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The Formation of Optically Active 1,3=Disubstituted and 1 ,I ,3-Trisubstituted 
Tetrahydro-P-carbolines using a Modified Pictet-Spengler Reaction 
Patrick D. Bailey," Sean P. Hollinshead, and Zbigniew Dauter 
Department of Chemistry, University of York, Heslington, York YO I 5DD, U. K. 

Optically active 1,3-disubstituted and 1 , I  ,3-trisubstituted 1,2,3,4-tetrahydro-P-carbolines were formed by the reaction 
of various Na,Nin-substituted (S)-tryptophan methyl esters with methyl propynoate or dimethyl butynedioate 
respectively; the stereoselectivity of the reactions is reported. 

Because of the wide range of alkaloids that contain the 
tetrahydro-P-carboline unit, there is considerable interest in 
synthetic routes to these tricyclic systems, particularly those in 
which optically active 1,3-disubstituted tetrahydro-p- 
carbolines are formed.' 

A recent modification of the much used Pictet-Spengler 
reaction2 involves the addition of tryptamine to methyl 
propynoate or dimethyl butynedioate; acidification of the 
resulting enamines leads to the formation of 1-substituted or 

1,l-disubstituted tetrahydro-P-carbolines.3 We now report the 
similar reaction of (S)-tryptophan methyl esters (1) with 
conjugated alkynoates, leading to the formation of 1,3- 
disubstituted or 1 , 173-trisubstituted tetrahydro-P-carbolines 
(Scheme 1). 

We found that the formation of enamines (2 )  from dimethyl 
butynedioate and (1) proceeded rapidly and cleanly, as 
expected (cf. ref. 3). In contrast, similar reactions using 
methyl propynoate as the Michael acceptor were very 
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Table 1. 

Formation of Yield of Purification of Ratio of Separation of 
Compound R1 R' R3 enamine (2) (3) + (4)/%a (3) + (4)b (3):(4)c (3) from (4)d 
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44 
25 
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C 71 : 29 R 
C 27 : 73 R 
C 37 : 63 R 
C 28 : 72 N 
P 68 : 32 N 
C 59 : 41 C 
P 55 : 45 C 
M - - 

a Yield of isolated product is given. All products were consistent with lH and 13C n.m.r. spectra; neither mass spectrometry nor t.1.c. 
indicated the presence of any impurities. b Purification: C, flash chromatography; P, pure after NaOH (aq.) wash; M, complex mixture. c Ratio 
of (3): (4) was determined by the average relative intensity of the 13C n.m.r. peaks from diastereotopic carbon atoms. d Separation of 
diastereoisomers: R ,  recrystallisation; C, flash chromatography; N, not separated. 

+ R3--CEC-C02Me 
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JI 
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+ 

(4) 
R1 = H or Me, R2 = H or CH,Ph, R3 = H or C0,Me 

Scheme 1. Conditions: i, CHC13, room temp.; ii, TFA-CHC13, room 
temp. 

sluggish, and went to completion only after 1-10 days. The 
reactions were conveniently followed by t.1.c. and 1H n.m.r. 
spectroscopy; the latter was particularly informative in the 6 
4-8 region, where peaks characteristic of the cis and trans 
enamine vinylic protons were apparent .4 These enamines (2) 
were not isolated, but the addition of trifluoroacetic acid 
(TFA) effected rapid cyclisation (reaction complete in <15 
min) to give the desired tetrahydro-P-carbolines (3) and (4). 

Although 13C n.m.r. spectroscopy clearly indicated the 
presence of two diastereoisomers in all of the purified 
products, unambiguous assignment of the stereochemistries 
from the 13C n.m.r. data was not possible for our com- 
pounds.? After the separation of several pairs of diastereo- 
isomers by recrystallisation or flash chromatography,6 a single 
crystal X-ray structure determination was carried out on one 

t It has been shown that the chemical shifts of C-1 and C-3 in trans 
1,3-disubstituted tetrahydro-P-carbolines are consistently at higher 
field than those of the corresponding cis  isomer^.^ However, for two 
of our compounds for which this analysis should have been straight- 
forward [(3b)/(4b) and (3d)/(4d)], the C-1 and C-3 chemical shifts 
predicted opposite stereochemistries, and therefore we felt unable to 
apply this analysis to any of our products. 

