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2-(f-Alkoxyvinyl)-4-( | -hydroxyalky)pyrroles (14) were synthesized from 4-acylpyrrole-2-carboxylates (8)
by sequential reduction of their acyl and alkoxycarbony! groups to give 4-(1-hydroxyalkyl)pyrrole-2-carbalde-
hydes (13} lollowed by Wittig reaction of the aldehydes with the ylide ol alkoxymethy Iphosphonium chloride.
Dicls-Alder reaction of 2-(F-alkoxyvinyl)-4-( I-hydroxyalkyDpyrroles with trans-methy] Brnitroacrylate gave
G-alkoxy-3-(1-hydroxyalkyl)-5-nitro-4,5,6,7-tctrahydroindole-4-carboxylates (3).

Introduction

Duocarmycins (1) are novel antitumor and antibiotic
agents isolated from the culture broth of Sireptomyces spp.
Duocarmycin Cy and C; are identical with pyrindamycin B
and A, respectively, which were also isolated at the almost
same time trom the culture broth ot a Strepromyeces spp.*
They have very similar structures with the potent antitumor
antibiotic CC-1065 which was isolated from the culture
broth of Streptomyces zelensis

The total synthesis of duocarmycins has been achieved
through pyrrolo[3.2-¢]indole (PI) skeletons. [n the early syn-
thesis of duocarmycin A by Terashima ef al..* and duocar-
mycin SA by Boger ef al.,’ the approach employed in the
synthesis of CC-1065%" is adapted. in which 4-chloro-3-
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nitroanisole and 2-amino-3-nitrophenol are used as the start-
ing materials, respectively. The starting materials are con-
verted to indole derivatives which are further transformed to
pyrrolo[3.2-¢]indole derivatives. For the synthesis of duo-
carmycins and their analogs. we have thought that pyr-
rolo[3.2-¢]indole  derivatives can be obtained from
tetrahydroindole derivatives (3) which can be synthesized by
Diels-Alder reaction of 2-(f-alkoxyvinyl)-4-hydroxymeth-
ylpyrrole (2) with B-nitroacrylate (Scheme 1).

[n the present paper, we wish to report the synthesis of 2-
(B-alkoxyvinyl}-4-(1-hydroxyalkyl)-pyrroles and the use of
Diels-Alder reactions of these compounds with S-nitroacry-
lates for the construction of tetrahydroindole derivatives.

Results and Discussion

Synthesis of 2-(S-alkoxyvinyl)pyrroles. 2-(B-Alkox-
yvinyl)pyrroles (7) were obtained by Wittig reaction of the
vlides of alkoxymethyltriphenylphosphonium chloride with
pyrrole-2-carbaldehyde (5) protected with a tosyl group
{Scheme 2). The tosylation was done on compound 5 by
treatment with NaH in DMF followed by tosy! chloride to
give 1-tosylpyrrole-2-carbaldehyde {6) in 92% yield. The
vlide of alkoxymethyltriphenylphosphonium chloride pro-
duced by treatment of LDA was reacted with 6 to give 7 in
72-90% yields.

2-(B-Alkoxyvinyl)-4-(1-hydroxyalkyl)pytroles (14) were
obtained from the esters 8° by sequential reduction of their
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acyl and alkoxycarbonyl groups to give 4-(l-hydroxy-
alkyl)pyrrole-2-carbaldehydes {13) [ollowed by Wittig reac-
tion (Scheme 3). After tosylation ol the amino groups of
compounds 8 in 80-100% yields. their acyl groups were
reduced with sodium borohydride to give 4-([-hydroxy-
alkyl)pyrrole-2-carboxylates {10} in 73-78% yiclds. The
compounds 11 obtained from 10 by protecting their hydroxy
groups with a /-butyldimethylsilyl group {yiclds, 89-97%)
were reduced with lithium aluminium hydride to give 2-
hydroxymethylpyrroles (12) in 75-86% yiclds.

Scheme 4. Reagents and conditions: a) toluene. reflux. 9-12 h.

Swern oxidation of compounds 12 gave 4-(I-hydroxy-
alkylDpyrrole-2-carbaldehydes (13) in 78-95% yields. After
treatment of alkoxymethyltriphenylphosphonium chloride
with LDA. it was reacted with compounds 13 to give 2-(}-
alkoxyvinyDpyrroles (14} in 68-93% vyields. The products
were composed of ¢is and trans isomers as shown in 'H
NMR spectra.

Diels-Alder reactions of 2-(f-alkoxyvinyl)pyrroles with
Bnitroacrylates. Diels-Alder reactions of 2-vinylpyt-
role.'” 3-vinylpyrrole.'” or 2-(B-nitrovinyl)pyrrole! with
dienophiles have been reported to produce 4.5.6.7-tetrahy-
droindole or indole derivatives. In the present study, we
emploved Diels-Alder reaction to achieve synthesis of 6-
alkoxy-5-nitro-4.5.6.7-tetrahydroindole-4-carboxylates  (3)
from 2-(B-alkoxyvinyl)pyrroles (14) and trans-methyl B
nitroacrylate. Heating 2-(f-alkoxyvinyl)pyrroles (14) and
trans-methy] B-nitroacrylate in toluene at retlux for 9-12 h
produced tetrahydroindole derivatives (3) in 35-65% vields
(Scheme 4).

