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Abstract- Formation of the anion of 2-(1.3-dithian-2-yl)indoier was shown to be possible 

when the indole nitrogen is protected by a p-methoxyphenylsulfonyl group. In contrast 

to the corresponding N-phenylsulfonylindole dithiane 1, the anion ofdithianr 2 reacts 

efficiently with electrophiles.The influence of the indole protective group on the metallation 

of 2-bis(ethylthi0)-methyl-I-(phenylsulfonyl)indole (14) and the corresponding sulfonide 

24 with n-butyllithiurn is also reported. 

In previous papersl.2 we have reportcd resulrs on the reactivity of the anions derived from the 2-(1.3-dithian- 

2-y1)indole and 2-(1,3-dithian~2-yl)I-methylindole towards a series of electrophiles, and the application of 

this chemistry to the preparation of tetracyclic 2-acylindole analogues of the indole alkaloid daycarpidone .3,4 

Thus, I-methyl-20-hydmxydasyca'pidone and I-methyl-15-hydroxydeethyId;~sy~1drpidone were obtained for [he 

first time. Nevenheless, protection of the indole NH was necessary in these synthesis in order to direct the key 

cyclization step to the indole C-3 position. M, phenylsulfonyl was the most appropriate protective 

group;5 however, it was found that treatment of the 2-(1.3-dithian-2-yl)-I-phenylsulfonylindole 1 with n- 

butyllithium led to the fragmentation of the indole B-ring and not to the desired anion.?- 

In this paper we repon that metallation at the dithinne center with n-butyllithium is readily achieved when a p- 

methoxyphenylsulfonyl group6 is employed on the N, (indole) as the protective group. Moreover, the 

unusual reactivity of 2-bis(erhylthio)methyli(phenylsulfonyl)indole (14), an analogue of the indolyl 

dithianes, and its corresponding S-oxide 24 to n~butyllithium are also reported. 

Dithioacetals 2 and 14 (Schemes I and 3) were prepared by our usual method, k. by protection with an 

appropriate thiol of the corresponding indole-2-carhaldehydes which are in turn obtained by the Gribblc 

procedure7 from I-@-methnxyphenylsulfonyl)- and I-(pheny1sulfonyl)indoles. respectively. 



R= p-IOCH3)C6H4S02 

Scheme I 

When indole dithiane 2 was treated with n~butyll i thiom (I .? cq.. THF. -20°C. 10 rnin) followed hy additiur, 

of methyl iodide ( I  eq),  the condenr;~tion product 6 was obtained in  70% yield (Scheme 1). Formation of 6 

was confirmed by the presence of a singlet at 6 I.Xh in the IH-nmr spcctrum corresponding to the methyl 

group, as well as the absence of the lncthine proton (6 6.29 ) ch:u:rtcnstic of the in i t id dithiane 2. Similarly, 

reaction of anion 2 with Imethyl-4-piperidone giwc plperidinoi 7 in 74% yicld. These results ;ire in maked 
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contrast with the negative ones obtained in  the reactioo of the demerhoxylated analoguc 1 with the s;tmc 

electrophiles,2 which led to an acetylene derivative by me1all;ifion o f  indole C-3 position followed by ring 

opening.8 The imponant contribution o f  the use o f  thir protective gmup in  the dithiane anion reactions was 

evidenced by the results obtained with more elaborated piperidine electrophiles. Thus, when anion 3 was 

treated with l-n1ethoxycarbonyl-3-ethyI-3,4~ep~xypiperidin (41, prepared by epoxidation of 3-ethylLl~ 

methoxycarbonyl-l,2,5,6~trtrahydropyridine,9 3-pipcridinol 8 was obtained in 52% yield. In this case, thc 

anion reacted only with the epoxy function :and na reaction product resulting from the attack on the urethane 

function was observed. The formntion of 8 was confirmed from both spectroscopic and micro;malytical dam 

Furthermore, condensation o f  anion 3 with 3-chIoiomethyltctr:1hydropyridinc hydrochloride 5.  provided 

indolyl derivative Y in  611% yield. Compound 9 showed characteristic signals in  its l l l h m r  spectrum at 6 

7.69 and 5.85 assigned to C-? proton o f  indole ring 2nd vinyl protons, respectively. and at 6 1.09 for thc 

methylene exocyclic protons . 

Transformation of dithiane 7 into 2-acylindole II by our procedure (schemr ~ 1 . l . ~  involvirlg rr;cctian 01.7 

with 85% MCPBA and subsequrnt acid trcitrnznt of the resolt;int sulfoxide, proved to be inefficient. 

Moreover, when sulfoxide IOa, obtained by oridatior of  dithime 2 with 85% MCPBA. war re:lctrd 

sequentially with I equivalent of  i l~butyll i thium and X~methyl-4-piperidone at 20°C. only soltone I3 was 

isolated in  21 %yield, the expecrcd piperidinol 12 not beillg detccted from the rc:ctioii mixture. 

Fornxmon o f  compound 13 can be rationalirrd in tenns of it corrlpetitivc ;iromstic nierallation of the p~ 

methoxyphenylsuifonyl substiruent, condenvation with N~mshyl-4-pipcridonz. and indole deprotection. 

Similar competitive reaction of N-(phenylsu1ionyl)indoIe deriwtivrs has been described. Undcr the same 

reaction conditions the related sulfoxide IOh did not yield thr condeiisation product 12, nor sultont: 13. the 

starring material being rrcovered ton signihcmt exrcnr. 

However, trzatment o f  7 with bis(trifluoroacetory)i~d~he~~~ene~l in  aqueous aczronitrile gave the deslrcd 

ketone l l  in 49% yield. Ketone 11 was ch;~r:merired by the prcsence of ahsol-ptiox a1 1675 ;ind 3330 c m i  

in the i r  spectrum corresponding to carbonyl and hydrony groups, respectively. The molecular pzak at mlr 

428 in  its mass spectrum, and the obscrvcd dowtfield shift o f  the C-3 proton i n  (he I ~ - n m r  spectrum ( 6 

7.25 in 7; 6 7.60 in  111, are also in accordance with the proposed structoir. When deprotection of dithiane 

7 was carried out in methanol-water @I) ,  dimethyl acetiil o f  ketone 11 was obtained i n  :agreement with 

described r e s u l t s ~ I  The absence o f  is carbonyl absorption in their  spectrum of this product and ;I new 

signal at 6 3.40 for the two OCH? groups in the ill-nmr spectrum conlirn~ed the acetnl formation. Finally, 

treatment o f  dimethyl acetal of I1 with 10% hydrochloric xid-mcth;mol led to ketone 11. 



In order to check the effect of the dithiane ring on the metallation reaction of 2- (1 ,3-d i th ian~2~yl ) I -  

phenylsulfonylindole,2 we studied the analogousdiethyldithioacetal 14 (Scheme 3). Surprisingly, reaction of 

14 with 0-butyllithium (1.2 eq.) followed by addition of an equivalent of methyl iodide led to the expected 

Reagents and Conditions: (i) 85% MCPBA, C H Z C I ~ - H ~ O  (8O:I). -20°C. 6 h or I. C ~ H S O H ~ H C I ,  2. 
NalOq, C Z H ~ O H ,  room temp, 12 h; (ii) THF-HCI (9:)) .  retlun, 3 h or 50% AcOH (23% yield); (iii) 
(CF3C02121C6H5, CH1CN-Hz0 (9:1), room temp (49% yield): (iv) I .  o-CqHqLi, THF, 20°C, 20 nun;  2. 
I-methyl-4~piperidone ( 21% yield). 

Scheme 2 

compound 17 (44% yield) together with 20 ( 56% yield), resulting from anion 16 generated by loss of an 

ethylthio chain. This behaviour was also observed when N-methyl~4~piperidone was used as the eiectrophile, 

leading to 19  and 22 in 16% and 39% yield, respectively. The most characteristic signals in the IH-nmr 

spectra were the singlet due to the methine proton at 6 4.85 fbr 22 and 4.88 for 22. 

