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Abstract- The effect of the N,N-diethylcarbamoy! indole protecting group on the reactivity
of 2-(1,3-dithian-2-yl)indole 7 n front of a series of electrophiles, as well as the potential
synthehc usefulness of the resulting 2,2-disubstituted dithianes is reported

Over the past several years we have explored the use of 2-(1,3-dithian-2-yljindoles as intermediates In
indole alkaioid synthesis 2-3 Fyndamental to the success of this approach is the ability to selectively iithiate and
functionalize the dithiane C-2° center, and to direct subsequent nng closure reactions to the C-3 position of the
indole nng In this regard, studies using the dianion of 1 showed that, whereas regioselective reaction of a range of
electrophiles at C-2 1s observed, nng closure of the resultant products occurs preferentially at Ny The results
obtained for the latter transformation demonstrate the necessity to block the indole mitrogen in 1 by a group which
1S readily introduced and removed, and whose presence will not interfere with the dithiane anion formation
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Following this ine of Investigation, we have descnbed in previous reports?:#4 the influence of the
phenylsulfonyl5 and p-methoxyphenylsullonyl6 protecting groups on the reactivity of the indole dithiane
system 7.8 it was found that the reaction of dithiane 2 with n-BuLi did not Iead to formation of the expected C-2
Iithiated species but rather to anion 4 resulting from the loss of the proton at C-3 9 This reaction, which ultimately
leads to opening of the indole nng, 1s promoted by the presence of the highly electron withdrawing phenylsulfonyl
group on the indole nitrogen and by the stabilization of the ithum cation through coordination to sulphur 12
However, the required C-2 subshiuted products were obtained using dithiane 3, substituted at N1 by the p-
methoxyphenylsuifony! group, and using the less ngid indole dithioacetal 6 1

In the present paper we describe our recent results on a study of the N,N-diethylcarbamoy! group, an
indole protective group employed by Comins et a/ n the context of the synthesis of 3-substituted 1-(N, N-
diethylcarbamoyl)indoles 13 The preparation of dithianylindole 7 was accomplished by imtial regioselective
formylation of 8 according to the Gnbble procedure“" followed by thioacetalization with 1,3-propanedithiol in the
presence of p-toluenesulforic acid The TH NMR spectrum of 7 displays two singlets at § 5 58 and 6 85 for the
ditiane C-2 and indole C-3 protons, respectively, and two broad signals at 5 1 00-1 40 and 2 90 corresponding to
the methyis and methylenes of the ethyl chains of the indole protective group, as the most important signals In
the 13C NMR the signals at & 153 1 and 40 7 were attnbuted to the carbonyl and the ditiane methine carbons
The presence of a broad signal centered at 3 41 8 for the two methylene carbons of the protective group Is also
charactenshc of compound 7, as they are next to coalescence

Lithiation of dithiane 7 at the 2 position was achieved by treatment with n-BuLi in THF at -78°C
Compounds 10-12 were produced by reachon with methyliodide, and ethyl or benzyl bromide The 2,2-

Reagents 1) LDA, DMF, THF, 1) HSCHoCH2CH2SH, p-TsOH, benzene,
m) n-Buli, THF, -78°C, 30 min, 1v) electrophile, THF, -78°C to -45°C

Scheme 2
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Electrophile Product (1) Yield (%) Product (1) Yield (%)
Chyl [
CHg
2 —_—
10 S S
/\N/gok/l
\/
I CHa
CH3CH,Br . .
3 11 N s s 67
o’ ol\)
| CeHs
C5H5CHzBr

I OH I CHa
13
CH3CHO CHs 46
13 S S

14
| N OH
P

N | | >
' oH 33 /N 35

Z 15 s S S S

CHO /\N/KJ\/' /\N/KOU

16
Table 1

disubstituted dithiane products exhibit charactenstic spectroscopic features Thus, in the TH NMR spectrum of
10-12 a typical singlet at & ~7 0 for the indole C-3 proton and two trplets centered at 8 1 16 and 1 37 for the non-

equivalent methy! groups were observed Also, signals at 117 and 13 1, and 39 8 and 43 0 corresponding to
the methyl and methylene groups were present in the 13C NMR spectrum
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On the other hand, reaction of the lithium salt of 7 with acetaldehyde afforded a mixture of dithuan C-2
alkylation and indole C-3 products (see Table 1) Formation of aicohol 13 was confirmed by the disappearance of
the signal at 5 5 58 1n the TH NMR spectrum and by the existence, in the 13C NMR spectrum, of signals at 5739
and 22 7 corresponding to the hydroxyethyl chain The structure ot the regioisomenc dithiane 14 was clearly
demonstrated by the presence of a signal at 8 5 52 and a doublet at 51 76 charactenstic of the C-2 dithiane
proton and a-hydroxymethy! group respectively, as well as by the absence of the signal corresponding to indole
C-3 proton The 13C NMR spectrum of this compound displayed a signal at 8 63 7 corresponding to the carbwnol
carbon and two broad signals due to the NCHaCH3 carbons (3 13 0 and 42 6)

Similarly, reaction of the Ithium denvative of ditvane 7 with pyndine-4-carbaldehyde afforded a 1 1 muxture
of carbinols 15 and 16 The structure of 15 was confirmed by the presence in the 1H NMR spectrum of two
signals at 8 6 03 and 6 65 for the carbinol methine and indole C-3 prolons, and for 16 by the presence of signals
at § 4 85 and 5 35 corresponding to the carbinol methine and C-2 dithiane protons

