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Abstract -The first concise synthesis of marine indole alkaloids (?)-hapalindoles 
J (4) and M (5) was achieved in seven or six steps starting from a readily available 
compound 6 using important key reactions, 6 + 7 + 8 and 35 + 41 or 5. 

Hapalindoles are antibacterial, antimycotic, and antialgal indole alkaloids, isolated from 

the blue-green alga Hapalosiphon fontinalis (Ag.) Bernet (Stigonemataceae).1r2 They can be 

devided into two classes depending upon their chemical structures. About fifteen alkaloids 

have a hitherto unknown tetracyclic frame-work of 2,6,6a,7,8,9,10,lOa-octahydronaphth[1,2,3- 

cdl indole, and hapalindoles A (1) is a representative of this class of compounds. Five 

alkaloids such as hapalindole C (2) form another class and have structures of typically 

substituted 3-cyclohexylindoles. These are constructed from tryptamine and two parts of 

isoprene and correspond to the biogenetic precursors for the tetracyclic alkaloids. This 

process in nature was traced chemically by treating this class of compounds with an acid to 

yield the tetracyclic compounds.3 In either class there are chlorine-containing and non- 

chlorine-containing alkaloids. Almost at the same time, hapalindolinone A (3) has been 

isolated from the cells of a cultured cyanobacterium belonging to the genus Fischerella (ATCC 

53558) as an inhibitor of arginine vasopressin binding.4 

Among these indole derivatives, we selected the tetracyclic non-chlorine-containing 

hapalindoles for synthesis study, and here we describe the details of our successful synthesis 

of (f)-hapalindoles J (4) and M (S).' This is the only report of the total synthesis, which 

was based on three major fundamental reactions (Chart 1): (i) a carbon-carbon bond-forming 

reaction between the cyclohexanone derivatives and a highly substituted one carbon unit at 

the 4 position of indole (6 + 7); (ii) an unprecedented intramolecular cyclization of l-tosyl- 

4-substituted indoles having the ketone group at an appropriate positon (7 + 8); and (iii) 

an extremely unusual and stereoselective lithium aluminum hydride reduction of the electron- 

rich tetrasubstituted double bond conjugated with the indole nucleus, which is involved in 

steps 8 -+ 9. 
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Chart 1 

Preliminary Exparimmt* 

Our synthesis was initiated by an effort to produce a carpound having a substituent of the 

quaternary carbon center at the 4 position of the indole nucleus. This was the tin (IV) 

chloride-mediated reaction of the tertiary alcohols (10) of the bensyl alcoholic type with 

trimethylsilyl vinyl ethers (11) to yield a-alkylated ketones (12) with the tertiary groups 

(Chart 2). Similar reactions have been reported previously in condensations of the tertiary 

alkyl halides with trimethylsilyl vinyl ethers in the presence of titanium (IV) chloride.6"'B 

our method has synthesis value in that the tertiary alcohols are generally much more readily 

obtainable than the corresponding halides. 

The reaction was carried out by adding 1.5-3 molar equivalents of tin (IV) chloride to a 

mixture of 10 (one molar equivalent) and 11 (2-3 molar equivalents) in dichloromethane at 

-75 to 0°C (Chart 2 and Table 1). Then quenching after lo-15 min afforded products 12 and 

13 in 69-968 yields (Table 1, Runs 1 - 5). The nucleophiles were extended to allyltrimethyl- 

silane' (15) and trimethylsilyl cyanide (161, and the reaction with l-phenylcyclohexano19 
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Run Tertiary 

Alcohol 

1 10a 

2 lob 

3 lOc-6 

4 lOc-6 

5 lOc-6 

6 lob 

7 lob 

Nucleophile 

(equiv.) 

118 (3) 

11e (3) 

llb (2.2) 

lla (2) 

llc (3) 

15 (3) 

16 (3) 

SIlCl, 

equiv. 

1.5 

1.5 

3 

2 

3 

1.5 

1.5 

Table 1 

Teperature Time 

*C min 

-68 10 

0 10 

0 10 

-65 10 

-75 15 

-71 10 

0 10 

12a (961 

12b (951 

12c (961 

124 (95) 

13 (69) 14 (8) 

178 (91) 

17b (91) 18 (61 

The unsaturated compounds 14 (lob) afforded 178 and 17b in 918 yield each (Runs 6 and 7). 

and 18" were sometimes obtained as the recovery of the starting tertiary alcohols, probably 

due to poor reactivity of the nucleophiles (Runs 5 and 7). 

Product (% Yield) 

When the reaction between 1Oc and lie was carried out at about O'C, a certain amount of 

a new product 19 was produced in the inpure state in addition to 124 (Chart 3). This inplied 

that the ketone group of I.26 behaved as an electrophile in the presence of tin (IV) chloride 

and attacked intramolecularly the 3 position of the 1-tosylindole nucleus to afford the 

unexpected cyclized compound. Originally we planned a sequence of steps 12d + 20 + 21+ 

22 and 23 for the framework of hapalindole alkaloids, and in fact these steps were readily 

6=1Oc 12d 

20 

R = T8 19 R=Ts 22 

R=E 21 R=B 
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*S 

Chart 3 
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realized as follows. Removal of the tosyl group from 12d was carried out in 938 yield by 

treating with magnesium in methanol" and the resulting 20 was cyclized to the tetracyclic 

colrpound 21 by reaction with the Lawesson's reagent" in refuting tetrahydrofuran in 779 yield. 

The very unstable ccnpound 21 was then reduced with sodium cyanoborohydride in acidic methanol 

to give 22 and 23 in 44% yield each, whose assignxent as cis and trans ccqounds was obtained 

from the half height width (Wl,2- 10 and 22 Hz) of the H-10 signals in their proton NMt spectra. 