When the reaction of the anion generated from 14 by trc;ctrnent with hbutyllithium (1.4 eq.) war carried out 

upon 3-chloromethyltetrahydropy~idine 5, only compound 23 was obtained in 64% yield. Compound 23 

presents a characteristic triplet at 6 5.05 far the methine proton a to the sulfur atom and two singlets at 6 

6.97 and 5.70 for the C-3 indole and vinyl protons. respectively 

The temperature effect in these reactions was unimportmt. 'Thus. rezstion of 14 with 1.2 equivalents of 1- 

butyllithium at 2 0 ° C  for 1.5 h followed by quenching with deuterium oxide :%fforded a 3:2 mixture of 18  

and 21  formed from anions 15 and 16, respectivcly. When the reactlon was carried out at -7X°C no 

significant change was observed in the ratio of products 18 and 21. These observations suggested that il- 

butyllithium acts as a nucleophile12 promoting the cleavage of the sulfur bond. 
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Reagents and Conditions. (i) n-CqHgLi, THF, 20°C. I h: (ii) D 2 0 ,  -2IlDC; (iii) CH31, 2 0 P C ,  1 h; (iv) 
I~methyi-4-pipendone, -20°C, 1 h; (v) 3-chlorornethyl-I-mcrhyl1.2,5,6~tetrahydropyridine. 

Scheme 3 

On the other hand, we studied the reactivity of sulfoxide 24 (Scheme 4). prepared by oxidaton of 14 with 85% 

MCPBA, towards I-methyl-4-piperidone, under identical experimental conditions. In this care, an 

Scheme 4 



equimolecular mixture of 21 and 25 was obt:iined resulting from the loss of ethyl thio or ethyl sulfoxide 

chain. 

In order to determine the role of the phenylsulfonyl group, diethyldithiaacetal 26 was prepared by refluxing 

14 with 10% aqueous sodium hydroxide in ethanol. When dithioacetal26 was treated with 2 equivalents 

ofn~butyllithium followed by B~methyl-4-piperidone the only product obtained was 27 in 50% yield. The 

latter result suggests that the benrenesulfonyl group exerts ii certain influence on the loss of an ethyl thio or 

ethyl sulfonidc chain. 

,4 reflux , 

Sw 
26 27 

Scheme 5 

EXPERIMENTAL 

G d .  Melting p i n t s  were determined in a capilltxry tubt on a Biichi appnratus and are uncomcted. ll+ 
And 1 3 ~ ~ n m r  spectra were recorded in CDCI? (unless otherwise indicated) on a Varian XL-200 spectrometer 

using TMS as an internal srandard. Chemical shifts are reported in ppm downfieid (6) from TMS. Ir spectra 

were registered with ;! Perkin-Elmer 1430 spectropiiotomeler ;and only iioteworthy absolptions (reciprocal 

centimeters) are listed. Mass spectra were determined on a Hewlert-Packard 5930A mass spectrometer. Tlc 
was carried out on S i 0 2  (silicn gel 60, Merck 0.0061-020C mm), and the spots were located with uv light or 

iodoplntinate reagent. Flash column c11rom:~tography was cmied  out on S i 0 2  (silica gel 60, 0040~0.063  

mm, Macherey Nagel). Drying of organic extracts during the workup of reactions was performed over 

anhydrous sodium sulfate. Microanalyses were performed on a C:irlo-Erba 1106 analyzer by Dcpartnment de 

Quimica Orginica Biolhgic:~, Barcelona. 

2 ~ ( 1 . 3 - D i t h i a n - 2 - v l ~ - 1 1 ~ 4 4 ~ n e t h ~ ~ ~ ~ h e n ~ l s ~ n v l i d o l e  (2). To ;I solution of indole ( I1  g, 9 3  mmol) and 

tctraburylammonium hydrogensolfatc (742 mg, 2.18 mmoi) in benzene (300 mll :I 50% aqueous solution 
of sodium hydroxide (100 ml) was added. The two phase mixture was strongly stirred and p~ 

methoxybenzenesulfonyl chloride (25 g, 120 mmol) was xdded. After stirring for 16 h at room temperature the 

mixture was poured into an aqueous sodit~m carbonate solution. The organic layer was dried and evaporared to 
give ~-(4-methoxyphenylsuIf011yI)indole (27 g) which was purified by crystallization frocn ether (22.6 g, 

83%); mp 112~114 "C (ether); ir ( K R r )  1360. 1165: IH-nmr 3.76 (s, 3H, OCH3). 6.64 (dd,L=4 arid 1 Hz, IH, 

l n ~ 3 H ) ,  6.84 (d, 1=8.5 Hz, 2H, AT-3H1, 7.20 (ld, 1=7 and I Hz. IH, l n ~ 6 H ) .  7.30 (td. 3=7 and I Hz, IH, ln- 

ZH), 7.51 (ddd,1=7.7, 1.4 and I Hz, 111, In-SH), 7.55 (d, l=? Hz, IH, In~4H1, 7.81 (d. J= 8.5 Hz, 2H, Ar- 

2H1, 7.98 (dq, l = 7 7  and I Hz. IH, In~7H);  l3C-nmr 55.6 (OCH3). 108.9 (la-C21, 113.4 (In-CC), 114.4 (In- 

C71, 121.3 (In-ch), 121.2 (In-C4), 124.4 (In-C51. 126.3 (C-&), 129.0 (C--1, 129.6 ( C - b ) ,  130.7 

(IwC3a). 134.7 (In-C7a], 163.7 ( C - m ) ;  m i  (m/z,%.) 287 (M+, 32), 170 (1001, 122 (29). 115 (30). 106 
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(53). 89 (451, 77 (55). Anal. Calcd for C15H13N01S: C, 62.70: H, 4.50; N. 4.89; S ,  I l . l 6 .  Found::C, 

62.83; H.4.55; N,4.87: S ,  11.18. 
To a soltition of diisopropylamine (6.51 ml, 46 mrnoll in anhydrous THF (10 ml cooled at -7Il0C n- 

butyllithium (1.6 M, 31.3 mi, 50.1 rnmol) was added . The rolution was stirred at -70°C for I h, slowl) 

warmed to P C ,  and then 1-(4-methoxyphenyls~1IfonyI)i1idoIe ( I2  g, 41.78 rnmol) in anhydrous THF (30 ml) 

was quickly added. The reaction mixture was stirred for 30 rnin at 0°C and cooled to 7 0 ° C  Freshly distilled 

DMF (7.1 ml, 41.8 mmol) was added to the resulting solution. After stirring at room temperature for 5 h, the 

reaction mixture was poured into aqueous ammonium chloride and extiacted with ether. The exrr;tcts were dried 

and evaporated to give I-(4-methoxyphenylsu1fonyl)indoIe-2cnrbdhyde (12 g, 90%): mp 131.133 OC (ether- 
acetone); ir (KBr) I665 (C=O): l ~ ~ n m r  3.73 (s, 3R, OCHj),  6.80 (d, l=8.5 Hz, 21-1, Ar-H), 7.29 (ddd, J=7.5, 

7, and 0.8 Hz, IH, In-6H), 7.44 (d, J = 0 8  Hz, IH, In-3H), 7.51 (ddd, l=7.5, 7, and 1.2 Hz, IH, In-51.1). 7.60 

(ddd, J=7, 1.2, and 0.8 Hz, IH, In-4H), 7.70 (d, J=8.5 Hz, 2H, Ar-H), 8.21 (dq, l=7.5 and 0.8 Hz, IH, In-7H), 
10.52 (br s, IH, CHO); 13C-nmr 55.8 (OCH?), 114.8 (In-C?), 115.7 (lo-C7), l I 9 . l  (In-Ch), 124.0 (ln~C41, 

125.1 (In-C5), 128.5 ( C - d ) ,  129.2 ( C ~ m ) .  129.3 ( C - h ) ,  I 3 8 1  (In-Cia). 138.8 (In-C7a). 164.5 (C- 

m, 183.9 (C=0); ms (mlz, %) 287 (M+, 321, 170 (100). 122 (291, 115 (30). I06 (531, 89 (45). 77 (55). 
63 (45). Anal. Calcd foiClf,H13NOqS: C,  60.94: H, 4 . l C  N, 4.40. Found; C, 61.40; H. 4.14; N, 4.42. 