The regiochemistry of tetrahydroindoles 3 was assigned
on the basis that the similar regioisomers were observed dur-
ing the Diels-Alder reaction of l-oxygenated butadienes
with trans-methyl B-nitroacrylate.'> We could not isolate
regioisomers ot 3. Compounds 3a-3¢ were found to be com-
posed of two diastereomers having cis and trans configura-
tions at C-5 and C-6 positions. The stereochemistry of two
diastercomers of 3a-3¢ can not be delined with certainty. We
assigned tentatively their stereochemistry with the coupling
constants between C-5 and C-6 protons on the basis of the
literature.' Compound 3a showed 'I1 NMR signals corre-
sponding 1o the /ranys and the ¢is isomers at the ratio ol 3 1 2.
The trans isomer showed a double doublet (g — 10.0 1z, Je
- 1.4 Hz) at 4.42 ppm (or the proton (1[.) of C-4 and also a
double doublet (Jue— 10.0 112, Ji — 10.0 112) at the 5.04 ppm
for the proton (ty) at the C-5 position in 11 NMR specteum.
Also. the isomer showed multiplets at 4.55 ppm for 1. at the
C-6 position and a double double doublets (Ju, — 17.0 1z, Jw
— 5.0 Hz Joa— 1.8 1z) at 2.78 ppm for I [.. and a double dou-
blet (fuw — 17.0 Hz. J. — 5.8 Hz) at 3.63 ppm for El, at the C-
7 position. The ¢/ isomer showed two double doublets at
431 (Jea — 10.0 Hzo Joe — 1.4 Hz) ppm and at 4.95 (Joe — 10.0
Hz. Joe — 2.0 1z) ppm for . of C-4 and Hy of C-5. respee-
tively in the 'TINMR spectrum. The cis isomer also showed
a multiplet at 4.04 ppm (11 of C-6) and a double double dou-
blet (Jun — 17.0 1z, Joe — 2.0 Hz, g — 2.0 112) and a double
doublet {(f, — 17.0 Hz, Ju — 1.4 112) for the two protons of
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C-7 (Figure 2). Since aromatization of the tetrahydroindoles
3 to indole derivatives was necessary for the svnthesis of
duocarmycins and their analogs, we did not try to isolate
these isomers.

Experimental Section

IR spectra were obtained with Perkin-Elmer 735-B [R
spectrophotometer. 'TH NMR spectra were recorded with
Bruker AC 80, Varian VXR-200S or Bruker DPX-300 NMR
spectrometer with tetramethylsilane (TMS) as an internal
standard. Chemical shifts are expressed as & (ppm). Melting
points were measured with Electrothermal digital melting
point measurement apparatus without correction. THF was
distilled in the presence of sodium and benzophenone.
Xylene and toluene were used after distillation over P20s.
Other solvents and chemicals were used without further
puritication of commercially available tirst grade reagents.

1-Tosylpyrrole-2-carbaldehyde (6). Pyrrole-2-caralde-
hyde (2.20 g, 24 mmol) in DMF (30 mL) was treated with
NaH (60% in mineral oil. .08 g, 26 mmol) and p-toluene-
sulfonyl chloride (4.58 g. 24 mmol) was added to the solu-
tion. After stirring 1| h at room temperature, saturated
ammonium chloride solution (20 mL) was added. The reac-
tion mixture was extracted with ethyl acetate {50 mL X 2).
The extract was washed with water (100 mL) and dried over
magnesium sulfate. Evaporation of the solvent gave a solid
product. Yield. 5.30 g (92%); mp 89-90 °C; 'H NMR
(CDCl3) 6245 (s. 3HL ClHz). 6.50 (1. 111, .7 — 4.0 11z, t-4),
7.35 (m. 11, 11-3). 742 (d. 211. .7 - 8.0 Iz, Ar), 7.75 (m, LI,
1[-5). 7.95 (d. 211, .7 - 8.0 11z, Ar), 10.1 (s. 111 CHQ).

2-(-Methoxyvinyl)-1-tosylpyrrole (7a). Mcthoxymethyl-
triphenylphosphonium chloride {1.83 g, 5.30 mmol) in THF
(30 mL) was treated wtih phenyllithium (cyclohexane-cther,
1.8 M, 2.9 mL. 5.3 mmol) at 0 °C for [5 min. Then, 1-
tosylpyrrole-2-carbaldehyde (1.1 g. 4.4 mmol) in THF (3
mL) was added and the mixture was stirred for | h. Aller
evaporation of the solvent. the residue was chromatographed
over silica gel using hexane-cthyl acetate (9 @ 1) as an cluent
o give an oily product. Yield. 1.1 g (90%); 'tI NMR
(CDClz) §2.47 (s. 3t CHlz), 3.80 (s, 3t1. OCLI3). 6.10-6.40
(m. 3IL 1[-3, -4, —CHOCII:), 6.90 {(d, Il .J - (3.0,
—CHAr), 7.35-7.60 {m, 311. Ar). 7.90 (d, 211, J — 9.0 Il
A [R (neat) 2930, 1640, 1590, 815, 710 em™'; Anal. Caled
for Cyl1isNOsS: C, 60.63; H., 5.45; N, 5.05. Found: C,.
60.35; H,5.53; N. 5.13.

2-(3-Benzyloxyvinyl)-1-tosylpyrrole (7b). Benzyloxym-
cthyltriphenylphosphonium chloride (7.0 g, 16.0 mmol) was
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reacted with 1-tosylpyrrole-2-carbaldehyde (2.80 g, 11
mmol) following the same procedure as described for the
synthesis of 7a to give an oily product. Yield. 2.85 g (72%);
'H NMR (CDCl;), & 2.33 (s. 3H, CHs), 4.85 (s. 2H, CHa),
6.00-6.40 {m, 3H. H-3, H-4, ZCHOBn). 6.60-6.80 (m. [H,
~CHAr), 7.10-7.60 (m, LOH, Ar}; IR {neat) 1640, 1600, 810
cm~'y Anal. Caled for CoHoNOsS: C, 67.97; H, 5.42: N,
3.96. Found: C, 67.72; H, 5.24; N, 4.12.