However, the unexpected cycliration reaction did really happen even with the electron- 

withdrawing tosyl group present at the indole nitrogen atom. So the reaction condition for 

producing the pure 19 in the preparative scale was investigated next. Treatment of 126 with 

boron trifluoride etherate in dichloromethane gave the beat result and 19 was obtained in 

601 yield as a stable crystalline conpound. Thus the tetracyclic compound 19 having the sasm 

carbon frame-work as hapalindoles was formed in only two steps from the readily accessible 

compound 6. 

Cleavage of the tosyl group from 19 was possible by reduction with sodirar in liquid ammonia 

to afford 21 in 768 yield, but this was so unstable that the oxidative introduction of the 

functional groups into the fourth ring of the hapalindole skeleton was studied using the 

tosylated compound 19. The selenium dioxide oxidation of 19 in refluxing dioxane afforded 

a corrplex mixture of reaction products, and four conpounds, 24, 25, 26, and 27 were isolated 

in 168, 26%, 199, and 14% yields, respectively, acconpanied by the recovery of 19 in Ia yield. 

On the other hand, N-bromosuccinimide treatment of 19 in the presence of benzoyl peroxide 

gave a better result, and 24 and 25 were obtained in 159 and 50# yields after the hydrolysis 

during the silica gel separation. The Swern oxidation13 of 25 afforded 26 in 84% yield. 

Structural proof of 25 and 27 was secured by inspection of their proton NMR spectra, where 

the nuclear Overhauser effect (NOE) was observed as shown in Chart 3 between proton signals 

of H-2 and ~-11 of the hydroxylated conpound 25 and those of H-14 and geminal dLaethy1 groups 

of the hydroxyketone compound 27. 

The Natural Product Synthesis 

3-Msthyl-3-vinylcyclohexanonel' (29) was converted to its trimethylsilyl enol ethers 29 

and 30 with lithium diisopropylamide and chlorotriwthylsilane, according to the procedure 15 

to minimize the formation of the undesired ether 30 (Chart 4). The ratio of 29 and 30 in 

28 

BF;OEt 
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Chart 4 
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the mixture was determined to be 5:2 by looking at the C-3 methyl proton signals of the tWR 

spectrum. The mixture was allowed to react with the tertiary alcohol 6 - 1Oc using tin (IV) 

chloride aa a catalyst in dichloromethane at -78OC for 10 min. A crude reaction mixture 

containing 7 and 31 was then subjected to treatment with boron trifluoride etherate in 

dicloronmthane at room taaperature for 1.5 h. The expected compound 9 was obtained in 57% 

yield, accompanied by a by-product 32 in 4.5k yield, calculated respectively from 6, and the 

impure 31. The compound 31, a mixture of the diasterecamrs, remained uncyclired probably due 

to the steric congestion around the dimethyl group and the quaternary carbon substituents on 

the cyclohexanone in the close situation. 

For introduction of the functional group at the 11 position, selenium dioxide oxidation 

of 8 was tried again with a limited amount of the oxidizing agent. Over-oxidation, however, 

was inevitable and the single hydroxy compound 33 with the unknown stereochemical arrangement 

and the ketone compound 34 were the only isolable products, in 16a and ilk yields respec- 

tively, besides the recovery of 9 in 30% yield. The rest of the products were more polar 

compounds probably due to the extra oxidation of the vinyl group. Evidence of the oxidation 

site in 33 and 34 is described in the discussion in the following report. 
16 

Compound 8 was brcxninated with N-bromosuccinimide in the presence of benroyl peroxide in 

refluxing carbon tetrachloride (Chart 5) and the crude reaction mixture was directly treated 

with sodium azide in dimathylformamide to replace the highly reactive bromine ata by the stable 

azide function to give 35 and 36 in 34% and 298 yields, together with the formation of 37 

in 78 yield. The structure of by-product 37 was verified by its tWR spectrum including the 

NOE experiment between H-2 and the vinyl protons as shown in Chart 5. The stereochemistry 

of the aride group of 35 and 36 remained unknown at this stage but was made clear after 

completion of the natural product synthesis. Conversion of the configuration of the azide 

group was partially attained by reduction of 36 with tin (II) chloride in methanol" to give 

a mixture of the solvolysis products 39 and 39, which was further treated with 

L 
TMSN, 
TMSOTf 

H Ii 

40 R-PECHO 41 R=UECHO 

42 R=NC 4 R=#C 

43 R-WCS 5 R-WCS 
Chart 5 
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trismthylsilylaside in the presence of trimethylsilyl triflato to recycle to 35 and 36 in 

238 and 53b yields. Thus the undesired compound 36 was changed in part to the useful caqxxmd 

35. 

Our initial intention for the next steps was to remove the tosyl group from 35, reduce 

the azide function, formylate the resulting amine to afford the corqpound 40, and finally 

saturate the double bond in 40 with sodium cyanoborohydride in an acidic tiium to yield 41 

by analogy with the reduction of 21 to give 22 and 23 (Chart 3). To effect the first two 

reactions together, the tosylated azids conpound 35 was treated with lithium aluminum hydrida 

in tetrahydrofuran at roan tqrature for 15 h and the products were isolated after formylation 

with acetic formic anhydride and pyridine in dichlormethane. Formation of the expected 

conpound 40 did occur in 238 yield, but a major product 41 obtained in 418 yield was an over- 

reduction coppound of the tetrasubstituted double bond. That was the ccepomxi we really wanted. 

