
muuomws3m+.m 
Pera- IOU& Ltd 

Preparation of 2-Subrtltuted Pywdes nd Indoles by Regloselectlve Alkylrtlon and 
Cbprotectl~ of I-(2-Trlrthylsllylathoyrcuyl)p~le and I-(2-Trlrthyl- 

silylat~l) indole. 

Martin P. Edwards. Annette M. Doherty. Steven V. Ley* and Helen H. Organ. 

Oepattnent of Chemistry, Iqcrlal College, London SW 2AY. U.K. 

(Recrtved in UK 26 Febnuq 19%) 

Abecruet: After N-a&lotion of pyrrole am? indole with t-trinmthyleilylethoryothyl chloride 
SW products of the reactirm could be regiosolectively deprotonated uith n-butyllithim at 
the t-posit&m. Reactiow of the rosultimg anions vith acid chlorides, &tones, siLyL chloridee 
OP akiehydes gave additim produc:e. - of which uere deprotected to the purent pyrrola 
or indole wing anhydroue tetm-rc-butytcrmnoniwn fluoride. 

Various natural products, for exaple. indanoqycin (X-14547A) (I) and calclmycin (A-23187) 

(2) contain a 2-acylpyrrole unit. Yhfle there are several excellent nethods in the literature 1-g 

for the introduction of this group, not all are compatible with complex natural product 

synthesis. 

Ouring our work on the total synthesis of (1) we needed to introduce the 2-acylpyrrole group 

by fneans of a ring opening reaction of a lactone with a suitably protected 2-lithiopyrrole anion. 

" The pyrrole protecting group had to be sufficiently robust to withstand subsequent synthetic 

steps yet be removed under mild conditions such that there would be no epimerisation of any of 

the carefully introduced chiral centres. 

Since existing literature procedures *cre considered unsatisfactory w chose to study the 

use of 2-trimethylsilylethoxynethyl (SEHl as a nitrogen protecting group for pyrrole as in 

conpound (3). Ye reasoned that this group would facilitate deprotonation at the 2-position via - 
the chelated species (41 and persit reaction with electrophilrc species, yet be easily removable 

at the end of the reaction sequence. Here we report full details and further examples of our 

study in this area together with related chemistry of SEH-indole (5j6*". 

(3) (4) (5) 
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Results and Discussion 

M. P. EDWARDS et al. 

Although SEM had not been previously used as a protecting group for nitrogen it was readily 

introduced by treating pyrrole with sodiua hydride in dimethylformamide (DMF)/ dimethylsulphoxide 

(DMSO) followed by reaction with SEM-chloride12. Previously we showed that SEWpyrrole (3) could 

be regioselectively deprotonated at the E-position using I-butyllithium in dimethoxyethane (OME) 

at 0°C and reacted with the appropriate lactone for the indanomycin synthesis. IO 

Subsequent to our initial publication of the above results Muchowski6 reported the prep- 

aration of both SEM-pyrrole and SEM-indole and in an isolated example attempted deprotonation 

using t-butyllithium in hexane at -10°C with poor results. During our early studies we also 

noticed that the use of t-BuLi, s-BuLi, LDA, KDA and LTMP in solvents such as ether and THF with 

HMPA and TMEDA were inferior to our published EBuLi/DME Method. 

In Table 1 we report several additional examples of the reaction of E-lithio-SEM-pyrrole 

with various electrophiles such as acyl chlorides, silyl chlorides, lactones and aldehydes to 

give reasonable yields of the corresponding addition products (6) - (11). Prompted by these 

encouraging results we have also studied the related preparation of SEM-indole (5) and its 

selective deprotonation at the E-position. SE&indole (5) was obtained in 98% yield in a 

similar procedure to that used for SEM-pyrrole. Deprotonation of (5) was also best achieved by 

the slow addition of n-butyllithium to a DME solution of SEM-indole at -10 to -15°C. The 

resulting orange 2-lithio anion was reacted with electrophiles at -25°C to give addition products 

(12)-(16) (Table 2). 

Table 1 Reaction of E-Lithio-SEWpyrrole with Electrophiles 

Yectrophile 

PhCOCl 

Product 

(6) 

Yield (%I 

40 

MeOOCCl (7) 42 
OMe 

SEM 

Me,SiCI IMe, (8) 40 
SEM 

(9) 64 

0 

(10) 52 
CHO 
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Table 2 Reaction of P-Lithio-SEWndole with Electrophiles 

lectrophile Product Yield (%I 

(12) 65 

q w" (13) 65 

Me$KI SiMe, 
(14) 57 

A 

o""O c+p (15) 70 

& & (16) 63 

EM 
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The SE&protecting group in both the pyrrole and indole adducts prepared above and in the 

earlier indanomycin synthesis proved to be remarkably stable to a variety of reaction conditions, 

even towards the normal deprotection methods, for example, lithium tetrafluoroborate in 

acetonitrile at -70"C12 or caesium fluoride in HMPA13. Deprotection however, can be achieved by 

the use of freshly prepared anhydrous tetra- c-butylamnonium fluoride (TBAF). The anhydrous TBAF 

was prepared by azeotropic removal of water from the cormsercially available trihydrate using 

benzene (or toluene) on a rotary evaporator at temperatures below 50°C followed by heating 

(<50") under high vacuum for 12h.14 The residual yellow oil was then dissolved in a minimum 

amount of dry THF and introduced directly into the deprotection reactions via syringe at 0°C. - 
Only three representative examples of this deprotection procedure are reported here (Table 3) all 

of which proceed in acceptable yields. 
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Table 3 

a 
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lkprotection Reaction using Anhydrous Tetra+utylaanim Fluoride 

Starting Material Product Yield 1%) 

(9) 

H 0 
117) 56 

(7) 
Me 

H (18) 51 

(12) 78 

The combined use of the SE&group to protect the pyrrole nitrogen atom and direct lithiation 

to the E-position has already been shown to be valuable in natural product synthesis 'O. We 

further believe the method reported herein for the selective 2-substitution of the indole ring 

will find similar future applications. 