The formation of 14 and 16 indicates the competition between the lithiation on dithiane C-3 position,
when the indole protecting group 1s N,N-diethylcarbamoy! which makes the acidty of indole C-3 proton similar to
that of the dithiane C-2 Nevertheless, the indole C-3 alkylation products were only observed when aldehydes
were used as the electrophiles, which 1s consistent with the major soft character of the reactives sites, compared to
the reaction of atky! hahdes with the dithiane anion 15

Surpnsingly, when the reaction was carned out using a Michael acceptor such as ethyl acrylate as the
electrophile a new product 17 was obtained which showed a molecular peak at vz 406 in the IC-MS indicating the

1 nBuli, THF, -78°C
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Scheme 3
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loss of the ethoxy group The structure of 17 was inferred from its NMR data Two stnking features were the
presence of a signal for the indole C-3 proton ( 5 6 99) and an unexpected doublet of doublets at 5 4 45, nthe TH
NMR spectrum 16

The analysis of the 13C NMR data of 17 showed the existence of only two ethyl chains and a methine
carbon at § 45 3 Noteworthy chemical shift differences with respect to the expected product were observed, in
particular for the aliphatic quaternary carbon (5 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 denvative shown in Scheme 3, formed by
dithiane nng opering promoted by the attack of the a-anion carboxylate generated in the basic condtions from
the expected 1,4-addition product followed by thiolactonization

Dithiane nng opening had also been observed in the alkylation reaction of dithiane 1 with 3-
chioromethylpyndine using an excess of n-BuLi In that case the formation of diamon 19 from the imtially formed
indole amon of 18 1s considered to occur A plausible mechamsm to the rearrangement of 19 to the observed
product 23 s depicted in Scheme 4 This transformation occurred by alkylation of the sulfide with
chloromethylpyndine to give 23 as a by-product (11% yield) when the electrophile was added upon the dianion,
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-alkylation (n-BulLi followed by methyl 1odide) which furnished 22
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Finally, the utility of 2{1-(N, N-diethylcarbamoyl)indolyildithianes in indole alkaloid synthesis 1s shown using
10 as a model Thus, treatment of 10 using Raney nickel In refluxing ethanol afforded 24, and treatment of 10
with bis(influoroacetoxy)iodobenzene in aqueous acetonitnie!”? gave 2-acylindole 25 in 41% yield without any
modification of the indole protecting group When 10 was subsequently treated with sodium hydroxide, in the
descnbed standard conditions for carbamoyl deprotection, dithiane 26 was not detected However, treatment of 2-
acylindole 25 with a base gave 2-acetylindole (27) 18

l CHg
N
S S
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(o}
\/ th
, 1 0 (X_SCHZCHZCHZS)
@\/ @\“/ (X=0) | CHa
|
X
N H
26 X=SCH,yCH,CH2S
24 25 27 X=0

Reagents (1) Ni-Raney, EtOH, A, 4 h, (1) (CF3COO0)2iCgHs, CNCH3-H20 (9 1), room temp () 50% NaOH,
EtOH, A (v} 25% NaOH, EtOH, A

Scheme 5

EXPERIMENTAL

General Melting points were determined in a capillary tube on a Buchi apparatus and are uncorrected TH- And
13¢ NMR spectra were recorded in CDCl3 {unless otherwise indicated) on a Vanan XL-200 spectrometer usiig
TMS as an internal standard Chemical shifts are reported in ppm downfield (3) from TMS IR spectra were
registered with a Perkin-Eimer 1430 spectrophotometer and only noteworhy absorptions (reciprocal centimeters)
are isted Mass spectra were determined on a Hewlett-Packard 5930A mass spectrometer Tic was carned out on
$105 {stica gel 60, Merck 0 0063-0 200 mm), and the spots were located with UV light or 1odoplatinate reagent
Flash column chromatography was carned out on SIO2 (silica gel 60, 0 040-0 063 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 Quimica Organica Biologica, Barcelona
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1-(Diethyicarbamoyl)indole-2-carbaldehyde (8) To a solution of indole (10 g, 85 mmol) and sodium
hydnde (3 15 g, 130 mmol) in anhydrous THF (200 ml) diethylaminocarbonyl chionde (10 7 mi, 85 mmol) was
added After stirnng for 7 h at room temperature the mixture was poured into aqueous sodium carbonate The
organic layer was dned and evaporated to give 1-(diethylcarbamoyi)indole 8 (111 g, 60 %) after flash
chromatography (hexane ether, 90 10), TH NMR 1 21 (t, /=7 Hz, 6H, CHa3), 3 45 (q, J=7 Hz, 4H, CHy), 6 59 (d,
J=4 Hz, In-3H), 7 17 (1, /=8 Hz,1H, In-5H), 7 27 (d, J=4 Hz, 1H, In-2H), 7 28 (t, J=8 Hz, 1H, In-6H), 7 40 (d, /=8 Hz,
1H, In-7H), 7 60 (d, J=8 Hz, 1H, In-4H), 13C NMR 13 0 (CHg), 42 1 (CHp), 105 2 (In-C3), 112 1 (In-C7), 1208,
121 4, and 123 3 (In-C4, In-C5, and In-C8), 125 8 (In-C2), 129 2 (in-C3a), 135 5 (In-C7a), 154 3 (C=0), MS (m/z,%)
216 (M+, 32), 100 (100), 89 (10), and 72 (66)