The structure of 41 including the requisite stereochemical arrangeawmt was verified by 

completing the synthesis of the natural product. Treating 41 with phosphorus oxychloride 

in pyridine at -20°C afforded (f)-hapalindole J (4) in 768 yield. The sama isonitrile formation 

fraa 40 was also carried out and the caqound 42 obtained in 738 yield corresponds to unnatural 

dechlorohapalindole K. Synthesis of (f)-hapalindole H (5) was achieved similarly by reducing 

35 with lithium aluminum hydride and this time the reduction mixture was treated with l,l'- 

thiocarbonyldiimidazole in dichloromethane'e to afford 43 and (f)-5 in 98 and 35% yields. 

Identity of the synthetic materials with the natural 4 and 5 was confirmsd by comparison of 

their proton NPR and IR spectra. Thus the first total synthesis of hapalindoles J and I4 was 

accomplished in seven and six steps from the readily available compound 6. Tbs assumed reaction 

mechanism concerning the unusual lithium aluminum hydride reduction of the electron-rich 

double bond is discussed in the following paper. Without this unexpected reaction, the present 

synthesis of hapalindoles would not be successful, since the conventional reduction of the 

conpound 40 with sodium cyanoborohydride was found to afford nothing but the starting material, 

probably due to the enhanced steric congestion, conpared to the siqler case of the compound 

21. 

EXPERIMENTAL 

Melting points were determined on Yanagimoto micro-melting point apparatus and are not 

corrected. Mass spectra (MS) were taken on Hitachi MS-4 spectrometer. High resolution mass 

spectra (HFMS) were measured on JEOL JMS-DX-300 spectrometer. Infrared spectra (IR) were 

recorded on Hitachi 215 spectrophotmmter. Proton nuclear magnetic resonance ('H M4K) spectra 

were obtained on Varian EM 390 spectrometer unless otherwise specified. lH NMK spectra at 

400 MHz and NCE difference spectra were recorded on JECL m GX-400 spectrcdmter. 'H M spec- 

tra at 300 MHz were taken on Varian XL-300 spectrometer. "C NMK spectra were measured on 

Hitachi R-26 or Varian XL-300 (75 MHz) spectrometer. The carbon numbering for the NHK 

assignment is depicted in Chart 3. Axial and equatorial hydrogens at the X position are 

expressed as H-Xa and H-Xe. Coupling constants (J) are shown in Hz. Column chromatography 

was conducted on silica gel, Fuji Davison BW 200, and preparative thin-layer chromatography 

(PTLC) was carried out on glass plates (20X20 cm) coated with Merck silica gel 60 PF15, (1 

mn thick). Usual work-up refers to washing the organic layers with water or brine, drying 

over anhydrous sodium sulfate and evaporating the solvents under reduced pressure. 

2-(1-Yethyl-1-phenylethyl)cyclohexanoae (12a) (A typical example) - SnCl, (0.16 ml) 

was added to a cooled (-68OC) CH2C12 solution (5 ml) of 2-phenyl-2-propanol (lOa) (123 rag) 

and l-(trimethylsilyloxy)cyclohexene (lla) (463 mg) with stirring under Ar atmosphere. After 

10 rain, the mixture was poured into Sat. NaHCO,-Hz0 and the whole was filtered through a celite 
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OQ), 25.3, 37.4 (x2), 44.3, 121.7, 124.6 (X2), 126.9, 128.0 (X2), 140.5. 

2-[1-(4-Indolyl)-1-rethylethyl]cyolohexamnrxo (20) - l4g (173 mg) was added to a 
solution of I24 (246 rag) in MeOH (8 ml) and the mixture was stirred at roam temperature for 

15 min to initiate the reaction. It was cooled to O@C and further stirred for 3.5 h. Quenching 

with sat. NH,Cl-HZO, extraction with CH2ClZ, usual work-up, and PTLC [herane-EtOAc (5:lll 

afforded 20 (143 rag, 93%) as colorless syrup. MS m/r: 255 (M+l. IR (CHCIS) cm-': 1708. 1H 

m (anal,) 6: 1.09-2.47 (6~, m), 1.56 (3% s), 1.69 (3H, s), 3.26-3.55 (lH, m), 6.54-6.73 

(lH, m, H-3), 6.91-7.25 (4H, m), 8.43 (lH, br 5). 
2,6,7,O,9,lO-Eonhpdro-6,~diuthylmphth[l,2,3-od]indoL (21) -Asolutionof20 

(45 rq) and hawesson's reagent (72 mg) in THP (3 ml) was stirred under reflux for 20 h under 

Ar atmosphere. After cooling, sat. NaHCOs-HI0 was added and the mixture was extracted with 

Et20. Usual work-up and PTLC [hexane-EtOAc (9:l)l gave 21 (32 mg, 77%) a8 an Unat8bh 

crystalline material, which turned brown in refrigerator. HS m/r: 237 (M+). ‘H Ml4 (CDCl,l 

6: 1.42 (6H, sl, 1.56-1.93 (IH, m), 2.10-2.62 (IH, m), 6.71 (lH, d, J-2, changed to s with 

D20, H-2), 6.90-7.32 (3H, ml, 7.52 (lH, br sl. 

2,6,6a,7,B,S,lO, 10a-0ctahydro-6,6-di~ethylaaphth[l,2,3-cdlindolea (22 and 23) 
- TO a solution of 21 (25mg) in THF (lml) andMeOH (0.5mll wan added successively 951 NaBHsCN 

(17 rq) and 1N HCl in P(eOH-Hz0 (9:l) (0.5 ml) at OOC and the mixture was stirred at the same 

temperature for 20 min. Sat. NaHCOJ-Hz0 was added and the mixture was extracted with Et20. 