Methyl 4-formyl-1-tosylpyrrole-2-carboxylate (9a).
Methyl 4-formylpyrrole-2-carboxylate (2.0 g. 13 mmol) in
DMF (30 mL} was treated with NaH (60% in mineral oil,
0.62 g. 15 mmol). Atter the mixture was stirred for 10 min at
0 °C. tosyl chloride (2.80 g, 15 mmol) was added and stirred
for 30 min at the same temperature. After saturated ammo-
nium chloride solution was added. the reaction mixture was
extracted with chloroform (50 mL x 3). Drying of the extract
with magnesium sulfate and evaporation of solvent gave a
solid product. Yield. 3.2 g {(80%); '"H NMR (CDClz). 62.93
(s. 3H. CH:). 3.83 (s. 3H, OCHa). 7.33-8.00 {m, 6H, Ar),
9.83 (s. 1H. CHO); [R (KBr}) 1720, 1690, 1540, 820, 750
cm.

Methyl 4-acetyl-1-tosylpyrrole-2-carboxylate  (9b).
Methyl 4-acetvlpyrrole-2-carboxylate (1.50 g, 8.9 mmol)
was reacted with tosyl chloride (2.54 g, 13 mmol) by the
same procedure as described for the synthesis of 9a to give a
solid product. Yield. 2.86 g {100%); mp 168 °C; 'H NMR
(CDCls), §2.46 (s. 3H. CH:). 2.47 {s. 3H, COCH3). 3.77 (s.
3H. OCH:), 7.33 (d. 2H. ./ — 8.0 Hz, Ar). 7.40 (m. |H. H-3),
8.00 (d. 2H. ./ — 8.0 Hz, Ar). 8.30 (m, IH. H-5); IR (KBr)
2950, 1730, 1670, 1230, 1170, 1130 em™".

Methyl 4-benzoyl-1-tosylpyrrole-2-carboxylate (9¢).
Methy! 4-benzoylpyrrole-2-carboxylate (2.52 g. |1 mmol)
was reacted with tosyl chloride (3.0 g. 16 mmol) by the
same procedure as described for the synthesis of 9a to give a
solid product. Yield, 4.0 g (953%); mp 162 °C; 'H NMR
(CDCl3). 62.40 (s, 3H, CH:), 3.77 (s, 3H, OCH3). 7.20-8.23
(m. 11H. Ar); [R (KBr) 2950, 1730. 1650, 1550, 1240, 1175,
725 cm.

Methyl 4-hydroxymethyl-1-tosylpyrrole-2-carboxylate
(10a). Compound 9a (3.0 g. 9 mmol) was dissolved in
aqueous cthanol (75%. 100 mL) and sodium borohydride
(1.7 g. 48 mmol) dissolved in cthanol (40 mL) was added.
The mixture was stirred for 12 h at room temperature. After
evaporation of ethanol. the product was extracted with chlo-
roform (50 mL x 3). The extract was dried over maghesium
sulfate and evaporated 1o give a solid product. Yield. 2.20 g
(73%): mp 112 °C; "t NMR (CDClz). 6 2.33 (s, 31L CtL3),
2.35 (s. 111, OI1), 3.67 (s. 3H, OCLI3), 4.50 (s. 211, Cli,),
7.00 (m. 111, 11-3). 7.25 (d. 211, .7 — 8.0 Hz Ar). 7.80 (m, 111,
-3}, 7.87 (d. 211. .J - 8.0 Hz. Ar); IR (KBr) 3500, 1730, 820
cm™.

Methyl d4-(1-hydroxyethyl)-1-tosylpyrrole-2-carboxy-
late (10b). Compound 9b (2.86 g, 8.9 mmol} was reduced
with sodium borohydride (1.68 g, 44 mmol) by the same
procedure as described for the synthesis of 10a to give a
solid product. Yicld, 2.20 g (76%); mp 115 °C; 'I1 NMR
(CDCls), 8 1.43 (d. 3tL. J - 6.0 11z, CH3), 2.33 (s. 311, CtI3),
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2.60 (s. 1H. OH). 3.68 (5. 3H. OCHj3). 4.85 (m. |1H CHOH).
703 (d. 2H../ =18 Hz H-3). 7.28 (d. 2H. J = 8.0 Hz. Ar).
767 (d. 1H../=18 Hs H-3). 788 (d. 2H../ = 8.0 Hz. Ar):
IR (KBr) 3600-3200, 2960, 1723. 1370. 1230. 11753, 820
cm

Methyl  4-(-hydroxybenzyl)-1-tosyipyrrole-2-carboxy-
late (10¢).  Compound 9¢ (4.20 . 11 mmol) was reduced
with sodium borohydride (2.0 g. 35 mmol) by the same pro-
cedure as described for the synthesis of 10a to give a solid
product. Yield. 3.30 g (78%): mp 125 °C: "H NMR (CDCl;).
0 2.37 (s. 3H. CH3). 2.60 (s. 1H. OH). 3.60 (s. 3H. OCH3).
5.70 (s. IH. CH). 6.90 (d. 1H. ./ = 1.8 Hz. H-3). 7.10-7.43
(m. 7H. Ar). 7.60 (m. 1H. H-3). 7.87 (d. 2H../= 8.0 Hz. Ar).
IR (KBr) 3600-3300, 1730, 1180, 820, 730 ¢m ',