To a solution of 8 (4 g, 18 5 mmol) in anhydrous THF (300 mi) cooled at -70°C t-butyllitium (1 7 M, 16 3 ml,
27 7 mmol) was added The solution was stirred at -70°C for 1h, and freshly distilled DMF (3 0 ml, 38 8 mmol) was
added After stirnng for 4-5 h at -70°C the reaction was quenched with aqueous ammonium chionde 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 TH NMR 1 10-1 30 (br s, 6H, CHg), 3 10-3 70 (br s, 4H, CHyp), 7 23 (1, J=8 Hz,
1H, In-5H), 7 30-7 50 {m, 3H, In-H), 7 73 (d, J=8 Hz, 1H, In-4H), 9 87 (s, 1H, CHO), 13C NMR 12 9 (br s, CHg), 423
(br, CHp), 111 3 (In-C3), 117 6 (In-C7), 122 3 (In-C5), 123 6 (In-C4), 126 8 (in-C3a), 128 1 (In-C6), 136 0 (In-C7a),
138 5 (In-C2), 154 5 (NC=0), 181 2 (CHO), MS (mvz, %) 245 (M, 3), 244 (M*-1, 20), 144 (12), 100 (100), 89 (36),
72 (75)

2-(1,3-Dithian-2-yl)-1-(dlethylcarbamoyl)indole (7) A stirred solution of the aldehyde 9 (5 g, 205
mmol), p-toluenesulfonic acid (3 90 g, 20 5 mmol), and 1,3-propanedithiol (3 0 mi, 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 mixture was poured
into 5% aqueous sodium bicarbonate and extracted with ether The organic extracts were dned and evaporated to
give dithiane 7 which was punfied by flash chromatography using ether-hexane (30 70) as the eluent (2 8 g, 41
%), IR (CHCI3) 1681 (CO), TH NMR 1 00-1 40 {brs, 6H, CHg), 1 80-2 20 (m, 2H, SCHoCHy), 290 (br s, 4H, CHp),
3 20-3 50 (m, 4H, SCHy), 5 58 (s, 1H, SCHS), 6 85 (s, 1H, In-3H), 7 10-7 30 (M, 3H, In-H), 7 55 (d, /=8 Hz, 1H, In-
4H), 13C NMR 128 (CHg), 25 2 (SCCHy), 29 8 {SCHy), 40 7 (SCHS), 41 0 (br s, CHp), 106 5 (In-C3), 110 8 (In-
C7), 121 2, 121 4, and 123 4 (In-C4, In-C5, and in-C6), 1277 {In-C3a), 1358 (In-C7a), 137 5 {In-C2), 153 1
(C=0), CIMS (mz, %) 352 (M*+NHg, 100), 335 (M*+1, 1) Anal Calcd for C17HoNo0OSo C, 61 04, H, 6 63, N,
837 Found C,6120,H,679,N,839

General Procedure for the Preparation of Compounds 10-13

n-Butylithum (1 6 M n hexane, 1 2 eq) was slowly added via synnge to a cooled (-70°C) solution of 7 (1
eq) in dry THF (15 ml) under argon atmosphere The mixture was stirred for 15-30 min and the electrophile (1 5 eq)
was added at -70°C The reaction temperature was raised to -30°C for 1 h, and to room temperature for 30 min The
reaction mixture was quenched with aqueous ammonium chlonde and extracted first with ether then with CHaCl2

2-(2-Methyl-1,3-dithian-2-yl)-1-(diethylcarbamoyl)indole (10) Operating as above, from 7 (210 mg,
0 63 mmol), n-butylithium (0 47 ml, 0 756 mmol), and methyl 1odide (57 i, 0 94 mmol), dithiane 10 (168 mg, 92 %)
was obtained, after flash chromatography (ether-hexane, 25 75), IR (CHCI3) 1680, TH NMR 1 16 (t, J=7 Hz, 3H,
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CHa), 137 (t, J=7 Hz, 3H, CHg), 180-200 (m, 2H, SCCHy), 2 10 (s, 3H, SCCHg), 2 50-2 70 (m, 3H, SCHa and
SCHe), 3 10-3 40 (m, 3H, NCH2 and SCHe), 3 50-3 70 {m, 2H, NCHy), 7 01 (s, 1H, In-3H), 7 10-7 30 (m, 3H, InH),
755 (d, J=6 Hz, 1H, In-4H), 13C NMR 11 7 and 13 1 (CHaCHag), 24 2 (SCCHy), 28 5 (SCHy), 30 8 (SCCHg), 39 8
(NCHp), 43 0 (NCH5), 489 (SCS), 109 3 (In-3H), 110 8 (In-7H), 120 8 , 121 2, and 123 1 (In-C4, In-C5 and In-C8),
1275 (In-C3a), 137 3 (In-C7a), 142 4 (In-C2), 154 1 (C=0), MS (MVz, %) 348 (M*, 8), 242 (47), 213 (8), 100 (100),
72 (51) Anal Calcd for C1gHp4N20S2 HaO C,58 98, H, 764, N,7 15 Found C, 58 65, H, 750, N, 7 06

2-(2-Ethyl-1,3-dithian-2-yl)-1-(dlethylcarbamoyl)indole (11) Operating as above, from 7 {200 mg, 0 6
mmol), n-butylithium (0 45 ml, 0 72 mmol), and ethyl bromide (67 ul, 0 9 mmol), dithiane 11 (96 2 mg, 67 %) was
obtained, after flash chromatography (ether-hexane, 15 85) mp 141-142°C (acetona), IR (CHCl3) 1681, TH NMR
096 (t, /=7 Hz, 3H, CH3), 1 16 and 1 35 (2t, J=7 Hz, 3H each, NCCHg), 1 80-2 00 (m, 2H, SCCH2), 2 15 (m, 2H,
CHoCHg), 2 50-2 80 (m, 3H, SCHa and SCHe), 3 15-3 35 (m, 3H, NCH2 and SCHe), 3 50-3 57 (m, 2H, NCHy),
699 (s, 1H, In-3H), 7 10-7 25 (m, 3H, InH), 7 65 (d, J=6Hz, 1H, in-4H), 13C NMR 8 7 (CH2CH3), 117 and 13 1
(NCCHa), 24 8 (SCH2CHY), 27 7 and 28 4 (SCHy), 34 9 (CH2CHg), 39 9 and 43 1 (NCHp), 54 4 (SCS), 110 7 (in-
C3), 111 7 (In-C7), 120 7, 121 1, and 123 0 (In-C4, In-C5, and In-C8), 127 3 (In-C3a), 137 4 (In-C7a), 139 9 (In-
C2), 15638 (C=0), CIMS (m/z, %) 397 ( M*+2NH3, 6), 380 (M*++NHg, 100), 363 (M+, 50), 254 (16), 197 (7)
Anal Caled For C1gH26N20S> C, 6294, H, 723, N, 773, S,1769 Found C, 6287, H, 728, N, 780,S,
17 78

