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Abstract- The effect of the N,N-drethylcarbamoyl mdote protectmg group on the reacbvlty 
of 2-(1,3-drthran-2-yl)rndole 7 m front of a senes of electroph/tes, as well as the potentrat 
synthetrc usefulness of the resuftmg 2,Bdmbsbtuted dlthlanes IS reported 

Over the past several years we have explored the use of 2-(1,3dithian-2-yl)rndoles as mtennediates In 

mdole alkaloid synthesis 2-3 Fundamental to the success of this approach IS the ability to selectively lithiate and 

functionalize the dlthiane C-2’ center, and to direct subsequent nng closure reactions to the C-3 posltlon of the 

indole nng In this regard, studies usmg the dianion of 1 showed that, whereas regioselective reaction of a range of 

electrophiles at C-2 IS observed, nng closure of the resultant products occurs preferentially at N1 The results 

obtained for the latter transformation demonstrate the necessity to block the mdole nitrogen in 1 by a group which 

IS readily introduced and removed, and whose presence WIII not interfere with the dithiane anion formation 
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Followmg thts lme of mveshgahon, we have described m prevrous reports’ l4 the mfluence’of the 

phenylsulfony15 and p-methoxyphenylsuIfony16 protectmg groups on the reactivity of the mdole dithiane 

system 7,8 It was found that the reachon of dithiane 2 with n-BULI did not lead to formatron of the expected C-2 

lrthrated speaes but rather to anron 4 resulting from the loss of the proton at C-3 g This reachon, which ultimately 

leads to openmg of the mdole nng, IS promoted by the presence of the highly electron withdrawing phenylsulfonyl 

group on the mdole nsrogen and by the stablbzation of the lithium cation through coordination to sulphur l2 

However, the required C-2 substituted products were obtained usmg dithiane 3, substrtuted at Nf by the p 

methoxyphenylsulfonyl group, and using the less rigid indole drthioacetal6 1 

In the present paper we describe our recent results on a study of the AWdrethylcarbamoyl group, an 

Mole protective group employed by Comrns et al in the context of the synthesis of 3-substituted 1-(N, N 

diethylcarbamoyl)mdoles 13 The preparation of drthranylmdole 7 was accomplished by initial regioselective 

formylatron of 8 accordmg to the Gnbble procedure14 folbwed by throacetalrzahon with 1,3-propanedrthrol in the 

presence of ptoluenesulfonrc aad The f H NMR spectrum of 7 displays two singlets at 6 5 58 and 6 85 for the 

drthrane C-2 and rndole C-3 protons, respectively, and two broad srgnals at 6 1 00-l 40 and 2 90 corresponding to 

the methyls and methylenes of the ethyl chains of the Mole protectrve group, as the most important signals In 

the f3C NMR the srgnals at 6 153 1 and 40 7 were attnbuted to the camonyl and the drthrane methrne carbons 

The presence of a broad signal centered at 6 41 8 for the two methylene carbons of the protective group IS also 

charactenstic of compound 7, as they are next to coalescence 

Lrthratrori of drthrane 7 at the 2 position was achieved by treatment with n-BULI in THF at -78% 

Compounds 10-12 were produced by reachon wtth methylrodtde, and ethyl or benzyl bronnde The 2,2- 

Reagents I) LDA, DMF, THF, II) HSCH2CH2CH2SH, pTsOH, benzene, 
III) n-BuLr, THF, -7EPC, 30 mm, IV) electroph~le, THF, -78°C to -45% 

Scheme 2 
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On the other hand, reachon of the lrthrum salt of 7 with acetaldehyde afforded a mixture of dithran C-2 

alkylatton and mdole C-3 products (see Table 1) Formation of alcohol 13 was confirmed by the disappearance of 

the signal at 6 5 58 In the 1 H NMR spectrum and by the existence, in the l3C NMR spectrum, of signals at 8 73 9 

and 22 7 correspondmg to the hydroxyethyl chain The structure of the regioisomenc dithiane 14 was clearly 

demonstrated by the presence of a signal at S 5 52 and a doublet at 8 1 76 character&z of the C-2 drthiane 

proton and a-hydroxymethyl group respectively, as well as by the absence of the srgnal corresponding to indole 

C-3 proton The ‘3C NMR spectrum of this compound displayed a signal at 5 63 7 correspondmg to the carbmol 

carbon and two broad signals due to the NCH2CH3 carbons (8 13 0 and 42 6) 

Similarly, reaction of the lithium denvakve of dithiane 7 with pyndme-4carbaldehyde afforded a 1 1 mxture 

of carbmols 15 and 16 The structure of 15 was confirmed by the presence in the ‘H NMR spectrum of two 

signals at 5 6 03 and 6 65 for the carbmol methme and indole C-3 protons, and for 16 by the presence of signals 

at 6 4 85 and 5 35 correspondmg to the catbmol methme and C-2 drthrane protons 

The formation of 14 and 16 mdrcates the competrhon between the lithration on drthrane C-3 position, 

when the mdole protectmg group IS N,Kdiethylcarbamoyl whrch makes the acidity of indole C-3 proton simrlar to 

that of the diihiane C-2 Nevertheless, the mdole C-3 alkylation products were only observed when atdehydes 

were used as the electrophiles, which IS consistent with the major soft character of the reachves sites, compared to 

the reaction of alkyl halides with the dithiane anion 1 5 

Surprisingly, when the reactton was carned out usmg a Mrchael acceptor such as ethyl acrylate as the 

electrophrle a new product 17 was obtained which showed a molecular peak at nVz 406 in the IC-MS indlcatmg the 

1 ~BuLI , THF. -78°C 

2 -COOEt 

c 

i 

COOEt 

Scheme 3 



2-( 1,3-Dlthlan-2-yl)mdoles-IV 
7915 

loss of the ethoxy group The structure of 17 was inferred from Its NMR data Two stnkmg features were the 

presence of a srgnal for the mdole C-3 proton ( 6 6 99) and an unexpected doublet of doublets at 6 4 45, In the 1 H 

