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Abstract: The Pictet-Spengler(P-S) reaction of Nb-hydroxytryptamines 5 and cysteinals 6 in 
the presence of trifluoroacetic acid(TFA) at room temperature gave the tetracyclic compounds 
7a as well as the corresponding Nb-hydroxy-S-carbolines 8. The optically active nitrones 9, 
isolated from the similar reaction of 5 and optically active 6, gave optically active 7a and 8. 

In the continuation of our work directed toward the total synthesis of the potent antiviral 

marine alkaloid, eudistomins 1, 1 the need arose for the synthesis of Nb-hydroxy-tetrahydro-P- 

carboline 2 which may be prepared by use of the Pictet-Spengler reaction (P-S reaction) of Nb- 

hydroxytryptamine 3 with cysteinal 4 (Scheme I). Recently, Ottenheijm and coworkers2 
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reported the P-S reaction of Nb-hydroxytryptophan derivatives and cysteinal to yield a mixture 

of three diastereomers of racemic Nb-hydroxy-tetrahydro-b-carboline. Our approach was based 

on the idea that the stereochemistry of the C (1) of j3-carboline would be controlled by the 

chirality of the cysteine moiety. The reaction of Nb-hydroxytryptamine with a chiral cysteinal 

derivative may provide two diastereomers of the corresponding Nb-hydroxy-tetrahydro-P- 

carboline and the ratio of the diastereomers should be influenced with the protective groups 

(R’ and R) of the nitrogen and sulfur atoms adjacent to the chiral center. However there were 

only a few examples3 to our knowledge, that the stereochemistry of the b-carboline was 
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controlled by the chirality of an aldehyde used in the P-S reaction. We report here that our 

approach on this line is viable indeed. The P-S reaction of Nb-hydroxytryptamine 5 with the 

chiral aldehydes. L-cysteinals 6, gave the optically active Nb-hydroxy-tetrahydro-B-carboline 

derivatives 8, via the corresponding nitrones 9, in high stereoselectivity. 

The P-S reaction of Nb-hydroxytryptamine 5 and cysteinal 6 was carried out at room 

temperature using trifluoroacetic acid (TFA) as a catalyst.4 Thus, treatment of 5a with N,S- 

protected cysteinal 6a,5a prepared from N-methoxycarbonyl-S-methyl-L-cysteine methyl 

ester,5b in the presence of TFA (1 mol equiv) at room temperature provided tetracyclic 

compound (f)-7aa unexpectedly in 75% yield together with the corresponding Nb-hydroxy- 

tetrahydro-B-carbolines (+)-8aa and (*)-sap as a mixture of diastereoisomers (24%) which 

could be separated by column chromatography (Scheme II. Rf=H; RZ=COOMe; R3=Me). A variety 

of N,S-protected cysteinals 6 and Nb-hydroxytryptamine derivatives have been employed in 

this condensation; the results are summarized in Table I (entry l-6). The selectivity for the 

Scheme II 

4 CH2Clp 

5 6 
la 8a: a-H 

80: B-H 

Table I The P-S reaction of Nb-hydroxytryptamines 5 and cysteinals 6 

Entry 5 6 (*) 7a (%) (*) 8 (%) 8a:8$ 

1 a Rt=H a R2=COOMe, R3=Me a (75) a (24) 1:6a 

2 a Rt=H b R2=CBZ, R3=COOMe b (39) b (51) 1:4a 

3 a Rl=H c R2=CEZ R3=Me c (76) c (18) l:Sa 

4 a Rt=H d R2=TROC, R3=COOMe d (21) d (62) l:gb 

5 a Rt=H e R2=COOMe, R3=CBZ e (47) e (34) 1:5b 

6 a Rl=H f R2=COOMe, R3=TROC f (33) f (56) l:gb 

7 b Rt=Me g R2=COOMe, R3=MEM g (88) 

8 b Rr=Me f R2=COOMe, R3=TROC h (90) 

a Ratio by isolation: bRatio by IH-NMR. 

tetracyclic compounds (k)-7a seems to depend on the size of the protective group of cysteinals. 

Excellent yields of (+_)-7a were obtained with the cysteinals which have smaller protective 

groups both on N and S (entry 1 and 3). While the influence of the protective groups to the 

ratio of the B-carbolines 8 were not so obvious, and fortunately, the major isomer of the B- 

carbolines, (+)-8p have a desirable stereochemistry for the synthesis of 1. On the other hand, 

in the reaction of Na-methyl-Nb-hydroxytryptamine like Sh with 6 gave only the 
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corresponding tetracyclic compounds (+)-7a in high yield (entry 7, 8), and no corresponding 

Nb-hydroxy-tetrahydro-g-carbolines were detected perhaps due to the unfavorable interaction 

in the transition state between the bulky substituents (cysteine moiety) of position 1 and the 

indole Na-Me function [A(* $2) strain].6 The reaction proceeded rapidly at room temperature 

and in all cases was completed within 5 min, indicating the high reactivity of the Nb- 

hydroxytryptamine in the P-S reaction.‘l 

The isolation of (+)-7a suggests the presence of the spiroindolenine intermediate in the P-S 

reaction. In fact, the tetracyclic compounds rearranged to the corresponding P-carbolines 

when treated with excess TFA. 

temperature for 24 h afforded 

Treatment of (*)-7ca with TFA (10 mol equiv) in CH2Cl2 at room 

the corresponding g-carbolines (&)-8ca (19%) and (+)-8cg (72%) 

Scheme III 

7ca 

H 

8ca 9% 

(Scheme III). The major isomer of the g-carbolines (Scg), however, has the opposite 

configuration at C (1) position compared with the same carbon, C (4). of 7ca. On the other 

hand, Na-protected tetracyclic compounds did not convert to the corresponding P-carbolines 

under identical reaction conditions: 95% of the starting material was recovered when 7ha was 

treated with TFA (10 mol equiv) in CH2Cl2 at room temperature for 18 h. 

The structures of the products were determined from their spectral data. The stereochemistry 

ORTEP drawing of (i)-7ba Figure 1 ORTEP drawing of @)-gag 



of 7a and 8s were established by X-ray analysis 4c of (+)-7ba and (*)-gap, respectively (Figure 

I). Thus, the major isomer of the Nb-hydroxy-tetrahydro-b-carboline, Sap, has a b-H at C (1) of 

the b-carboline ring, and the relative configuration is the same as that of the natural 

eudistomins. Subsequently, structures 8b/3-8gp were assigned by comparison of their IH-NMR 

spectra with those of 8ab in which the peak of the C(1) proton (S 4.47) shifted markedly 

downfield comparing with that (6 4.23) of the minor isomer, Saa. On the other hand, the 

tetracyclic compound 7ba has a trnns relationship between C(4) and C(5). 

TO our knowledge this is the first example that such tetracyclic compounds were obtained 

from the P-S reaction. It 

intramolecular cyclization 

Scheme IV 

is likely that the tetracyclic compounds are formed by an 

of the corresponding spiroindolenine intermediate 10 (Scheme IV). 