2-(2-Benzyl-1,3-dithian-2-yl)-1-(diethylcarbamoyl)indole (12) Operating as above, from 7 (200 mg,
0 60 mmol), n-butylithum (0 45 ml, 0 72 mmol), and benzyl bromide (107 ul, 0 90 mmol), dittrane 12 (154 mg, 65
%) was obtained, after flash chromatography (ether-hexane, 15 85) mp 181-182°C, IR (CHCI3) 1677, TH NMR
116 and 1 42 (2t, J=7 Hz, 3H each, NCCH3y), 1 80-2 00 (m, 2H, SCHy), 2 50-2 70 (m, 3H, SCHy), 3 05 (ddd, J=
12, 8, and 2 Hz, 1H, SCHe), 3 20-3 40 (m, 2H, NCHy), 3 37 (d, Jag= 12 Hz, 1H, ArCH), 3 55-3 75 (m, 2H, NCHy),
430 (d, Jop= 12 Hz, 1H, ArCH), 6 56 (s, 1H, In-3H), 7 00-7 40 ( m, 8H, Ar-H), 7 45 (d, /=6 Hz, 1H, In-4H), 13C NMR
11 8 and 13 0 (CHg), 24 5 (SCCHy), 27 5 and 28 4 (SCHg) , 39 9 and 43 1 (NCHy), 47 1 (ArCHg), 54 1 (SCS),
110 8 (In-C3), 112 3 (In-C7), 120 8, 121 1, and 123 2 (In-C4, In-C5, and In-C6), 126 7 (Ar-para), 127 2 (Ar-meta),
131 2 (Ar-ortho), 135 3 (In-C7a), 137 3 (Ar-ipso), 139 3 (In-C2), 154 3 (C=0) MS (mz, %) 425 (M+, 1), 333 (46},
262 (22), 217 (12), 100 (79), 72 (100) Anal Caled for Co4H2gN2OS2 C, 6789, H, 664, N, 664, S, 1510
Found C, 6767, H,660,N,667,S, 1496

General Procedure for the Preparation of Compounds 13-16

n-Butyliithum (1 6 Min hexane, 1 2 eq) was slowly added via synnge to a cooled (-78°C) solution of 7 (1
eq) in dry THF (15 mi) under argon atmosphere The mixture was stirred for 15-30 min and the electrophile (1 2 eq)
was added at -78°C After stirnng for 45 min at -78°C and 45 min at -23°C, the reaction mixture was quenched with
aqueous ammonum chloride and extracted first with ether then with CH2Clo

1-(Diethylcarbamoyl)-2-[2-(1-hydroxyethyl)-1,3-dithian-2-yl}lindole (13) and 1-(Diethyl-
carbamoyl)-2-(1,3-dithian-2-yl)-3-(1-hydroxyethyl)indole (14) Operating as above, from 7 (200 mg,
0 6 mmol), n-butylitbium (0 45 ml, 0 72 mmol) and acetaldehyde (0 10 ml, 1 79 mmol), a 3 5 1 mixture of
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compounds 13 and 14 was obtained, which was separated by flash chromatography Dithiane 13 (higher Rf, 456 5
mg, 46 %) was obtained on elution with ether-hexane (3 1) mp 127-128°C, IR (CHCla) 3368 (OH), 1667 (CO),H
NMR 119, 1 23, and 1 26 (m, 3H each, CHg), 1 80-2 00 (m, 2H, SCCH), 2 45-3 06 (m, 5H, SCH2 and CHOH),
320-3 70 (m, 4H, CHy), 4 30 (br, 1H, OH), 7 02 (s, 1H, In-3H), 7 10-7 25 {m, 3H, In-H), 7 50 (d, /=6 Hz, 1H, In-4H),
13C NMR 11 9 and 13 0 (CHg), 19 7 (CHOHCH3), 24 8 (SCCH2), 27 5 and 28 2 (SCH2), 40 3 and 43 6 (NCH2),
61 1 (SCS), 74 0 (HOCH), 110 9 (In-C3), 114 7 (In-C7), 121 2, 121 8, and 123 8 (In-C4, In-C5, and In-C6), 127 8
(In-C3a), 137 4 (In-C7a), 139 5 (In-C2), 155 7 (C=0), CIMS (m/z, %) 396 (M*++NHg, 100), 379 (M*, 19), 257 (44),
240 (98), 197 (28) Anal Calcd for C1gHogN202S> C, 6029, H,692,N, 740, S, 16 94 Found C, 5992, H, 6 89,
N, 742,88, 1639