NMR spectrum ‘6 

The analysis of the 13C NMR data of 17 showed the existence of only two ethyl chains and a methane 

carbon at 6 45 3 Noteworthy chemrcal shift differences with respect to the expected product were observed, in 

particular for the akphahc quaternary carbon (6 45 7) and for the two carbonyl groups (6 165 6 and 167 2) Thus, 

the structure of compound 17 was determined to be the cyclopropyl denvahve shown in Scheme 3, formed by 

dlthiane nng opening promoted by the attack of the a-anron carboxylate generated in the basic condrtions from 

the expected 1,4-additron product followed by thiolactontzation 

Dithiane nng opening had also been observed in the alkylatron reaction of dlthlane 1 with 3- 

chloromethylpyndine using an excess of n-BULI In that case the formation of dianlon 19 from the rnitially formed 

mdole anion of 16 IS consrdered to occur A plausible mechanism to the rearrangement of 19 to the observed 

product 23 IS depicted In Scheme 4 This transformation occurred by alkylahon of the sulfide with 

chloromethylpyndme to give 23 as a by-product (11% yield) when the electrophrle was added upon the dranion, 

and by protonation of 20 in the work-up to give 21 when the addition was reverse The structure of 21 was 

confirmed by its further S-alkylahon (nBuLi followed by methyl iodide) which furnished 22 

Scheme 4 
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hnally, the utrlrty of 2-[1-(N,N&ethylcarbamoyl)indolyl)dtthtanes in indole alkaloid synthesis IS shown ustng 

10 as a model Thus, treatment of 10 using Raney nickel in refluxmg ethanol afforded 24, and treatment of 10 

wtth bis(tnfluoroacetoxy)kxfobenzene in aqueous acetonitnle17 gave P-acylmdole 25 in 41% yield mthout any 

modification of the mdole protecting group When 10 was subsequently treated with sodium hydroxrde, In the 

described standard condftions for carbamoyl deprotection, dithiane 25 was not detected However, treatment of 2- 

acylrndole 25 with a base gave P-acetylmdole (27) la 

28 X=SCHzCHzCHzS 

24 25 27 X=0 

Reagents (I) Ni-Raney, EtOH, A, 4 h, (II) (CF3C0C)21CeHrj, CNCH3-H20 (9 l), room temp (III) 50% NaOH, 

EtOH, A (IV) 25% NaOH, EtOH, A 

Scheme 5 

EXPERIMENTAL 

General Melting pomts were determined in a capillary tube on a Buchi apparatus and are uncorrected 1 H- And 

13C NMR spectra were recorded in CDC13 (unless otherwise indicated) on a Vanan XL-200 spectrometer using 

TMS as an internal standard Chemical shifts are reported in ppm downfield (8) from TMS IR spectra were 

regrstered with a Perkin-Elmer 1430 spectrophotometer and only notewonhy absorpttons (reciprocal centimeters) 

are listed Mass spectra were determined on a Hewlett-Packard 5930A mass spectrometer Tic was camed out On 

S.102 (srbca gel 60, Merck 0 0063-O 200 mm), and the spots were located with UV light or iodoplatmate reagent 

Flash column chromatography was carned out on S102 (silica gel 80, 0 040-O 063 mm, Macherey Nagel) Drying 

of organic extracts dunng the workup of reactions was performed over anhydrous sodium sulfate Microanalyses 

were performed on a Carlo-Erba 1106 analyzer by Departament de Qu~mrca Organrca Brolbgrca, Barcelona 
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I-(Dlethylcarbamoyl)indole2-carbaldehyde (8) To a solutlon of mdole (IO g, 85 mmol) and sodium 

hydnde (3 15 g, 130 mmol) n anhydrous THF (200 ml) drethylammocarbonyl chionde (IO 7 ml, 85 mmol) was 

added After stlrnng for 7 h at room temperature the mixture was poured into aqueous sodium carbonate The 

organic layer was dried and evaporated to give I-(d~ethylcarbamoyl)mdole 8 (11 1 g, 60 %) after flash 

chromatography (hexane ether, 90 IO), ‘H NMR 1 21 (t. C7 Hz, 6H, CH3), 3 45 (q, C7 Hz, 4H, CH2), 6 59 (d, 

k4 Hz, In-3H), 7 17 (1, L8 Hz.1 H, In-5H), 7 27 (d, J-4 Hz, 1 H, In-2H), 7 28 (t, L6 Hz, 1 H, In-6H), 7 40 (d, L8 Hz, 

IH. In-7H), 7 60 (d, k8 Hz, IH, In-4H), 13C NMR 13 0 (CH3), 42 1 (CH2). 105 2 (In-C3), 112 1 (In-C7), 120 8, 

121 4, and 123 3 (In-C4, l&5, and In-C6), 125 8 (In-C2), 129 2 (In-CSa), 135 5 (In-C7a), 154 3 (r&O), MS (m/z,%) 

216 (M+, 32). 100 (IOO), 89 (IO), and 72 (66) 

To a solution of 8 (4 g, 16 5 mmol) In anhydrous THF (300 ml) cooled at -70% t-butyllithium (1 7 M, 16 3 ml, 

27 7 mmOl) was added The solution was stirred at -70°C for 1 h, and freshly distilled DMF (3 0 ml, 38 8 mmol) was 

added After stirring for 4-5 h at -70°C the reactlon was quenched with aqueous ammonium chlonde and extracted 

first with ether, then with CH2Cl2 The extracts were dned and evaporated to give 9 (4 4 g, 98%) as an unstable oil 

which was used without punfication ‘H NMR 1 10-l 30 (br s, 6H, CH3), 3 IO-3 70 (br s, 4H, CH2), 7 23 (1, J=8 Hz, 

1 H. In-5H), 7 30-7 50 (m, 3H, In-H), 7 73 (d, L8 Hz, IH, in-4H), 9 87 (s, 1 H, CHO), l3C NMR 12 9 (br s, CH3), 42 3 

(br, CH2), Ill 3 (In-C3), 117 6 (In-C7), 122 3 (In-C5), 123 8 (in-C4), 126 8 (In-CSa), 128 1 (In-C6), 138 0 (In-C7a), 