Usual work-up and PTLC [hexane-CH2ClZ (9:lll provided a less polar comound 22 (11 mg, 44%) 

and a more polar compound 23 (11 mg, 44%). 22: Colorless prisms, mp 104-105oC WeOH-HzO). 

Anal. Calcd for C1,HzlN: C, 85.30; H, 8.05; H, 5.85. Found: C, 05.32: H, 6.69; N, 5.81. Wi 

m/r: 239 04'). lH BMB KDCl,) 8: 1.22 (3H, sl, 1.43 (3H, s), 2.31 (lH, br d, J-12, H-llel, 

3.41-3.65 (lH, m, H-101, 6.81 (lH, dd, J-2, 2, H-21, cd. 6,91-7.03 (lH, m, H-51, 7.08-7.20 

(2H. m, H-6 and H-7), 7.81 (IH, br 5). 23: Colorless needles, mp 152-153% (CH2C11-hexane). 

Anal. Calcd for C1,H2)N: C, 65.30: H, 8.85; N, 5.05. Found: C, 85.19; H, 8.60; N, 5.77. MS 

m/r: 239 04'). lo NMB (CDCl,) 6: 1.09 (3H, sl, 1.42 (3H, sl, 2.19-2.54 (lH, m, H-llel, 2.46- 

2.65 (lH, m, H-10), 6.79 (lH, dd, J-1.5, 1.5, H-2), 6.93-7.27 (3H, m), 7.76 (lH, br 5). 

2,6,7,9,9,10-aerahydro-6,6-dimethyl-2-p-toluane8ulfo~yl~aphth[l,2,3-cdl- 

indolm (19) - A solution of 126 (68 mg) in CHIC12 (3 ml) was stirred with BPj*OEt2 (0.04 

ml) at -2O'C for 30 min and then at room temperature for 2 h. Quenching with sat. NaHC03- 

H20, extraction with CH2C12, and usual work-up yielded a crystalline material, which was 

purified by recrystallization and column chromatography [hexane-EtOAc (19:lll to give 19 (52 

nq, 80%) as colorless prisms, np 203-205'C (CBzC1,-MeOH). Anal. Calcd for C2,Hz5N02S: C, 73.62; 

H, 6.44: N, 3.50. Found: c, 73.57; H, 6.38; N, 3.56. MS m/r: 391 (M*). IR WBr) cat-l: 1632. 

lo NMB (~1,) 5: 1.35 (6~, s), 1.59-1.92 (4H, m), 2.06-2.57 (4H, m), 2.30 (3H, s), 7.10 (lH, 

s, H-2), 7.10 (lo, dd, J-7.5, 1, H-5), 7.15 and 7.76 (A2B2, J-8.5), 7.29 (lH, dd, J-7.5, 7.5, 

H-6), 7.66 (lH, dd, J-7.5, 1, H-7). 

Reductive Deprotaction of the Compound 19 to Term the Compound 21 - Na (32 mg) 

was added to a solution of 19 (54 mgl in THF (2 ml) and liquid NH, (3 ml) at -7O'C under Ar 

atmosphere. After being stirred at -70 - -62'C for 40 min, NH4Cl (60 mg) was added and the 

mixture was stirred at room temperature for 20 min. Addition of sat. NH,Cl-H20, extraction 

with EtZO, usual work-up, and PTLC [hexane-EtOAc (14:lll afforded 21 (25 mg, 76%). 

Selenium Dioxide Oxidation of the compound 19 - Se02 (10 mgl was added to a solution 

of 19 (26 mg) in diowne (1.5 ml) and the mixture was refluxed with stirring for 30 min. After 

cooling, Hz0 was added to this and the whole was extracted with CHZC12. Usual work-up and 

PTLC [hexane-EtOAc (6:lll afforded 24 (4 rrg, 168) and a mixture (21 rql containing 25, 26, 

and 27 along with the recovery of 19 (1 mg, 4%). The mixture was purified by PTIC [hexane- 

CH& (1:3ll to yield 25 (7 mg, 26%l, 26 (5 ny, l9%), and 27 (4 xq, 14%). 24: Slightly Yellow 

SY=JP. HRUS Calcd for C24H21N02S: 387.129. Found: 367.128. lH lB4B (CDCl,) 6: 1.62 (6H, s), 

2.30 (3H, sl, 7.39-7.89 (12H, ml. 25: Colorless prisms, up 207-209'C (CH~C12-MeClH). Anal. 

Calcd for C2,HJ5N0,S: C, 70.73; H, 6.18; N, 3.44. Found: C, 70.73; H, 6.23; N, 3.51. MS m/ 

2: 407 &I'). IR (KBr) cm-': 1632. 'H NMB (CDC13, 400 MBZ) 6: 1.36 (3H, sl, 1.40 (3H, sl, 1.67- 
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1.95 (u1, m), 1.72 (lB, br s, OH), 2.15-2.26 (lH, a, Ii-lla), 2.31 (3H, 51, 2.40 (lH, ddd, J-17.5, 

4.5, 4.5, H-140), 4.62 (lH, dd, J-4.5, 4.5, H-11), 7.12 (lH, d, J-7.5, H-51, 7.17 and 7.78 

(A& J-81, 7.31 (lH, dd, J-7.5, 7.5, H-6), 7.41 (lH, s, H-2), 7.68 (lH, d, J-7.5, H-7). 26: 
Colorless needles, mp 248-25OoC (c7$Cl,-heuna). Anal. Calcd for C2,iiF3M)$: C, 71.08; H, 5.72; 
N, 3.46. Found: C, 70.59; H, 5.75: N, 3.27. MS m/r: 405 (M+). IR (RBr) cm-l: 1660. 'H NHR 
(CDCl$ 6: 1.48 (6H, s) 1.89-2.22 (2ii, m, H-131, 2.31 (3H, s), 2.44-2.72 (4H, m, H-12 and H- 