Dithiane 14 (lower Rf, 13 mg, 13 %) was obtained on elution with ether IR (CHCI3) 3449 (OH), 1677 (CO),
14 NMR 1 10-1 45 (m, 6H, NCCHg), 1 77 (d. /=7 Hz, 3H, HOCCHg), 1 80-2 20 (m, 4H, SCCHy), 2 80-3 50 (m, 4H,
NCHa), 5 52 (s, SCHS), 6 12 (q, J=7 Hz, 1H, CHOH), 7 10-7 40 (m, 3H, InH), 8 00 (d, J=6 Hz, 1H, In-4H), 13C NMR
130 (br s, NCHaCHas), 229 (SCCHp), 248 and 249 (SCH2), 42 1 and 42 9 (NCH2), 32 7 (HOCCHgy), 637
(HOCH), 110 9 (In-C7), 113 8 (In-C3), 121 3, 121 9, and 123 7 (In-C4, In-C5, and In-C6), 129 3 (In-C3a), 132 5 (In-
C2), 136 0 (In-C7a), 153 3 (C=0), MS (nvz, %) 360 (M*-H20, 39), 334 (16), 100 (63), 72 (63), 29 (100)

1-(Diethylcarbamoyl)-2-[2-(1-hydroxy-4-pyridyimethyl)-1,3-dithian-2-yl}indole (15) and 1-
(Diethylcarbamoyl)-2-(1,3-dithian-2-yl)-3-(1-hydroxy-4-pyridyimethyl)indole (16)

Operating as above, from 7 (200 mg, 0 59 mmol), n-butytithium (0 45 ml, 0 72 mmol) and pyndine-4-
carbaldehyde (67 ut, 0 72 mmol), a 1 1 mixture of compounds 15 and 16 was obtained, which was separated by
flash chromatography (CH2Clo-methanol, 98 2) Dithiane 15 (higher Rf, 49 mg, 33 %) mp 171-172 °C, IR (CHCIg)
3432 (OH), 1703 (C=0), TH NMR 1 06 and 1 30 (2t, J=7 Hz, 3H each, NCCH3), 1 80-2 00 (m, 2H, SCCHy), 2 60-
2 90 (4H, SCH3), 3 10-3 60 (m, 4H, NCH?y), 6 03 (s, 1H, HOCH), 6 65 (d, /=2 Hz, 1H, In-3H), 6 85 (d, J= 5 Hz, 2H,
Pyr-meta), 7 10 (td, J=7 and 2 Hz, 1H, In-5H), 7 20 (id, J=7 and 2 Hz, 1H, In-6H), 7 30 (d, J=7 Hz, 1H, In-7H), 7 55
(d, /=7 Hz, 1H, In-4H), 8 40 (d, J=5 Hz, 2H, Pyr-ortho), 8 55 (brs, 1H, OH), 13C NMR 13 1 and 14 2 {CHg), 24 3
(SCCHy), 27 3 and 27 4 (SCHy), 41 3 and 42 1 (NCHy), 80 0 (HOCH), 106 8 (In-C3), 111 1 (In-C7), 120 0, 120 9,
and 122 5 (In-C4, In-C5, and In-C6), 123 1 (Pyr-meta), 128 3 (In-C3a), 133 9, 135 9, 144 6 (Pyr-ipso), 149 0 (Pyr-
ortho), 154 2 (C=0), MS (mvz, %) 442 (M*, 100), 152 (22), 135 (21) Anal Calcd for C23H27N302S2 C, 62 55, H,
616,N,951,8,1452 Found C, 6221,H,611,N,919,S,1426

Dithiane 16 (lower Rf, 53 mg, 35 %) IR (CHCI3) 3411 (OH), 1680 (C=0), TH NMR 1 0-1 30 (br s, 6H, CHzg),
215-2 25 (m, 2H, SCCHg), 2 50-3 00 (m, 6H, SCH2 and NCHj), 3 40 (br s, 2H, NCH3), 4 80 (br d, 1H, HOCH),
5 45 (s, 1H, SCHS), 6 40 (d, J=7 Hz, 1H, In-7H), 6 90 (t, J=7 Hz, 1H, In-5H), 6 95 (d, J=5 Hz, 2H, Pyr-meta), 7 12 {t,
1H, In-6H), 7 45 (d, J=7 Hz, 1H, In-4H), 8 30 (d, J=5 Hz, 2H, Pyr-ortho), 13C NMR 13 1 (br s, CH3), 25 6 (SCCHp),
31 2 and 32 2 (SCHp), 41 3 (br s, NCHy), 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), 128 7 (Pyr-meta), 148 4 (Pyr-ortho), 155 2 (C=0), 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-
butylithum (16 M, 045 ml, 0 72 mmol), and ethyl acryiate (78 ul, 0 72 mmol), 1-[1-(diethylcarbamoy!)-2-
indolyl]-2,6-dithiabicycio[6 1 OJnonan-7-one (17) was obtained (72 4 mg, 69 %) after punfication by
flash chromatography (CH2ClI2) IR (CHCI3) 1633 (C=0), 1704 (C=0), 'H NMR 1 15-1 35 (m, 3H, CH3), 1 80-2 20
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{m, 2H, 4-H), 2 85 (dddd, J=12, 12, 4 and 3 Hz, 1H, 9-H ), 2 95-3 10 (m, 4H, SCH3 ), 3 28 (br t, J=12 Hz, 1H, 9-H),
3 30-3 45 (m, 2H, NCHg), 3 55-3 80 (m, 2H, NCHpy), 4 45 (dd, /=12 and 4 Hz, 1H, 8-H), 6 99 (s, 1H, In-3H), 7 29 {t,
J=7 Hz, 1H, In-6H), 7 32 (t, J=7 Hz, 1H, In-6H), 7 50 (d, J=7 Hz, 1H, In-7H), 7 84 (d, J=7 Hz, 1H, In-4H), 13C NMR
12 8 and 14 7 (NCCHg), 24 4 (C-4), 27 7 (C-3 and C-7), 36 8 {C-9), 40 9 and 42 6 (NCHp), 45 3 (C-8), 45 7 (C-1),
109 3 (In-C7), 116 7 (In-C3), 121 7, 124 6, and 125 8 (In-C4, In-C5, and In-C6), 129 3 (In-C3a), 135 5 (In-C7a),
138 5 (In-C2), 165 6 (C=0), 167 2 (C=0), CIMS (mvz, %) 406 (M*+NH3), 119 (100), 389 (17), 316 (9) Anal Calcd
for CogH24N202S3 C, 6150, H, 670, N,717,S,1650 Found C,6193,H,644,N,706,S, 16 32