138 5 (In-C2), 1545 (NC=O), 181 2 (CHO), MS (t?Vz, %) 245 (M+, 3), 244 (M+-I, 20), 144 (12), 100 (IOO), 89 (36), 

72 (75) 

2-(1,3-Dlthlan-2-yl)-I-(dlethylcarbamoyl)lndole (7) A stirred solution of the aldehyde 9 (5 g, 20 5 

mmol), p_toluenesulfonlc acid (3 90 g, 20 5 mmol), and 1,3-propanedithiol (3 0 ml, 30 74 mmol), in anhydrous 

toluene (200 ml) was reflUXed for 6 5 h with removal of water by a Dean-Stark trap The reaction rmxture was poured 

Into 5% aqueous sodium bicarbonate and extracted with ether The organic extracts were dned and evaporated to 

give dlthiane 7 which was punfied by flash chromatography using ether-hexane (30 70) as the eluent (2 8 g, 41 

%)# IR (CHC13) 1681 (CO), ‘H NMR 1 00-l 40 (br s. 6H, CH3), 1 80-2 20 (m, 2H, SCH2W2), 2 90 (br s, 4H, CH2), 

3 20-3 50 (m, 4H, SCH2), 5 58 (s, II-L SCHS), 6 85 (s, IH, In-3H), 7 lo-7 30 (m, 3H, In-H), 7 55 (d, c8 Hz, IH, In- 

4H), 13C NMR 12 8 (CH3). 25 2 (SCCH2), 29 8 (SCHz), 40 7 (SCHS), 41 0 (br s, CH2), 106 5 (In-C3), 110 9 (ln- 

C7), 121 2, 121 4, and 123 4 (In-C4, In-C5, and In-C6), 127 7 (In-C3a), 135 8 (In-C7a), 137 5 (In-C2), 153 I 

(C=C), ClMS (m/z, %) 352 (M++NH3, IOO), 335 (M++l, 1) Anal Calcd for Ci7H22N20S2 C, 61 04, H, 6 63, N. 

8 37 Found C, 61 20, H, 6 79, N, 8 39 

General Procedure for the Preparation of Compounds IO-13 

rrButylllthlum (1 6 M In hexane, 1 2 eq) was slowly added wa synnge to a cooled (-70°C) solution of 7 (I 

eq) in dry THF (15 ml) under argon atmosphere The mixture was stlrred for 15-30 mln and the electrophlle (I 5 eq) 

was added at -70°C The reactlon temperature was raised to -30°C for 1 h, and to mom temperature for 30 mln The 

reaction mixture was quenched with aqueous ammonium chlonde and extracted first with ether then with CH2Cl2 

2-(2-Methyl-l,3-dlthlan-2-yl)-l-(dlethylcarbamoyl)lndole (IO) Operating as above, from 7 (210 mg, 

0 63 mmOl), n-butyllithlum (0 47 ml, 0 75 mmol), and methyl iodide (57 pi, 0 94 mmol), dithiane 10 (168 mg, 92 %) 

was obtained, after flash chromatography (ether-hexane. 25 75). IR (CHCl3) 1680,‘~ NMR I 16 (1, c7 HZ, 3~, 
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CH3), 1 37 (t, J=7 Hz, 3H, CH3), 1 80-2 00 (m, 2H, SCCH2), 2 IO (s, 3H. SCCH3), 2 50-2 70 (m, 3H, SCHa and 

SCHe), 3 10-3 40 (m, 3H, NCH2 and SCHe), 3 50-3 70 (m, 2H, NCH2), 7 01 (s, lH, In-3H), 7 10-7 30 (m, 3H, InH), 

7 55 (d, A6 Hz, 1H, In-4H), % NMR 11 7 and 13 1 (CH2CH3), 24 2 (SCCfi2), 28 5 (SCH2), 30 8 (SCcH3), 39 8 

(NCH2), 43 0 (NCH2), 48 9 (SCS). 109 3 (In-3H), 110 8 (In-7H), 120 8,121 2, and 123 1 (In-C4, lnC5 and In-C6), 

127 5 ( I”-C3a), 137 3 (In-C7a), 142 4 (ln-C2), 154 1 (C=C), MS (m/z, %) 348 (M+, 8), 242 (47), 213 (8), 100 (loo), 

72 (51) Anal Calcd for C18H24N2CS2 H20 C, 58 98, H, 7 64, N, 7 15 FOUnd C, 58 65, H, 7 50, N, 7 06 

2-(2-Ethyf-l,3-dithlan-2-yl)-l-(dlethylcarbamoyl)lndole (11) Operatmg as above, from 7 (200 mg, 0 6 

mmof), nbutyllrthrum (0 45 ml, 0 72 mmol), and ethyl bromrde (67 f~l, 0 9 mmol), drthrane 11 (96 2 mg, 67 %) was 

obtarned, after flash chromatography (ether-hexane, 15 85) mp 141-142OC (acetona), IR (CHCl3) 1881,l~ NMR 

0 96 (1. J=7 Hz, 3H, CH3), 1 16 and 1 35 (21, J=7 Hz, 3H each, NCCH3), 1 80-2 00 (m, 2H, SCCHZ), 2 15 (m, 2H, 

CYCH3), 2 50-2 80 (m, 3H, SCHa and SCHe), 3 15-3 35 (m. 3H, NCH2 and SCHe), 3 50-3 57 (m, 2H, NCH2), 

6 99 (s, 1H, In-3H), 7 IO-7 25 (m, 3H, InH), 7 65 (d, J=GHz, lH, In-4H), f6C NMR 8 7 (CH2Bf3), 11 7 and 13 1 

(NCCHs), 24 9 WH2CH2), 27 7 and 28 4 (SCH2), 34 9 (CH2CH3), 39 9 and 43 1 (NCH2), 54 4 (SCS), 110 7 (In- 