Mcthyl 4-(#-butyldimcthylsilyloxymethyl)-1-tosyipyrrole-
2-carboxylate (11a).  Compound 10a (2.0 2. 6.0 mmol) in
DMF (13 mL) was stirred with #~butyldimethylsilyl chloride
(1.45 g. 9.0 mmol) and imidazole (1.2 g. 18.0 mmol) at room
temperature for 1 h. The reaction mixture was diluted with
water (100 mL) and cxtracted wiih dicthyl cther (30
mL x 3), The extract was washed with saturated sodium
bicarbonate solution (30 mL) and dricd over anhydrous
magnesium sulfate. Evaporation of the solvent gave a solid
product. Yicld 2.5 g (92%). mp 92 °C: 'H NMR (CDCI). &
0.11 (s. 6H. Si(CHz)2). 0.93 (s. 9H. SiBu-f). 2.47 (s. 3H.
CHaz). 3.80 (s. 3H. OCHj3). 4.67 (s. 2H. CH-). 7.07 (m. 1H.
H-3). 7.40 (d. 2H. ./ = 8.0 Hz. Ar). 7.73 (m. 1H. H-3). 8.00
(d. 2H../= 8.0 Hz. Ar). IR (KBr) 2930, 1730 cm .

Mcthyl 4-[1-(#-butyldimethylsilyloxy)ethyl]-1-tosylpyr-
role-2-carboxylate (11b). Compound 10b (2.0 g. 6.1
mmol) was rcacled with f~butyldimethylsily] chloride (1.40
2. 9.0 mmol) and mudarole (1.2 g. 18.0 mmol) by the same
procedure as described for the synthesis of 11a to give an
oily product. Yicld 2.40 g (89%): 'TH NMR (CDCly). 6 0.06
[s. 6H. Si(CH3):]. 0.93 (5. 9H. SiBu-). 140 (d. 3H..J = 6.0
Hz. CHs). 2.43 (s. 3H. CH3). 3.75 (s. 3H. OCH;). 4.83 (q.
1H../= 6.0 Hz. CH). 7.00 (d. IH..J = 1.8 Hz. H-3). 7.30 (d.
2H..J=80Hz Ar). 757 (d. 1H../J= 1.8 Hz. H-3). 7.87 (d.
2H../ = 8.0 Hz An: IR (ncat) 2950, 1730, 1600. 1380, 1180,
8locm !,

Mecthyl  4-[gs(+-butyldimethylsilyloxy)benzyl]-1-tosyl-
pyrrole-2-carboxylate (11¢). Compound 10¢ (3.0 g. 7.8
mmol) was rcacted with f-butvldimethylsilvl chloride (1.80
g. 11.0 mmol) and imidazole (1.3 g. 22 mmol) by the same
procedure as described for the synthesis of 11a to give an
oily product. Yicld 3.75 g (97%): '"H NMR (CDCl;). §0.11
ls. 6H. Si(CH3)a]. 0.96 (s. 9H. SiBu-f). 2.48 (s. 3H. CH,).
3.70 (s. 3H. OCHy). 3.73 (s. IH. CH). 693 (d. IH../= 1.8
Hz. H-3). 7.13-7.33 (in. 7H. Ar). 7.60 (m. | H. H-3). 7.90 (d.
2H..7= 8.0 Hz. Ar): IR (ncat) 3600-3300. 1730, 1600, 1470,
1370, 1250 ¢cm 1,