2-[2-(3-Pyridyimethyl)-1,3-dithian-2-yl]indole (18) To a soluton of 3-chioromethylpyndine, prepared
from the corresponding commercial hydrochlonde by the action of n-Buby (1 3 eq) in THF (20 mi) at -78°C, the
ithium salt of 1, prepared from1 (05 g, 213 mmol) and 1 3 eq of n-Buli at -20°C, was transferred via cannula
The reachon mixture was stirred for 15 min at -78°C and allowed to reach room temperature, and quenched with
aqueous ammonium chloride The reaction mixture was poured into 5% hydrochlonc acd and extracted with ether
The aqueous phase was bastfied with potassium carbonate and extracted with ether The organic extracts were
dried and evaporated to give a 4 1 muxture of dithiane 18 and compound 23, which was separated by flash
chromatography Dithiane 18 (higher Rf, 366 mg, 54%) was separated using dichloromethane-methanot (96 4)
mp 120-121°C (ether), TH NMR 1 80-2 05 (m, 2H, SCCHo), 2 66 (dt, J= 12 and 3 Hz, 2H, SCHe), 2 84 (ddd, J=12,
11, and 3 Hz, 2H, SCHa), 2 32 (s, 2H, ArCHy), 6 59 (d, J=1 5§ Hz, 1H, In-3H), 6 95-7 20 (m, 4H, ArH), 7 33 (d, J=7
Hz, 1H, In-7H), 7 53 (d, J=7 Hz, 1H, In-4H), 8 20 (s, 1H, Pyr-C2), 8 40 (br s, 1H, Pyr-C6), 8 60 (br s, 1H, NH), 13C
NMR 24 4 (SCH2CHp), 27 6 (SCHp), 47 6 (Pyr-CH3), 525 (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-C3), 137 0, 138 4 (Pyr-C4),
148 2 (Pyr-C6), 150 9 (Pyr-C2), MS (m/z, %) 326 (M*, 5), 251 ( 48), 234 (100), 160 (60), 92 (75) Anal Calcd for
CigH1gN2S2 C, 6622, H,556,N,858 Found C, 66 18, H, 558, N, 8 26

Compound 23 (lower Rf, 96 mg, 11%) was separated on elution with dichloromethane-methanol (93 7)
TH NMR 178 (t, J=7 Hz, 2H, SCCHy), 246 (t, J= 7 Hz, 2H, SCHy), 2 88 (t, J=7 Hz, 2H, SCHy), 3 68 (s, 2H,
ArCHo), 6 64 (s, 1H, In-3H), 6 73 (s, 1H, =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, 1H, NH), 13C NMR 28 8,300,312,332,1050, 1112, 1201, 1209, 1229,
1230, 1235, 1249, 128 2, 1318, 1324, 1325, 1341, 1350, 136 0, 136 6, 147 6, 148 2, 149 6, 149 8, MS
(m/z, %) 417 (M, 3), 325 (5), 251 (30), 125 (11), 92 (100) Anal Calcd for C24H23N3S> C, 69 03, H, 554, N,
1006 Found C, 6915, H,544,N, 989

2-[1-(3-Mercaptopropyithio)-2-(3-pyridyl)vinyllindole (21) Operating as above, from dithhane 1 (10 g,
4 25 mmol) , THF (50 mi), n-BuLi (4 eq, 10 6 ml, 17 mmol) and 3-chloromethyipyndine hydrochioride (10 g, 63
mmol), 2-[1-(3-mercaptopropylthio)-2-(3-pyridyl)-vinyl]indole (21) (560 mg, 40 %) was obtained after
flash chromatography 1H NMR 1 98 (1, J=7 Hz, 2H, SCCHpy), 2 59 and 2 76 (2t, J=7 Hz, 2H each, SCHy), 6 63 (d,
J=15 Hz, 1H, In-3H), 6 75 (s, 1H, =CH), 6 80-7 35 (m, 6H, Ar-H), 7 58 (d, 1H, In-4H), 8 25 (m, 2H, Pyr-H), 9 55 (br,
1H, NH), 13C NMR 22 8 (SCH2CHo), 30 4 and 32 8 (SCHy), 104 8 (In-C3), 111 3 (In-C7), 119 9 (In-C5), 120 9 (In-
C4), 122 7 (In-C6), 123 1 (Pyr-C5), 124 1 (=CH), 128 2 (in-C3a), 1323 ,1325 and 132 7 (In-C2, Pyr-C3, and
=CS), 135 2 (Pyr-C4), 136 7 (in-C7a), 147 0 (Pyr-C2), 149 6 (Pyr-C6), MS (m/z, %) 326 (M*+, 4), 251 (5), 234 (34),
219 (10), 160 (24), 114 (6), 89 (58), 41 (100) Anal Calcd for C1gH18N2S2 C, 66 22, H, 555, N, 8 58 Found
C,6634,H,566, N, 856
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2-[1-(3-Methylthiopropyithlo)-2-(3-pyridyl)vinyl]-1-methylindote (22) A sample of 21 in THF was
treated with n-BuLi (2 eq) at - 40 °C and then methyl iodide (2 2 eq) was added After the usual work-up compound
22 (85 %) was obtained TH NMR 1 86 (t, J=7 Hz, 2H, SCCHy), 2 05 (s, 3H, SCH3), 256 and 2 75 (2, /=7 Hz, 2H
each, SCHa), 3 50 (s, 3H, NCH3) , 6 57 (s, 1H, =CH), 6 90 (d, &=2 Hz, 1H, In-3H), 7 0-7 40 (m, 6H, Ar-H), 7 60 (d,
J=6 Hz, 1H, In-4H), 8 35 {br s, 1H, Pyr-2H), 13C NMR 15 4 (SCH3), 22 4 (SCH2CH2), 28 4 (NCH3), 30 8 and 32 8
(SCH2), 103 5 ((In-C3), 109 8 (In-C7), 120 4 In-C5), 121 1 (In-C4), 122 4 (In-C6), 123 3 (Pyr-C5), 1261 (=CH),
1323, 1325, and 132 8 (in-C2, Pyr-C3, and =CS), 133 9 (Pyr-C4), 1365 (In-C7a), 147 9 (Pyr-C2), 150 0 (Pyr-
C6) Anal Caled for CogH2oN2S2 C, 6776, H,625,N, 790 Found C, 6804, H,633,N,795