C3), 111 7 (In-C7), 120 7, 121 1, and 123 0 (In-C4, In-C5, and In-C6), 127 3 (In-C3a), 137 4 (In-C7a), 139 9 (ln- 

C2), 153 9 (C=C), ClMS (m/z, %) 397 ( M++2NH3, 6) 380 (M++NH3, loo), 363 (M+, 50), 254 (16) 197 (7) 

Anal C&d For CfgH2sN20S2 C, 62 94, H, 7 23. N, 7 73. S, 17 69 Found C, 62 87, H, 7 28, N, 7 80, S, 

17 78 

2-(2-~enzyf-~,3-dlthlan-2-yl)-l-(dlethylcarbamoyl)lndole (12) Operating as above, from 7 (200 mg, 

0 60 mmol), rrbutyllithium (0 45 ml, 0 72 mmol), and benzyl bromide (107 ul, 0 90 mmol), drthrane 12 (154 n-g, 65 

%) was obtained, after flash chromatography (ether-hexane, 15 85) mp 181-182”C, IR (CHCf3) 1677, 1H NMR 

1 16 and 1 42 (21, C7 Hz, 3H each, NCCH3), 1 80-2 00 (m, 2H, SCH2), 2 50-2 70 (m, 3H, SCH2), 3 05 (ddd, ,/= 

f2,8, and 2 Hz, 1H, SCHe), 3 20-3 40 (m, 2H, NCH2), 3 37 (d, JAB= 12 Hz, lH, ArCH), 3 55-3 75 (m, 2H, NCH2), 

4 36 (d, JAR= 12 Hz, lH, ArCH), 6 58 (s, IH, In-3H), 7 00-7 40 ( m, 8H, Ar-H), 7 45 (d, .I=6 Hz, 1H, In-4H), f3C NMR 

11 8 and 13 0 (CH3), 24 5 (SCCH2), 27 5 and 28 4 (SCH2) (39 9 and 43 1 (NCH2), 47 1 (ArCH2), 54 1 (scs), 

110 8 (In-C% 112 3 (In-C7), 120 8, 121 1, and 123 2 (In-C4, In-C5, and In-C6), 128 7 (Ar-para), 127 2 (Ar-mefa), 

131 2 (Ar-orrho), 135 3 (In-C7a), 137 3 (Ar-Ipso), 139 3 (In-C2), 154 3 (C=O) MS (m/z, %) 425 (M+, I), 333 (46) 

262 (22), 217 (12), 100 (79) 72 (100) Anal Calcd for C24H2sN20S2 C, 67 89, H, 6 64, N, 6 64, s, 15 10 

Found C, 67 67, H, 6 60. N, 6 67, s, 14 96 

General Procedure for the Preparation of Compounds 13-18 

rrButyllithium (1 6 M in hexane, 1 2 eq) was slowly added vra syringe to a cooled (-78’C) solutron of 7 (1 

eq) In dry THF (15 ml) under argon atmosphere The mrxture was stirred lor 15-30 mm and the electrophrle (1 2 es) 

was added at -78’C After strrnng for 45 mm at -78°C and 45 mm at -23°C the reactron mrxture was quenched with 

aqueous ammonrum chlonde and extracted first with ether then wrth CH2Cl2 

t-(Diethylcarbamoyl)-2-[2-(l-hydroxyethyl)-l,3-dlthlan-2-yl]lndole (13) and l-(Dlethyl- 

carbamoyl)-2-(1,3-dlthlan-2-yl)-3-(1-hydroxyethyl)lndole (14) Operatmg as above, from 7 (200 mg, 

0 6 mmol), n-butylllthium (0 45 ml, 0 72 mmol) and acetaldehyde (0 10 ml, 1 79 mmol), a 3 5 1 mrxture of 
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compounds 13 and 14 was obtamed, which was separated by flash chromatography Dtthrane 13 (hrgher Rf, 45 5 

mg, 46 %) was obtamed on et&on with ether-hexane (3 1) mp 127-128T, IR (CHCl3) 3366 (OH), 1667 (CO),lH 

NMR 1 19, 1 23, and 1 26 (m, 3H each, CH3), 1 80-2 00 (m, 2H, SCCH2), 2 45-3 05 (m, 5H, SCH2 and CWH), 

3 20-3 70 (m, 4H, CH2), 4 30 (br, lH, OH), 7 02 (s, lH, In-3H), 7 10-7 25 (m, 3H, In-H), 7 50 (d, L6 Hz, lH, In-4H), 

13C NMR 11 9 and 13 0 (CH3), 19 7 (CHOHCH3), 24 6 (SCCHP), 27 5 and 26 2 (SCH2), 40 3 and 43 6 (NCHP), 

61 1 (SCS), 74 0 (HOCH), 110 9 (In-C3), 114 7 (In-C7), 121 2, 121 6, and 123 8 (lnC4, lnC5, and In-C6), 127 8 

(In-C3a), 137 4 (In-C7a), 139 5 (In-C2), 155 7 (GO). CIMS (m/z, %) 396 (M++NHs, loo), 379 (M+, 19). 257 (44). 