4-(+-Butyldimethylsilyloxymethyl)-2-hydroxymethyl-1-
tosvipyrrole (12a). Compound 11a (0.50 g. 1.1 mmol) in
dicthyl cther (3.0 mL) was added 1o the dicthyl ¢ther solu-
tion (13 mL) of LiAIH; (0.053 g. 1.4 mmol) which was
cooled in dry 1cc-acctone bath. and the mixture was stirred
for 30 min. Aficr warming up the rcaction niixture to room
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tempertature. cthyl acetate (4.0 mL) was added. The mixture
was filtered through celite. Evaporation of the solvent gave
an oily product. Yicld. 0.4 g (86%). '"H NMR (CDCL;). &
0.02 |s. 6H. Si(CH3):]. 0.84 (s. 9H. SiBu-z). 2.34 (s. 3H.
CH3). 236 (s. 1H. OH). 447 (s. 2H. CH>). +.31 (5. 2H. CH:).
6.16 (d. 1H.J = 2.0 Hz. H-3). 7.09 (d. 1H../ = 2.0 Hz. H-3).
727(d.2H../=8.0Hz Ar). 7.60 (d. 2H../=8.0 Hz. Ar): IR
(neat) 3550-3400. 2930, 1363, 1170, 1090 840 cm .
4-[1-(#Butyldimethylsilyloxy)ethyl]-2-hydroxymethyl-
1-tosylpyrrole (12h). Compound 11b (240 g. 5.4 mmol)
was reduced with LiAlH4 (0.30 g. 8.0 mmol) by the same
procedure as described for the synthesis ol 12a to give an
oily product. Yicld. 1.8 g (80%). 'H NMR (CDCl3). § 0.10
[s. 6H. Si(CH3)[. 0.93 (s. 9H. SiBu-f). 1.43 (d. 3H.J = 6.0
Hz. CH3). 2.47 (s. 3H. CH3). 291 (br s. |H. OH). 4.63 (s.
2H. CH-). 4.83 (q. I1H../ = 6.0 Hz. CH). 6.30 (d. 1H../ = | 8
Hz. H-3). 7.20 (m. 1H. H-3). 7.38 (d. 2H. ./ = 8.0 Hz. Ar).
7.87(d. 2H. ./ = 8.0 Hz. Ar). [R (ncat) 3350-3300. 1600,
1380, 1230, 1175. 840 cm 1,
4-[-(-Butyldimethylsilyloxy)benzyl]-2-hydroxymethyl-
1-tosylpyrrole (12¢). Compound 11¢ (3.70 g. 7.4 mmol)
was reduced with LiAlH4 (0.34 g 7.4 mmol) by the same
procedure as described for the synthesis of 12a to give an
oily product. Yicld. 2.61 g (75%): 'H NMR (CDCl3). 8 0.06
s. 6H. Si(CH;s)=). 0.83 (s. 9H. SiBu-1). 2.37 (s. 3H. CH3).
2.63 (s. 1H. OH). 447 (s. 2H. CH>). 5.58 (s. IH. CH). 6.08
(d. 1H../= 1.8 Hz. H-3). 7.00-7.30 {m. 8H. Ar). 7.70 (d. 2H.
J = 8.0 Hz. Ar). IR (ncat) 3350-3400. 2940, 1595, 1460,
1250 cm ',
4-(z-Butyldimethylsilyloxymethyl)-1-tosylpyrrole-2-car-
baldchyde (13a). Compound 12a (0.17 g. 0.43 mmol) in
methylene chloride (2 mL) was added to the methylene chlo-
ride solution (20 mL) ol oxaly] ¢hloride (.10 g. 0.86 mmol)
and DMSO (0.13 g. 1.70 mmol) at =78 °C and the mixture
was stirred for |3 min at the same temperature. After addi-
tion of tricthylamine (0.435 g. 4.3 mmol). the reaction mix-
turc was warmed up to room temperature and water (3 mL)
was added. After addition of additional water (100 mL). the
rcaction mixture was cxtracted with chloroform (30
mL x 3). The extract was dricd over anhydrous magnesium
sulfatc and cvaporated to give a solid product. Yicld. 0.16 g
(93%). mp 79-80 °C: 'H NMR (CDCl3). & 0.03 [s. 6H.
Si(CH:)s|. 0.87 (s. 9H. SiBu-f). 2.37 (s. 3H. CH3). 4.33 (s.
2H. CH»). 7.07 (d. IH..J = 2.0 Hz. H-3). 7.28 (d. 2H. ./ = 8.0
Hz. Ar). 747 (d. 1H..J=2.0. Hz. H-3). 7.78 (d. 2H../ = 8.0
Hy. Ar). 9.95 (s. 1H. CHOY: IR (KBr) 2950. 1180, 1090. 840
cm !,
4-[1-(#Butyldimethylsilyloxy)cthyl]-1-tosylpyrrole-2-car-
baldchyde (13b). Compound 12b (1.80 g. 4.4 mmol) was
oxidized with oxalyl chlonide (1.1 g. 8.8 mmol) and DMSO
(1.37 g. 17.6 mmol) by the same procedure as described lor
the synthesis of 13a to give an oily product. Yicld. 1.50 g
(84%). "H NMR (CDCl3). §0.10 |s. 6H. Si(CHa)-]. 0.85 (s.
9H. SiBu-f). 1.40 (d. 3H. J = 6.0 Hz CH.). 2.40 (s. 3H.