5+6- 

Only the rrans isomer 7a was isolated in our case probably due to the 

isomer 7b. Clearly, the isolation of the tetracyclic compounds affords 

existence of the spiroindolenine intermediate in P-S reaction. 8 

instability of the all-cis 

a new evidence for the 

It had to be noted that both of the b-carbolines and the tetracyclic compounds obtained in 

Table I gave no specific rotation, the raccmization might have occurred during the 

chromatographic purification of the cysteinals as reported. 5 In order to obtain the optically 

active 7 and 8, crude cysteinals were used in the following P-S reaction without 

chromatographical purification. During our preliminary examination,7 we found that Nb- 

hydroxytryptamine easily reacts with various aldehydcs without any catalyst to give the 

corresponding nitrones. Furthermore, the nitrones are, unlike the Schiff base obtained from 

tryptamine and aldehyde, very stable and could be purified and isolated by means of 

chromatography. We purified the crude cysteinals 6 as its nitrones 9 and this method was 

found to be useful to overcome the racemization. Thus, the mixture of the crude cysteinals 6 

and Nb-hydroxytryptamine 5 in dry CH2C12 was stirred at room temperature for about 2 h to 

give the corresponding nitrones (+)-9 (Scheme V) in excellent yield after chromatographic 

purification (Table II). Only a single isomer (2 isomer) of the nitrones was detected from their 

1 H-NMR spectra.9 In addition, all of the products gave satisfactory [aJD value, suggesting no 

racemization occurred during the nitrone formation.1 0 
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From the nitrones (+)-9, the desired optically active Nb-hydroxy-tetrahydro-j3-carboline (-)- 

8 as well as the tetracyclic compounds (-)-7a were easily obtained by using the same conditions 

as described in scheme II (TFA, 1 mol equiv, rt, 5 min). (Scheme VI) (Table III) 

Scheme V 

Table II Isolation of the optically active nitrones 9 

Entry 9 Rl R2 R3 yield(%) blD(“) mp(“C) 

1 a H COOMe Me 97.0 +56.9 

2 f H COOMe TROC 91.2 +13.5 

3 h Me COOMe TROC 95.4 +30.0 96-97 

4 i H BOC TROC 96.7 +35.5 

5 j H TROC Me 92.0 +41.0 

6 k H BOC Me 92.8 +67.3 135.5-136.5 

Scheme VI 
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1 a H COOMe Me 

2 f H COOMe TROC 

3 h Me COOMe TROC 

4 i H BOC TROC 

5 j H TROC Me 

6 k H BOC Me 

*Ratio by isolation; #Ratio by ‘H-NMR 

a(77) -113.8 a(22) 1:6* 

f(35) -86.9 f(59) 1:6# 

h(90) -93.0 

j(49) -98.1 j(48) 1:5# 

k(6g) -110.0 k(25) 1:6* 

l(70) -139.2 l(21) 1:5* 
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The optical purity of the products were determined from their IH-NMR in the presence of a 

shift reagent. Thus, IH-NMR spectrum of the P-carbolines, (-)-sap, in the presence of tris [3- 

heptafluoropropyfhydroxy-methylene-d-camphorate] derivative of curopium (III) showed a 

singlet peak downfield at 6 7.50-8.00, while a pair of peaks were observed in that of (+I-8ap in 

Table I. 

In summary, the Pictet-Spengler reaction of Nb-hydroxytryptamines 5 and cysteinals 6 has 

been shown to form the corresponding Nb-hydroxy-/3-carbolines (+)-8 as well as the 

tetracyclic compounds (+)-7a which gave a new evidence for the intermediary of a 

spiroindolenine in the Pictet-Spengler reaction. On the other hand, by isolating nitrones,(+)- 

9, optically active Nb-hydroxy-tetrahydro-P-carbolines (-)-8 and tetracyclic compounds (-)-7 

were synthesized. 

Experimental Section 

Melting points were determined with Yamato MP-1 and Yanagimoto micro melting point 

apparatus, and are uncorrected. UV spectra were recorded on a Hitachi 323 a spectro- 

photometer. IR spectra were obtained with a Hitachi 260-10 spectrophotometer. Mass spectra 

were recorded on a Hitachi M-60 or a JMS-HX 100 mass spectrometer. IH-NMR spectra were 

recorded on 270 MHz with a JEOL JNM-FX 270 or a JEOL JNM-GX 270, or on 500 MHz with.a JEOL 

JNM-GSXSOO. All chemical shifts are reported downfield from an internal Me4Si standard and 

given as 6 values (ppm). Optical rotations were recorded with a JASCO DIP-140 polarimeter. 

Microanalyses were performed on a Perkin-Elmer 240 C, H, and N analyzer. Unless otherwise 

noted, UV spectra (h in nm) refer to a solution in 95% EtOH, IR spectra (v in cm-l) to KBr disks, 

and IH-NMR spectra to solutions in CDC13. 

General procedure for the preparation of Nb-hydroxytryptamines. Nb-hydroxy- 

tryptamines 5a and 5b were prepared by a Al(Hg) reduction1 * of the corresponding 

nitroethylindoles which were in turn prepared by a NaBH4 reduction I2 of the nitro- 

ethyleneindoles obtained from the condensation 1 3 of nitromethane with 3-formylindole 

derivatives. As an example, the preparation of Na-methyl-Nb-hydroxytryptamine 5b is 

described. 

NaBH4 (1.92 g, 50.5 mmol) was added in portions at room temperature to a suspension of Na- 

methyl-nitroethyleneindole (3.4 g, 16.8 mmol) in MeOH-THF (2.50 ml-50 ml) with vigorous 

stirring. After the mixture was stirred for 1 h, 10 ml of AcOH was added and the mixture was 

concentrated in vucuo. The residue was diluted with CH2C12 and washed successively with water 

and brine. Drying over Na2S04 and removal of the solvent gave a residue which was 

chromatographed over Si02 to give Na-methyl-nitroethylindole (3.09 g, 90.2 %): mp. 46-47°C; 

hmax (EtOH) 224, 275, 288, 294 nm; vmax (KBr) 1620, 1495, 1300, 1250, 750 cm-l; m/z (%) 204(M+), 

157(100); 6 7.56-7.14 (4H, m, ArH), 6.91 (lH, s, C2-H), 4.64 (2H, t, J = 7.2 Hz, N-CH2), 3.74 (3H, s, Me), 

3.47 (2H. t, J = 7.2 Hz, CH2); Anal. Calcd. for Cl lH12N202(Mf): 204.0897. Found: 204,0897(HRMS). To 

a solution of Na-methyl-nitroethylindole obtained as above (1.02 g, 5.0 mmol) in THF-H20 (SO 

ml-5 ml) was added freshly prepared Al(Hg) (from 2 g of Al) at 0°C with vigorous stirring. 
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After stirring for 15 min. the reaction mixture was filtered through a Biichner funnel and then 

a celite filter. The filtrates were evaporated and the residue was diluted with CH2Cl2 and washed 

successively with water and brine. Drying over Na2S04 and removal of the solvent gave a 

residue which was chromatographed over Si02 to give Na-methyl-Nb-hydroxytryptamine 5 b 

(0.73 g, 76.8 %): mp. 66-67°C; hmax (EtOH) 227, 279, 298. 300 nm; vmax (KBr) 3270, 1620, 1480, 1380, 

1120, 740, 730 cm-l; m/z (%) 19O(M+), 144(100); 6 7.62-7.08 (4H, m. ArH), 6.91 (IH, s, C2-H), 6.30- 

5.20 (lH, br, OH, exchangeable), 3.75 (3H, s, Me), 3.24 (2H, t, J = 7.2 Hz, N-CH2), 3.03 (2H, t, J = 7.2 

Hz, CH2). 