240 (98) 197 (26) Anal Calcd for ClgH2sN202S2 C, 60 29, H, 8 92. N, 7 40, S, 16 94 Found C, 59 92, H, 8 89, 

N, 742, S, 1639 

Dithiane 14 (lower Rf, 13 mg, 13 %) was obtained on elution with ether IR (CHCl3) 3449 (OH), 1877 (CO), 

‘H NMR 1 IO-I 45 (m, 6H, NCCH3). 1 77 (d. 3=7 Hz, 3H, HCCCH3), 1 80-2 20 (m, 4H, SCCH2). 2 80-3 50 (m, 4H, 

NCH2), 5 52 (s, SCHS), 8 12 (q, L7 Hz, 1 H, CtWH), 7 10-7 40 (m, 3H, InH). 8 00 (d. L6 Hz, IH, In-QH), 13C NMR 

13 0 (br S, NCH2CHa), 22 9 (SCCH2), 24 8 and 24 9 (SCH2), 42 1 and 42 9 (NCH2), 32 7 (HOCCH~). 63 7 

(HOCH), 110 9 (In-C7), 113 8 (In-C3), 121 3, 121 9, and 123 7 (lnC4, lnC5, and In-C6), 129 3 (In-CSa), 132 5 (In- 

C2). 138 0 (In-C7a), 153 3 (GO), MS (mlz. %) 360 (M+-H20,39), 334 (16) loo (63) 72 (63) 29 (loo) 

l-(Dlethylcarbamoyl)-2-[2-(l-hydroxy-4-pyrldylmethyl)-l,3-dlthlan-2-yl]lndole (15) and l- 

(Diethylcarbamoyl)-2-(1,3-dithlan-2-yl)-3-(1-hydroxy-4-pyridylmethyl)indole (16) 

Operating as above, from 7 (200 mg, 0 59 mmol), n-butyllrthrum (0 45 ml, 0 72 mmol) and pyndme-4- 

carbaldehyde (67 ul, 0 72 mmol), a 1 1 mixture of compounds 15 and 16 was obtained, whrch was separated by 

flash chromatography (CH2Cl2methanol, 98 2) Drthrane 15 (higher Rf. 49 mg, 33 %) mp 171-172 “C, IR (CHCl3) 

3432 (OH), 1703 (C=O), 1 H NMR 1 06 and 1 30 (21, J=7 Hz, 3H each, NCCHs), 1 80-2 00 (m. 2H, SCCH2), 2 60- 

2 90 (4H, SCH2), 3 IO-3 60 (m, 4H, NCH2), 6 03 (s. 1 H, HOC/f), 6 65 (d, A2 Hz, 1 H, In-3H), 6 85 (d, L 5 Hz, 2H, 

Pyr-m&a), 7 IO (Id, J=7 and 2 Hz, lH, In-5H), 7 20 (td, C7 and 2 Hz, IH, In-8H), 7 30 (d, L7 Hz, IH, In-7H), 7 55 

(d, J=7 Hz, IH, ln-4H), 6 40 (d, L5 Hz, 2H. Pyr-orlho), 6 55 (br s, IH, OH), l3C NMR 13 1 and 14 2 (CH3), 243 

(SCCH2), 27 3 and 27 4 (SCH2), 41 3 and 42 1 (NCH2), 80 0 (HOCH), 106 6 (In-C3), 111 1 (In-C7), 120 0, 120 9, 

and 122 5 (In-C4, In-C5, and In-C6), 123 1 (Pyr-mefa), 128 3 (In-C3a), 133 9, 135 9, 144 6 (Pyr+pso), 149 0 (Pyr- 

orrho), 154 2 (C=O), MS (mlz, %) 442 (M+, 100) 152 (22) 135 (21) Anal Calcd for C2aH27Na02S2 C, 62 55, H, 

616,N,951,S,l452 Found C, 6221.H,611.N,919,S,1426 

Drthiane 16 (lower Rf, 53 mg, 35 %) IR (CHCl3) 3411 (OH), 1680 (C=O). 1H NMR 1 O-l 30 (br s, 6H, CHs), 

2 15-2 25 (m, 2H, SCCH2), 2 50-3 00 (m, 6H, SCH2 and NCH2), 3 40 (br s, 2H, NCH2), 4 80 (br d, IH, HOC/i), 

5 45 (S. 1 H, SCHS), 6 40 (d, J=7 Hz, lH, In-7H). 6 90 (1, C7 Hz, IH, In-5H), 8 95 (d, .k5 Hz, 2H, Pyr-me&), 7 12 (t, 

IH, In-6H), 7 45 (d, .k7 Hz, IH, In-4H), 6 30 (d, C5 Hz, 2H, Pyr-ortho), 13C NMR 13 1 (br s, CH3), 25 8 (SCCH& 

31 2 and 32 2 (SCH2), 41 3 (br s, NCH2), 54 2 (SCHS), 74 3 (HOCH), 108 9 (In-C7), 121 6, 122 5 126 5 (In-C4, In- 

C5, and In-C6), 126 9 (In-C3a), 126 7 (Pyr-meta), 148 4 (Pyr-ortho), 155 2 (GO), MS (m/z, %) 442 (M+, 4) 409 

(8) 352 (55) 125 (100) 

Reaction of lithium salt of 7 with ethyl acrylate Operating as above, from 7 (200 mg, 0 59 mmol), n- 

butyllrthium (1 6 M, 0 45 ml, 0 72 mmol), and ethyl acrylate (78 pl, 0 72 mmol), I-[1-(dlethylcarbamoyl)-2- 

indolyll-2,6-dlthiabicyclo[6 1 Olnonan-Tone (17) was obtained (72 4 mg, 69 %) after punfrcahon by 

flash chromatography (CH2Cl2) IR (CHCB) 1633 (GO), 1704 (Go), 1H NMR 1 15-l 35 (m, 3H, CH3), 1 80-2 20 
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(m, 2f-L 4-H), 2 85 (dddd, C12,12,4 and 3 Hz, lH, S-H ) (2 95-3 10 (m, 4H, SCH2 ), 3 28 (br 1, L12 Hz, lH, Q-H), 

3 30-3 45 (m, 2H, NCHz), 3 55-3 80 (m, 2H, NCH2), 4 45 (dd. L12 and 4 Hz, 1 H, 8-H), 8 99 (s, lH, In-3H), 7 29 (t, 

&7 Hz, 1 H, In-5H), 7 32 (t, L7 Hz, lH, In-8H), 7 50 (d, .k7 Hz, lH, In-7H), 7 84 (d, C7 Hz, lH, In-4H), f3C NMR 

12 8 and 14 7 (NCCHs), 24 4 (C-4) 27 7 (C-3 and C-7) 36 8 (C-s), 40 9 and 42 8 (NCH2), 45 3 (c-8) 45 7 (C-l), 