A stirred solution of the aldehyde (12 g, 38.1 mmol), g-roli~enesulfonic acid (21.7 g, 1.14 mmol), and 1 . 3 ~  

propanedithid (1.6 ml, 60.96 mmol), in anhydrous toluene (300 ml) was refluxed for IS h with removal of 

water by a Dean-Stark trap. The reaction mixture was poured into 111% aqueous sodium carbonate. dried and 

evaporated to give dithiane 2 which was purified by flash chromatography using dichlororneth;inc as thc elwnr 

(14.9 g, 95%); mp 133-135 "C (ether-acetone); ir (KBr) 1160, 1350; I ~ - n m r  1.95 (m, IH, 5-Hm), 2.19 (m, 

IH, 5-Heq), 2.93 (ddd, J=14.5, 5,  and 3.3 Hz. ?H,  4 ~ H q  and 6-Hcq), 3.17 (ddd, l= 14.5, 11.6, and 2.5 Hz, 

2H, 4-Hax and h-Hax), 3.73 i s ,  3t1, OCH?), 6.29 (s. IH, 2-HI. 6.82 (d, l=X.5 Hz, I l l ,  AT-H), 7.00 (Id, 

1=7.5 and 1 Hz, IH, In-SH), 7.28 (Id, J=75  and 1.5 Hz, IH, ln~6H) .  7.44 (ddd, l=7.5, 1.5, and I Hz, I l l ,  In- 

4H), 7.86 (d, l=8.5 Hz, 11-1, Ar-H), 8.07 (dq, l = 7 5  and I Hz, IH, In-7H); I3chrnr  25.3 (SCH~CHZI ,  32.7 

(Sm2CH2) ,  42.5 (SCHS), 55.7 (OCH3). 1l19.1 (In-C2), 113.5 (In-C7), 115.0 (In-C3), 121.4 (InKX), 124.1 

( ln~C4).  125.5 (In~CS). 129.4 (C-$01, 129.4 (In-Cia), 129.6 (C-ortho), 139.1 (In-CTa), 164.1 ( C - m ) :  ms 

(dz, %) 405 (M+, 7). 266 (7). 234 (62). 188 (8). 171 (3% 160 (25). 107 (481, 92 (76). 77 (100), 64 (571, 
15 (67). Anal. Calcd for C19H1gN03S3: C, j6.29: H. 4.6'): N, ? ? I ;  S ,  21.71. Found: C.  56.54; H, 4.76; 

N, 3.42; S,  23.68. 

3-E thv l - l - ime t l~oxv~a rb0n~ I~ -3~4 -e~o~~~11 i11c id in  (4). To :i rolotio~l of 3-cthyll~rnethoxycarbonyl1,2,5.6- 

retrahydiopyridine9 (9.0 g, 53.2 mmol) in 50% THF-H?O ( I40  rill) N-bromosuccinimide (10.4 g. 58.5 mmol) 

was slowly added. The reaction tmixtwe was stirred for 20 h and then the organic solvent was evaporated. The 

aqueous residue was extracted with ether, dried and evaporated to give 4~bromo-3-cthyllmethoxyc;irbonyl3- 

piperidinol (12.6 g, 89%): mp 125-126T (ether) ; ir (N:CI) 3300-3500 (OH), I690 (CO); l ~ - n r n r  0.97 (t, 
1=7 HZ, 3H, CH2CH3). 1.40-1.80 (m, 2H, C H ~ C H J ) .  3.70 (s, 3H, OCH3). 4.211 (1, J=4 Hz, 111, OCH); 

I3C-nrnr 6.1 ( C H Z C H ~ ) ,  26.1 CH2CH31. 30.9 (C-51. 40.8 (C~61,  48.9 (C-2). 52.9 (OCH?), 71.7 ( C ~ 3 ) .  

74.6 (C-4). 156.0 (C=O): m s  (mlz, %) 267 (M++I, 10). 265 (71, 250 (S), 186 (311, I68 (28). 154 (100), 118 
(46). 88 (80). 57 (96). Anal. calcd for CyH16BrN03: C, 40.61: H, 6O6; N, 5.26. Found: C, 41.01; H, 6.17: 

N, 5.03. A solution of potassium hydroxide (5.27 p, 79.8 mmol) in methanol (140 ml) was added to 3 

piperidinol (12.6 g, 47.5 mmol). The reaction mixture was stirred for 1 h at room temperature. evaporated, 

diluted with water (100 ml) and extracted with ether. The organic layer was dried :xnd evaporated to give epoxidc 



4 (5.5 g, 59%) after purification by flash chrom;itography (3:7 hexane-ether); ir (CHC13) I690 (C=O); l ~ ~ n r n r  

0.97 (t, J=7 Hz, 3H, C H Z C H ~ ) ,  1.65 (q, 1=7 Hz, ?H, C&CH3), 3.13 (t, 1=2 Hz, IH, 4-HI, 3.68 (s, 3H, 

OCH3); 1 ~ ~ - n m r  8.5 (CH2CH3), 24.1 (CHZCHJ), 27.9 (C-51, 37.7 (C-6), 45.2 (C-21, 52.8 (OCH3). 56.3 

(C-4). 59.8 (C-3). 156.2 (C=O); ms (ndz, 70) 185 (M+, 13), 168 (791, 156 (581, 101 (100). 88 (611, 59 (74), 
42 (76). Anal. Calcd for C9H15N03.H20: C,  53.19: H, 8.43: N, 6.89. Found: C, 53.65; H, 8.30; N, 6.74. 

3-Chloromethvl-l-methvl-1.2,5,6-tetrdhvdvidi Hydrochloride (5) .  To a solution of 3-hydroxymethyl~ 

pyridine (25 ml, 0.26 moll in dry toluene (200 ml), freshly distilled methyl iodide (32.4 ml, 0.35 mol) was 

slowly added. The mixture was refluxed for 1 h, filtered and the resulting solid was washed with dry toluene to 
obtain 3-hydroxymethyll-mefhylpyridinium iodide (64 g, 98%); mp 81~83'C (methanol); l H ~ n m r  (CD30D) 

4.28 (s, 3H, NCH3). 4.60 (s, 2H, OCH2). 7.70 (t, l=9  Hz, IH, Pyr-SH), 8.16 (d, J=9 Hz, l t l ,  Pyr-4H), 8.46 

(d, L=9 Hz, IH, Pyr-6H), 8.50 (s, IH,  Pyr-2H) Anal. Calcd for C ~ H I ~ I N O :  C, 33.46; H, 4.01; N, 5.58. 

Found: C, 33.01; H, 4.45; N, 6.05. 

A solution of the pyridinium salt (I8.9 g, 0.75 mrnol) in methanol (200 ml) coaled to 0°C was treated with 

sodium borohydride (18.9 g, 0.5 mol) for 3 h. The residue after evaporation was dissolved in water and 

emacted with dichloromethane to afford 3-hydionymethyl-linethylI.2,5,6-tetr;~hydropyridinz (6.21 g, 65%); 

ir (NaCI) 3500-3100 (OH). 1590. and 1575 ; I ~ ~ n m r  (60 MHz) 2.Oi-2.60 (m. 4H, 2-H and 3-HI, 2.23 (s. 

3H, NCH3), 2.80 (br s, 2H, 6-H), 3.76 !hr s, 2H, CH20H). 5.50 (dd, J=10 and 3 Hz, IH, =CH); I3c-nmr 

25.0 (C-31, 45.2 (NCH31, 51.4 (C-21, 54.2 (C-6). 64.0 (CH2OH). 119.1 (C-41, 136.4 (C-5): ms (miz,%) 127 

(M+, 80), I10 (761, 96 (100). 9 4  (631, 81 (27), 72 (11). 55 (491, 42 (69). Anal  Cdcd  for C ~ H I ~ N O :  C, 

66.10: H, 10.30; N, 11.01. Found: C,  65.61; H, 10.69: N, II.06. 

To a solution of crude te t rahydr~p~r id ine  (14 g, O.ll mol) in anhydrous THF (150 ml) cooled ;it -15°C. 

rhionyl chloride (26.2 g, 0.22 moll was added. The reaction mixture was stirred at room temperature for 2 h, 

and the resulting precipitate filtered. The white d i d  w8S washed with dry toluene and dried to give 
hydrochloride 5 (15.87 g, 79%): mp 162-164 OC (mcth;inol); I ~ - o m r  (CD30D) 2.98 (s, 3H, NCHj), 2.53 (s. 

?H, 5-H), 3.30 (s, 2H, 6-H), 3.90-4.00 (m, 2H, CtI2CI). 4 1 9  (s, 2H, 2-HI, 6.14 (s, IH. =CHI: I 3 C ~ n m r  

(CD30D) 23.3 (C-3). 4 3 1  (NCH?), 46.6 (CH2CI). 50.8 (C-2). 52.9 (C-61, 125.8 (C-4). 129.4 (C-5); ms 

(m/r.%) 148 (231, 146 (M+, 631, 132 (101, 128 (16). 110 (13). Yl (10). 85 (8). 73 (10). 57 (100). Anal. Calcd 
for C7H]3NC12.I/2CH1OH: C, 45.04; H, 7.63: N. 7.07. Found: C. 45.07: H, 7.64; N. 7.24. 