General procedure for the Pictet-Spengler reaction in Table I To a mixture of 

Nb-hydroxytryptamine 5 and cysteinal 6 (1.5 mol equiv) prepared from L-cysteine and 

purified through a SiO2 column in dry CH2Cl2 was added trifluoroacetic acid (1 mol equiv) by 

injection at room temperature in an atmosphere of Ar. After stirring for 5 min. the reaction 

mixture was diluted with CH2C12 and quenched with sat. NaHC03, washed with brine, dried over 

MgS04 and concentrated in vacua. The residue was chromatographed over Si02 to give the 

products (vi& infra for the optically active compounds). 

Tetracvclic comoound (+)-7a; chromatographycally homogeneous amorphous; limax (EtOH) 245, 

303 nm; vmax (KBr) 3350, 1715, 1680, 1605, 1450, 740 cm-l; m/z (W) 335(M+), 143(100); 8 (27’C) 

7.19-7.05 (2H, m, ArH), 6.80(1H, ArH), 6.76(1H, m, C8-H), 5.93, 5.84(18, br. OH, exchangeable), 5.44, 

5.35 (lH, S, f&a-H), 4.97 ,4.68 (lH, br, NH, exchangeable), 4.29, 4.17 (lH, dd, J = 4.2, 11.3 Hz, C5-H), 

3.77, 3.75 (3H, S, OMe), 3.64 (lH, s. Cq-H), 3.45 (lH, m, C2-H), 3.21 (IH, m, C2-H), 2.64 (lH, m, Cl2-H), 

2.22 (2H, m, Cl-H), 2.09, 2.03 (3H, s, SMe), 1.85 (lH, m, Cl2-H); 6 (55’C) 5.93, 5.84 (lH, br, OH, 

exchangeable), 5.38 (lH, s, C6a-H), 4.97 ,4.68 (lH, br, NH, exchangeable), 4.22 (lH, br, C5-H), 3.75 

(3H. s, OMe), 2.04 (3H, s, SMe); Anal. Calcd. for Cl6H2lN303S(M+): 335.1302. Found: 

335.1302(HRMS). 

1-11-IN-~Methoxvcarbonvl~amino)-2-(methvlthio~-ethvll-2-hvdroxv-1,2.3,4-tetrahvdro-[3- 

carboline (+)-b. 8aB. (&)-8aa: chromatographycally homogeneous amorphous; hmax (EtOH) 

227, 275, 284, 291 nm; vmax (KBr) 3370, 3290, 1685, 1500 cm-l; m/z (%) 335 (M+), 171 (100); 8 8.45 

(lH, br, N9-H. exchangeable), 7.47-7.08(48, m, ArH), 5.85 (lH, br, NH, exchangeable), 5.11 (lH, 

br, OH, exchangeable), 4.54 (JH, br, ClO-H), 4.23 (lH, br, Cl-H), 3.69 (3H, s, OMe), 3.50 (lH, br, C3- 

H), 3.18 (lH, m, SCH), 3.05 (2H, m, C3-H, SCH), 2.80 (2H, m, C4-H), 2.13 (3H, s, SMe); Anal. Calcd. for 

Cl6H2lN303S(M+): 335.1302. Found: 335,1301(HRMS). &)-Sap: mp 180.5-181”C(dec.;AcOEt/n-Hex); 

hmax (EtOH) 226.5, 275, 283, 291 nm; vmax (KBr) 3370, 3290, 1690, 1500 cm-l; m/z (%) 335(M+),171 

(100); 6 8.50 (lH, br, N9-H, exchangeable), 7.48-7.07(4H, m, ArH), 5.59 (lH, br. NH, 

exchangeable), 5.00 (1H. br, OH, exchangeable), 4.54 (lH, br, ClO-H), 4.47 (lH, br, Cl-H), 3.61 (3H, 

s, OMe), 3.61 (lH, br. C3-H), 3.23 (lH, m, SCH), 3.09 (2H, m, C3-H, SCH), 2.80 (2H, m, Cq-H), 2.20 (3H, 

s, SMe); Anal. Calcd. for C16H21N303S: C, 57.30; H, 6.31; N, 12.53. Found: C, 57.13; H, 6.23; N, 12.38. 

Tetracvclic comuound (k)-7b: mp 142.5-143”C(AcOEt/n-Hex); hmax (EtOH) 245, 302 nm; vmax 

(KBr) 3350, 1715, 1685, 1605, 1420, 1140 cm‘ l; m/z (%) 453 (M+-2), 91 (100); 6 7.40 (JH,bs, PhH), 

7.06-7.18 (2H, m, ArH), 6.80 (lH, ArH), 6.56 (lH, d, J = 8.1 Hz, C8-H), 5.53, 5.49 (lH, br, OH, 

exchangeable), 5.47, 5.38 (1H. s, C6a-H), 5.20 (2H, s, CH2Ph). 4.95, 4.63 (lH, br, NH, 
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exchangeable), 4.37 (lA, m, C5-H), 3.75 (lH, s, OMe), 3.61 (2H, s, OMe), 3.49 (lH, s, C4-H), 3.40 (lH, 

m, C2-H), 3.16 (IH, dd, J = 5.1, 14.3 Hz, C2-H), 3.03 (lH, dd, J = 5.0, 14.4 Hz, SCH), 2.32 (lH, m, SCH), 

2.20 (2H. m, Cl-H); Anal. Calcd. for C23H25N305S: C, 60.65; H, 5.53; N, 9.23. Found: C, 60.53; H, 5.55; 

N, 9.11. 

l-l~-(N-(Benzvloxvcarbonyl)amino)-2-(methoxvcarbonvlthio~-~thv~~-2-hvdroxv-l,2.3,4- 

tetrahvdro-0-carboline (It)-Sba. 8bD. (9-8ba: chromatographycaily homogeneous amorphous; 

hmax (EtOH) 226., 275, 283, 291 nm; vmax (KBr) 3440, 3350, 1685, 1520 cm-t; m/z (%) 421 (M+-34), 

229 (100); 8 8.81 (lH, br, N9-H, exchangeable), 7.47 (IH, d, J = 8.1 Hz, ArH), 7.36 (IH, d, J = 8.3 HI., 

ArH), 7.33 (5H, s, PhH), 7.22-7.08 (2H, m, ArH), 5.80-5.60 (2H, br, OH, NH, exchangeable), 5.14 (IH, 

d, J = 12.2 Hz, CHPh), 5.08 (IH, d, J = 12.2 Hz. CHPh), 4.57 (lH, br. ClO-H), 4.25 (IH, br, Cl-H), 3.78 

(3H, s. OMe), 3.49 (lH, m, C3-H), 3.05-3.20 (3H, m, C3-H, SCH), 2.90 (IH, m, C4-H), 2.80 (lH, m, C4-H). 