109 3 (fn-C7), 116 7 (In-C3), 121 7, 124 6, and 125 8 (In-C4, In-C5, and In-C6), 129 3 (In-CSa), 135 5 (In-C7a), 

138 5 (In-C2), 165 6 (C=O). 187 2 (GO), CIMS (nVz, %) 408 (M++NH3), 119 (100). 389 (17) 316 (9) Anal Calcd 

for C2oH24N202S2 C, 61 50, H, 6 70, N, 7 17, S, 16 50 Found C. 81 93, H, 6 44, N, 7 08. S, 16 32 

2-[2-(3-PyrldytmethyI)-1,3-dlthtan-2-ytllndole (16) To a soluhon of 3chloromethylpyndme, prepared 

from the correspondmg commercial hydrochtonde by the action of n-BULI (1 3 eq) In THF (20 ml) at -78”C, the 

lithium salt of 1, prepared from 1 (0 5 g, 2 13 mmol) and 1 3 eq of n-BuLi at -20°C. was transferred v/a cannula 

The reactIOn mixture was stirred for 15 min at -78°C and allowed to reach room temperature, and quenched with 

aqueous ammonium chlonde The reaction mxture was poured into 5% hydmchfonc aad and extracted wfth ether 

The aqueous phase was basified with potassium carbonate and extracted with ether The organic extracts were 

dned and evaporated to give a 4 1 mixture of dfthfane 18 and compound 23, which was separated by flash 

chromatography Dfthfane 18 (higher Rf, 366 mg, 54%) was separated using dahloromethane-methanol (96 4) 

mp 120-121X (ether), lH NMR 1 80-2 05 (m, 2H, SCCH2), 2 66 (dt, C 12 and 3 Hz, 2H, SCHe), 2 84 (ddd, L12, 

11, and 3 Hz, 2H, SCHa), 2 32 (s. 2H, ArCH2), 6 59 (d, J=l 5 Hz, lH, In-3H), 6 95-7 20 (m, 4H, ArH), 7 33 (d, C7 

Hz, 1 H, In-7H), 7 53 (d. &7 Hz, lH, In-4H), 8 20 (s, 1 H, Pyr-CP), 8 40 (br s, 1 H, Pyr-CG), 8 60 (br s, 1 H, NH), l3C 

NMR 24 4 (SCH2CH2), 27 6 (SCH2), 47 6 (Pyr-CH2). 52 5 (SCS), 105 0 (In-C3), 111 1 (In-C7), 120 0. 120 8, 

122 3, and 122 8 (In-C4, In-C5, In-C6, and Pyr-C5), 127 0 (In), 128 5, 130 3 (Pyr-Cd), 137 0, 138 4 (Pyr-C4), 

148 2 (Pyr-CG), 150 9 (Pyr-CP), MS (m/z, %) 326 (M+. 5) 251 ( 49) 234 (100) 160 (60) 92 (75) Anal Cafcd for 

Cf8Hl8N2S2 C, 66 22, H. 5 56, N, 8 58 Found C, 66 18, H, 5 58, N, 8 26 

Compound 23 (lower Rf, 96 mg, 11%) was separated on elution with dlchloromethane-methanol (93 7) 

1 H NMR 1 78 (t, J=7 Hz, 2H, SCCH2), 2 46 (1, J= 7 Hz, 2H, SCH2), 2 68 (t, J=7 Hz, 2H. SCH2), 3 68 (s, 2H. 

ArCH2), 8 64 (s, 1 H, In-3H), 6 73 (s, 1 H, =CH), 6 80-7 40 (m, 6H, Ar-H), 7 58 (d, 2H, Pyr-H), 8 30 (m, 2H, Pyr-H), 

8 44 (br s, 2H, Pyr-H), 9 80 (br, lH, NH), 13C NMR 288. 300, 31 2, 332, 1050, 111 2, 1201, 1209, 1229, 

1230, 1235, 1249, 1282, 1318, 1324, 1325, 1341, 1350, 1380. 1366, 1476, 1482, 1496. 1498, MS 

(m/z, %) 417 (M+, 3) 325 (5) 251 (30) 125 (ii), 92 (100) Anal Calcd for C24H2sNsS2 C, 69 03, H, 5 54, N, 

IO 06 Found C, 69 15. H, 5 44. N, 9 89 

2-[1-(3-Mercaptopropylthlo)-2-(3-pyrldyt)vlnyl]lndote (21) Operating as above, from dfthfane 1 (1 0 g, 

4 25 mmol) , THF (50 ml), n-BULI (4 eq, 10 6 ml, 17 mmol) and 3-chtoromethylpyndme hydrochloride (1 0 g, 6 3 

mmof), 2-[1-(3-mercaptopropytthlo)-2-(3-pyrtdyt)-vlnyt]Indole (21) (560 n-g, 40 %) was obtained after 

flash chromatography lH NMR 1 98 (1. C7 Hz, 2H, SCCH2), 2 59 and 2 76 (2t. L7 Hz, 2H each, SCH2). 6 63 (d, 

k/=1 5 Hz, 1 H, In-3H), 6 75 (s, lH, =CH), 6 80-7 35 (m, 6H, Ar-H), 7 58 (d, lH, In-4H), 8 25 (m, 2H, Pyr-H), 9 55 (br. 

lH, NH), 13C NMR 22 8 (SCH@-l2), 30 4 and 32 8 (SCH2), 104 8 (In-C3), 111 3 (In-C7), 119 9 (In-C5), 120 9 (ln- 

C4), 122 7 (In-C6), 123 1 (Pyr-CS), 124 1 (=CH), 128 2 (In-CBa), 132 3 ,132 5 and 132 7 (l&2, Pyr-C3, and 

=CS), 135 2 (Pyr-C4), 136 7 (In-C7a), 147 0 (Pyr-CP). 149 6 (Pyr-C6). MS (m/z, %) 326 (M+, 4). 251 (5) 234 (34). 

