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Synthesis of the Two Enantiomers of a Tetrahydro--carboline from
L-(—)-Tryptophan

Georges Massiot* and Tshilundu Mulamba
Faculté de Pharmacie, ERA au CNRS no. 319, 51 rue Cognacq-Jay, 51096 Reims Cedex, France

Pictet—Spengler condensations of methyl 4-formyl-2,2-bis(phenyithio)butyrate with tryptophanamide and
Nb-benzyltryptophanamide are stereospecific; dehydration of the adducts [(CF;C0)},0] followed by cyanide
elimination (NaBH,) yields tetrahydro-3-carbolines of opposite absolute confugurations, in high optical
purities as demonstrated by n.m.r. examination of their methoxy-mandelamides.

Tryptophan is frequently used instead of tryptamine in the this approach are two problems, namely the control of the
synthesis of optically active S-carbolines. Associated with cis/trans ratio arising from Pictet-Spengler reactions, and
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the removal of the superfluous carbon atom. Many solutions
to the second problem have been proposed,'* and the use of
NPb-benzyltryptophan methyl ester allows the selective prepara-
tion of isomers which have the newly introduced chain trans
to the tryptophan carbonyl groups.® We now report an
approach whose salient features are the simple removal of
the extra carbon atom and the preparation as required of
either enantiomer of a tetrahydro-S-carboline from the same
L-(—)-tryptophan.

Although insoluble in normal solvents, the carboxamides
(1) and (2), available from L-(—)-tryptophan, are valuable
partners in Pictet-Spengler reactions. Their condensation
with methyl 4-formyi-2,2-bis(phenylthio)butyrate (3)® was
accomplished in two steps: imine formation with water
removal by azeotroping with benzene, then protonation by
CF;CO;H in CH,Cl, at room temperature to yield the esters
(@) (70%5) and (5) (75%)-

As expected from Cook’s findings® the ester (5) is the
diastereoisomerically pure trans-isomer as demonstrated by
13C n.m.r. spectroscopy.” Most surprisingly, however, the
condensation (1) — (4) yields within the limits of n.m.r.
detection a single isomer of opposite configuration at C-3t
(alkaloid numbering). Compound (5) was uneventfully
trimmed of its extra carbon atom by the sequence amide

T 1¥C n.m.r. spectrum of (4) (selected values): 8 176.4 (s, CO,CH,),
170.0 (s, CONH,), 136.4 (d), 136.1 (d), 135.3 (s), 130.9 (s),
130.8 (s), 129.9 (d), 128.9 (d), 127.2 (s), 121.7 (d), 119.5 (d),
118.2 (d), 111.2 (d), 108.7 (s), 107.9 (s), 69.2 (s, C-16), 57.5 (d),
52.9 (d + q), 31 (), 29.5 (t), and 25.4 (t) p.p.m.
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(5) — nitrile (6) [(CF;C0),0]i® — amine (+)-(7) (NaBH,, 70%,
overall yield), [o], +44° (CHCL).

In an analogous fashion the secondary amine (4) was con-
verted into the trifluoroacetamidonitrile (8) and thence into
the amine (9), [a], —27° (CHCl;), using KBH, in boiling
MeOH. For correlation purposes, (9) was benzylated
(PhCH,Br, NaHCO,, MeCN, heat, 609%,) to give the mirror
image (—)-(7) (319, overall yield), [«], —41° (CHCI,).
The stereointegrity of (9) was demonstrated by its con-
version into the mandelamide (10) (O-methylmandelic acid,®
EEDQ!) and by comparison with the amides (10a,b)
obtained from racemic (9).® Although apparently homo-
geneous on tl.c., the mixture (10a,b) showed in its 'H
n.m.r. spectrum two three-proton singlets for the OCH,
ethers (8 3.40 and 3.44) and two one-proton singlets for the
mandelic protons (6 5.01 and 5.06). The mandelamide
derived from (—)-(9) shows only one set of these signals
(CH; at 6 3.44, CH at 8 5.01). We thus estimate the optical
purity of (—)-(9) to be at least 95 % (optical purity of O-methyl-
mandelic acid is 99 %).

To illustrate the usefulness of the sequence (—)-(9) has
been converted in three steps:®* (a) PhSH, NaH: reductive
desulphenylation and -lactam formation; (b) m-chloro-
perbenzoic acid: sulphoxide formation; (c) toluene, reflux:

112C n.m.r. of spectrum (6) (selected values): 8 169.9 (s, CO),
137.2 (s, C-13), 136.6 (s, C-2), 136.2 (d), 135.7 (d), 132.5 (s),
131.1 (s), 130.9 (s), 129.6 (d), 128.7 (d), 126.7 (s), 121.8 (d),
119.5 (d), 117.9 (d), 117.4 (s, CN), 111.4 (d, C-12), 106.6 (s, C-7),
68.7 (s, C-16), 55.3 (d), 54.7 (t, CH,C;Hy), 52.7 (q, OCH,),
48.2 (d), 29.8 (1), 26.7 (1), and 25.1 (t) p.p.m.
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elimination, into the optically active unsaturated lactam (11),
[e], —232°, an intermediate for the synthesis of anthirine.!
We are currently investigating the use of this reaction
sequence in the synthesis of pentacyclic alkaloids of the
heteroyohimbine type.

We thank Mr. Merle, 1.C.1.-Pharma, for kindly performing
the n.m.r. experiments with the mandelamides, the govern-
ment of Zaire for support (to T. M.), and Professor Jean Lévy
for fruitful discussions.
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