(a)-gbg: chromatographycally homogeneous amorphous; hmax (EtOH) 226., 275, 283, 291 nm: 

vmax (KBr) 3440, 3350. 1685, 1520 cm-t; m/z (%) 455 (M+), 91 (100); 6 8.56 (IH, br, N9-H, 

exchaweable), 7.48 (lH, d, J = 7.2 Hz, ArH), 7.08-7.32 (8H, m, ArH, PhH), 5.71 (iH, br, NH, 

exchangeable), 5.20 (lH, br, OH, exchangeable), 5.05 (2H, s. CH2Ph), 4.56 (lH, br, ClO-H), 4.45 (lH, 

br, Cl-H), 3.81 (3H, s, OMe), 3.60 (IH, m, C3-H), 3.42 (lH, dd, J = 5.3, 14.1 Hz, SCH), 3.20 (2H, m, C3-H. 

SCH), 3.02 (1H. m, C4-H), 2.80 (IH, m, C4-H); Anal. Calcd. for C23H25N305S(M+): 455.1514. Found: 

455.152O(HRMS). 

Tetracvclic comoound (+_)-7c: chromatographycally homogeneous amorphous; hmax (EtOH) 245, 

302 nm; vmax (KBr) 3370, 1690, 1605, 1410, 750 cm- l; m/z (%) 411(M+), 91 (100); S(5YC) 7.40(5H, 

bs, PhH), 7.16(lH, d, J = 6.7 Hz, Ct t-H), 7.06 (lH, t-like, C9-H), 6.73(1H. m. ClO-H). 6.55(1H, d, J = 7.9 

H% C8-H), 5.43(lH, S, C6a-H), 5.19(2H, S, CH2Ph), 4.95 (lH, br, OH, exchangeable), 4.60 (lH, br, NH, 

exchangeable), 4.17 (lH, br, C5-H), 3.64 (lH, s, C4-H), 3.44 (lH, m, C2-I-I), 3.20 (lH, t-like, C2-H), 

2.80-2.50 (lH, br, SCH), 2.20 (2H, m, Cl-H), 1.95 (4H, br, SCH. SMc); Anal. Calcd. for 

C22H25N303S(M+): 411.1614. Found: 411.1599(HRMS). 

l-~l-(N-(Benzvloxvcarbonvl~amino)-2-(methv~thio)-ethvl~-2-hvdroxv-l,2.3.4.tetrahvdro-~- 

carbolinc (+)-8ca. SC!?& (+)-8ca: chromatographycally homogeneous amorphous; ?,max (EtOH) 

226, 275, 284, 291 nm; vmax (KBr) 3350, 1685, 1510 cm-l; m/z (%) 411 (M+). 171(100); 6 8.34 (IH, 

br. N9-H, exchangeable), 7.47 (1H. d, J = 7.7 Hz, ArH), 7.34 (SH, s, PhH), 7.31 (lH, m, ArH), 7.24. 

7.09 (2H. m, ArH), 5.80 (IH, br, OH, exchangeable), 5.58 (lH, d, J = 9.6 Hz, NH, exchangeable), 5.15 

(lH> d> J = 12.4 Hz, CHPh), 5.10 (lH, d, J = 12.1 Hz, CHPh), 4.54 (IH, bs, C;O-H), 4.23 (lH, bs, Cl-H), 

3.48 (1H. m, C3-H), 3.16 (lH, m, C3-H), 2.91 (lH, m, C4-H), 2.88 (IH, dd. J = 13.8, 7.2 Hz, SCH). 2.80 

(1Hy m, C4-f~), 2.73 (1H. dd, J = 13.8, 5.5 Hz. SCH), 2.12 (lH, s, SMc). (+)-8cp: chromatographycdly 

homogeneous amorphous; imax (EtOH) 226, 275, 283, 291 nm; vmax (KBr) 3350, 1695, 1510, 1260, 

745 cm-‘; m/z (%) 411 CM+), 171 (100);6 8.42 (1H. br, N9-H, exchangeable), 7.48 (lH, d, J = 7.3 k, 

AN, 7.36-7.07 @H, m, ArH), 5.65 (lH, d, J = 7.9 Hz, NH, exchangeable), 5.04 (2~, S. CHIph), 4.94 

(1H. br. OH. exchangeable), 4.54 (lH, br, ClO-H), 4.50 (11-1, br, Cl-H), 3.62 (11~. m, C3-H), 3.22 (1~. 

m, C3-H). 3.14-3.07 (2H, m. C4-H, SCH), 2.81 (2H, m, C4-H, SCH), 2.19 (3H, s, SMc); Anal. C&d. for 

C22H25N303S(Mf): 411.1614. Found: 41 l.l619(HRMS). 
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Tetracvclicc chromatographycally homogeneous amorphous; hmax (EtOH) 245, 

302 nm; vmax (KBr) 3365, 1690, 1605, 1410, 750 cm-l; m/z (%) 495 (M+-2). 130 (100); 6 7.08-7.20 

(2H, m. ArH), 6.8l(lH, m. ArH), 6.6O(lH, d, J = 8.2 Hz, C8-H), 5.49 (lH, br, OH, exchangeable), 5.48, 

5.49 (1H, S, C&x-H), 4.86-4.96 (1H. br, NH, exchangeable), 4.70-4.96 (2H, m, CH2CCl3), 4.40 (lH, m, 

C5-H). 3.74. 3.77 (3H. s, OMe), 3.53, 3.60 (lH, s, Q-H), 3.45_(1H, m, C2-H), 3.20 (1H.m. C2-H), 2.40 (lH, 

m, SCH), 3.10 (lH, m, SCH), 2.20 (2H, m, Cl-H). 

1-ll_oa 
. 1.2.3,4-tetrahvdro-B-carboline (+)-8da. 8d0, chromatographycally homogeneous amorphous; 

hmax (EtOH) 226, 274, 283, 291 nm; vmax (KBr) 3350, 1685, 1515 cm-l; 6 8.60 (8/QH, br, NQ-H, 

exchangeable), 8.39 (1/9H, br. NQ-H, exchangeable), 7.09-7.49 (4H, m, ArH), 5.93 (lH, br, NH, 

exchangeable), 5.14 (lH, br, OH, exchangeable), 4.71 (lH, d, J = 12.0 HZ, CHCCl3), 4.62 (lH, d, J = 

12.0 Hz, CHCCl3), 4.58 (lH, br, ClO-H), 4.46 (8/9H, br, Cl-PH), 4.30 (l/QH, br, Cl-aH), 3.86, 3.83 (3H, 

s, OMe). 3.60 (lH, m, C3-H), 3.43 (lH, dd, J =5.1, 14.4 Hz, SCH), 3.20 (2H, m, C3-H, SCH), 3.13 (lH, m, 

C4-H), 2.80 (lH, m, Cq-H). 

