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Owing to their pronounced biological activity, @-car- 
bolines are currently of great interest, particularly in the 
study of mental illness and alcoholism.' The ability of a 
number of 8-carbolines to  bind effectively to  benzodiaze- 
pine receptors2 has further spurred interest in these 
compounds and, consequently, methods of their prepara- 
tion. 

Traditional methods of synthesizing P-carbolines such 
as the Pictet-Spengler reactionlav3 and the Bischler- 
Napieralski cycl i~at ion~8.~ require 2-(34ndolyl)ethylamines 
as starting materials (typically derived from tryptophan). 
We sought the development of a more general synthetic 
route to  0-carbolines which would readily accommodate 
the introduction of substituents a t  any position on the 
pyridine ring. The work described herein represents 
preliminary results we have obtained towakd tha t  end. 

The general synthetic sequence is outlined in Scheme 
1. l-(Benzenesulfonyl)indole-3-carboxaldehyde (1) was 
prepared in two steps from indole following literature 
 procedure^^*^ and was obtained in 74 % overall yield after 
recrystallization. Olefination via a Wittig reaction as 
described by Pindur' gave pure l-(benzenesulfonyl)-3- 
vinylindole (2) in 62 % yield after column chromatography. 

On treatment with LDA a t  -78 "C, indole 2 was lithiated 
a t  C-2 in approximately 90% yield, as evidenced by 
quenching experiments with D2O. Lithiate 3 was reacted 
with tosylimines 48 to  give sulfonamides 5 in good yields 
(Table 1). Although spectral data  for all compounds were 
completely consistent with the indicated structures, further 
support for the assigned structure of 5b was provided by 
an X-ray crystal structure.l' This crystal structure also 

(1) (a) Abramovitch, R. A.; Spencer, I. D. Advances in Heterocyclic 
Chemistry; Academic Press: New York, 1964; Vol. 3, p 79. (b) Ho, B. 
T. In Current Developments in Psychopharmacology; Essman, W. B., 
Valzelli, L., Eds.; Spectrum Publications: New York, 1977; Vol. 4, p 151. 
(c) Beta-Carbolines and Tetrahydroisoquinolines; Bloom, F., Barchas, 
J., Sandler, M., Usdin, E., organizers; Alan R. Lisa, Inc.: New York, 1982. 
(d) Agarwal, D. P.; Goedde, H. W. Alcohol Metabolism, Alcohol 
Intolerance, and Alcoholism; Springer-Verlag: Berlin, 1990; p 99. 

(2) (a) Lippke, K. P.; Schunack, W. G.; Wenning, W.; M a e r ,  W. E. 
J. Med. Chem. 1983, 26, 499 and references therein. (b) Guzman, F.; 
Cain, M.; Larscheid, P.; Hagen, T.; Cook, J. M.; Schweri, M.; Skolnick, 
P.; Paul, S. M. J. Med. Chem. 1984,27,564. (c) Settimj, G.; Del Giudice, 
M. R.; Ferretti, R.; Gatta, F. J. Heterocycl. Chem. 1988,25, 1391. (d) 
Hollinshead, S. P.; Trudell, M. L.; Skolnick, P.; Cook, J. M. J. Med. 
Chem. 1990,33, 1062. 

(3) Whaley, W. M.; Govindachari, T. R. Org. React. 1951, 6, 151. 
(4) Whaley, W. M.; Govindachari, T. R. Org. React. 1951,6,74. 
(5) James, P. N.; Snyder, H. R. Organic Syntheses; Wiley: New York, 

1963; Collect. Vol. 4, p 539. 
(6) Hibino, S.; Sugino, E.; Yamochi, T.; Kuwata, M.; Hashimoto, H.; 

Sato, K.; Amanuma, F.; Karasawa, Y. Chem. Pharm. Bull. 1987,35,2261. 
(7) Pindur, U.; Pfeuffer, L. Monatsh. Chem. 1989, 120, 157. 
(8) N-Tosylaldimines were prepared from p-toluenesulfonamide and 

the appropriate aldehyde by either heating the two reagents with tetraethyl 
orth&liiate9 or by heating a toluene sdution at  reflux in the presence 
of p-toluenesulfonic acid and 4-A molecular sieves in a flask equipped 
with a Dean-Stark trap.lO 

(9) Love, B. E.; Raje, P. R.; Williams, T. C., unpublished results 
(manuscript in preparation). 