CH,). 4.83 (q. |H../ = 6.0 Hz. CH). 7.06 (d. 1H../= 1.8 H,
H-3). 731 (d. 2H. .7 =80 Hz Ar). 750 (d. 1H..J=18 Hz,
H-5). 7.80 (d. 2H..J = 8.0 Hz. Ar). 991 (s. TH. CHO); IR
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(ncat) 2930, 1670, 1380. 1235, 1180, 840 cm .
4-| o-(+-Butyldimethylsilvloxy)benzyl]-1-tosyipyrrole-2-
carbaldehyde (13¢).  Compound 12¢ (0.18 g. 3.8 mmol)
was oxidized with oxalyl chloride (0.97 g. 7.6 mmol) and
DMSO (1.20 g. 13 mmol) by the same procedurc as
described for the synthesis of 13a to give an oily product.
Yicld. 140 g (78%). '"H NMR (CDCl:). & 0.06 |s. 6H.
Si(CHz2)2). 0.96 (s. 9H. SiBu-f). 2.45 (s. 3H. CH3). 5.80 (s.
1H. CH). 7.13 (m. 1H. H-3). 7.30-7.67 (m. 8H. Ar). 8.00 (d.
2H..J = 8.0 Hz Ar). 10.11 (s. 1H. CHO): IR (ncat) 2930.
1670, 1460, 1380, 1180, 840 ¢m !,
4-(#-Butyldimethylsilyloxymethyl)-2-(F methoxyvinyl)-
1-tosylpyrrole (14a).  Compound 13a (1.0 g. 2.5 mmol) in
THF (3 mL) was added to the solution of methoxymethylt-
ripheny Iphosphonium bromide (1.50 g. 3.8 mmol) in THF
(20 mL) which was treated for 13 min at 0 °C with phenyl-
lithium (1.8 M in ¢yclohexanc-dicthyl cther. 2.1 mL. 3.8
mmel). Afier stirring the mixture for 1 h at the same temper-
aturc. the reaction mixture was treated with saturated ammo-
nium chloride solution (10 mL). and extracled with cthyl
acctate (30 mL x 3). The extract was dricd over anhydrous
magnesium sulfate and cvaporated o give a deep red color
residuc which was chromatographed over silica gel using
hexane-cthy] acetate (20 : 1) as an cluent to give an oily
product. Yield. 1.0 g (93%). '"H NMR (CDCl;). & 0.02 |s.
6H. Si(CH3)a]. 0.88 (s. 9H. SiBu-f). 2.39 (s. 3H. CH;). 3.63
and 3.72 (s. 3H. OCHj3). 4.52 and 4.33 (d. 2H. ./ = 0.8 Hz.
CH:). 5.93-6.17 (m. 2H. H-3. =CH-). 6.67-6.92 (m. 1H.
=CHOCH.)). 7.15 (m. 1H. H-3). 7.24 (d. 2H..J = 8.0 Hz. Ar).
7.66 (d. 2H. ./ = 8.0 Hz. Ar): [R (ncal) 2950. 1640. 1370.
1230 1180. 840 cm ' Anal. Caled for C~HyNO4SSi: C.
39.82: H. 741 N.3.32. Found: C. 60.12: H. 7.32: N.3.21.
4-(+-Butyldimethylsilyloxymethyl)-2-(8-benzyloxyvinyl)-
1-tosylpyrrole (14b). Compound 13a (0.5 g. 1.3 mmol)
was reacled with benvyloxymethyltriphenylphosphonium
bromide (1.0 g. 2.5 mmol) by (he samc procedure as
described for the synthesis of 14a (o give an oily product.
Yicld. 0.43 g (68%). '"H NMR (CDCLy). § 0.02 |s. 6H.
Si(CH2)s[. 0.88 (s. 9H. SiBu-r). 2.39 (s. 3H. CHa). 3.65 and
3.72(s. 3H. OCH3). 432 and 4.53 (d. 2H..7= 0.8 Hz. CH:).
3.93-6.17 (m. 2H. J = 0.8 Hz. CH-). 6.67-6.92 (m. |H.
=CHOCH,). 7.15 (m. TH. H-5). 7.24 (d. 2H..J = 8.0 Hz. Ar).
7.66 (d. 2H..J = 80 Hz. An): IR (ncat) 2950. 1640. 1370,
1250, 1180. 840 cm . Anal. Caled for C-;HasNO,SS1: C.
63.16: H. 7.09: N. 2.81]. Found: C. 63.43;: H. 7.21: N. 3.03,
4-|1-{#Butyldimethylsilyloxy)cthyl]-2-(S-methoxyvinyl)-
1-tosylpyrrole (14¢).  Compound 13b (1.3 g. 3.6 mmol)
was rcacted with methoxymethy ltripheny Iphosphonium bro-
mide (2.1 g. 3.5 mmol) by the same procedure as described
for the synthesis of 14a 1o give an oily product. Yield. 1.30 g
(81%): "H NMR (CDCl3). § 0.06 [s. 6H. Si(CH2)2]. 0.90 (s.
9H. SiBu-7). 1.40 (d. 3H. .J = 6.0 Hz. CH3). 2,40 (s. 3H.
CH3). 3.70 (s. 3H. OCH3). 4.78 (m. 1H. CH). 6.00-6.20 (m.
2H. H-3. =CH-). 6.70-6.80 (m. IH. =CH-). 7.00-7.80 (m.
SH. An): IR (ncat) 2930, 1635, 1370, 1230, 1170. 830 ¢cm ;.
Anal. Caled for CaxH3sNO4SSi: C. 60.65: H. 7.64: N. 3.22.
Found: C. 60.42: H. 7.32: N. 3.31.