141, 7.03-7.42 (IH, m), 7.72 (lH, dd, J-7.5, 1, H-7), 7.81 ($B,, J-8), 8.08 (lH, a, H-21. 
27: Slightly yellor syrup. MS m/z: 421 CM+,. IR (C&Cl+ cm-l: 1677. +I NM (CDC13, 400 MEr) 

6: 1.44 (38, sf, 1.66 (3H, a), 1.79 (lH, br s, OH), 2.14 (lH, dddd, J-13.5, 13.5, 5, 2.5, H- 

l3a), 2.32 (3H, s), 2.35 (lH, dddd, J-13.5, 5.5, 3.5, 2, H-13e), 2.58 (1H, ddd, J-18, 5, 2, 
H-12e), 3.04 (lH, ddd, J-l8, 13.5, S.S, H-12at, 4.79 (lH, dd, J-3.5, 2.5, H-141, 7.15 (lH, 

d, J-7.5, X-51, 7.20 and 7.81 (A2Bz, J-81, 7.34 (lH, dd, J-7.5, 7.5, ~-61, 7.74 (lH, d, J-7.5, 

H-71, 8.15 (lH, sf. 
Ho8 Oxidation of the Compound 19 -A Ccl, solution (3 ml) of 19 (48 nq), NBS (23 sq), 
and benxoyl peroxide (8 mg) was gently refluxed with stirring for 30 min. After cooling in 

an ice bath, sat. NaHCOJ-Hz0 was added and the mixture was extracted with CH2C12. Usual work- 
up and PTLC (CH&) afforded 24 (7 mg, 15%) and 25 (25 mg, 5091, colorless prisms, mp 207- 

209% (CH2C12-MeOH). 

Swam Oxidation of thm Corpound 25 - To a cooled (-70°C) solution of 10% v/v (COC112/ 
CHZC12 (0.26 ml) in CH,Cl, (1 ml) was added 101 v/v D14SO/CH2ClZ (0.63 ml) under Ar atmosphere 
and the mixture was stirred at the same temperature for 3 min. A CHzCIZ solution (3 ml) of 
25 (30 mg) was added dropxise to this and stirring was continued at -70 - -68'C for 20 min. 
After addition of EtsN (0.20 ml), the mixture was stirred at -68% for 5 min, and at -2OOC 

for 30 min. Quenching with sat. NaHC03-HZO, extraction with Et20, usual work-up, and PTU: 

(hexane-CHzC1, (2:3)1 afforded 26 (25 mg, 8481, colorless needles, mp 248-250°C (CH2C12- 

hexanel. 
Al.4 and A1'*-1-Triuthy1.i1y1ory-3-~th~1-3-.~ny1cyc1ohex~~e8 (29) 8nd (30) - 
3-Hethyl-3-vinylcyclohexanone14 (323 mg) in THF (3 ml1 was added dropwise to a cooled (-73% 
solution of IDA, prepared from diisopropylamine (0.43 ml) and 158 BuLi-hexane (1.88 ml), and 

chlorotrimethylsilane (1.48 ml) under Ar atmosphere. After being stirred at -73'Y for 5 min, 
Et3N (2.50 ml) was added and the mixture was stirred for 3 min. It was poured into Sat. NaHCOI- 

Ii,0 and the whole was extracted with hexane. Successive washing of the organic layer with 
HZO, 0.1 N citric acid, sat. NaHC03-H80, and H20. followed by usual work-up afforded an oil 

(520 sq) of 29 and 30, which was used without further purification. 'H NRR (CDC13) of 29 

6: 0.18 (SH, s), 1.00 (3H, s), 5.74 (1H, dd, J-18, 10.51. 'H NMR (CDC131 of 30 8: 0.18 (9H, 

s1r 1.03 (3H, s), 5.66 (lH, dd, J-18, 10). The ratio of 29 and 30 (5:21 was estimated by 
the integrated values of the He signals at 1.00 and 1.03 ppm. 
2,6,7,8,9,10-8erahydro-6,6,9-tximethyl-2-~-tolu#ne8ulfonyl-9-~i~ylnaphth- 

[1,2,3-cdlindolr (8) - SnCl, (0.19 ml) was added to a CH,Cl, solution (6 ml) of 6 (218 

mg) and the above mixture (520 sq) of 29 and 30 at -78% under Ar atmosphere and the whole 

was stirred for 10 min. After the sams treatment as for the preparation of 12, the residue 
was roughly separated by PTLC (hexane-EtOAc (9:l)l to yield a mixture (267 mg) of the crude 

7 and 31, which was dissolved in CH2C12 (5 ml) and stirred with BF3*OEt2 (0.22 ml) at room 

temperature for 1.5 h. The mixture was poured into ice-cooled sat. NaHCCJ-H20 and the whole 
was extracted with CH2C12. Usual work-up and PTLC Ihexane-EtOAc (29:l)l gave 8 (162 mg. 57al 

alKl 32 (13 ng, 4.5%). 8: Colorless syrup. 
IR (CBCl,) cm-': 1638. 