(10) Vishwakarma, L. C.; Stringer, 0. D.; Davis, F. A. Org. Synth. 
1988, 66, 203. 
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Table 1. Yields. of Intermediates in the Synthes is  of 
B-Carbolines 9 

yield 
Ar 5 6 7 8 

a Ph 77 98 99 85 
b p-MeOC6H1 67 97 98 97 
C O-ClC& 63 85 85 86 
d 3,4-(MeO)&H3 59 96 86 82 
e 2-fury1 78 0 

Isolated yield (%) of purified products. 

served to prove tha t  the benzenesulfonyl group remained 
on the indole nitrogen, as removal of this group upon 
treatment of a-lithiated 1-(benzenesulfony1)indole with 
electrophiles has been reported.12 

Alkoxybromination of 5 was readily accomplished by 
treatment with bromine in a methanol/dichloromethane 
mixture. The addition was completely regiospecific in 
the formation of 6a and 6b, while minor traces of the 
alternate regioisomer were found to contaminate 6c and 
6d. The fury1 group of 5e did not survive these conditions, 
a complex product mixture being obtained. 

Intramolecular cyclization was accomplished by treat- 
ment with NaH in T H F  for 2 h a t  reflux. Tetrahydro- 
P-carbolines 7 were obtained in excellent yield, each as 
mostly one diastereomer. An X-ray crystal structure of 
7b was obtained, which showed a cis relationship between 
the substituents a t  C-1 and C-4 of the 0-carboline ring." 

(11) The author has deposited atomic coordinates for structures 6b 
and 7b with the Cambridge Crystallographic Data Centre. The coor- 
dinates can be obtained, on request, from the Director, Cambridge 
Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 lEZ, 
U.K. 

(12) Sundberg, R. J.; Russel, H. F. J. Org. Chem. 1973,38, 3324. 
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extracts were dried (MgSOI), and solvent was removed under 
reduced pressure. The crude product was dissolved in a minimal 
amount of EtOAC, and n-pentane was added until slight turbidity 
was observed. The solution was then cooled to 0 OC and the 
precipitate collected by filtration to give 7.14 g (67 %) of 5b: mp 
170-3 OC; 1H NMR 6 1.97 (e,  3H), 3.81 (s,3H), 5.61 (d, J = 11.8, 
lH), 5.72 (d, J = 17.3, lH), 6.37 (br s, lH), 6.7-7.4 (m, 15H), 7.49 
(d, J = 6.6, 2H), 7.59 (d, J = 7.1, lH), 8.00 (d, J = 7.9, 1H); l3C 
NMR 6 21.1, 52.5, 113.8, 114.9, 120.1, 120.7, 124.0,125.5, 126.4, 
126.6,127.0,127.3,127.8,128.7,130.0,133.6,133.9,136.6,137.1, 
138.0, 142.7, 158.9. 
3-Et henyl- 1- (benzenesulfony1)-2-[ phenyl[ N-(ptoluene- 

sulfonyl)amino]methyl]indole (5a): prepared as described 
for 5b, mp 176-7 OC; 'H NMR 6 1.95 (8,  3H), 5.62 (d, J = 11.5, 
lH), 5.73 (d, J = 17.7, lH), 6.41 (br d, J = 10.1, lH), 6.7-6.9 (m, 
6H), 7.06 (t, J = 7.8,2H), 7.2-7.4 (m, 8H), 7.50 (d, J = 8.3,2H), 
7.5-7.6 (m, lH), 7.99 (d, J = 8.1,lH); 13C NMR 6 21.1,52.9,114.9, 
120.2, 120.7, 124.0, 125.5, 126.1, 126.3, 126.56, 126.58, 126.60, 
126.9,127.2,127.8,128.4,128.68,128.70,133.6,136.5,137.0,137.7, 
138.0, 142.7. 
3-Et heny 1- 1 - (benzenesulfon y 1)d-[ (2-chlorop heny 1) [ N- (p 

toluenesulfonyl)amino]methyl]indole (5c): prepared as de- 
scribed for 5b, mp 197 OC; lH NMR 6 2.14 (s,3H), 5.52 (d, J = 
11.5, lH), 5.60 (d, J = 16.2, lH), 6.8-7.6 (m, 19H), 8.07 (d, J = 
8.0, 1H); 13C NMR 6 21.3, 52.5, 115.1, 120.3, 120.6, 123.9, 125.6, 
126.3,126.4,126.79,126.86,128.2,128.3,128.9,129.3,130.0,130.3, 
132.6, 133.6, 134.0, 134.9, 137.0, 137.1, 138.2, 143.1. 
3-Ethenyl- l-(benzenesulfonyl)-2-[ 3,4-dimethoxyphenyl)- 