2-(2-Methvl-l .3~dithian-2-vl)- l-(4-methonv~henylsulfonvl~indolc ( 6 ) .  To a solution of dithiane 2 (0.42 g, 

1.03 mmol) in anhydrous TMF (25 ml) cooled at - 4 0 T  m d r r  argon atmosphere pbutyllithium ( I h M .  0.78 

ml, 1.25 mmol) was slowly added. After the mixture was stirred for 15 min, methyl iodide (0.8 ml, 2 nlmol) 

was added at -40°C. The reaction mintre was stirred ;at -40°C for 45 mi", quenched at this temperature with 

aqueous amtnonium chloride, and extracted with ether. The organic extracts were dried and evaporated to give 
6 as an ail which was purified by flash chronlatography (9Y:l ether~diethylamine) ( 0.3 g, 70%); ir (CHCI3) 

1155, 1340: 1H-nmr 1.86 (s, 3H, CCH3), 1.70-2lH) (m, IH, 5-flax), 2.10-2.30 ("1, IH, 5-Heq), 2.84 (ddd, 

j=14, 3.5, and 2.5 Hz, 2H, 4-Heq and 6-Heq), 3.25 (ddd, l=14, 12, and 2.5 Hz, 2H, 4-Hxn and 6-Hax), 3.80 

( 5 ,  3H, OCHj) ,  6.85 (d,I=8.8 Hz, 2!4, AT-3H), 7.01 (ddd, J=7.5, 7, and 1 Hz, IH, In-SH), 7.1 1 (s, lH,  In- 

3H), 7.23 (ddd, J=7.5, 1.5, and 1 Hz, IH, In-4H), 7.32 (ddd, J=7.5, 1.5, and I Hz, IH, In-fill), 7.59 (br d, 

J=7.5 Hz, IH, In-7H1, 7.73 (d, 5=8.8 Hz, 2H, Ar~2Hl :  1 3 c ~ n r n r  15.1 (CH31, 24.7 (SCHzCH21, 29.3 

(SCH2). 55.6 (OCH?), 65.8 (SCS), 97.5 (In-C2). 113.4 (In-C71, 114.2 ( C - m ) ,  119.5 (In-C51, 124.4 (In- 

C4), 129.2 (In-Cia), 129.4 (C-&), 129.7 (In-C6), liO.6 ( C ~ i m ) ,  1321  (In-C31, 137.9 (In-C7a1, 163.2 
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( C - m ) :  ms  (miz, 96) 419 (M+, 0.2). 248 (62). 201 (36). 175 (53). 170 (53). 154 (100). 107 (4.5). 9 2  (43) 

77 (65). Anal. G lcd  for C ~ O H ~ I N O ~ S ~ :  C, 57.25: FI, 5.04: N, 3.33. Found: C, 57.13 ; H, 49h;  N, 3.48. 

I - M e t h v l - 4 - 1 2 - 1 1 - ( 4 - m e t h o n v e h e n v l s u l f o n v l ) - 2 ~  (7). Operating as above 

from dithiane 2 (1.75 g, 4.31 mmol), anhydrous THF (150 ml), n-butyllithium (1.6M, 3.2 ml, 5.12 rnmol), 

and N-methyl-4-piperidone (0.6 ml, 5.16 mmol), alcohol 7 (1.7 g, 74%) was obrained after pmificstion by 

Rash chromatography (ether): mp 84-86°C (ether-acetone); Il-l~nmr 1.75~2.00 (m, IH, SCH2CHax), 1.98 (br 

d, L=12 Hz, 2H, 3 ~ H e q  and S~Heq),  206~2.18  (m, IH, SCH2CHeq), 2.22 (td, J=12 and 4.5 Hz. 2H, 3-H:!n and 

5-Han), 2.35 (td, 1=12 and 1.8 Hz. 2H, 2-Wax and 6-Hiix), 2.76 (br d, J=12 Hz, 2-Heq and 6~11eq), 2.93 (dt, 

1=13.5 and 3.5 Hz, 2H, SCHeq), 3.28 (ddd. l=13.5, 12, :and 3.5 Hz, ?H, SCHax), 3.79 (s, 3H, OCH?), 6.83 

(d, J=95 Hz, 2H, Ar-H), 6.98 (td,J=9.5 and 7.5 Hz, IH, In-SH), 7.24 (ddd, J=9.5, 7.5, and I S  Hz, IH, In- 

6H), 7.25 (s, IH, In-3H), 7.32 (dd, J = 7 5  and 1.2 Hz, IH, In-4H), 7.58 (dd, J=9.5 and 1.2 Hz, IH, In-7H), 

7.77 (d, J=9.5 Hz, 2H, Ar-H): I3C-nmr 25.3 (SCHSH?) ,  28.8 (NCHSH2).  32.7 ISCHZ), 45.9 (NCH3). 

51.1 (NCHz), 55.5 (OCHj), 58.7 (SCS), 74.9 (COH), 94.3 (in-C2), 113.4 (In-C7), 114.0 ( C - w ) .  119.4 

(In-C5), 123.7 (In-C4), 128.8 (ImCia), 1 2 9 4  (C-ortho), 12L)X (In-Ch), 131.0 ( C - h ) ,  132.1 (In-CI), 139.0 

(In-C7a). 163.0 ( C - m ) :  ms (mlr, %) 518 (M+, I) ,  485 (2). 404 (4). 329 (4), 234 ( I W ) ,  171 (IS), 160 

(I?), 112 (60). 77 (45). Anal. Celcd for C25H30N204S1: C. 57.88; H, 5.83; N, 5.40. Found; C,  57.31; H .  

5.89: N, 5.10. 

To a solution of 2 (2.22 g, 5.51 mmol) in anhydrous THF (120 mi) cooled at - 3 5 T  under argon atmosphere, 
n-botyllithiom (1.6M, 3.79 inl. 6.06 mmol) was added via syringe. The mixture wss stirred for I5 min and - 
cponide 4 (1.02 g. 5.51 mmol) was added iit 35°C.  'The rcaction mixture wns stirred for 1 h ;!I the same 

temperatiire and allowcd to reach room rcmpcraruls. The mlntore was poured into 5% aqueous s o d i m  

bicarbonate and extracted with sthcr. The org:mc layer. dried and evaporated yicldcd ureth;iiie 8 ;is a pale ull 

(1.74 g, 54%) after purification hy flash chrom;~roglaplry (dichloromethane to 9: l dichlorometh;ine-methnnal); 

ir (NnCI) 3380-3240 (OH), 1690, I6411 (C=O): I ~ - n m r  0 9 7  (1, L=7 Hz, CH2CH3). 3.70 (s, 3H. OCH3). 

3.80 and 3.81 (2s, 3H, COOCHI). 5.80 (m, IH, 2-Hcq). 6.80-7.90 (m, YH, A r ~ l l ) :  l i ~ ~ n r n i  8.4 

( C H ~ C H J ) ,  23.9 (CH?CH3), 28.2 ( S C H Z C H ~ ) ,  29.4 iC-5). 32.7 (SCHz), 37.5 (C-6). 45.0 (C-2). 52.6 

(COOCH3). 55.6 (OCH?), 56.1 (C-4). 59.8 (SCS), 81.9 (C-3). 94.5 (In~CZ), 114.2 ( C - m z i ~ ) ,  114.4 (IwC7). 

119.9 (In-CS), 123.3 (In-C4), 124.6 (In-Cb), 129.0 (lwC3;i). 129.5 (C-&), 130.2 ( C - h i .  112.2 (In-Ci), 

138.0 (In-C7a), 163.1 (C=O), 163.8 ( C ~ m ) ;  ms ( r n l z ,  % j  590 (M+, [).I), 531 ( I ) ,  456 (6) .  361 (6). 327 

(23). 283 (27), 265 (34), 213 (17). 172 (40). I30 (82). 77 (87). 41 (100). Anal. Calad for C 2 ~ H 3 q S 2 0 6 S 3 :  

C, 56.92; H, 5.80; N, 4.74. Found: C, 57.08; H. 5.81: N.4.25. 