219 (lo), 160 (24) 114 (6), 89 (58) 41 (100) Anal Calcd for CfsHfsN2S2 C, 66 22, H, 5 55. N, 8 58 Found 

C,66 34, H, 5 88, N, 8 56 
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2-[l-(3-Methylthiopropylthlo)-2-(3-pyrldyl)vlnyl]-l-methyllndole (22) A sample of 21 in THF was 

treated wtth ~PBULI (2 eq) at - 40 % and then methyl iodide (2 2 eq) was added After the usual work-up compound 

22 (85 %) was obtamed 1H NMR 1 88 (1.3-7 Hz, 2H, SCCH2), 2 05 (s,3H, SCH3), 2 56 and 2 75 (2t, J=7 Hz, 2H 

each, SCH2), 3 50 (s, 3H, NCH3) ,6 57 (s, lH, =CH), 6 90 (d, L2 Hz, 1 H, In-3H), 7 O-7 40 (m, 6H, Ar-H), 7 60 (d, 

J=8 Hz, IH, In-4H), 8 35 (br s, lH, Pyr-PH), 13C NMR 15 4 (SCH3), 22 4 (SCH2CH2), 28 4 (NCH3), 30 8 and 32 8 

(SCHZ), 103 5 ((In-C3), 109 8 (l&7), 120 4 in-C5), 121 1 (In-C4), 122 4 (In-C6), 123 3 (Pyr-C5), 126 1 (=CH), 

132 3, 132 5, and 132 8 (In-C2, Pyr-C3, and =CS), 133 9 (Pyr-C4), 136 5 (In-C7a), 147 9 (Pyr-Cn), 150 0 (Pyr- 

C6) Anal Calcd for C2oH22N2S2 C, 67 76, H, 6 25. N, 7 90 Found C, 68 04, H, 6 33, N, 7 95 

1-(Dlethylcarbamoyl)-2-ethyllndole (24) A suspension of dlthlane 10 (80 mg, 0 23 mmol) and W-2 Raney 

nickel (c a 200 mg ) in ethanol (20 ml) was refluxed for 4 h Filtration upon Cellte of the Raney nickel afforded a 

filtrate which after evaporation and punfication by flash chromatography (1 1 hexane-ether) gave 24 (26 mg, 48%), 

IR (CHCl3) 1675 (GO), ‘H NMR 1 27 (br 1,3H, CH3), 1 37 (1. L7 Hz, 6H, NCH2CH3), 4 35 (q, C7 Hz, 4H, NCH2), 

6 34 (s, IH, In-3H), 7 13-7 19 (m, 3H, ln-4H). 7 45 (br, lH, NH), 13C NMR 13 4 and 13 9 (NCHzCH3), 22 3 (CH3), 

31 3 (InCH2), 41 7 (br, NCH2), 102 4 (In-C3), 110 4 (In-C7), 120 2 and 120 9 (In-C4 and In-C5), 122 0 (lnC6). 

128 9 (In-C3a). 131 0 (In-C2), 136 0 (br, In-C7a), 152 0 (br, C=O) Anal Calcd for C15H2oN20 C, 73 74, H, 8 24, 

N, 11 46 Found C, 73 64. H, 8 13, N, 11 22 

1-(Dlethylcarbamoyl)9-acetyllndole (25) To a solution of 10 (83 mg, 0 238 mmol) In 9 1 CH3CN-Hz0 (10 

ml) stlrred at room temperature, bis(tnfluoroacetoxy)lodobenzene (Aldrich, 143 4 mg, 0 333 mmol) was added The 

reactlon mixture was stirred for 45 mm and the solution was poured into saturated aqueous sodium bcarbonate (IO 

ml) and extracted with CH2Cl2 The organic layers were dned and the solvent was evaporated to give 25 (25 mg, 

41%) after flash chromatography (6 4 hexane-ether), IR (CHCl3) 1685 and 1668 (C=O), ‘H NMR 1 03 (1, L7 Hz, 

3H, NCH2C&), 1 43 (t, C7 Hz, 3H, NCH2C/+& 2 53 (s, 3H, COCH3) 3 05 (q, C7 Hz, 2H, NCH2), 3 68 (q, C7 Hz, 

2H, NCH2), 7 15-7 35 (m, 4H, InH), 7 73 (d, J=6 Hz, IH, In-4H), 13C NMR 12 0 and 13 3 (NCH2CH3), 26 2 

(CCm3), 41 2 and 43 0 (NCH2) , 111 1 (In-C7), 112 9 (In-C3), 122 0 (In-C5), 123 3 (In-C4), 126 8 (IrKSa), 127 1 

(In-C6), 135 7 (In-C2), 138 1 (In-C7a),l52 9 (NCO), 189 8 (InCO) Anal Calcd for C15H~sN202 C, 69 74, H, 7 02, 

N-1084 Found C,6976,H,70l.N.1090 

Deprotectlon of 1-(Dlethylcarbamoyl)-2-acetyllndole (25) A solution of 25 (64 mg, 0 262 mmol). 25% 

aqueous sodlum hydroxyde (5 ml) and ethanol (15 ml) was stirred at reflux for 16 h The solution mixture was 

evaporated and extracted with CH2CI2 The solvent was dned and evaporated to gave P-acetyllndole 27 (27 mg, 

65 %) after flash chromatography (ether) mp 155°C (hexane-ether) (Ill ‘8154-1550~ IR 1653 (CHCl3), ‘H NMR 

2 55 (S, 3H, COCH3), 7 IO (1, C7 Hz, lH, In-5H). 7 13 (s, 1 H, In-3H), 7 30 (1, L7 Hz, lH, In-6H), 7 37 (d, L7 Hz, 

1 H, In-7H), 7 63 (d, J=7 Hz, 1 H. In-4H), 9 25 (br, 1 H, NH) 13C NMR 275 (CH3), 1099 (In-C3), 1122 (In-C7), 1209 

(In-C5), 123 0 (In-C4), 126 4 (In-C6), 128 0 (In-C3a), 136 5 (In-C7a),l37 5 (In-C2), 190 9 (C=O). MS (m/z, %) 258 