[N-(ptoluenesulfonyl)amino]methyl]indole (5d): prepared 
as described for 5b, mp 185 "C; 1H NMR 6 1.97 (8, 3H), 3.58 (8 ,  
3H), 3.87 (s,3H), 5.61 (d, J = 11.5, lH), 5.71 (d, J = 17.7, lH), 
6.36 (br s, lH), 6.6-7.4 (m, 14H), 7.50 (d, J = 8.2, 2H), 7.59 (d, 
J = 8.7, 1H), 8.04 (d, J = 8.5, 1H); 13C NMR 6 21.1, 52.7, 55.6, 
56.0, 110.9, 115.0, 120.1, 120.6, 124.1, 125.6, 126.4, 126.5, 126.8, 
127.0,127.8,128.6,128.7,129.3,130.5,133.6, 136.8, 137.0,138.0, 
142.8, 148.3, 148.9. 
3-Ethenyl-l-(benzenesulfonyl)-2-[ (2-furyl)[N-(ptoluene- 

sulfonyl)amino]methy1]indole (5e): prepared as described for 
5b, mp 195 OC; 1H NMR 6 1.99 (8 ,  3H), 5.63 (d, J = 11.4, lH), 
5.76 (d, J = 17.6, lH), 6.3-6.5 (m, 3H), 6.7-6.9 (m, 4H), 7.1-7.6 
(m, 9H), 7.49 (d, J = 8.4, 2H), 7.92 (d, J = 7.7, 1H); 13C NMR 
6 21.1,49.5, 111.0,114.8, 120.0, 121.6,124.0, 125.6, 126.4, 126.6, 
128.0,128.71,128.79,128.82,128.83,128.85,128.86,133.7,136.3, 
136.7, 137.5, 141.6, 142.9, 150.9. 
3-(2-Bromo-l-methoxyethyl)-l-(benzenesulfonyl)-2-[ (4- 

methoxyphenyl)[N-(ptoluenesulfonyl)amino]methyl]in- 
dole (6b). To 5b (2.35 g, 4.1 mmol) in CHzCl2 (25 mL) was added 
MeOH until slight turbidity was observed (ca. 60 mL). The 
solution was made clear with the addition of a few drops of CH2- 
Cl2, and a 0.72 M solution of Br2 in CC& (20 mL, 14.4 mmol) was 
added dropwise over 30 min. The solution was stirred at 25 OC 
for 3 h, treated with 0.1 M NazSzOs (30 mL), and extracted with 
CH2C12 (3 X 35 mL). The combined extracts were dried (MgSO,) 
and the solvent was removed under reduced pressure to give 2.72 
g (97%) of 6b, mp 85-8 OC: 1H NMR 6 2.38 (s,3H), 3.28 (8,  3H), 
3.2-3.4 (m,lH),3.74 (s,3H),3.6-3.9 (m,lH),4.89 (br d , J  = 8.3, 
lH), 6.38 (br s, lH), 6.5-6.7 (m, lH), 6.65 (d, J = 8.9, 2H), 6.86 
(d, J = 8.6, 2H), 7.2-7.5 (m, 9H), 7.7-7.9 (m, lH), 7.79 (d, J = 
8.3, 2H), 8.01 (d, J = 7.9, 1H); l3C NMR 6 21.5,34.7,52.2, 55.2, 
58.0,78.3,113.8, 114.9,124.0,125.7,126.5,126.6, 126.86,126.93, 
127.0, 129.02, 129.05, 129.75, 129.77, 129.79, 133.8, 136.5, 137.7, 
138.3, 143.6, 158.9. 
3-(2-Bromo-l-methoxyethyl)-l-(benzenesulfonyl)-2- 