2-12-(1-Mcrhvl-1.2,5.6rerrahvdro3-ovndvln?erhvl)-4-rn-mal~oxval~envls~Ifonvl~indoIe 
(Y).To a solution of dithiane 2 ( 0.78 g, 2 nmmol) i n  mhydrous THF ( 25 ml) cooled st 4 0 Y C  under argon 

atmospherco-butyllirhiom (I.hM, 1.75 mi. 2.8 mmol) was slowly addcd. After the mixture was stin-cd for 

15 min, a solution of 3-chloromethyl-I-me1hyl-I,2.5,h~1ctr~l~ydropyridine (1 mmol), prepared by treiument of 

hydrochloride 5 (0.182 g, I mmol) with g-hutyllithi~w (Oh2 ml, I mrnnl) ;it iO°C in dry I'HF (2 mi), was 

slowly transferred via syringe. The reaction mixture w,t, stirred for I h at -40°C. quenched with :aqurous 

ammonium chloride ;md the reaction mixture was poured into 5% hydrochlu"~ ;Kid :md cxtmctcd w i h  ether. 

Thc aqueous phase was basified with pot;issium ciirbonnte and entncted with ether. The oiy:inic extracts 



were dried tmd evaporated to give 9 a s  a n  oil ( 0.35 g, 68 96) aher purificalm by flash chromatugrapby 
(97:3 diahloromethane-meth;1noI1; ir (CIICIj) I600 iC=Cl: l ~ - n r n r  2.83 Is, 3H, NCHj1;3.09 (br s, 211. 

SCCH2C=), 3.77 i s ,  3H, OCH3). 5.85 (br s, lH. =CHI, h.82 Id, I=X5 Hz, 2H, Ar~H1. h.90-715 (m, ZH, In- 

HI, 7.20-7.40 (m, 2H, In-H), 7.70 (d, J=85  Hz, 2H, Ar-1.1). 7.69 Is, IH, In~3H); I3C-nmr 24.9 ( S C H Z C H ~ ) ,  

25.5 IC-5), 28.8 (SCHZ), 45.4 (NCH3). 46.5 (SCCHzC=), 51.3 (C-6), 55.3 (OCHj!, 58.1 ISCS and C-2). 

94.0 (In-CZ), 113.9 (C~mcf;l and In-C7), 123.1 (In-C4), 124.6 (=CH), 126.1 (In-Ch), 129.3 (C-&), 129.6 

(In-C5), 1297  (C-&~],129.8 (In-C3a). 132.0 (=C), 133.0 (In-C3), 138.0 (In-C7a). 163.0 ( C - m ) ;  nrs ic 

( d r ,  %I 515 (M++I, 100). 411 (3). 345 (161, 295 (51, 239 (14). 236 (Ill), 207 (221, 190 (711, 155 (32). 
Anal. Calcd for C ~ ~ H J O N ~ S ~ O ~ :  C, 60.67; H, 5.87; N, 5.44. Found: C, 60. 51: 1-1, 5.95 ; N, 5.80. 

1~~4-Methonv~hznvlsi1If0nvI1-2-(I-oxide1.3-dithisn-?-~~l1iiidole ( lop).  A solution of dithiane 2 (0.48 g, 

1.19 mmol) and 85% MCPBA (0.27 g, 1.5 mmol) in dichloromethane (80ml) and water (1 ml) was stirred at 

O0C for 4 h. The reaction ,mixture was poured into aqueous sodium bicarbon:itc and entmcted with 

dichloromehme. The organic layers wcrc witshed wlth watcr, dried, ;arid evaporated to give a 4:l 

diastereomcric mixture of  sulfonidcs llln as ;i yellow fwnl  ( 0.43 g, 8 7 % )  The m:ijoi su l fox~lc  (S=O 

cqoafonnl; higher RO ( 0 2 9  g) was separated by I l c ~ b  chromatography (96:4 dichlorollic~haiie-methctnol): mp 
174-176 "C (acetone): ir (NaCI) 1370 ,  11<50; I H ~ n m r  230-1.60 (m, 211, SCH2CH2). 2.70 (br d, 1=13 Hz, 

SCHeq), 2 9 8  (td, I=13 and 3.2 Hz, IH, SCHax), 3.05 (Id, L=l3 and 3.2 Hz, IH, SOCHax), 3.65 (hr d, L=l3 
Hz, IH, SOCHeql, 3.74 (s, 3H, OCII3). 6.14 is ,  IH, SCHS), 6.85 id, l = 8 5  Hz, 2H, Ar-H), 6J17 (s ,  IH, In- 

3H), 7.19 (td, J=7 and I Hz, IH, In-6H), 7.29 (rd, 5=7 and I Hz, IH, In-511). 7.48 (dd. J=7 and 1 Hz. 11-1, In- 
4H), 7.97 id. l=8.5 Hz, IH, Ar-HI, 7.98 id, IH, In~7H1; 13C-nmr 29.9 I S C H ~ C H Z ) ,  32.4 ISCHz), 55.8 

(SOCH2), 61.2 (SOCHS), 113.4 (loK3). 114.6 ( C - m ) ,  115.3 (In-C71, 121.8 (IwCS), 124.3 (In-C4!, 

125.8 (In-C6), 129.4 (In-C3a), 130.1 (C--1, 134.0 (In-C2), 137.0 (lii-C7a). 1 6 4 3  ( C - u ) :  01s (mlr, %) 

421 (M+. 141, 315 (6). 201 (12). 173 (12) 171 (741, 123 (23). 77 (1001. 64 (55). 4 5  (401. Anal  Calcd for 

C ~ ~ H I ~ N O ~ S ~ :  C, 54.13: H, 4.54; N, 3.32. Found: C, 53.69; 11. 4.46: N, 3.29. 

2-I 1-Oxide-l .3-dithian-2~xl. l)- l-~~henvlsi~lfonvl)ind~~Ie IIOb). Opemting ;as above from 2~(1,3-dithian~2-yl)- l~ 

(phenylsulfonyl)indole (I g. 2.68 mmol) and 85% MCPBA (0.54 g, 3 1 3  mrnol) in dichloromethanc (98 ml) 

ivnd water (2 ml), sulfoxide IOb was obnined (OX3 g. 85%) after crystaliization: tnp 1 4 4 ~ 1 4 7 T  (methanol); ir 
(KBr) 1445, 1360, l(150; l ~ - n m r  2.30-2.70 (m. 211, SCH?CI?) ,  2.42 (br d, L= 13 Hz. IH, SCllcq). 2.94 

(td,L=l3 and 3 Hz, IH, SCHax), 3.00 (td.J=13 and 3 Hz, IH, SOCHax), 3.64 (br d,L=13 Hz. IH, SOCHeq), 

6.10 is ,  IH, SCHS), 6.98 i s ,  IH, In-3H), 7 . 2 0 ~ 7 5 0  (ni, XH!, 7 8 5 ~ 7 . 9 0  (m, IH. In-7H): 1 3 ~ - n m r  29.9 
( S C H Z C H ~ ) ,  32.3 (SCHZ), 55.7 (SOCH2). 61.1 (SOCH?), I 1  3.1 (In-C31, II5.O (IwC7). 121.5 (In-CS), 

124.1 and 125.6 ( b C 4  and In-Ch), 127.3 ( C ~ a ) ,  129.1 ( C ~ m ) ,  129.3 (IwC3a1, 134.0 ( C - m ) ,  134.1 

and 134.2 (In-C2 and h C 7 a ) .  137.7 (C-&I: ms (mk %I 391 (M+, 101, 236 (81, 160 (14). 130 (13) 89 
(26). 77 (IOII), 51 (24). Anal  Calcd for C l X H 1 6 N O ~ S ~ . C H j O H :  C,  54.01: H, 4.77; N, 3.31. I;ouod: C,  

54.18: H. 4.81; N. 1.36. 

l~I4-Methoxv~henvlsulfonyl)-2-indoIvl I ~Mc thv l - 4 -hud rnnv -4~~ i~e r i dv l  Ketoric (11) (a) To ;I solution of 7 
(0.2 g ,  0.385 mmol)  in 9 : l  C H ? C I \ ' - H 2 0  ( l ( 1  ml )  s t i rred at room tempeiaturc,  

bis(tnfluoroaceroxy)iodobenzene (Aldrich. 248 nig, 0.577 inmol) was added. The re;stioc mixture was stirred 

for 45 mi" and the rolutlon was pourcd into s:it~~rilfed :IL/LICOLI\ sodium bimrboniits (10 ml) and extxicted with 

ether I3 n 10 ml). The organic hyers werc dried ;and the soi\,cnr was evaporated to g w e  11 (80 mg, 49%) as a 
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yellow oil after purification by flash chromarogr:iphy (95:s dichloromethnne~methi~~~ol); ir (CHCIj) 3300 