HRMS Calcd for C2,H#C2S: 431.192. Found: 431.194. 
'H NEIR (CDCIJ) 8: 1.06 (3H, sf, 1.34 (3H, s), 1.36 (3H, s), 1.46-1.77 

(2H, m, H-131, 2.02-2.63 (4H, ml, 2.23 (3H, s), 4.90 (lH, dd, J-10.5, l), 4.91 (lW, dd, J-18, 

11. 5.84 (lH, dd, J-18, 10.51, 7.01-7.19 (lH, in, H-5). 7.12 and 7.78 (A,B,, J-8.5), 7.16 (lx, 
s, H-21, 7.30 (lH, dd, J-7.5, 7.5, H-6), 7.69 flH, d, J-7.5, H-7). 32: Colorless syrup. HF+MS 
Calcd for C&i2,N0,S: 431.192. Found: 431,189. IR (CHCl,) an-': 1638. 
(3H, sl, 1.22 (3H, S), 

'H WR (CDCl,) 8: 1.07 
1.25 (3H, s), 2.29 13X, S), 4.89 (lH, dd, J-10.5, 1.5), 4.93 (lH, dd, 
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J-18, 1.51, 5.87 (lH, dd, J-18, lO.S), 6.75 (lH, d, J-4, H-3), 7.14 WI, d, J-8, H-6), 7.19 

and 7.79 (A~FII, J-8.5). 7.61 (lH, d, J-4, H-2), 7.89 (In, d, J-8, H-7). 
Ilolurium Diotib Odd&ion of tha ca3pound 8 - A solution of 0 (30 mg) in diorms 
(2 ml) was refluxed with SeOp (8 mg) for 30 min. After ice-cooling, PI80 was added and the 
mixture was extracted with EtlO. Usual work-up and PTLC [hexans-EtOAc (5:11) gave 33 (5.5 

ng, 16%) and 34 (3.5 rag, 1141 along with the recovery of 8 (9 mg, 3OW. 33: Colorless syrup. 

M8 m/r: 447 (M,). IR (CHCl,) qP-l: 1637‘ +I rP4R KBC13) i: 1.13 (3H, a), 1.38 (6H, a), Cd. 
1.38-1.99 (2H, m, H-13), 1.63 (lB, br S, OH), 2.21-2.48 t2R, m, H-14), 2.33 (3H, s), 4.32 (1% 
br s, H-11), 5.02 (lx, dd, J-10.Sr 1.5), 5.03 (lH, dd, J-18, 1.51, 5.83 (1X, ckl, J-18, 10.51, 

7.12 (lH, d, J-8, H-S), 7.20 and 7.82 fA2Bz , J-8.5), 7.32 (lH, dd, J-8, 8, H-61, 7.46 (1% 

5, E-2), 7.70 flli, d, J-8, H-7). 34: Colorless prisms, mp 166-168*C 1CHIC12-MeCX). Anal. 

C&cd for C2,Hz7NC3S: C, 72.73; H, 6.11; NI 3.14. Found: C, 72.73; X, 6.16; N, 3.13. M5 nv' 
L: 445 tn't. IR (CIiCl.$ an-': 1665. lH MR (CDCl,) 6: 1.28 f3H, s), 1.48 (6H, st, ca. 1.77- 

2.22 (2H, m, R-131, 2.31 (3H, sl, 2.64 (2H, dd, J-6, 6, H-14), 4.97 (IH, dr J-17f, 5.09 GE, 

d, J-10.51, 5.95 (Xi, dd, J-17, 10.51, 7.05-7.45 (4H, m), 7.76 (lH, d, J-8, H-71, 7.86 (&$I+ 

J-8.51, 8.15 (lH, e, H-2). 
[OR+-(9a,lOa)]- and [9R*-(Da,lO~)Y-10-Axido-2,6,7,8,9,lO-~~x~~ydro-6,6,9- 
trim~thyl-2-p-tolurnomulfonyl-9-vi.~y~~~phth[l,2,3~cd]indolee (38 a~18 36) -A 

solution of 8 (98 mg) in Ccl4 (5 ml) was refluxed with NBS (43 mg) and benzoyl p&oxide (18 

ng) for 30 min. Mtsr cooling in an ice bath, aat. NaHC03-Hz0 was added and the mixtura was 

extracted with CHtC12. Usual work-up gave a residue (146 mg). This in BMF (3 lal) was stirred 
with NaBI (222 mg) at LOON temperature for 16 h. Addition of H80, extraction with EttO, usual 
work-up, and PTLC [hexane-benzene f5:211 afforded 35 (37 tag, 3141, 36 (31 rag, 2951, and 37 

(7 mg, 7%). 35: Colorless syrup. HEWS Calcd for C2.&N,02S: 472.193. Found: 472.193. IR 

(CHCl,) cm-l: 2100, 1640. *ii NMR fCC%l,, 4601412) 6: 1.04 (3%, LI), 1.45 (3% St, 1.47 (3R, 3)‘ 

1.64 flfi, d&d, J-13.5, 6.5, 2, 2, H-13e), 1.88 (lH, ddd, J-13.5, 11.5, 6, B-138), 2.32 13% 

s), 2.37 (IH, ddd, ~-18, 11.5, 6.5, H-l(a), 2.56 (IH, ddd, 3=18, 6, 2, H-llel, 3.80 (lH, sI 

H-11), 5.15 (lo, dd, J-17.5, l), 5.18 (1X, dd, J-11, 11, 6.08 (lH, dd, J-17.5, ll), 7.15 fl& 

d, J-7.5, H-5), 7.21 and 7.80 (A,B,, J-8.5), 7.29 (lH, 3, H-2), 7.34 (lH, dd, J-7.5, 7.5, B- 

6), 7.68 (lo, d, J-7.5, ~-7). 36: Colorless syrup. ?BW8 Calcd for C17HIBN,0ZS: 472.193. Found: 

412.192. IR (CHCl$ cm-": 2100, 1640. IH EMR (CCCl,) ii: 1.21 13H, s), 1.37 (3H, a), 1.41 (3% 

J), ca. 1.41-1.96 (2H, m, H-13), ca. 2.04-2.67 (ZH, in, H-141, 2.28 (3H, s), 3.94 (lH, 8, H- 

ll), 4.96 (IS, dd, J-10.5, l), 4.96 (III, dd, J-18, 11, 5.75 (lH, dd, J-18, 10.51, 7.04-7.46 