[phenyl[N-(ptoluenesulfonyl)amino]methyl]indole (6a): 
prepared as described for 6b, mp 150 "C; lH NMR 6 2.37 (s,3H), 
3.28 (s,3H), 3.7-3.9 (m, 2H), 4.8-4.9 (m, lH), 6.44 (br d, lH), 6.38 
(br s, lH), 6.76 (d, J = 9.9, lH), 6.98 (m, 2H), 7.0-7.5 (m, 12H), 
7.7-7.9(m,3H),7.98(d,J=7.3,1H);'sCNMR621.5,34.7,52.5, 
58.0, 78.3, 114.9, 125.8, 126.0, 126.4, 126.5, 126.6, 126.8, 126.9, 
127.4,128.4,128.5,129.0,129.1,129.7,129.8,133.8,136.4,137.6, 
138.3, 143.6. 
3-(2-Bromo-l-methoxyethyl)-l-(benzenesulfonyl)-2-[ (2- 

chlorophenyl)[N-(ptoluenesulfonyl)amino]methyl]in- 
dole (6c): prepared as described for 6b, mp 108-9 OC; 1H NMR 
6 2.38 (8, 3H), 3.46 (s,3H), 3.63 (dd , J=  3.1, 11.0, IH), 3.90 (dd, 

Table 2. Yields. of Base-Promoted Deprotectionl 
Aromatization of 8 

BuLi/THF KOH/DMSO BwN+OH-(PTC) 
a 48 b 47 
b 58 66 72 
C b 67 77 
d b 63 73 
a Isolated yield ( % ) of purified products. * Reaction not attempted. 

Conversion of the tetrahydro-j3-carbolines 7 to the fully 
aromatic system was initiated by treatment with p- 
toluenesulfonic acid in toluene to effect elimination of 
methanol, producing 8 in excellent yield, as shown. Several 
reagents were then investigated for the simultaneous 
deprotection and aromatization of 8. Treatment of 8 with 
n-butyllithium in THF effects this transformation, though 
only in moderate yield. 

Alternately, dihydro-j3-carbolines 8 could be stirred with 
excess KOH in DMSO at 50 OC overnight to  give the 
corresponding j3-carbolines in somewhat higher yields. The  
same transformation could also be effected using phase- 
transfer catalysis. A solution of 8 in toluene was stirred 
overnight with 50% NaOH in the presence of a catalytic 
amount of tetrabutylammonium bromide. The  crude 
product was then isolated from the toluene layer. Yields 
for these procedures are summarized in Table 2. 

For all three deprotection/aromatization procedures, 9 
was typically purified by passing HClgas through a solution 
of the crude product (in either CHzCl2 or toluene) to 
precipitate the hydrochloride salt. Isolation and neu- 
tralization of this salt gave the pure j3-carbolines 9. 

In  summary, a new synthetic route to j3-carbolines has 
been developed, as demonstrated by the synthesis of 
several 1-aryl-j3-carbolines in overall yields ranging from 
29% to  44% starting from known 1-(benzenesulfony1)- 
3-vinylindole (2). Application of this method to the 
preparation of more highly substituted 0-carbolines is 
currently under investigation. 

Experimental Section 

Melting points are uncorrected. lH and l3C NMR spectra 
were taken in CDCla (unless otherwise noted) at 250 and 62.9 
MHz, respectively. Coupling constants are given in hertz. 
N-Tosylaldimines 4a-c and 4e are known compounds.13 Imine 
4d was prepared by heating p-toluenesulfonamide with 3,4- 
dimethoxybenzaldehyde in the presence of tetraethyl orthosili- 
~ a t e . ~ J ~  
3-Ethenyl-l-(benzenesulfonyl)-2-[ (4-methoxyphenyl)[N- 

(ptoluenesulfonyl)amino]methyl]indole (5b). Diisopropyl- 
amine (2.45 g, 24.3 mmol) in dry THF (20 mL) was treated with 
2.0 M n-BuLi in hexanes (12.2 mL, 24.4 mmol) at -78 OC under 
nitrogen for 30 min to generate a solution of LDA. A solution 
of 2 (5.3 g, 18.6 mmol) in THF (30 mL) was added dropwise to 
the LDA solution and allowed to come to 0 "C over 45 min. The 
solution was then stirred at  25 OC for 3 h, yielding a deep red 
solution, which was cooled to-78 OC. To this solution was added 
4b (5.64 g, 19.5 mmol) in THF (30 mL) dropwise, followed by 5 
min of stirring at -78 "C. The solution was allowed to warm to 
0 OC, and then the reaction was quenched with H2O (60 mL). The 
solution was extracted with CH2Clz (3 X 40 mL), the combined 

(13) (a) Albrecht, R.; Kresze, G.; Mlakar, B. Chem. Ber. 1964,97,483. 
(b) Trost, B. M.; Marrs, C. J. Org. Chem. 1991,56,6468. 