(OH), 1675 (CO); I ~ - n r n r  2.46 (s, 3H, NCH3). 2.30L3.5lJ (m, XH), 3.63 (s, 3H, OCH3), 5 . K  (br, IH, OH), 

6.56 id, J=8 Hz, 2H, ArH), 7.00 (s. IH, In-311), 6.9.5-7.20 (m, 4H, In-H), 7.46 (d , l=8  Hz, 2H, Ar~H);  I ~ c ~  

nmr 31.7 ( N C H s H 2 ) ,  46.0 (NCH3), 51.2 (NCHZ), 55.7 (OCHjl ,  88.6 (COH), 102.2 ((In-C7), 114.3 ( C ~  

m), 199.0 (In-C2), 121.9 (In-C5). 124.7 (In-C4), 129.3 (C-ortho), 130.5 (In-Ch), 130.6 (C-~QSQ), 133.5 

(In-C3), 133.5 (In-C3a). 136.4 (InK7a). 163.4 ( C - m ) ,  182.9 iC=O): m s  (ndz, W )  428 (M+,  2). 426 (7). 

343 (2). 275 (2), 255 (15). 210 (1 I), 171 (23). 123 (20). 107 (M),  92 (3h), 70 (100), 42 (65). Anal. Calcd for 

C ~ Z H ~ ~ N ~ O ~ S :  C, 61.67; H, 5.64; N, 6.53. Found: C,  61.72; H, 5.88; N, 6.89. 

(b) Operating a above from 7 (0.29 g, 0.56 mmol) in 9:1 CH3OH-Hz0 (20 ml), bis(1rifluoroacrtoxy)- 

iodobenzene (350 mg. 0.8 mmol), I I.  dirnethylacetal (197 mg, 74%) was obtained after purification by tlash 
chromatography (dichloromethane to 95:s dichlorometh;me-methanol); ir (CIlC13) 31(K1-3400, 1595, 1490, 

1255, 1150; l ~ - n m r  1.75 (brd ,  1=12 Hz, 2H, 3- and 5-Heq), 2.16 (td, l=12 and 3 Hz, 2H, 3-H and 5-Hsr), 

2.39 (s, 3H, NCH3). 2.50 (t, L= I2 Hz, 2H, 2- and 6-Hiin), 2.90 ibr d, L=12 Hz, 2 and 6-Heq), 3.52 (s, 6H, 

OCH3 ), 3.76 (s, 3H, OCHj).  5.10 (hi, 161. OH), 6.83 (d, l = R  Hz. 2H. Ar-H), 6.96 (t. 1=8 Hz. IH. In-SH). 

7.24 (td, 1=7 and 1 Hz, IH, In-6H), 7.33 (d. 1=7 Hz, IH. l i?~?Hi.  7.40 (s. IH, In-3H), 7.45 (d, 1=8 Hz, 114, 

In-7H), 7.78 (d, l=8 Hz, 2H, Ar-H); l3Chrnr 30.4 ( N C H Q l l ) ,  15.3 (NCH3),50.7 (NCHZ), 54.5 (OCHj), 

55.4 (OCH3). 75.0 (COH), 86.0 (COCH?). 104.0 (InK?),  114.1 ( C ~ a  :and lnK7),  120.3 (In-CS) 124.0 

(InK4). 129.4 (C-&I, 129.7 (In-C3a). 130.3 (In-Chi, 131.6 ( C - h ) ,  132.2 (In-Ci), 139.9 (In-C-7a). 

163.1 ( C ~ m ) .  Anal. Calcd for C ~ ~ H ~ O N ~ O ~ S :  C. 60.74; H, 6.37; N, 5.90. Found: C. 61.12: H, 6.77; N, 

6.18. A solution of the aceral (197 mg) and 1:l CH3OHIO'X~ HCI (10 rnl) was retluned for 6 h and the 

resulting mixture was basilied with aqueotis pot:wium carbonate and extracted with ether. Thc organic layer 

was dried and evaporared to give 11 (150 mg, 85 %) after pwification by flash chrom:mgraphy 

(c) A solution of 7 (0428 g, 0.825 rnrnol) and 85% LICPRA (OIXO g, 0.99 mmol) in dichloromcthane (100 

ml) and water (I ml) was stirred at -20°C under nitrogen ;~trnorphere for 6 h. The reaction mixture was poured 

into aqueous sodium bicarbonntc and entmcrrd with dichloromcthane. The organic layer was washed wilh 

water, dried, and evaporated to give sulfoxide 12 1185 mg. 42%) which was stirred ;it 65°C overnight with 

50% acetic acid (MI ml). The reaction mixum was poured into :ajucous pot:cssium carbonate and extracted with 

ether. Drying and cvnporntion of the organic cnrracrs fdluwrd by t l x h  chmmarogr;tphy ( 9 5 3  dichloramethane~ 

methanol) afforded ketone 1 1  (35 mg, 23%). 

S-Methoxvbenrolal l l .2lox;!rhiol;~ne-?-snim~4'(N~~nethvl~ineridinc) 2.2Dioxidc (13) 0per:Ning ;is in the 

preparation of 7, from sulfonidc IOa (500 mg, 1.18 mmol), n~bi~tyl l i thi im~ ( I h M ,  I ml, 1.6 mmolj, N- 
methyl-4-piperidone (0.16 mi, 1.41 mmol) and dry THF (50 ml), sultone 13 was obtained as a pale foam (70 
mg, 21%) after porification by flash chiom;trogrnphy ( 8O:?O CH2C12-MeOH); ir (CHC13) 1340 ; Ill-nmr 

(60 MHz) 2.30 (s, 3H, NCH3). 3.80 is ,  3H, OCH?), 6.53 (d. 1=2 Hz, IH. Ar-3H), 6 8 0  (dd, J=8 and 2 Hz, 

IH, AT-SH), 7.40 id, J=8 Hz, IH, Ar-6H); nis (n~/z,P/r) 2x3 (M+. 571, 282 (361, 257 (2). 204 (2). 176 (?), I59 

(I?), 115 (11). 95  (10) 70 (221, 57 (100), 42 ( 8 0 )  An:ii. Calcd fur C I j H l 7 N O 4 S :  C. 55.10: H, 6.04; N ,  

4.94. Found: C, 54.91; H, 6.43; N. 4.97. 

2~Bis(ethvlthiomethvi)-I-ilhenvlsulfonvlindole (14). A mlution of l-phcnylsulfonyI-2~cwb11~ldch~de~ (2.8 g, 

8.8 rnmal), Q-toluenesulfonic acid (1.6 g. 8.8 mmol). cth;mrthiul (2.3 ml, 30.8 mmol), and tolueiie (3(N mi) 

was stirred at room temperature for I 5  h. The rc;icrion mirwrc was poured inlo 10% aqueous sodium 

bicarbonate and entmcted with toluene. The org:inio ertr:icts were washed ssvsral times with water. dried, ;md 



evaporated to give dithioacetal 14 (2.4 g, 70%) after purification by flash chromatography (CH2C12): mp 

74- 76 "C (ether~hexnne): ir (CHClj) 1170, 1370; I ~ - n r n r  1.24 It.  J=7 Hz, 6H, CH2CH3). 2.63 (q, 1=7 Hz, 

4H, CH2CH3).  6.05 (s, IH, SCHS), 7.02 (s, IH, In-3H), 7.10-8.10 (m, XH, Ar-HI: 1 3 C ~ n m r  13.2 

( C H Z C H ~ ) ,  25.0 (CHzCH?), 43.5 (SCHS), I l l 4  ( I n ~ C i ) ,  114.5 (InK7).  120.4 (In-C5), 121.1 (lo-C4). 

124.4 (In-Cbj, 126.0 (C-ortho), 128.3 ( InKia) ,  128.5 (C--1, 113.3 ( C - g m ) ,  1 3 6 6  (In-C7a1, 138.1 (C- 

&, 139.4 (In-C2) Anal. Calcd for C I ~ H ~ I N O ~ S ~ :  C. 58.28: H, 5.41: N, 3.58; S,  24.56. Found: C, 

58.44; H, 5.33; N, 3.52; S. 24.84. 