Tetracvclic comuound (+)-7e; chromatographycally homogeneous amorphous; hmax (EtOH) 245, 

302 nm; vmax (KBr) 3370, 1710, 1690, 1605, 1130, 750 cm-l; m/z (%) 455 (M+), 130 (100); 6 7.36(5H, 

br, PhH), 7.09-7.14 (2H, m, ArH), 6.77(1H, ArH), 6.55(1H, d, J = 8.2 Hz, C8-H), 5.47(1H, s, C6a-H), 

5.34, 5.46 (lH, br, NH, exchangeable), 5.22 (lH, d, J = 12.0 Hz, CHPh), 5.16 (lH, d, J = 12.0 HZ, CHPh), 

4.93, 4.66 (lH, br, OH, exchangeable), 4.36, 4.30 (lH, m, C5-H), 3.77, 3.71 (3H, s, OMe), 3.47 (lH, s, 

C4-H), 3.40 (lH, m, C2-H), 3.16 (lH, m, C2-H), 2.99 (lH, dd, J = 5.1, 14.4 Hz, SCH), 2.34 (lH, m, SCH), 

2.19 (2H. m, Cl-H); Anal. Calcd. for C23H25N305S(M+): 455.1513. Found: 455.1523(HRMS). 

1m 

tetrahvdro-B-carboline (+)-8ea. 8e& chromatographycally homogeneous amorphous; hmax 

(EtOH) 226, 274, 283, 291 nm; vmax (KBr) 3440, 3350, 1690, 1520 cm-l; m/z (%) 269 (9), 168 (27). 79 

(100); 6 8.82-8.59 (lH, br, NQ-H, exchangeable), 7.48 (lH, d, J = 7 Hz. ArH), 7.38-7.27 (6H, m, ArH), 

7.18-7.06 (2H, m, ArH), 5.66 (lH, br, NH, exchangeable), 5.31-5.21 (lH, br, OH, exchangeable), 5.29 

(lH, d, J = 12.0 Hz, CHPh), 5.24 (lH, d, J = 12.0 Hz, CHPh), 4.52 (lH, m, ClO-H), 4.43 (5/6H, br, Cl-PH), 

4.24 (1/6H, br, Cl-aH), 3.60 (4H, br, s, C3-H, OMe), 3.41 (lH, dd, J = 5.1, 14.4 Hz, SCH), 3.20 (2H. m. 

C3-H, SCH), 3.02 (lH, m, C4-H), 2.75-2.81 (lH, m, C4-H); Anal. Calcd. for C23H25N305S(M+): 

455.1513. Found: 455,1518(HRMS). 

Tetracvclic comoound (+)-2f; chromatographycally homogeneous amorphous; hmax (EtOH) 245, 

302 nm; vmax (KBr) 3370, 1720, 1690, 1120 cm-l; m/z (%) 495 (M+-2). 130 (100); 6 7.17-7.11 (2H, m, 

ArH), 6.79(1H, m, ArH), 6.58 (lH, d, J = 8.2 Hz. C8-H), 5.47 (lH, br, OH, exchangeable), 5.46, 5.36 

(lH, S, C6a-H), 4.96, 4.69 (lH, br, NH, exchangeable), 4.82 (lH, d, J = 11.9 Hz, CHCC13). 4.76 (lH, d, J = 

11.9 Hz, CHCCl3), 4.39, 4.31 (lH, m, C5-H), 3.78 (3H, s, OMe), 3.49 (lH, s, C4-H), 3.43 (lH, m, C2-H), 

3.18 (lH, m, C2-H), 3.07 (lH, m, SCH), 2.41 (lH, dd, J = 1.3 Hz, SCH), 2.21 (2H, m, Cl-H); Anal. Calcd. 

for Cl8H2ON305SC13(M+): 497.0157/495.0188. Found: 497,0173/495,0164(HRMS). 

l-ll-(N-~Methoxvcarbonvl~amino~-2-(2.2.2-trichloroethoxvcarbonvlthio~-e~hvl~-2-hvdroxv- 

. .3. tet a vdro-l3-carboline C+j-Sfa. 8f0, 12 4- rh * chromatographycally homogeneous amorphous; 

hmax (EtOH) 226, 275, 284, 291.5 nm; m/z (%) 269 (12), 168 (51). 31 (100);s 8.60, 8.53 (lH, br, N9-H, 
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exchangeable), 7.48-7.07 (4H, m, ArH), 5.75, 5.61 (lH, br, NH, exchangeable), 5.10 (IH, br, OH, 

exchangeable), 4.92 (1H. d, J = 12.0 HZ, CHCC13), 4.82 (lH, d. J = 12.0 Hz, CHCC13). 4.47 (6/7H, br, cl- 

PH). 4.59 (lH, br, ClO-H), 4.25 (WH, br, Cl-aH), 3.68, 3.60 (3H, s, OMe), 3.60 (lH, m, C3-H), 3.47 (lH, 

dd. J = 5.2, 14.4 Hz, SCH), 3.30 (lH, br, SCH), 3.22 (lH, m, C3-H), 3.05 (lH, m, C4-H), 2.80 (IH, m, C4- 

H); Anal. Calcd. for Cl8H2ON305SCl3(M+): 497.0157/49.5.0188. Found: 497.0141/495.0195(HRMS). 

Tetracvclic comoound (+)-7% chromatographycally homogeneous amorphous; lmax (EtOH) 

253.5, 310 nm; m/z (%) 423 (5, Mt), 157 (100); 6 7.09 (2H. m, ArH), 6.68(1H, m, ArH), 6.32 (IH. m, 

C8-H), 6.04 (lH, br, OH, exchangeable), 5.42(lH, s, C6a-H), 4.57, 4.73 (lH, d, J = 12 Hz, SCHO), 4.47 

(1H. br, C5-H), 3.82-3.70 (IH, m, OCH2CH20), 3.77 (3H, s, COOMe), 3.64-358 (3H, m, OCH2CH20), 3.37 

(3H. s, OMe), 3.55-3.30 (2H, m, C2-H, C4-H), 3.21-3.06 (lH, m, C2-H), 2.94 (3H, s, NMe), 2.72 (IH, m, 

SCH), 2.32-2.20 (2H, m, Cl-H), 2.18-2.04 (IH, m. SCH); Anal. Calcd. for C2OH29N305S(M+): 423.1825. 

Found: 423,1814(HRMS). 