(14) Data for 4d: mp 103 O C ;  1H NMR 6 2.43 (8,3H), 3.91 (s,3H), 3.96 
(s,3H),6.94 (d , J  = 8.3,1H),7.34 (d , J  = 8.3, 2 H ~ 7 . 4 3  (dd,J= 8.3,1.9, 
lH), 7.51 (d, J = 1.9, lH),  7.88 (d, J = 8.3, 2H), 8.91 (8, 1H); 1% NMR 
621.6,56.0,56.1,110.2,110.6,125.4,127.9,129.1,129.7,135.6,144.2,149.6, 
155.2, 169.4; HRMS calcd for C~~HI.INOIS 319.0878, found 319.0877. 
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1 -P hen y l-2- (ptoluenesulfony 1) - 1,2-dihydro-B-carboline 
(8a): prepared as described for 8 b  'H NMR 6 2.22 (s,3H), 6.25 
(d, J = 7.6, lH), 6.58 (d, J = 7.6, lH), 7.0-7.5 (m, 16H), 7.63 (d, 
J = 8.4, 2H), 8.06 (d, J = 7.2, 1H); lac NMR 6 21.4,55.9, 105.9, 
114.6,115.5, 118.7, 122.8, 123.8, 125.1, 125.3,126.6, 126.7,128.2, 
128.4,128.5,128.9,129.1,129.5,133.6,136.0,136.4,137.8,137.9, 
143.8. 
l-(2-Chlorophenyl)-2-(ptoluenesulfonyl)-1f-dihydro-~- 

carboline (8c): prepared as described for 8b, except the solution 
was heated for 6 h at  reflux; mp 205-6 "C; 'H NMR 6 1.97 (s,3H), 
6.35 (d, J = 7.0, lH), 6.44 (d, J = 7.0, lH), 6.62 (dd, J = 1.6,7.9, 
lH), 6.8-6.9 (m, 3H), 7.1-7.5 (m, 12H), 7.68 (8, lH), 8.12(d, J =  
7.9, 1H); 13C NMR 6 21.0, 52.3, 111.6, 114.4, 115.9, 118.4, 123.4, 
123.8,125.16,125.22,126.3,126.6,126.9,128.1,129.0,129.7,130.5, 
130.7, 133.2, 133.6, 133.8, 134.2, 136.2, 137.9, 143.7. 
l-(3,4-Dimethoxypheny~)-2-(ptoluenesulfonyl)-lf-dihy- 

dro-&carboline (8d): prepared as described for 8b, except the 
solution was heated for 9 h a t  reflux; 'H NMR 6 2.21 (s,3H), 3.73 
(s,3H),3.82 (s,3H),6.24 ( d , J =  7.2,1H),6.57-6.61 (m,3H),6.91 
(8,  lH), 7.0-7.5 (m, 12H), 7.63 (d, J = 6.5, 2H), 8.09 (d, J = 7.3, 
1H); 13C NMR 6 21.3, 55.7, 55.8, 55.9, 105.6, 110.7, 111.5, 114.6, 
115.3,118.7,120.7,122.8,123.8,125.1,125.6,126.5,126.6,128.2, 
128.8,129.4,130.5,133.6, 136.1,136.4,137.9,143.8, 149.0,149.3. 
1-(pMethoxypheny1)-8-carboline (9b) (Using BuLi). To 