2-11.l-Bisiethvlthio~cthvll-I-LphcnvlsulfonvliindoIc (17). Opeming as in the prep:wation of  6 from 

dithioacetal 14 (0.84 g, 2.15 mmol), anhydrous THF (75 mlj, n-butyllithium ( l 6 M .  1.6 mi, 2.6 mrnol), and 

methyl iodide (0.18 ml, 2.8 mmol), a 2:3 minturc of compound 1 7  and 1(hcnzenesulfonyl)~2<I-  

ethylthio) ethylindole (20) was obtained aftcr porificznion by nasll chromatography (40:Ml lhexanc-ether). 17 
( 0.21 g, 44%): Ir (NaCI) 3450-310C (OH): I ~ - n n ~ r  I60 MHz) 1.15 (1, 1=7 I ir ,  6H, CII2CH3). 1.83 (1. 3H, 

CH3) .  2.70 (q, 3=7 Hz, 4H, C H Z C H ~ ) ,  h.65 Is. IH. In-3H). 6.711-7.30 ( in.  9H).  Anal. Cnlcd for 

C20H23N02S3: C,  59.22; H, 5.71; N, 3 . 4 5  Found: C. 59.60: 1.1. 5 7 6 ;  N, 3 . 1 7  20 ( 0.27 g, 56%): Ir 

(CHC13) 1370, 1440; l ~ - n m r  1.1 I It, 1=7 Hz, 311. ClI?C&). 1.62 id, J=7 Hz, 3H. SCHCHI), 2.40 ('1. J=7 

Hz, 2H, SCHZ), 4.85 (q, 1=7 Hz, IH, SCtl). 6.70 is. IH, In-?HI, 6.7-7.6 (m, 7H), 7.85 (d, 3 = 7 5  Hz, IH, 

i n ~ 4 H ) ,  8.15 (d, 1 = 7 5  Hz, IH, In-7H); 13C-nmi 13.4 ISCHZCHJ), 22.11 (In-CCH3). 24.1 (SCI-I?), 35.3 

(SCH), 109.2 (In-C3), 114.5 (In-C7), 120. I (IwCS), 121.2 (In-C4), 123.9 (IwCh), 125.7 (C-orrho). 128.5 

(C-meta), 128.6 (In-Cia), 133.2 ( C ~ m ) .  1371 (In-C7aj. 138.0 (C-&). 144.0 (In-C2): m s  (mlr, 2)) 345 

( M + ,  7). 284 (47). 270 (7). 206 ( 1  I ) ,  143 (711, 115 (44). X!J (27). 77 (IOOJ, 51 (27). A n a l  Calcd for 
C18H191402S2: C, 62.58: H, 5.54: N. 4 . 0  Found: C. 62.71: H, 548;  N. 3.95. 

4~11.I-Bisiethvlthio)-l-(1-ol~envlsuifonvl-2-indolvlJ1neth~lI-1-mcthvl-4~~i~e~dinol (19). Opemting as in the 

preparation of 6 from dithioacetal 14 ( 1  g, 2.55 mmol), :inhydraus THF (100 ml). n-butyllilhium ( I h M ,  

1.92 ml, 3 mmol), and N-methyl-4-piperidolle (0.36 ml, 2.55 rnrnol), a rnintorc of two compounds was 

obtained which were separated and pwitird by flush chromatography. On elution with 97:3 dichlorometh,mc- 

methanol piperidinol I9 was obtained as ;In oil I (1.2 g. I6 %): ir (CHCI1) 3450-31lK (OH); IH-nmr 1.30 (I, 

J=6 Hz, 6H, CH2CH3). 2.03 (d. J=10 Hz. 2H, ji-CHeq). 2 38 15. 3H, NCH?), 2.84 (q, 1=6 Hz, 4H, SCH2). 

4.60 (br, IH, OH), 7.01 (td. J=7 and 1.2 Hz, IH, IwSH). 7.47 i,, 1H. i n ~ i l i ) .  7.20L7.60 lm, 7H. As-H), 7.90 

(dd, 1=7 and 1 Hz, IH, Iw7H): 1 3 ~ - r m ~ r  14.8 ICIIZCHJ).  28.1 and 28.4 (CH2CH3).  13.4 and 34.8 

(NCH~CHZ) ,  46.1 (NCHj), 51.6 (NCI-12). 72.5 (COH), 72.8 (SCS). 113.5 (In-C3j, 115.9 ( h X 7 ) .  I2l .5 (lw 

C5J, 124.6 (In-C4), 125.3 (In-Ch), 126.9 (C~onho) ,  129.8 IlwC3a), I2L)Jl I C - m ) ,  134.5 ( C - m ) ,  138.0 

(InK7a), 140.0 (C-&, 140.2 (In-C2): rns (mlz. %) 504 lM+. I), 330 (251, 283 (24). 232 (34), I89 (29). 

114 (601, 77 (100). 7 0  (94). 44 (60). 43 (91 j. An:L Calcd for C25Hj2N203S3 HCI: C,  55.48: H. 6.15; N, 

5.18. Found: C,  55.80; H ,  6.19: N. 5.37. On elol~on with 9 : l  d~chloromcthane-nlsthml 4 ~ 1 1 ~  

e thy l th io l (1phenyl  su l fony l -2~ indo ly l )11~et t1y l I I1~~r t l~y l~J~p i~~sr id inu l  (22) (11.43 g, 38%) w;is obtained as 
an oil; ir (CHC13) 3450-3llXl (OH); i ~ ~ n ~ n r  I 1 0  (I.  1=7 Hz. 3H. CH?CHjj ,  1.50-2.(Kl (m, hH), 2.32 ( 5 ,  

3H, NCHj), 3.59 (q, J=7 Hz, 2H, SCHZ), 4.88 ( \ .  IH. SCII). 7.01 (r. 11-1, InAH), 7.26 I d ,  1=7 and I Hz, 

IH, In-5H), 7.51 (td, J=7 and 1 Hz, IH, In~hH),  7.77 ldd, J=7 ;and I Hz, IH, In-4H), 8.20 (br d, 3=7 Hz, IH, 

In-7H): I 3 C ~ n m r  13.8 ( C H Z C H ~ ) ,  23.3 (SCHCH?). 35.5 ;tnd 16.O tNCH?CH2), 46.2 (XCllj) ,  50.8 and 

50.9 (NCHZ), 53.3 (SCH). 73.6 (COH), 113.5 (In-C31. 115.9 ( In~C7) .  121.6 (In-CSJ. 124.6 (In-C4), 125.3 

(In-C6), 126.8 (C~orrho). 129.2 ( C - a ) ,  129.3 IInK3:0, 134.5 I C - w ) ,  13X.O (li1-C7;+). 140.0 ( C - - m ) ,  



141.0 (In-C2); ms (mlz, %) 444 (M+, I), 383 (8). 331 (31, 270 (51, 242 (5). 190 (33). 114 (1001, 77 (50). 43 
(42). Anal. Calcd for C Z ~ H ~ ~ N ~ O ~ S ~ :  C, 6213; H, 6.34; N, 6.30. Found: C, 62.45 ; H, 6.57; N, 6.69. 

~ 2 ~ 1 1 m e t h v l ) - l - ( ~ h e n v l s u l f o n v l ) i n d ~ l e  (21j.To a solution of 14 (175 mg, 0.43 mmol) in 

anhydrous THF (30 ml) ~lbutyllithium (16M, 0.32 ml, 0.51 mmol) was added at 20'C under argon atmos- 

phere. After stirring for I5 min the reaction mixture was quenched with deuterium oxide I2 ml) and extracted 

with ether. The organic layers were dried and evaporated to afford a 3:2 mixture of oils 18 (78 mg, 48%) 

and 21 (45 mg, 31%) after purification by flash chromatography (99: 1 ether-diethylamine). 18: The l ~ - n m r  

data are the same of than those of dithioacetal 14 except the absence of the signal corresponding to SCHS. 
21: Ir (NaCI) 1165, 1370; I ~ - n m r  1.25 (t, 1=7 Hz, 1H, CH31, 2.54 (q, J=7 Hz, 2H, S C B ~ C H J ) ,  4.17 (s, 

IH, SCHD), 6.68 (s, IH, In-3H), 7.20-7.60 (m, 7H), 7.87 (d, l=8 Hz, IH, In~4H). 8.12 (d, 1=8 Hz, IH, In- 

7H): I k n m r  14.1 (SCHZCH?), 25.7 (SCH2CH31, 29.1 (InCSj, 111.2 ( h C 3 ) .  114.8 (In-C7). 120.6 (In- 

C5), 123.7 (In-C4), 124.6 (In-C6), 126.7 ( C - m ,  129.2 ( C ~ W ) ,  129.3 (InK3a). 133.9 (C-=), 138.0 

and 138.9 (In-C7a and C - h ) .  