(ZH, m, H-5 and X-61, 7.19 and 7.80 (AzBz, J-81, 7.34 (1% s, E-21, 7.70 (lH, d, J-8). 37: 

Colorless z~yrup. MS m/r: 427 (W*). IH mfR KzCl,, 400 I4Sir) A: 1.63 t6R, s), 2.32 13fi, s), 
2.35 (3H, s), 5.43 flH, dd, J-18, 21, 5.82 flH, dd, J-11.5, 21, 6.93 (lH, dd, J-18, 11.5), 

7.20 (lH, d, J-8, H-131, 7.20 and 7.78 'A&, J-8), 7.24 flH, d, J-7.5, R-S), 7.37 fIHI dd, 

J-7.5, 7.5, H-61, 7.44 flH, d, J-8, H-14), 7.74 (ZH, d, 517.3, H-7), 7.90 (IH, d, H-21. 

Trn~foxzmtioa of the Coqound 36 to the CosoUna 35 - To a solution of 36 {IO mg) 

in Meow (3 ml) was added SnClz (135 rag) and the mixture was refluxed for 2 h. After COO~inS 

at 092, sat,. Nafic~CJ~-?t~O was added and the mixture wae filtered through a Celfte krd. The COlit6 

W~J washed with CH,Cl, and the combined organic layer was treated as usuai to Isave a residue 

(44 mg) containing 38 and 39. This and TM8Nj (0.11 ml) were dissolved in CHICll (3 inI) and 

Tt4SOTf (50 pl) wit5 added at -2O*C under Ar atmosphere. Stirring was continued for 18 h at 

-20 - 12OC and the reaction was stopped with sat. NaHCCJ-HFO. Extraction with CJi2Cl,, usual 
work-up, and PTLC [hexane-benzene (2:1)1 afforded 35 (9 mg, 234) and the recovered 36 (21 

mg, 5321. 
[68S*-(6~a,Oa,lOa,lOla) J-lo-?orremido-2,6,6a,7,8,9,10~ 108-oct8hydto-6,6,9- 

trimethyl-9-rinylnrphth[1,2,3-cdlindolr t41) and [OR *-(9a,lOa)] -IO-Fomaiido- 

2,6,7,8,9,I(l-hrrehydro-6,6,9-trlnrthyi-9-tinylnaph~Cl,2,3-edlfPdofe (40) -To 
a solution of 35 (32 mg) in THF (3 inI) was added LiAlH, (39 mg] at OF under Ar atmosphere 
and the mfxtum was stirred at 0 - 18% for 15 h. After cooling at 093, the reactfonwasquenched 
with aat. Posehell salt in HZO. Extraction with Etlo followed by usual work-up gave a residue 



(24 mqf. It WMI dissolved in Cli2C12 11.5 ti) and pyridine (0.40 a&l, and to this waa added 

dzopuise a Ui2C12 solution (0.5 ml) of acetic formic anhydride (0.20 ml1 at -2OoC. After being 

stirred at -20 - 16% for 4.5 h, sat. N&CO~-Hz0 was added and the mixture was extracted with 

EtsO. Usual work-up and PTUZ (hexsne-EtOAc (3:211 affordsd 40 (5 mg, 23%) and 41 (9 mg, ala). 

40: Colorless amorphous conpound. HRMS Calcd for C,,H,,N,O: 320.189. Found: 320.190. IR 

(ChCl,) cm-': 1680, 1640. +i NMR (cDc~~) of two rotamsrs 6: 1.09 (3R, a), 1.44 (3H, s), 1.46 

(3H, s), 1.55-1.83 (2n, m, H-131, 2.13-2.73 (2H, m, H-141, 3.96 (minor) and 4.82 (major) (1X, 

d each, J=lO and 11, H-111, 5.01 (lH, dd, J-17.5, 11, 5.04 (1% dd, J-10.5, l), 5.52 (lx, br 

dr J-11, N&HO), 5.83-6.20 (lH, m), 6.74-7.31 (II?, mf, 7.90 (lH, br aft 8.15 (IX, s, CRO). 

41: Colorless syrup. RRXS Calcd for C2,H16N20: 322.205. Found: 322.207. IR (CXCl~I cm-': 

1680, 1639. *H NMR (CoCl,) of major and minor rotamsrs 8: 0.79 and 0.87 (3H, s each), 1.10 

and 1.21 (3H, s each), 1.45 (3H, st, 3.54-3.72 and 3.37-3.54 (lH, in each, H-10), 4.65 (lli, 

dd, J-9, 1.5, H-11), 4.86 41H, dd, 5*17.5, l), 4.94 (lH, dd, J-11, 11, ~a. 5.67-6.00 (lH, m, 

NiCRO), 5.88 (lH, dd, J-17.5, 111, 6.76-7.20 (ifi, m), 7.97-8.33 (lli, m, NH), 8.17 and 7.93 

(lN, s each, CRO). 