8b (0.14 g, 0.25 mmol) in THF (20 mL) at  0 "C under nitrogen 
was added 2.0 M n-BuLi in hexanes (0.13 mL, 0.26 mmol) 
dropwise. The solution was stirred at 0 "C for 10 min, allowed 
to come to 25 "C, and then heated at  reflux for 3 h. The solution 
was then cooled, diluted with H2O (30 mL), and extracted with 
CHzCl2 (2 X 20 mL). The combined organic extracts were dried 
(MgSO,) and then HCl gas was bubbled through the solution, 
resulting in the formation of a precipitate. The precipitate waa 
collected by filtration, dissolved in MeOH (15 mL), and treated 
with 0.5 M NaOH (15 mL). The solution was extracted with 
CH2Cl2 (2 X 15 mL), the combined extracts were dried (MgSOd), 
and the solvent was removed under reduced pressure to give 0.04 
g (58%) of 9b: mp 159-60 "C; lH NMR 6 3.89 (8, 3H), 7.10 (d, 
J = 8.9,2H), 7.2-7.3 (m, lH), 7.5-7.6 (m, 2H), 7.9-8.0 (m, 3H), 
8.15 (d, J = 7.9, lH), 8.54 (d, J = 5.3, lH), 8.68 (br s, 1H); 

121.4,127.8,129.8,129.9,130.9,132.4,136.2,143.0,160.7; HRMS 
calcd for Cl8Hl4N20 274.1106, found 274.1110. 

1-(pMethoxypheny1)-&carboline (9b) (Using KOH). To 
8b (0.36 g, 0.63 mmol) in DMSO (25 mL) was added two powdered 
KOH pellets. The solution was heated at  50 "C for 14 h, cooled, 
diluted with H2O (30 mL), and extracted with CH2C12 (3 X 15 
mL). The combined organic extracts were washed with H20 (3 
x 15 mL), dried (MgS04), and treated as described above to 
afford 0.11 g (66%) of 9b. 

1-(pMethoxypheny1)-&carboline (9b) (Using Phase- 
Transfer Catalysis). To 8b (0.33 g, 0.58 mmol) in toluene (20 
mL) were added a catalytic amount of BurN+Br and 50% NaOH 
(15 mL). The mixture was heated at  reflux for 16 h, cooled, and 
diluted with H2O (25 mL). The organic phase was treated with 
HCl gas to yield a precipitate, which was treated as described 
above to yield 0.11 g (72%) of 9b. 

1-Phenyl-&carboline (9a): prepared as described for 9b; 
mp 240-3 OC (lit.lS mp 246-7 OC); lH NMR (CDCWDMSO-de) 
6 7.25 (t, J = 7.5, lH), 7.4-7.7 (m, 5H), 7.95 (d, J = 4.6, lH), 8.04 
(d,J=7.5,2H),8.14(d,J=8.1,1H),8.49(d,J=5.2,1H),11.07 
(br s, 1H); 13C NMR (CDCldDMSO-de) 6 111.4, 112.6, 118.5, 
120.25,120.30,127.1,127.4,127.6,127.8,128.6,132.6,137.5,137.8, 
140.4,141.8; HRMS calcd for C17H12N2 244.1000, found 244.0997. 
1-(2-Chloropheny1)-,9-carboline (9c): prepared as described 

for 9b, mp 209-10 OC; 1H NMR 6 7.2-7.7 (m, 7H), 7.99 (d, J = 
5.3, lH), 8.16 (d, J = 7.9, lH), 8.46 (br s, lH), 8.55 (d, J = 5.3, 
1H); l3C NMR 6 111.5, 114.3, 120.2, 121.7, 127.3, 128.6, 129.4, 
130.07,130.12,131.9,132.8,134.1,137.0,139.1,140.4,141.4;HRMS 
calcd for C17HllN2C1 278.0611, found 278.0613. 

1-(3,4-Dimethoxyphenyl)-fl-carboline (9d): prepared as 
described for 9b; mp 105-8 OC (lit.le mp 90-2 "C); 'H NMR 

