oxychloride or phosphorus pentoxide at an elevated temperature and a tedious
work-up for purification. Under these rather drastic conditions, N-acetyltrypto-
phan and its ester analogs yield l-methyl-f-carboline (harman) instead of 1-
methyl-3,4-dihydro-f8-carboline-3-carboxylic acid derivatives, owing to the accom-

2)

panying decarboxylation and aromatization.

3)

Several improved methods using poly-

5)

phosphate ester, mercuric chloride,4) and trifluoroacetic acid-acetyl chloride
under milder conditions have been reported recently.

In this communication, we also report another practical method for the
preparation of 3,4-dihydro-g-carbolines (3) from thiocarbonyl derivatives (la-3j)
under mild and non-acidic conditions as iIlustrated in the Chart. T

Thiocarbonyl derivatives (la-j) were readily prepared by the reaction of the

corresponding amides with Lawesson's reagent.G) Treatment of l_with methyl
iodide or benzyl bromides (R3X) in an appropriate solvent gave a thioiminium salt
(2) as an intermediate, which, at room temperature or in the refluxing solvent,
g;;ntaneously cyclized and released methanethiol or phenylmethanethiols to yield
the corresponding salt of 3.

Following are typical procedures:

i) Preparation of 33 ({9-—529) ————— A solution of lg (5.52g, 20mmol) and
methyl iodide (5.5ml) in acetone (55ml) was stirred for 24 h at room temperature
under an argon atmosphere with protection from light. The acetone solution was
concentrated under reduced pressure. The resulting precipitates were collected
by filtration and recrystallized from methanol to give 6.66g (90%) of 33,7)
mp 214-216°C (decomp.).
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a) R1=CH3 R2= y=c02cﬂ3 f) R7+R —(CH2)3 =C02CH3
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b) R'=ccm, R2= ¥=CO,CH, g) R'=Y=H r?=cH,
2 1, 2_
c) Rl= 6H11 R”= ¥=CO,CH, h) R =Y=H Rz C6H5
. 1
a) 1*C(CH )3 R%= Y=CO,CH, i) R'=Y=H R®=C H, ;
1 2 _ . rl- 2_ -
e) R'=CH, R7=CH,C H¢ Y=CO5CH j) R'=CH; R°=CH,C.Hy; Y=H
Chart
ii) Preparation of 3f (lf—> 2f — 3f) --—-- A solution of 1f (3.02g, 10mmol)

and methyl iodide (3ml) in acetone (30ml) was stirred for 15 h at room temperature.
Removal of the solvent and excess methyl iodide gave a methylthioiminium salt (2f)
(4.49)8+2)
for 60 h. After cooling, the precipitated crystals were collected and recrystal-
lized from 2-propanol to give 3.40g (86%) of 25’10) mp 169-170°C (decomp.).

The other examples are shown in the Table. It is noteworthy that the use of
p-nitrobenzyl bromide in place of methyl iodide remarkably improved the yields of
2} and 22 (entry 12 and 15).

as an oil. This oil was dissolved again in acetone (30ml) and refluxed

The following results are suggestive for mechanistic consideration. Treat-
ment of lg with excess methyl iodide at room temperature gave the methylthio-
iminium ;;lt, 2g, as stable crystals (mp l45—l47°C)ll) in 91% yield. This
isolated cryst;zline salt (2g) was, in turn, heated at reflux in acetonitrile to
give the cyclized product, 5;, in 91% yield. Similarly, 1j gave 23 (74% yield,
mp 151—153°C)ll) at room te;;erature, which was converted‘;nto 21_755% yield,
mp 263-264°C) by refluxing in acetonitrile. Considering these results, stoichio-
metrically an equivalent mole of methyl iodide is required for the conversion of
1l into 2, and the cyclization to 3 proceeds spontaneously, accompanied by the
release of methanethiol. 12)

The similar cyclization of optically active alkylthiocarbonyl tryptophan
derivatives (1) to 3 without racemization, and the reduction of 3 to methyl 1-

substituted 1,2,3,4~- —~tetrahydro-g-carboline-3-carboxylate 13) are under studying.
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Table. The Cyclization of 1 with Alkyl Halides

Reaction Conditions

Entry 1 Alkyl Halide® Yield of 3 (3)°)
- Solvent Temp. Time (h) -
c)

1 a CH3I CH3COCH3 r.t 24 30
2 a C6H5CH2BI CH2C12 refl 24 82
3 b CH3I CH2C12 refl 24 83
4 c CH3I CH3CN 50°C 24 80
5 d CH3I CH3CN 50°C 60 52
6 e CH3I CH2C12 refl 24 62
7 £ CH3I CH3COCH 5 refl 60 86
8 g CH3I CH3CN refl 24 83
9 h CH3I CH3CN refl 24 72