Tetracvclic comnound (+)-7h: chromatographycally homogeneous amorphous; hmax (EtOH) 253, 

310 nm; vmax(KBr) 3400, 1730, 1710, 1120 cm-l; m/z (%) 495 (M+-16) 493 (1). 144 (100); 67.12 

(2H. m, ArH), 6.70 (lH, m, ArH), 6.35 (lH, d, J=7.3 Hz, C8-H), 5.68 (lH, br, OH, exchangeable), 5.45 

OH, s, C6a-H). 4.78 (2H. s, CH2CCl3), 4.51 (lH, m, C5-H), 3.78 (3H, s, OMe), 3.37 (1H. S, Cq-H), 3.32 

(1H. m, CZ-H), 3.17 (1H. m, C2-H), 2.93 (3H, s, NMe). 2.85 (lH, dd, J = 14.4, 8.3 Hz, SCH), 2.74 (IH, dd, 1 

= 14.8 Hz, SCH), 2.32 (lH, m, Cl-H), 2.10 (lH, m, Cl-H). 

Transformation of the tetracyclic compound 7ca to tetrahydro-P-carboline &a, 

8cp: To a solution of tetracyclic compound 7ca (250 mg, 0.60 mmol) in dry CH2C12 was added 

trifluoroacetic acid (684 mg, 6.00 mmol) by injection at room temperature in atmosphere of Ar. 

After stirring for 24 h. the reaction mixture was diluted with CH2C12 and quenched with sat. 

NaHC03, washed with brine, dried over MgS04 and concentrated in VUCUU. The residue was 

chromatographed over SiO2 to give tetrahydro-8-carboline 8ca (23 mg, 9.2 %), Scb (181 mg, 72.4 

%), and tetracyclic compound 7ca (15 mg, 6 W). 

General procedure for the preparation of the optically active nitrones 9 from 

N,S-disubstituted-L-cysteine methyl ester and Nb -hydroxytryptamine: To a 

solution of N,S-disubstituted-L-cysteine methyl esters in dry toluene was added DIBAH (2.5 mol 

equiv; 1M solution in toluene) by injection for 20 min. at -78°C under an argon atmosphere. 

After stirring for 2 h at the same temperature, the excess of reagent was quenched by careful 

addition of 10% HCl into the reaction mixture and then the organic layer was separated. The 

aqueous layer was extracted with ethyl acetate, the combined organic layers were washed with 

brine, dried over MgS04 and evaporated in vocuo. to give a crude cystcinals which were used in 

the next step without chromatographic purification. 

The crude cysteinals 6 were dissolved in dry CH2Cl2 and stirred at room temperature under 

an argon atmosphere. To this solution was added Nb-hydroxytryptamine 5 in one portion. 

After 2 h, the reaction mixture was evaporated in vucuo. and the residue was chromatographed 

over SiO2 to gave the nitrones 9 which were chromatographycally homogeneous. 
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(+)-9a(Nc-COOMe,S-Me): chromatographycally homogeneous amorphous; IaID24 +56.9” (~0.68, 

MeOH); Xmax @OH) 222, 275. 283, 291 nm; vmax (KBr) 3310, 1690. 1540. 1270, 1150 cm-l; m/z 

317(M+-H20); 8 8.12 (1H. bs. exchangeable, Nl-H). 7.59 (lH, d, J = 8.0 HZ. C7-H), 7.37 (1H. d, J = 8.3 

Hz. Cq-H), 7.21 (lH, t-like, C6-H or C5-H), 7.13 (IH, t-like. C6-H or C5-H). 7.05 (IH, d, J = 2.5 Hz, C2- 

H), 6.57 (1H. bs, N=CH), 6.19 (lH, bs. exchangeable, NlO-H), 4.57 (1H. m. C12-H), 4.01 (2H, t, J = 6.6 

Hz, C9-H), 3.66 (3H, s, OMe), 3.36 (2H, m, Q-H), 2.89 (lH, m, C13-H), 2.71 (lH, m. C13-H), 2.07 (3H, s, 

SMe). 

(+)-Bf(Nc-COOMe,S-TROC): chromatographycally homogeneous amorphous; [a]~24 +13.5O (c.o.60, 

MeOH); lmax (EtOH) 222, 275, 283, 291 mn; vmax (KBr) 3350, 1735, 1540. 1250 cm-l; 6 8.17 (lH, bs. 

exchangeable, NI-H), 7.10-7.59 (4H, m, ArH), 7.04 (JH, d. J = 2.5 Hz, C2-H). 6.50 (lH, d, J = 4.0 ZIZ, 

N=CH). 6.24 (1H. bs, exchangeable, NlO-H), 4.85 (lH, d, J = 11.9 Hz, CH,CC13), 4.77 (lH, d. J = 11.9 HZ, 

CHbCCJ3). 4.62 (1H. m. C12-H). 4.01 (2H. m, Cg-H). 3.65 (3H. s, OMe), 3.36 (2H, m. Q-H), 3.25 (2H, m, 

C13-H); Anal. Calcd. for ClgH2ON305SCI3(M+): 497.0157/495.0188. Found: 

497.0160/495.0168(HRMS). 

(+)-9h(Na-Me, Nc-COOMe, S-TROC): mp 96-97’C(AcOEtnHex); [a]~21 +30.0° (c.1.0, MeOH); Xmax 

(EtOH) 226, 276. 288, 300 nm; vmax (KBr) 3300, 1735. 1540, 1250, 1100 cm-l; 8 7.58-7.12 (4H, m, 

ArI-I), 6.90 (lH, S, C2-H), 6.50 (lH, d, J = 5.5 Hz, N=CH), 6.22 (lH, br, exchangeable, NlO-H), 4.84 (lH, 

d. J = 11.9 HZ, CHaCC13), 4.77 (lH, d, J = 11.9 Hz, CHbCC13), 4.63 (lH, m, C12-H), 4.00 (2H, t-like, Cg-H), 

3.75 (3H. S, OMe), 3.64 (3H, s, NMe), 3.34 (2H. t-like, Q-H), 3.27 (2H, m, C13-H). 

(+)-9i(Nc-BOGS-TROC): chromatographycally homogeneous amorphous; [a]B24 +35.5” (c.1.0, 

MeOH); Xmax (EtOH) 222, 275, 284, 291 nm; vmax (KBr) 3320, 1720, 1505, 1130 cm-l; 8 8.12 (lH, br, 

exchangeable, Nl-H), 7.59 (lH, d, J=7.9 Hz, C7-H), 7.37 (lH, dd. J = 7.9, 1.2 Hz. t&-H), 7.24-7.11 (2H, 

m, C5,6-H), 7.05 (1H. d, J = 2.2 Hz, C2-H), 6.50 (lH, d, J = 5.5 Hz, N==CH), 5.99 (lH, d. J = 5.5 Hz, 

exchangeable, NlO-H), 4.85 (lH, d, J = 11.9 Hz, CHaCC13), 4.77 (1H. d, J = 11.9 Hz, CHbCC13). 4.59 (lH, 

m. C12-H), 4.01 (2H, t-like, Cg-H), 3.36 (2H, t-like, Q-H), 3.24 (2H, d, J = 6.7 Hz, C13-H), 1.42 (9H, s, 

t-Bu). 