NMR (CDC13IDMSO-ds) 6 54.2,111.8,113.5,113.8,118.5,120.1, 

(CDCldDMSO-de) 6 3.99 (9, 3H), 4.04 (8, 3H), 7.27 (d, J 8.5, 

J = 8.9, 11.0, lH), 5.30 (dd, J = 3.1, 8.9, lH), 6.46 (d, J = 8.9, 
lH),6.74(d, J=9.0,1H),6.9-8.1 (m,17H);13CNMR621.4,35.3, 
52.3, 59.0, 78.3, 115.4, 121.5, 124.2, 125.7, 126.27, 126.30, 127.3, 
128.2,128.9,129.0,129.2,129.36,129.42,129.8,133.3,133.7,135.0, 
135.4, 137.0, 137.6, 137.8, 143.5. 
34 2-Bromo- 1-met hoxyethy1)-1- (benzenesulfonyl)-2-[ (3,4- 

dimethoxyphenyl)[N-(ptoluenesulfonyl)~no]methyl]in- 
dole (6d): prepared as described for 6b, mp 162-3 "C; lH NMR 
6 2.37 (s,3H), 3.29 (s, 3H), 3.46 (5, 3H), 3.4-3.5 (m,lH), 3.81 (s, 
3H), 3.7-3.9 (m, 1H),4.90 (br d, J= 8.3,lH) 6.3-6.5 (m, 3H), 6.59 
( d , J  = 8.4,1H),6.73(br d , J =  9.8,1H),7.2-7.5 (m,9H),7.7-7.9 
(m, lH), 7.80 (d, J = 8.3, 2H), 8.04 (d, J = 7.7, 1H); 13C NMR 
6 21.4,34.6, 52.2,55.3,55.8,57.9,78.2, 109.1,110.8,114.9,115.4, 
118.2,124.0,125.7,126.0,126.4,126.8,127.2,128.8,128.87,128.90, 
129.7, 133.7, 135.5, 137.8, 138.2, 143.5, 148.3, 148.8. 
l-(pMethoxyphenyl)-2-(ptoluenesulfonyl)-4-methoxy- 

9-(benzenesulfonyl)-1,2,3,4-tetrahydro-~-carboline (7b). To 
6b (1.64 g, 2.4 mmol) in THF (25 mL) at 0 "C under nitrogen was 
added slowly via power addition funnel NaH (60% in mineral 
oil, 0.11 g, 2.6 mmol). The mixture was stirred at  0 OC for 10 min, 
allowed to come to 25 "C for 10 min, and then heated at reflux 
for 2 h. The solution was cooled, diluted with 40 mL of H20, and 
extracted with CHzClz (2 X 35 mL). The combined extracts were 
dried (MgS04), and the solvent was removed under reduced 
pressure. The residue was washed with n-pentane to remove 
mineral oil, yielding 1.41 g (98%) of 7b, mp 177-9 "C: lH NMR 
6 2.26 (s, 3H), 3.04 (dd, J = 9.7, 14.3, lH), 3.45 (8, 3H), 3.76 (s, 
3H), 4.14 (dd, J = 6.7,14.3, lH), 4.58 (dd, J = 6.7,9.7, lH), 6.68 
(d, J = 8.8, 2H), 6.85 (8, lH), 6.96 (d, J = 8.7, 2H), 7.10 (d, J = 
8.0,2H),7.2-7.6(m,10H),8.12(d,J=8.1,1H);13CNMR621.3, 
41.4,55.2,55.4,56.5,70.5,113.6,113.8,114.3,119.1,120.4,123.8, 
125.1,126.7,127.0, 129.0, 129.5, 129.6,130.0,133.6,134.1,136.3, 
137.2, 138.3, 143.6, 159.5. 
l-Phenyl-2-(ptoluenesulfonyl)-4-met hoxy-9-( benzene- 

sulfonyl)-1,2,3,4-tetrahydro-&carboline (7a): prepared as 
described for 7b, mp 177-8 "C; lH NMR 6 2.26 (s, 3H), 3.03 (dd, 
J = 9.7, 14.4, lH), 3.45 (s,3H), 4.14 (dd, J = 6.7, 14.4, lH), 4.59 
(dd, J = 6.7, 9.7, lH), 6.90 (s, lH), 7.0-7.6 (m, 17H), 8.12 (d, J 
= 8.1, 1H); 13C NMR 6 21.4, 41.5, 55.9, 56.5, 70.5, 114.3, 119.3, 
120.4,123.9,125.2,126.6,127.1,128.2,128.4,128.5,128.8,129.05, 
129.09, 129.6, 133.7, 136.4, 137.5, 138.1, 143.7. 
1-(2-Chlorophenyl)-2-(ptoluenesulfonyl)-4-methoxy-9- 