10 i CH,T CH4CN refl 24 28d)
11 1 C6H5CH2Br CH3CN refl 48 70
12 i P—N02C6H4CH2Br CH3CN refl 15 90
13 3j CH3I CH3CN refl 5 43
14 j CGHSCHzBr CH3CN refl 4 56
15 3 P-N02C6H4CH2Br CH3CN refl 2 76

a) 4-5 equiv. molar amounts of methyl iodide or 1.5 equiv. molar
amounts of benzyl bromides were used.

b) All products gave satisfactory spectroscopic and analytical data.

c) Compound la also cyclized to 3a (X=Cl) by use of the following
reagents: CGHSCOCl (83%) ; CH3COC1 (72%) ; C1C02C2H5 (38%) ;
C6H5CH2C1 (16%).

d) Isclated as free base.

NII-Electronic Library Service



No,

11 4229

1)

2)

3)
4)
5)

6)

7)

9)

10)

11)

12)

13)

REFERENCES AND NOTES

a) W. M. Whaley and T. R. Govindachari, "Organic Reactions" Vol. 6, John
Wiley and Sons, Inc. New York (1951), P.74.

b) R. A. Abramovitch and I. D. Spenser, "Advances in Heterocyclic Chemistry"
Vol. 3, Academic Press, New York (1964), P.107.

a) H. R. Snyder and F. X. Werber, J. Am. Chemn. Soc., ZE' 2962 (1950).

b) I. Murakoshi, Yakugaku Zasshi, 77, 550 (1957).

c) D. G. Harvey, E. J. Miller, and W. Robson, J. Chem. Soc., £2£}, 153.

Y. Kanaoka, E. Sato, and Y. Ban, Chem. Pharm. Bull., 15, 101 (1967).

A-M. M. E. Omar and S. Yamada, Chem. Pharm. Bull., 14, 856 (1966).

a) A. Previero, G. Prota, and M-A. Goletti-previero, Biochim. Biophys. Acta,
285, 269 (1972).

b) T. Kametani, N. Takagi, N. Kanaya, and T. Honda, Heterocycles, ig, 535
(1982).

(P—CH3O-C6H4)2PZS4, [2,4—bis(4—methoxyphenyl)-l,3—dithia—2,4—diphosphetane—

2,4-disulfide]

S. Scheibye, B. S. Pedersen, and S. O. Lawesson, Bull. Soc. Chim. Belg., 87,

229 (1978).

3a: IR (nujol) 3250, 1730, 1620, 1550 cm—l; NMR (d6~DMSO) §: 2.85 (s, 3H),

3.65 (d, 2H), 3.75 (s, 3H), 5.25 (t, 1H), 7.0-8.0 (m, 4H), 12.40 (br s, 1H).

2f: IR (nujol) 3480-3240, 1750, 1570 cm_l; NMR (CDCl3) §: 2.0-2.6 (m, 2H),

2.75 (s, 3H), 3.3-3.8 (m, 4H), 3.80 (s, 3H), 4.20 (quasi t, 2H), 5.00 (t, 1H),

7.0-7.8 (m, 5H), 9.70 (br.s, 1H).

Reduction of 2f with NaBH4 gave methyl 3-(3-indolyl)-2-pyrrolidinopropionate

in 84% yield.

3f: IR (nujol) 3080, 1750, 1620, 1580 cm —; NMR (CDC13) §: 1.9-2.7 (m, 2H);

3.5-4.0 (m, 4H); 3.75 (s, 3H); 4.0-4.7 (m, 2H); 5.30 (br, 1H); 6.9-7.8 (m, 4H);

11.95 (br s, 1H).

1

Satisfactory analytical and spectroscopic data (IR, NMR) were obtained for
2g and 2j.

In the ;;nthesis of 3a using benzyl bromide (entry 2), phenylmethanethiol was
isolated with more than 75% yield from the mother liquor.

Treatment of (S)-(+)-methylthiocarbonyl tryptophan methyl ester ((S)—if) with

methyl iodide gave (S)-3a in 90% yield ([a]§0+221°), which was reduced to

metnyl (1S, 35)—(-)~l—methyl—l,2,3,4—tetrahydro—B—carboline—}—carboxylate
((s)-4a) in 90% yield. (S)-4a-HCl; mp 253-255°C (decomp.), [a]§0—83.2°.
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