1-(Diethylcarbamoyl)-2-ethylindole (24) A suspension of dithiane 10 (80 mg, 0 23 mmol) and W-2 Raney
nickel (c a 200 mg ) in ethanol (20 mi) was refluxed for 4 h Filtration upon Celite of the Raney nickel afforded a
filtrate which after evaporation and punfication by flash chromatography (1 1 hexane-ether) gave 24 (26 mg, 46%),
IR (CHCI3) 1675 (C=0), THNMR 127 (brt, 3H, CHg), 1 37 (t, /7 Hz, 6H, NCH2CH3), 4 35 (q, J=7 Hz, 4H, NCHp),
634 (s, 1H, In-3H), 7 13-7 19 (m, 3H, In-4H), 7 45 (br, 1H, NH), 13C NMR 13 4 and 13 9 (NCH2CH3), 22 3 (CH3),
313 (InCHy), 41 7 (br, NCH2), 102 4 (In-C3), 110 4 (In-C7), 120 2 and 120 9 (In-C4 and In-C5), 122 0 (In-C6),
128 9 (In-C3a), 131 0 (In-C2), 136 0 (br, In-C7a), 152 0 (br, C=0) Anal Calcd for C15H20N20 C, 73 74, H, 8 24,
N, 1146 Found C,7364,H,813, N, 1122

1-(Diethylcarbamoyl)-2-acetylindole (25) To a solution of 10 (83 mg, 0 238 mmol) 1n 9 1 CH3CN-H20 (10
mi) stirred at room temperature, bis(trifluoroacetoxy)iodobenzene (Aldnich, 143 4 mg, 0 333 mmol) was added The
reaction mixture was stirred for 45 min and the solution was poured into saturated agueous sodium bicarbonate (10
mi) and extracted with CH2Clo The organic layers were dned and the solvent was evaporated to give 25 (25 mg,
41%) after flash chromatography (6 4 hexane-ether), IR (CHCI3) 1665 and 1688 (C=0), TH NMR 1 03 (t, J=7 Hz,
3H, NCH2CHs), 143 (t, =7 Hz, 3H, NCH2CHg), 2 53 (s, 3H, COCHa) 3 05 (q, =7 Hz, 2H, NCHp), 3 68 (q, J=7 Hz,
2H, NCHb), 7 15-7 35 (m, 4H, InH), 7 73 (d, J=6 Hz, 1H, In-4H), 13C NMR 12 0 and 13 3 (NCH2CH3), 26 2
(COCH3), 41 2 and 43 0 (NCH2) , 111 1 {In-C7), 1129 (In-C3), 1220 (In-C5), 123 3 (In-C4), 126 8 (In-C3a), 127 1
(In-C6), 135 7 (In-C2), 138 1 (In-C7a),152 9 (NCO), 189 6 (InCO) Anal Caled for C1sH1gN202 C, 69 74, H, 7 02,
N, 1084 Found C,6976,H, 701, N, 1090

Deprotection of 1-(Diethylcarbamoyl)-2-acetylindole (25) A solution of 25 (64 mg, 0 262 mmol), 25%
agueous sodium hydroxyde (5 ml) and ethanol (15 ml) was stirred at refiux for 16 h The solution mixture was
evaporated and extracted with CH2Cl2 The solvent was dned and evaporated to gave 2-acetylindole 27 (27 mg,
65 %) after flash chromatography (ether} mp 155°C (hexane-ether) (Iit 18154-155°C), IR 1653 (CHCI3), TH NMR
255 (s, 34, COCHas), 7 10 (t, J=7 Hz, 1H, In-5H), 7 13 (s, 1H, In-3H), 7 30 (t, =7 Hz, 1H, In-6H), 7 37 {(d, J=7 Hz,
1H, In-7H), 7 63 (d, J=7 Hz, 1H, In-4H), 9 25 (br, 1H, NH) 13C NMR 27 5 (CHg), 109 9 (In-C3), 112 2 (In-C7), 120 9
(In-C5), 123 0 (In-C4), 126 4 (In-C&), 128 0 (In-C3a), 136 5 (In-C7a),137 5 (In-C2), 190 9 (C=0), MS (m/z, %) 258
(M*, 19), 215 (2), 149 (12), 100 (100), 72 (82)