(benzenesulfonyl)-l,2,3,4-tetrahydro-~-carboline (7c): pre- 
pared as described for 7b, mp 184-5 "C; lH NMR 6 2.29 (s,3H), 
3.04 (dd, J = 9.3, 14.7, lH), 3.50 (s,3H), 3.93 (dd, J = 6.7,14.7, 
lH), 4.81 (dd, J = 6.7, 9.3, lH), 6.8-7.7 (m, 15H), 7.80 (d, J = 
7.7, 2H), 8.12 (d, J = 8.2, 1H); l3C NMR 6 21.3,42.2, 53.1, 57.1, 
70.7, 114.3, 120.2, 120.3, 123.9, 125.3, 126.3, 126.8, 127.6, 128.0, 
129.2,129.3,129.7,130.46,130.55,133.5,133.9,134.9,135.0,136.1, 
136.6, 137.9, 143.8. 
l-(3,4-Dimethoxyphenyl)-2-(~toluenesulfonyl)-4-meth- 

oxy-9-( benzenesulfonyl)-1,2,3,4-tetrahydro-@-carboline 
(7d): prepared as described for 7b, mp 162-3 "C; lH NMR 6 2.25 
(s,3H), 3.08 (dd, J=  9.7,14.3, lH), 3.46 (s,3H), 3.67 (s,3H), 3.82 
(s, 3H), 4.18 (dd, J = 7.0, 14.3, lH), 4.61 (dd, J = 7.0, 9.7, lH), 
6.43 (dd, J = 2.0,8.3, lH), 6.55 (d, J = 8.3, lH), 6.65 (d, J = 2.0, 
lH),6.82(s,lH),7.12(d,J=8.1,2H),7.66(d,J=8.3,2H),8.13 
(d,J=8.2,1H);l3CNMR621.2,41.5,55.6,55.7,55.8,56.4,70.5, 
110.3, 111.9,114.2,119.1,120.3,121.1,123.8,125.1, 126.6,127.0, 
127.4,127.9,128.9,129.5,129.9,133.6,134.0,136.1,137.2,138.2, 
143.6, 149.0. 
l-(pMethoxyphenyl)-2-(~toluenesulfonyl)-lf-dihydro- 

&carboline (8b). To 7b (2.90 g, 4.8 mmol) in toluene (60 mL) 
were added 4-A molecular sieves (2 g) and a catalytic amount of 
p-TsOH. The mixture was heated at  reflux 4 h, cooled, and 
filtered. Solvent was removed from the filtrate under reduced 
pressure to give the crude product, which was dissolved in CH2- 
Cl2 (50 mL) and washed with 0.1 M NaOH (25 mL). The organic 
layer was dried (MgS04), and the solvent was removed under 
reduced pressure to give 2.66 g (97%) of 8b: lH NMR 6 2.23 (s, 
3H),3.77 (s,3H),6.24 ( d , J =  7.3,1H),6.58(d,J= 7.3,1H),6.69 
(d, J = 8.8, 2H), 7.0-7.5 (m, 13H), 7.62 (d, J = 8.3,2H), 8.06 (d, 
J=7.8,1H);1~CNMR621.4,55.3,56.3,105.6,113.8,115.3,118.7, 
122.7,123.8,125.0,125.6,126.56,126.64,128.2,128.4,128.9,129.5, 
129.6, 130.3,133.6, 136.1, 136.3, 137.8, 143.7, 159.8. 

(15) Spiith, E.; Lederer, E. Chem. Ber. 1930, 62, 2102. 
(16) Bradsher, C. K.; Litzinger, E. F., Jr. J. Heterocycl. Chem. 1964, 

1,  168. 
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lH), 7.44 (t, J = 6.9, lH), 7.65 (8,  lH), 7.6-7.9 (m, 3H), 8.42 (d, 
J = 8.1, lH), 8.47 (d, J = 6.2, lH), 8.59 (d, J = 6.2, lH), 12.66 
(br s, 1H); 13C NMR (CDC~~/DMSO-~I$ S 54.38, 54.41, 110.3, 
111.0,111.7,113.7,118.3,119.9,120.0,121.28,121.34,127.5,129.7, 
130.7,132.2,136.0,142.8,147.8,150.2; HRMScalcdfor Cl~HmN202 
304.1212, found 304.1215. 
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