(M+, 19), 215 (2), 149 (12). 100 (IOO), 72 (82) 

3-(1,3-Dlthian-P-yl)-1-(phenylsulfonyl)lndole (28) A stirred solution of I-(phenyIsuIfonyl)mdole-3- 

carbaldehyde’O (2 g, 7 0 mmol), ptoluenesulfonic acid (1 33 g. 7 0 mrnol). and 1.3-propanedithiol (0 84 ml, 8 4 



mmoi), m anhydrous toiuene (200 ml) was refiuxed for 15 h with removal of water by a Dean-Stark trap The reactlon 

mixture was poured mto 10% aqueous sodium carbonate, dned and evaporated to give dithiane 28 which was 

punfied by flash chromatography using ether-hexane (1 1) as the eiuent (1 81 g. 69 %), mp 159-181°C (ether- 

acetone), IR(CHCi3) 1435, 1365, and 1165, lH NMR 1 90-2 30 (m, 2H, SCH2CH2), 2 85-3 20 (m, 4H, SCH2). 

5 41 (s, lH, SCHS), 7 20-7 80 (m, 5H. Ar-H), 7 72 (s, lH, in-2H), 7 80-8 00 (m, 4H, Ar-H). l3C NMR 25 8 

(SCH2CH2), 32 1 (SCH2), 42 5 (SCS), 114 4 (In-C7), 121 4 (in-C8), 124 0 (in-C4), 125 3 (in-C3), 125 4 (in-C5), 

128 0 (C-ortho), 127 8 (in-C2), 130 0 (in-C3a), 131 2 (C-mek?), 134 8 (C-par& 138 5 (in-C7a), 138 0 (C-rpso), MS 

(m/z, %) 375 (M+, 7), 301 (14) 234 (7), 180 (14), 141 (18), 133 (14). 101 (lo), 89 (24), 77 (100) Anal Cakd for cl8 

I-t17 NO2S3 C, 57 57, H, 4 56, N, 3 73 Found C, 57 47, H, 4 58, N, 3 73 

3-(1,3-Dithlan-2-yl)-2-methyl-l-(phenylsulfonyl)lndole (29) To a solution of dithiane 28 (171 mg, 

0 46 mmoi) In anhydrous THF (15 ml) cooled at -30°C under argon atmosphere r&utyiidhium (1 8M, 0 34 ml, 0 55 

mmoi) was slowly added After the mixture was stirred for 15 mm, methyl iodide (57 pi, 0 92 mmol) was added The 

reaction mixture was stirred at -30°C for 45 mm and at room temperature for 20 mm, quenched with aqueous 

ammonium chionde, and extracted first with ether and then with CH2Ci2 The organic extracts were dried and 

evaporated to give 29 which was purified by flash chromatography (ether-hexane, 30 70, 132 mg, 74 %). IR 

(CHCi3) 1450.1380, and 1180, lH NMR (CDCi3) 1 80-2 20 (m, 2H, CH2CH2S), 2 68 (s, 3H, CH3), 2 80-2 95 (dt, 

kl2 and 4 Hz, 2H, SHeq), 3 05 (td, Cl2 and 4 Hz, 2H, SCHax), 5 48 (s, lH, SCHS), 7 25 (td, C7 and 1 Hz, in-6H 

and in-5H), 7 37 (1, L8 Hz, 2H, Ar-H), 7 45 (1, L8 Hz, 1 H, Ar-H), 7 74 (d, C8 Hz, 2H, ArH), 7 90-8 00 (dd, C7 and 

1 Hz, 1 H, in-4H), 8 10-8 20 (dd, J=7 and 1 Hz, 1 H, in-7H), 13C NMR 13 3 (in-CH3), 24 9 (SCH2CH2), 32 2 (SCH2), 

42 9 (SCS), 114 5 (in-C7), 117 7 (in-C3). 120 7 , 123 3 and 124 5 (in-C4, In-C5, and in-C6), 128 4 (C-orfbo), 

128 2 (in-CSa), 129 5 (C-me&), 134 0 (C-para), 134 5 (in-C2), 136 5 (in-C7a), 138 5 (C-rpso) Anal Caicd for 

C19Hl9N02S3 C, 58 58, H, 4 92, N, 3 60 Found C, 58 77, H, 4 95, N, 3 57 

When an excess of rrBuLi (3 equlvaients) was used a (1 2 5) mixture of dithiane 29 and 3-(1,3&hian-2- 

yl)-2-methyl-1-[2-methyi(phenyisuifonyi)]indoie (30) (94 mg, 51%) was obtained, IR (CHCi3) 1440, 1350, and 1165 

cm-l, ‘H NMR 1 85-2 30 (m, 2H, SCH2CH2), 2 42 (s, 3H, Ar-CH3), 2 55 (s, 3H, in-CH3), 2 92 (dt, L12 and 1 Hz, 

2H, SCHeq), 3 10 (td. Cl2 and 1 Hz, 2H, SCHax), 5 52 (s, lH, SCHS), 7 15-7 30 (m, 4H, Ar-H), 7 35-7 50 (1, L7 

Hz, 2H, Ar-H), 8 00 (d, C8 Hz, lH, in-4H), 8 05 (d, J=7 Hz, lH, in-7H), 13C NMR 12 9 (CH3), 19 7 (CH3), 24 9 

(SCH2CH2), 32 1 (SCH2), 42 8 (SCS), 114 4 (in-C7), 117 0 (in-C3), 120 7, 122 9 and 124 3 (in-C4, in-C5, and in- 

C6). 126 5 (o&o), 127 5 (in-CSa), 127 9 (phenyi C-5), 133 0 (phenyl C-2), 133 6 (phenyi C-4), 134 0 (in-C2), 

137 0 (phenyi C-3), 138 0 (In-C7a), 139 0 (IPSO) Anal Caicd for C20 Hpl NO2S3 C, 59 51, H, 5 24, N, 3 47 

Found C, 59 63, H, 5 33 N, 3 13 
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