Bull. Kovean Chem. Soc. 1999, Vol 20, No. 8§ 933

4| o (+-Butyldimethylsilyloxy)benzyl]-2-(f-methoxyvi-
nyl)-1-tosylpyrrole (14d). Compound 13¢ (1.20 g. 2.50
mmol) was reacted with methoxvmethyltripheny Iphospho-
nium bromide (1.30 g_ 3.8 mmol) by the same procedure as
described for the svnthesis of 14a 1o give an oilv product.
Yield. 1.10 g (87%): 'H NMR (CDCl5). § 0.06 |s. 6H.
Si(CHs):|. 0.91 (s. 9H. SiBu-f). 2.48 (s. 3H. CH3). 3.75 (s.
3H. OCHs). 5.78 (s. 1H. CH). 6.11-6.37 (m. 2H. H-3. =CH-).
6.75-6.90 (m. 1H =CH-). 7.16-8.00 (m. 10H. An): IR (ncat)
2930, 1640, 1370, 1230, 1175 cm . Anal. Calcd [or
C7H3sNOsSSi: C. 63.16: H. 7.09: N, 2.81. Found: C. 64.98:
H. 7.01: N. 2.96.

Mcthyl 6-methoxy-S-nitro-1-tosyl-4,5,6,7-tetrahydroin-
dole-4-carboxylate (3a). Compound 7a (0.38 g 2.09
mmol) and methyl S-nitroacrylate (0.534 g. 4.09 mmol) were
dissolved in toluene (20 mL). The mixture was refluxed for
9 h, The residuc obtained after evaporation of solvent was
chromatographed over silica gel using hexanc-cthyl acctate
(4:1) as an cluent 1o give a solid product. Yicld. 047 g
(53%). mp 131 °C: '"H NMR (CDCly). (trans) § 2.41 (s. 3H.
CH3). 2.78 (ddd. 1H. ./ = 17.0. 5.0. 1.8 Hz Hy-7). 3.20 (s.
3H. OCH3). 3.63 (dd. IH../=17.0. 5.8 Hz. H;-7). 3.82 (s.
3H. OCHj). +.42 (dd..J = 10.0. 1.4 Hz. H-4). 4.55 (m. |H. H-
6). 5.04 (dd. 1H..J = 10.0. 10.0 Hz. H-5). 6.25 (d. 1H../=3.4
Hz. H-3). 7.27-7.31 (m. 3H. Ar. H-2). 7.70 (m. 2H. Ar) and
(cis) 8 2.43 (s. 3H. CH;). 2.83 (ddd. IH. ./ =17.0.2.0.2.0
Hz. Hp-7). 3.39 (dd. I1H../=17.0. 1.4 Hz H,-7). 3.40 (s. 3H.
OCH,). 3.75 (s. 3H. OCH3). 4.04 (m. IH. H-6). 431 (dd.
IH../=10.0.14 Hz. H-4). 495 (dd. IH../=10.0. 2.0 Hz. H-
$).6.25(d. |H../=34 Hz. H-3). 7.27-7.31 (m. 3H. Ar. H-2).
7.70 (m. 2H. Ar): IR (KBr) 1740, 1550, 1370, 1180 ¢m 1
Anal. Caled for CjgHaN2O:8: C. 52.93: H. 494 N. 6.86.
Found: C. 52.72: H. 4.72: N. 6.92.

Mecthyl  6-benzyloxy-S-nitro-1-tosyl-4,5,6,7-tetrahydroin-
dole-4-carboxylate (3b). Compound 7b (1.70 g 4.80
mmol) and methy] B-nitroacrylate (1.70 g. 12,9 mmol) were
dissolved in toluene (H) mL). The mixture was refluxed for
10 h, The residuc obtained aficr cvaporation of solvent was
chromatographed over silica gel using hexane-cthy 1 acetate
(4: 1) as an cluent to give an oily product. Yicld. 1.50 g
(63%). "H NMR (CDCL). (rrans) 8§ 2.37 (s. 3H. CH;). 2.58
(ddd. IH../=16.7.5.0. 1.7 Hz. Hy-7). 3.65 (dd. |H../=16.7.
5.8 Hz. H,-7). 3.74 (s. 3H. OCH3). 4.50 (m. |H. H-4). 4.58
(d. 2H..f=9.7 Hz. CH-Ph). 4.74 (m. |H. H-6). 5.10 (dd. 1H.

J=96.9.0 Hz. H-3). 6,20 (d. 1H../ =34 Hz. H-3). 7.02 (m.

LH. H-2). 7.20-7.30 (m. 6H. Ar). 7.60 (m. 3H. Ar) and (cis)
02.35(s.3H. CH:). 282 (ddd. 1H../=16.7. 2.0. 2.0 Hz. Hy~
7). 340 (dm. IH..J = 16.7 Hz. H;-7). 3.80 (s. 3H. OCHj3).
421 (m. LH. H-6). 4.25 (m. |H. H-4). 432 (d. 2H..J =97
Hz. CH-Ph). 4.74 (dd. I1H../=99. 23 Hz. H-3). 6.23 (d. 1H.

J =34 Hz. H-3). 7.04 (m. IH. H-2). 7.20-7.30 (m. 6H. Ar).

7.60 (m. 3H. Ar). Anal. Calcd for C~yHayN-O5S: C. 539.49:
H. 4.99:N. 5.78. Found: C. 59.62: H. 4.72: N. 5.82,

Mcthyl 3-(+butyldimethylsilyloxymethyl)-6-methoxy-5-
nitro-1-tosyl-4,5,6,7-tetrahvdroindole-4-carboxylate (3¢).
Compound 142 (0.50 g. 110 mmol) and methyl S-nitroacry-
latc (0.22 g. 1.60 mmol) were dissolved in toluene (20 mL).



934 Bull Korean Chem. Soc. 1999, Vol. 20, No. 8

The mixture was refluxed for 12 h. The residuc obtained
alter cvaporation of solvent was chromatographed over sil-
ica gel using hexanc-cthyl acetate (9 ¢ 1) as an eluent to give
an oily product. which was crystallized upon standing in
refrigerator, Yicld, 0.39 g (60%). mp 116 “C: 'H NMR
(CDCls). (trans) §0.02 [s. 6H. Si(CH3)). 0.89 (s. 9H. SiBu-
).2.40(s. 3H. CH3). 2.70 (ddm. 1H.J/=17.0. 7.0 Hz. Hy,-7).
3.36 (s. 3H. OCH3). 3.40 (ddm. 1H../=17.0. 3.0 Hz. H,-7).
3.69 (s. 3H. OCH;3). 4.10 (ddd. 1H../= 153, 8.0, 2.0 Hz. H-
6). 4.38 (dd. 1H. ./ = 7.0. 0.98 Hz. H-4). 443 (dd. 2H. J =
4.0. 1.0 Hz. SiOCH-). 4.95 (dd. 1H. ./ = 7.5, 7.0 Hz. H-3).
7.10 (s. 1H. H-2). 727 (d. 2H../ = 8.0 Hz. Ar). 7.63 (d. 2H ./
=8.0 Hz. Ar) and (cis) ¢ 0.02 [s. 6H. Si(CH3)z]. 0.89 (5. 9H.
SiBu-f). 2.40 (s. 3H. CH3y). 2.70 (ddm. 1H../=17.0. 7.0 Hz.
Hy=7). 3.24 (s. 3H. OCHs). 3.40 (ddm. 1H../ = 17.0. 5.0 Hz.
Ha-7). 3.76 (s. 3H. OCH3). 4.10 (ddd. 1H../ = 15.3. 8.0. 2.0
Hz. H-6). 4.38 (dd. 1H../ = 7.0. 0.98 Hz. H-4). 4.43 (dd. 2H.
J=4.0,10Hz SiIOCH:). 495 (dd. 1H..J=7.5. 7.0 Hz. H-
5). 7.10 (s. 1H. H=2). 7.27 (d. 2H..J = 8.0 Hz. Ar). 7.63 (d.
2H .7 = 8.0 Hz. Ar). IR(KBr) 2940, 1740, 1360. 1370 ¢cm ;.
Anal. Caled lor C;5H3gN;O,~;SSiZ C.3433: H. 6.37: N. 5.07.
Found: C.34.13. H. 6.32: N. 315,