CH ,C02 Me 

( 4 b )  or (4f) ( 4 d )  or ( 4 h )  

iii li 
ay-lco2Me \ , @--lqco2Me Me \\ 

R5 'C H 2C0 M e R3 CH2C02Me 

(4a) or (4e )  ( 4 c )  or (49) 
For (4a-d)  R3 = H 

(4e-h) R3 = C0,Me 

Scheme 2. Reagents, i, NaH in dimethylformamide then MeI; ii, 
H2/Pd-C. All of the reactions yielded single diastereoisomers. 

of the methyl propynoate adducts (4b) and on one of the 
dimethyl butynedioate adducts (3e).$ The latter was prepared 
as the pure diastereoisomer by the hydrogenolysis of the 

5 Crystal data: (4b), C23H24N204, monoclinic, space group P2,, a = 
10.312(5), b = 8.905(4), c = 11.330(5) A, j3 = 100.9(1)", U = 1022 A3, 
2 = 2, M = 392.5, D, = 1.28 g ~ m - ~ ;  (3e), C18H20N206, 
orthorhombic, space roup P212121, a = 13.809(6), b = 10.696(5), c = 
12.056 A, U = 1781 f 3 ,  Z = 4, M = 360.4, Dc = 1.34 g cm-3. Data for 
both compounds were measured on a Hilger and Watts diffractometer 
with Cu-K, radiation, and using w-28 scans with 8 S55". Both 
structures were solved by direct methods and refined anisotropically 
to give R values of 10.1 for (4b) (1133 independent observed 
reflections) and 8.7 for (3e) (1077 independent observed reflections). 
The molecular geometries of (4b) and (3e) corresponded closely to 
that observed for trans- l-ethyl-3-me thoxycarbonyl- 1,2,3,4-tetra- 
hydro-&carboline,s with the C02Me group attached to C-3 occupying 
an equatorial position in all three cases. The atomic co-ordinates for 
this work are available on request from the Director of the Cambridge 
Crystallographic Data Centre, University Chemical Laboratory, 
Lensfield Road, Cambridge CB2 1EW. Any request should be 
accompanied by the full literature citation for this communication. 
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benzyl derivative (3f); consequently, the stereochemistry of 
(4f), which was the C(1)-epimer of (3f), was established as 
being (1R),(3S). The stereochemistries of the other tetrahy- 
dro-P-carbolines were determined by carrying out the modifi- 
cations of (4b) and (4f) outlined in Scheme 2; this allowed all 
of the peaks in the 13C n.m.r. spectra to be unambiguously 
assigned to either the (lS),(3S)-(3a-g) or the (1R),(3S)- 
(4a-g)  diastereoisomers, even in cases where these isomers 
could not be separated. 

It was therefore possible to analyse fully the results of the 
addition-cyclisation reactions, and these are summarised in 
Table 1. It would seem that this modified Pictet-Spengler 
reaction can indeed be extended to the preparation of 
1,3-disubstituted tetrahydro-P-carbolines, although enamine 
formation is very slow between methyl propynoate and 
(S)-tryptophan methyl esters. Subsequent cyclisation of these 
enamines (4a-d)  does show sume stereoselectivity , in quali- 
tative agreement with the stereochemical observations from 
other Pictet-Spengler reactions,2 and this could be important 
in the synthesis of optically active heteroyohimbine alkaloids.1 

We thank the S.E.R.C. for a studentship (to S. P. H.), and 
Dr. A. J. G .  Crawshaw for advice concerning 13C n.m.r. 
spectra. 
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