(+)-9.i(Nc-TROCS-Me): chromatographycally homogeneous amorphous; [a]H27 +41.0° (c.O.30, 

MeOH); hmax @OH) 222, 275, 284, 291 nm; vmax (KBr) 3350, 1725, 1600, 1240, 1140 cm-l; m/z 

436(M+-16); 8 8.16 (lH, bs, exchangeable, Nl-H), 7.59 (lH, d, J = 7.6 HZ, C7-H), 7.37 (1H. d, J = 7.9 HZ, 

C4-H), 7.24-7.11 (2H, m, C5,6-H), 7.05 (lH, d, J = 2.4 Hz, C2-H), 6.63 (lH, d, J = 8.2 Hz, exchangeable, 

NlO-H). 6.55 (lH, d, J = 5.8 HZ, NXH). 4.75 (lH, d, J = 11.9 HZ, CHaCCl3), 4.67 (lH, d, J = 11.9 HZ, 

CHbCCi3). 4.57 (lH, m, C12-H), 4.03 (2H, t-like, Cg-H), 3.37 (2H, t-like, Q-H). 2.90 (lH, dd, J = 7.0, 

13.7 Hz, C13-H), 2.72 (1H. dd, J = 6.7, 13.7 Hz, C13-H), 2.07 (3H, s, SMe); Anal. Calcd. for 

C17H2ON303SC13(M+): 453.0260/451.0288. Found: 453.0268/453.0262(HRMS). 

(t)-9k(Nc-BOC.S-Me): mp 135.5136.5”C(AcOEt-nHex); [a]D 24 t67.3” (c.O.78, MeOH); Lmax (EtOH) 

222, 275. 284, 291 MI; vmax (KBr) 3310, 1670. 1555, 1150 cm-l; m/z 378 (M++l); 8 8.12 (lH, bs, 

exchangeable, Nl-H), 7.59 (lH, d, J = 8.0 Hz, C7-H), 7.37 (lH, d, J = 8.3 Hz, C4-H), 7.21 (lH, t-like, C6- 

H or C5-H), 7.13 (lH, t-like, C6-H or C5-H), 7.06 (lH, d, J = 2.2 Hz, C2-H), 6.57 (lH, bs, N=CH). 5.96 

(IH, bs. exchangeable, NlO-H), 4.55 (lH, m, CI2-H), 4.01 (2H, t-like, C9-A), 3.36 (2H, t-like, C8-H), 
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2.90 (IH, m, Cl3-H), 2.71 (lH, m, Cl3-H), 2.07 (3H, s, SMe), 1.43 (9H, s, t-Bu); Anal. Calcd. for 

CI9H27N303S: C, 60.45; H, 7.21; N, 11.13; S, 8.49. Found: C, 60.34; H, 7.12; N, 11.01; S, 8.66. 

General procedure for the cyclization of nitrones (+)-9 in Table III: 

Trifluoroacetic acid (1 mol equiv) was added by injection at room temperature in atmosphere of 

Ar to a solution of nitrones (+)-9 (1 mol equiv) in dry CH2Cl2. After stirring for 5 min., the 

reaction mixture was diluted with CH2CI2 and quenched with sat. NaHC03. washed with brine, 

dried over MgS04 and concentrated in vacua. The residue was chrornatographed over Si02 to 

give the products. 

Tetracvclic comoound (-)-7aa: chromatographycally homogeneous amorphous; [a]D18 -113.8” 

(c.O.34, MeOH); (-)-gap: chromatographycally homogeneous amorphous; [a]D I9 -22.2” (c.O.55, 

MeOH). 

Tetracvclic comoound (-)-7fa: chromatographycally homogeneous amorphous; [a]D l9 -86.9’ 

(c.O.99, MeOH). 

Tetracvclic comoound (-)-7ha: chromatographycally homogeneous amorphous; [aJD25 -93.0” 

(c.O.99, MeOH). 

Tetracvclic comnound (-)-7ia: chromatographycally homogeneous amorphous; [a]D25 -98.1” 

(c.O.55, MeOH); hmax (EtOH) 245, 303 nm; vmax (KBr) 3350, 1720, 1680, 1360 cm-l; m/z 539/537 

(M+), 523/521 (M+-16) 143 (100); S 7.10 (2H, m, ArH), 6.80 (lH, m. ArH). 6.59 (IH, m, ArH), 

5.85.5.69 (lH, br, OH, exchangeable), 5.41.5.27 (lH, s, C6a-H), 4.98.4.60 (lH, br, NH, exchangeable), 

4.78 (2H. s, CH2CCl3). 4.35,4.24 (IH, dd, J = 9.8, 4.9 Hz, C5-H), 3.49 (lH, s, C4-H), 3.43 (IH, m. C2-H). 

3.20 (2H, m, C2-H, SCH), 2.85 (3H, m SCH. Cl-H); Anal. Calcd. for C2lH26N305SCI3(M+): 

539.06271537.0656. Found: 539.0619/537.0642(HRMS). 

l-ll-(N-~t-Butvloxvcarbonvl)amino~-2-(2,2,2-trichloroethoxvcarbonvlthio~-ethvll-2-hvdroxv- 

1.2.3.4-tetrahvdro-B-carboline 8ictm inseparable mixture; hmax (EtOH) 226, 275, 284, 291 nm; 

vmax (KBr) 3400, 1710.1695, 1505, 1130 cm-l; 6 8.61 (IH, bs, N9-H, exchangeable), 7.50-7.06 (4H, 

m, ArH), 5.35 (IH, br, NH, exchangeable), 5.10 (lH, br, OH, exchangeable), 4.92(1H, d, J = 12.0 Hz, 

CHCCl3), 4.81 (lH, d, J = 12.0 Hz, CHCCl3),4.60 (lH, bs, CIO-H), 4.48 (5/6H, br. Cl-PH), 4.23 (1/6H. br, 

Cl-aH), 3.62 (IH, br, C3-H), 3.45 (lH, dd, J = 14.0, 5.0 Hz, Cll-H), 3.20 (2H, m, C3-H, Cll-H), 3.10 (lH, 

rn, C4-H), 2.78 (lH, m. C4-H). 