Mecthyl 3-(#-butyldimethylsilyloxymethyl)-6-henzyloxy-
S-nitro-1-tosyl-4.5,6,7-tetrahydroindole-4-carhoxylate  (3d).
Compound 14b (0.40 g. 0.80 mmol) was rcacled with
methyl S-nitroacrvlate (0.21 g. 1.60 mmol) by the same pro-
cedure as described for the synthesis of 3a to give an oily
preduct. Yield. 0.29 g (58%): '"H NMR (CDCl3). 8 0.03 |s.
6H. Si(CH3)a]. 0.88 (s. 9H. SiBu-f). 2.40 (s. 3H. CH;). 2.80
(ddm. 1H../=17.3.6.7 Hz. Hp~7). 3.26 (ddm. 1H..J=17.3.
53 Hz. H,=7). 3.61 (5. 3H. OCH3). 4.30-4.55 (m. 6H. OCHx.
OCH-:Ph. H-%. H-6). 5.20 (m. 1H. H-5). 7.10-7.64 (10H.
A IR (ncat) 2940. 1740, 1360. 1370 ¢cm ' Anal. Caled (or
C3HuN:0sSSi: C. 539.21: H. 6.41: N. 4.46. Found: C. 39.51:
H. 6.23: N. 418,

Methyl 3-|1-(z-butyldimethyisilyloxy)ethyl]-6-methoxy-
S-nitro-1-tosyl-4,5,6,7-tctrahydroindole-4-carboxylate (3c).
Compound 14¢ (1.10 g. 2.50 mmol) was rcacted with methyl
Snitroacrylate (0.65 g. 3.0 mmol) by the same procedurce as
described for the synthesis ol 3a to give a solid product.
Yicld. 0.64 g (43%): mp 157 °C: 'H NMR (CDCly). § 0.02
|s. 6H. Si(CH:)a]. 0.89 (s. 9H. SiBu-r). 1.28 (d. 3H..J = 6.0
Hz. CH3). 2.47 (s. 3H. CH3). 2.71 (ddm. |H..J = 16.7. 7.0
Hz. Hy-7). 3.38 (5. 3H. OCH,). 343 (dd. 1H. .7 = 16.7. 7.0
Hz. H;-7). 3.71 (5. 3H. OCHy). 4.12 (dd. 1H..J = 14.0. 6.7
Hz. H-6). 4.25 (dd. 1H..J = 7.0. 0.7 Hz. H<}). 4.62 (q. 1H..J
= 6.0 Hz. CH). 4.96 (dd. 1H..7=8.0. 8.0 Hz. H-3). 7.15 (s.
1H. H-2). 730 (d. 2H. ./ =8.0 Hz. Ar). 7.62 (d. 2H..7 = 8.0
Hz. Ar): IR (KBr) 2950, 1745, 1360, 1370, 1230, 1090, 830
em 'z Anal. Caled lor CagHigN-QgSSi: C. 55.10: H. 6.76: N.
4.94. Found: C. 54.92: H. 6.58: N. 3.06.

Mcthyl 3-[ o=(¢-butyldimethylsilylox y)benzyl]-6-methoxy-
5-nitro-1-tosyl-4,5,6,7-tetrahvdroindole-4-carboxylate (3f).
Compound 14d (1.0 g. 2.0 mmol) was rcacted with methyl

Ho Hveon Kim et al.

Bnitroacryvlate (0.32 g .0 mmol) by the same procedure as
described for the synthesis of 3a to give an oily product.
Yield. 0.44 g (35%): '"H NMR (CDCLy). § 0.16 |s. 6H.
Si(CH3):). 0.89 (s. 9H. SiBu-f). 2.43 (s. 3H. CHs). 2.73
(ddm. 1H../=17.0. 8.0 Hxz. H,-7). 3.26 (ddm. I1H..J =170,
5.0 Hz. H-7). 3.29 (5. 3H. OCH3). 3.56 (s. 3H. OCH;). 3.68-
4.12 (m. 2H. H-6. H-4). 4.89 (dd. 1H. J = 8.0. 5.3 Hz. H-3).
5.55 (d. 1H.J = 1.3 Hz. CHPh). 7.0-7.40 (m. 8H. Ar). 7.64
(d. 2H..J = 8.0 Hz. Ar): IR (ncat) 2930, 17H). 1560. 1370.
1170 cm ': Anal. Caled for C3 HauN2OsSSi: C. 3921 H.
6.41: N. +.46. Found: C. 394 H. 6.21: N. 4.22.
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