3-(1,3-Dithian-2-yl)-1-(phenylisulfonyl)indole (28) A stirred solution of 1-(phenyisuifonyl)indole-3-
carbaldehyde10 (2 g, 7 0 mmol), p-toluenesulforic acid (1 33 g, 7 0 mmol), and 1,3-propanedithiol (0 84 ml, 8 4
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mmol), in anhydrous toluene (200 ml) was refluxed for 15 h with removal of water by a Dean-Stark trap The reaction
mixture was poured into 10% aqueous sodium carbonate, dned and evaporated to give dithiane 28 which was
punfied by flash chromatography using ether-hexane (1 1) as the eluent (1 81 g, 69 %), mp 159-161°C (ether-
acetone), IR(CHCI3) 1435, 1365, and 1165, 1H NMR 1 90-2 30 (m, 2H, SCH,CH?3), 2 85-3 20 (m, 4H, SCH5),
541 (s, 1H, SCHS), 7 20-7 60 (m, 5H, Ar-H), 7 72 (s, 1H, In-2H), 7 80-8 00 (m, 4H, Ar-H), 13C NMR 258
(SCHoCHa), 32 1 (SCHy), 42 5 (SCS), 114 4 (In-C7), 121 4 (In-C6), 124 0 (In-C4), 125 3 (In-C3), 125 4 (In-C5),
126 0 (C-ortho), 127 6 (In-C2), 130 0 (In-C3a), 131 2 (C-meta), 134 8 (C-para), 136 5 (In-C7a), 138 0 (C-ipso), MS
(mvz, %) 375 (M+, 7), 301 (14) 234 (7), 160 (14), 141 (18), 133 (14), 101 (10), 89 (24), 77 (100) Anal Calcd for Cyg
Hy7 NO2S3 C,5757,H,456,N,373 Found C,5747,H,456,N,373

3-(1,3-Dithian-2-yl)-2-methyl-1-(phenylsuifonyl)indole (29) To a solution of dithane 28 (171 mg,
0 46 mmol) in anhydrous THF (15 ml) cooled at -30°C under argon atmosphere n-butylithum (1 6M, 0 34 ml, 0 55
mmol) was slowly added After the mixture was stired for 15 min, methy! iodide (57 pl, 0 92 mmol) was added The
reaction mixture was stirred at -30°C for 45 min and at room temperature for 20 min, quenched with aqueous
ammonium chlonde, and extracted first with ether and then with CH2Cl2 The organic extracts were dried and
evaporated to give 29 which was punfied by flash chromatography (ether-hexane, 30 70, 132 mg, 74 %), IR
(CHCI3) 1450, 1380, and 1180, TH NMR (CDCl3) 1 80-2 20 {m, 2H, CHoCH2S), 2 68 (s, 3H, CHg), 2 80-2 95 (dt,
J=12 and 4 Hz, 2H, SHeq), 3 05 (td, J~12 and 4 Hz, 2H, SCHax), 5 48 (s, 1H, SCHS), 7 25 (td, &7 and 1 Hz, In-6H
and In-5H), 7 37 (1, J=8 Hz, 2H, Ar-H), 7 45 (t, /=8 Hz, 1H, Ar-H), 7 74 (d, J=8 Hz, 2H, ArH), 7 90-8 00 (dd, J=7 and
1 Hz, 1H, In-4H), 8 10-8 20 (dd, J=7 and 1 Hz, 1H, In-7H), 13C NMR 13 3 (In-CHg), 24 9 (SCH,CHy), 32 2 (SCHy),
429 (SCS), 1145 (In-C7), 117 7 (In-C3), 120 7 , 123 3 and 124 5 (In-C4, In-C5, and In-C6), 126 4 (C-ortho),
128 2 (In-C3a), 129 5 (C-meta), 134 0 (C-para), 134 5 (In-C2), 136 5 (In-C7a), 138 5 (C-1pso) Anal Calcd for
C1gH{gNO2S3 C, 5858, H, 492, N, 360 Found C,5877,H,495,N,357

When an excess of n-Buli (3 equivalents) was used a (1 2 5) mixture of dithiane 29 and 3-(1,3-dithian-2-
yl)-2-methyl-1-[2-methyl(phenylsulfonyi)lindole (30) (34 mg, 51%) was obtained, IR (CHCl3) 1440, 1350, and 1165
cm'1, TH NMR 1 85-2 30 (m, 2H, SCHoCHo), 2 42 (s, 3H, Ar-CHg), 2 55 (s, 3H, In-CHg3), 2 92 (dt, J=12 and 1 Hz,
2H, SCHeq), 3 10 (1d, J=12 and 1 Hz, 2H, SCHax), 5 52 (s, 1H, SCHS), 7 15-7 30 (m, 4H, Ar-H), 7 35-7 50 {t, /=7
Hz, 2H, Ar-H), 8 00 (d, J=8 Hz, 1H, In-4H), 8 05 (d, J=7 Hz, 1H, In-7H}, 13C NMR 129 (CHg), 197 (CHg3), 249
{SCHoCHy), 32 1 (SCHby), 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 (ortho), 127 5 (In-C3a), 127 9 (phenyl C-5), 133 0 (pheny! C-2), 133 6 (phenyl C-4), 134 0 (In-C2),
137 0 (phenyl C-3), 138 0 (In-C7a), 139 0 (ipso) Anal Calcd for Cog Hoy NO2S3 C, 5951, H, 524, N, 3 47
Found C, 5983, H,533 N,313
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