(f)-itap~lfadolr J (4) - A solution of 41 (16 mg) in pyridtne (0.5 ml) was stirred with 

PW13 (23 pl) under At atmosphere at -2O'C for 4Omin. Addition of sat, NaHCOs-l#O, extraction 

with lO\ HeOH<HZC12, usual work-up, and PTLC [hexane-EtOAc (4:1)] afforded (f)-hapalindole 

J (4) (11.5 mg, 76*) as colorless prisms, mp 182-184°C (CHICll-hexane). Anal. Calcd for 

%R*,N2: C, 92.65; H, 7.95: N, 9.20. Found: C, 92.95: H, 7.91: N, 9.07. MS m/r (relative 

intensity): 304 (H', 961, 289 (1001, 262 (13)‘ 207 (17), 182 (19), 168 (31). IR (ICB~) cm- 

': 2150, 1642. IR (CliCl,f cm-': 2145, 1641. 'H NMR (CXiJ, 300 FIR21 6: 0.80 (3&i, s), ca. o-99- 

1.21 (lH, m, H-14af, 1.21 (3H, sl, 1.37 (ZH, br ddd, J-13, 4, 4, H-13e), 1,52 f3H, sf, 1.73 

(lH, br dddd, J-14, 4, 4, 4, H-14*), 1.89 (lH, ddd, J-13, 13, 4, H-13a), 2.10 (lH, ddd, J-12, 

4.5, 4, H-151, 3.30-3.90 (lH, m, R-10), 4.11-4.23 flR, m, H-111, 5.07 (lH, d, J-171, 5.13 (lH, 

d, J-11), 6.05 (lH, dd, J-17, 111, 6-85-6.92 (lH, m, H-21, 6.93-7.01 (lH, m, H-S), 7.14-7.22 

(2H, m, H-6 and H-71, 8.01 (lH, br s, NH). 13C NMR (CDCl,, 75 HHz) 6: 19.72 (tt, 24.76 tq), 

25.17 fq), 30.83 (t), 31.61 (q), 36.98 (d), 37.89 (sf, 39.06 (s), 43.58 (dl, 62.19 (d), 106.14 

(d), 111.88 (s), 112.67 (t), 113.70 (dt, 118.46 (d), 123.23 (d), 124.24 (s), 133.44 (sf, 138.94 

(5), 146.07 (d), 155.63 (sl. 

(9R*-(9a,lOa)]-2,6,7,~,9,lO-~oxahydro-lO-iaocyano-6,6,9-trimethyl-9-vinyl- 

naphth[l,2,3-cdliadolr (42) - The same treatment of 40 (13 rq) as above with POCl, (19 

~1) in pyridine (0.5 ml) for 50 min and purification by PTLC Ihexane-EtOAc (6:111 gave 42 

(9 sq, 736) as colorless needles, mp lSl-183°C (CH2Clz-hexanef. Anal. Calcd for CZ1HZZN2: C, 

83.40; H, 7,33; t& 9.27. Found: C, 83.29; H, 7.34: N, 9.38. MS m/r: 302 f&t. IR (RRt) cm- 

': 2130, 1640. 'H IWR (CDcl,, 400 &Pi+) 6: 1.15 (3H, s), 1.49 (3H, s), l.SO (3H, s), 1.65 (1% 

ddd, J-14, 6, 5, H-K%), 2.03 (lH, ddd, J-14, 10, 6, H-13a), 2.41 (lH, ddd, J-18, 10, 6, H- 

14a), 2.59 (lR, ddd, J-18, 6, 5, H-14e), 4.20 (In, s, H-11), 5.24 (lH, dd, J-17.5, 1). 5.26 

(1X, dd, J-11, l), 6.12 (lH, dd, J-17.5, ll), 7.02 (lH, d, J-7.5, H-S), 7.10 (lH, d, J-2, H- 

21, 7.13 (lH, d, J-7.5, H-7), 7.24 (lH, dd, J-7.5, 7.5, H-61, 7.89 flH, br s, NH). 
(f)-Hapalindole Y (5) md the Compouad 43 - The same reduction of 35 (48 mg) as above 

with LUlli, (58 mg) in TRF (4 ml) at 0 - 18% for 14 h gave a residue (40 ag), which was dissolved 

in CH1C12 (3 ml) and this was stirred with 90% l,l'-thiocarbonyldiimidazole (26 mg) at 0 - 

18% for 2.5 h. Evaporation of CH$l, followed by PTU: [hexane-EtOAC (9:l)l afforded 43 (3 

mg, 9%) and crude (W-5 (13 mg). The latter was purified by PTLC (hexane-CH2C1, (3:2)1 to 

give (f)-hapslindole M (I) (12 nq, 359) as colorless syrup. RPMS Cslcd for C21HZ,N2S: 336.166. 

Found: 336.166. IR (CHCIJ) an-': 2155, 212% 2075. 'H m (CDcl~, 400 wir.1 6: 0.79 (314, s), 

1.05-1.21 (lH, m, H-14&), 1.22 (3H, sf, 1.41 (lH, br d, J-13, H-X&), 1.52 (3H, s), 1.75 (1H. 

dddd, J-13.5, 4, 4, 4, H-14ef, 1.84 fl& ddd, J- 13, 13, 4, H-13a), 2.02 (lH, ddd, J-12.5, 

4.5, 4, H-15), 3.78-3.91 (lH, mr H-101, 4.21-4.35 (lx, m, H-11), 5.06 (lH, d, J-17.51, 5.13 

(I& d, J-11), 5.99 (lH, dd, J-17.5, ll), 6.86-6.91 (lH, m, H-2), 6.94-7.00 (lH, m, H-S), 7.15- 

7.21 (2H. m, H-6 and H-71, 7.99 (lH, br s RR). 43: Colorless syrup. RIMS Calcd for CIIHIZNIS: 
334.150. Found: 334.150. IR (CRCljI cm-": 2170, 2140. 'H NEIR (cDc~,) 6: 1.11 (3H, s), 1.48 
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(61i, s), 4.30 (lH, s, H-111, 5.18 (lH, d, J-17), 5.21 (lH, d, J-111, 5.89-6.28 (lH, m), 6.88- 

7.29 (4H, ml, 7.84 (lH, br s). 
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