3-12-Ethvlthio-2-i1-ohenvlsulfonvl)indoIvl)ethvll-l -methvl1.2.5.6-tetiahvdropvridine (23). To a solution of 

dithioacetal 14 (0.78 mg, 2 mrnal) in anhydrous THF (25 ml) cooled at -40°C tinder argon atmosphere n- 
butyllithium (1.6 M, 1.75 ml , 2.8 mmoi) was added . After stirring for 20 mi" at the same rcmper'turc, a 

solution of 3~chlaromethyll-methyl-l,2,S,6~tetrahydropyridillz S(2.03 mmol) , prepered by rreatment of 

hydrochloride 5 (370 mg, 2.03 mmol) wirh Q-butyllithium (1.6 M, 1.4 ml, 2.2 mmol) at -40°C , in 

anhydrous THF (20 ml), was slowly transferred via syringe. The reaction mixture was stirred for 1 h at -40DC, 

quenched wirh aqueous ammonium chloride, poured into 5% hydrochloric acid and extracted with ether. The 

aqueous phase was basified with solid potassium carbonate and extracted with ether. Thc organic extracts werc 

dried and evaporated to give tetrahydropyndine 23 as an oil after purification by *ash chromatography Y9:I 
dichloromethane-methanol) (699 mg , 68%); Il-lhmr 1.59 (t, 1=7 Hz, 3H, CH2CH31, 2.42 (s, 3H, NCH3). 

2.15-2.60 (m, 6H), 2.70-2.90 (m, 2H, =CCHzN), 3.03 (br s, 2H, SCHCH2). 5.05 (t, 1=7 Hz, IH, SCH), 

5.70 (br, IH, =CH), 6.97 (s, IH, In-3H), 7.30-8.00 (m, XH), 8.19 (d, 1=7 Hz, IH, It,-7H): I%-nmr 15.0 
(SCHzCH3). 26.0 and 26.3 (S-CH2 and C-51, 42.1 (SCH), 41.4 (SCHCH2). 45.6 (NCH3). 52.3 (Ch), 57.9 

(C-21, 112.1 (In-C3), 116.3 (In-C7), 1221 (In-CS), 123.6 (In-C4), 125.2 (IwC3a), 125.9 (=CHI, 127.7 (C- 

a), 130.7 ( C - m ) ,  134.0 (C-=), 135.5 (=C), 135.2 (In-C7a), 139.0 (C--1 ,144.0 ( lnK2);  ms (mlz, 

%) 440 (M+, 0.5), 330 (3). 299 (111, 237 (30), 194 (21). 110 (100). 77 (181, 42 (3). Anal. Calcd for 
C24H28N202S2: C, 65.42; H, 6.40; N, 6.35. Found: C, 65.31: H, 6.80: N, 6.20. 

P y 1 ) i n d o n v l s u l f o i l v i ) i n d o l e  (24). To a solulion of 14 ( 0 5  g, 1.28 mmol) 

in dichloromethane (40 ml) and water (I ml) 8.5% MCPBA (0.278 g, 1.6 rnniol) was added, The rzactlon 

minture was stirred for 5 h at O°C, poured into nqueous sodium bicarbonate and extracted with 

dichloromethane. The organic layers were dried and evaporated to give 24 (437 mg, 84%) after purification by 
flash chromatography (95:5 dichloromethane~methanoll; ir (CHCI?) 1170, 1370 (SO?); IH-nmr 1.20 (I, J=7 

Hz, 3H, SCHZCH~),  1.25 (t, 5=7 Hz, 3H, SOCH2CH3). 2.50 (q, 5=7 Hz, 2H, SCH2CH3). 2.80 (q, J=7 Hz, 

ZH, SOCfiZCH3). 5.73 and 5.86 I2 s, IH, 2-H), 6.60 and 68O (2 s, IH, Iw3H). 6.90-7.40 (m, 7H, In-H), 

7.40-8.00 (m, 2H, In-4H and In-7H); r u b  (IU/Z,%) 407 (Mi, 0.1 j, 346 (351, 330 (1001, 285 (71), 156 (28). 
145 (231, 144 (440, 110 (251, 116 (421, 77 (99). Anal. Calcd for C l g  H21NOjS1: C, 55.98; 1.1, 5.19; N, 

3.43; S, 23M1 Found: C, 55.61; H, 5.34; N 3.53: S, 24.05. 



4-11.1-Bis(ethvlthio)-l-(2-indolvl)methvll-l-methvl-4-~i~eridinol (27). A solution of 14 (2 g, 5.1 mmol) in 

ethanol (100 ml) and 10% aqueous sodium hydroxide (50 ml) was refluxed for 15 h. Ethanol was removed and 

the residue, solved in dichloromethane, was washed with water. The organic phase, dried and evaporated, was 

purified by flash chromatography (70:30 hexane-ether) to give 2-bis(ethy1thio)methylindole (26) as a pale oil 
(600 mg, 47%); it (NaCI) 3400 (NH); I ~ - n m r  1.10 (t, L=7 Hz, 6H, CH2CH3). 2.43 (q, 1=7 Hz, 4H, 

CHzCH3). 4.88 (s, IH, SCHS), 6.20 (s, IH, In-3H), 6.60-7.70 (m, 4H). 8.15 (br s, IH, NH); I3C-nnlr 13.8 

(CH3), 25.6 (CHz), 44.1 (SCHS), 102.1 (IwC3). 112.1 (In-C7), 120.5 (In-C4), 121.0 (In-C5), 122.8 (In- 

C6), 127.5 (In-C3a). 135.5 (In-C2), 141.5 (In~C7a); ms ( d r , % )  251 (M+, 21), 190 (41), 160 (321, 130 (30), 
117 (22), 77 (100). 43 (62). Anal. Calcd for C I J H I ~ N S Z :  C, 56.14; H,  17.13; N, 21.01. Found: C, 56.44; 

H, 17.34; N, 21.33. 

Operating by the general method from 26 (300 mg, 1.19 mmmol), n-butyllithium (16M,  1.63 ml, 2.6 

mmol), N-methyl-4-piperidone (0.14 ml, 1.19 mmol) and dry THF (40 ml), compound 27 was obtained as an 

oil (210 mg, 50%) which was purified by flash chromatography (ether-diethylamine 98:2); ir (NaCI) 3500- 
3100 (OH); I ~ - n m r  1.59 (t,1=7 Hz, 6H, CH2C931, 1.73 (d, l = I 2  Hz, 2H, NCH2CHeq), 2.44 (s, 1H, 

NCH3). 2.30-3.00 (m, IOH), 6.77 (d, I= l  Hz, IH, In-3H), 7.06 (rd, 1=7 aud 1 Hz, IH, In~SH),  7.15 (td, 1=7 

and 1 Hz, IH, In-6H), 7.37 (br d, l=7 Hz, IH, In-7H), 7.58 (br d, l=7  Hz, IH, In-4H), 9.50 (br, IH, NH); 

I3C-nmr 13.6 (CHZCH~) ,  26.2 (CH~CHZ) ,  31.7 (NCH2CH2). 44.5 (NCH?), 51.0 (NCH*), 71.6 (SCS), 

7 7 1  (COH), 105.6 (In-Ci), 111.3 (In-C7), 120.0 (In-C4), 120.7 (ln-CS), 122.4 (In-C6), 1271 ( In-Ch) ,  

136.2 (InK7a), 136.6 (InK2); ms (mh ,  %) 364 ( M + ,  0.6). 331 ( I ) ,  252 (12). 251 (61), 222 (24). 160 (621, 
114 (1001, 70  (39), 44 (60). Anal. Calcd for C I ~ H ~ ~ N ~ O S ~ :  C, 62.59; H, 7.74; N, 7.68. Found: C, 62.79; 

H, 7.88; N, 7.26. 
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