Tetracvclic comoound (-)-7j: chromatographycally homogeneous amorphous; [a]D27 -110.0” 

(c.O.30, MeOH); lmax (EtOH) 245. 302 nm ; vmax (KBr) 3330. 1680, 1400 cm-l; m/z 453/451(M+); 8 

7.17 (IH, dd, J = 7.3, 0.6 Hz, Cll-H), 7.10 (lH, m, C9-H). 6.80 (lH, m. Qo-H), 6.59 (1H. d, J = 7.6 Hz, C8- 

H), 5.70 (1K br, exchangeable, OH), 5.47 (1H. bs, C6a-H), 4.98, 4.81 (lH, bs, exchangeable, N7-H), 

4.92.4.90 (IH, d, J = 12.2 Hz, CHCCl3). 4.69,4.63 (lH, d, J = 11.9 Hz, CHCCl3). 4.32 (1H. m, C5-H ), 

3.76,3.69 (IH, s, C4-H), 3.47 (IH, m, C2-H), 3.23 (IH, m, C2-H), 2.83-2.67 (lH, m, CI2-H), 2.35-2.14 

(2H. m. Cl-H), 2.08 (3H, s, SMe), 1.86 (IH, t-like, Cl2-H); Anal. Calcd. for Cl7H2ON303SC13(Mf): 

453.0259/451.0289. Found: 453.0257/451.0280(HRMS). 

l-~l-(N-(2.2.2-trichloroethoxvcarbonvl)amino)-2-~methvlthio)-ethvll-2-hvdroxv-l.2.3.4- 

tetrahvdro-l3-carboline 8ia&&: (+) 8ja: chromatographycally homogeneous amorphous; [o]D26 
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+6.4’ (c.O.33. MeOH); lmax @OH) 227, 274, 284, 292 mn; vmax (KBr) 3360, 1700, 1500, 740 cm-l; 

m/z 4371435 (M+-16); 8 8.20 (1H. bs, N9-H, exchangeable), 7.49 (lH, d. J = 7.0 Hz, C8-H), 7.34 (lH, d, 

J = 6.4 Hz, CS-W, 7.22-7.07 (2H, m, C7-H,C6-H), 5.98 (lH, br, OH, exchangeable), 5.02 (lH, d-like, 

NH, exchangeable), 4.78 (2H. s, CH2CCl3), 4.55 (lH, bs, ClO-H). 4.27 (lH, br, Cl-H), 3.50 (lH, br, C3- 

H), 3.40 (1H. m, Cll-H), 3.19 (1H. m, C3-H), 3.95-3.70 (3H, m, Hll, C4-H). 2.16 (3H, s, SMe). 

(-) 8j8: chromatographycally homogeneous amorphous; [a]~27 -15.7O (c.O.35, MeGH); lmax 

(EtGH) 227. 274. 284, 292 mm vmax (KBr) 3360, 1710, 1500, 740 cm-l; m/z 437/435 (M+-16); 6 8.28 

(lH, bs. C9-H. exchangeable), 7.48 (lH, d, J = 7.3 Hz, C8-H), 7.30 (lH, m, C5-H), 7.15 (lH, m, C7-H), 

7.09 (1H. m. C6-H), 5.89 (lH, d,J = 8.2 HZ, NH, exchangeable), 5.02 (lH, br, OH, exchangeable), 4.67 

(2H, s, CH2CCt3). 4.55 (1H. bs, CT-H), 4.49 (1H. br, ClO-H), 3.63 (lH, br, Cg-H), 3.24 (IH, m, Cll-H), 

3.14 (1H. m, C3-H), 3.07 (lH, br, Cq-H), 2.88-2.76 (2H, m. Cll-H. C4-H), 2.23 (3H, s, SMe); Anal. 

Calcd. for Cl7H2oN303SCl3(M+): 453.0260/451.0288. Found: 453.0261/453.027o(H~Ms). 

Tetracvclic comnound(-) -7k: mp 169.5-17l”C(AcOEt-nHex); [a]D24 -139.2O (c.O.47, MeOH); lmax 

@OH) 245, 302 nm ; vmax (KBr) 3330, 1675, 1400 cm-l; m/z 378 (M++l); 8 7.16 (lH, d, J = 7.4 HZ, 

Cll-H), 7.07 (lH, m, C9-H), 6.77 (lH, m, ClO-H), 6.58 (IH, m, C4-H), 5.45 (lH, br. exchangeable, OH), 

5.40, 5.26 (lH, bs, C6a-H), 5.07, 4.71 (lH, bs, exchangeable, NH), 4.25, 4.10 (1H. m. C5-H ), 3.63 (lH, 

s, C4-H), 3.45 (lH, m, C2-H), 3.21 (lH, m, C2-H), 2.64 (lH, m, Cl2-H), 2.23 (2H, m, Cl-H), 2.14 (3H. s, 

SMe). 1.85 (1H. m, Cl2-H),l.45 (9H, s, t-B@; Anal. Calcd. for Cl9H27N303S: C, 60.45; H, 7.21; N. 11.13; 

Found: C, 60.47; H, 7.23; N, 11.11. 

l-~l-(N-(t-Butvloxvcarbonvl~amino~-2-(methvlthio~-ethvll-2-hvdroxv-l.2.3.4-tetrahvdro-8- 

carboline 8ku&&: (-) 8ka: chromatographycally homogeneous amorphous; [a]g18 -22.0’ 

(c.O.12, MeOH); hmax (EtOH) 227, 274, 284, 292 mn; vmax (KBr) 3410, 3350, 1650, 1525, 1170. 745 

Cm-*; m/z 377 (M+), 171 (100); 6 8.66 (lH, bs, N9-H, exchangeable), 7.49(18, d, J = 7.7 Hz, C8-H), 

7.30 (1H. d, J = 8.0 Hz, C5-H), 7.15 (lH, m, C7-H), 7.09 (lH, m, C6-H), 5.36 (1H. br, NH, 

exchangeable), 4.95 (lH, br, OH, exchangeable), 4.56 (lH, bs, Cl-H), 4.45 (lH, br, ClO-H), 3.64 (IH, 

br, C3-H), 3.24 (lH, m, Cll-H), 3.09 (2H, m, C4-H, C3-H), 2.77 (2H, m, Cll-H, C4-H), 2.20 (3H, s, SMe), 

1.36 (9H, s, t-Bu). 

(-) 8k8: chromatographycally homogeneous amorphous; [a]D22 -19.8’ (c.O.41, MeOH); hmax 

(EtOH) 227. 274, 284, 292 nm; vmax (KBr) 3350, 1690, 1495, 745 cm-l; m/z 377 (M+), 171 (100); 8 8.39 

(lH, bs, N9-H, exchangeable), 7.48 (lH, d, J = 7.7 Hz, C8-H), 7.31 (lH, d, J = 7.7 Hz, C5-H), 7.17 (lH, t- 

like, C7-H), 7.11 (lH, t-like, C6-H), 5.90 (lH, br, OH, exchangeable), 5.30 (lH, d, J = 9.6 Hz, NH, 

exchangeable), 4.45 (lH, br, ClO-H), 4.21 (lH, bs, Cl-H), 3.50 (lH, m, C3-H). 3.19 (lH, m, Cll-H), 

2.93 (1H. m, C3-H), 2.89 (lH, m, Cq-H), 2.82 (lH, m, C4-H), 2.74 (lH, m, Cll-H), 2.15 (3H, s, SMe), 1.45 

(9H, s, t-Bu). 
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