EXPERIllENTAL 

1 H n.m.r. spectra were recorded on Bruker WH-250 and JEOL FX9OQ spectrometers in deuterio- 
chloroform solutions. 

Infra-red spectra were recorded on a Perkin-Elmer 9386 spectrophotometer as liquid films 
or in chloroform solutions. 

Mass spectra were obtained on a VG Micromass 70708 instrument. Melting points were 
determined on a Kofler Hot-Stage instrument and are uncorrected. 

Column chromatography was carried out on Kieselgel 601230-400 mesh) under pressure eluting 
with petroleum ether (b.pt 40-60°C) - diethyl ether mixtures. 

All'solvents were dried by standard methods and distilled before use. All solutions 
were dried over anhydrous magnesium sulphate. 

preparation of l-(Z-Trimthylsilyletho~thyl)pyrrole (J).- Freshly distilled pyrrole (2.1 
ml, 30 nol) was added dropwise to an ice-cold suspension of sodium hydride (1.92 g of a 
60% dispersion in mineral oil, prewashed with 3 x 10 ml 30-40°C pet. ether, 48 nsnol) in a 
dimethylformamide (DMFI (80 ml1 - dimethylsulphoxide (DMSOI 116 ml) mixture. The solution 
was allowed to warm to room temperature and when hydrogen evolution had ceased, was cooled 
to O°C and 2-trimethylsilylethoxymethyl chloride (7.96 ml, 45 mnoll added dropwise. The 
solution was then stirred at room temperature for 30 min. 
ml) and ice 125 g). 

before pouring into water (100 
The aqueous layer was separated and extracted with ether (3 x 100 ml) 

and the combined organic extracts washed with water before being dried and concentrated to 
an oil. Column chromatography eluting with 99% pet. ether - 1% ether gave N-SEM-pyrrole 
(3) 14.9 g, 83%) as a colourless liqu!Q: b,pt. 76°C (1.5 rmn Hg); v (film) 2954, 1495. 
1270, 1250. 1070. 860, 835 and 720 cm H n.m.r. b 1250 MHz) 0.flaf9H, s. SiMe I, 1.1 (2H, 
t, J = 8 Hz, CH-Si). 3.6 (2H, t, J = 8 AZ OCH 1 5 3 (2H s, NCH2DI, 6.2 (2H, da, J = 2, 
2 Hz, H3 and H41, and 6.9 (2H. dd, J = 2,1Hz, i/2'and H51.' 
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I-(P-Trimthylsilylethoxymthyl)-2-o-hydrovthyl benzoyl indole (l2).- Compound (12, (65%) 
was obtained as a clear oil after caumn chromatography:_y,,,,x,~film, 3446, 2951, 1635, 1511, 
1400, 1347, 1250, 1122, 1092, 1076, 860, 836, and 744 cm H n.m.r. 6 (250 MHz, 0.0 (9H, 
s, SiMe 1, 0.92 (2H. t, J = 9 Hz, CH Si,, 3.62 (2H, t, J ='9 Hz -0CH -,, 3.72 (lH, br.t. 
J = 9 H& OH,, 4.62 (2H, d J = 7 Hz? CH -OH,. 6.1 (2H. s, NCH 6,. 6.35 (lH, d. J = 0.8 
Hz, H3,, 7.20 (IH, ddd,, J'= 8, 7+ 0.8 H$, H6,,+and 7.37-7.70 ?7H, m,+HQ, H5, H7 and other 
argmatics); m/z 381 (M 1, 363 4H -H 0,. 262 (H -H O-C H, Si,, 246 (M -H20-C5H,30Si,, 233 

C, 69.26! A: 7.13; N, 3.675.) 
(M -OH-C H USi), and 73 (SiMe3 1. ?Found: C, 69.25; 3, 3.34; N, 3.96%. C22H27N03Si requires 

I-(2-Trimthylsilyletho~thyll-2-(4'hydroxy butanoyl)indole (13).- Compound (13, (65%) 
was obtained as a clear oil_fftpr column chromatography: u (film) 3426, 2951. 1653, 1476, 
1248, 1072, 834, and 736 cm ; H n.m.r. 6 (250 MHz, 0.0 'Pgfl, s, SiMe ,, 0.85 (2H, m, CH2Si), 
2.02 (2H, qn, J = 6.3 Hz, H3',, 2.20 (IH, br.s. OH). 3.13 (2H, t, J = a.8 Hz, H4',, 3.53 
(2H, m, 0CH2), 3.74 (2H, t, J = 5.6 Hz, H4',, 6.00 (2H, s, NCH20), 7.19 (lH, ddd, J = 7.8, 
6.8, 0.9 Hz, H6), 7.39 (2H, m, H3, H5), 7.55 (lH, dd. J =+8.4, 0.6 Hz, y7,. and 7.68 (1H. 
br.d, J = 7.8 Hz, H4,; 
(CH2CH2CH20H 1. Found 

333 (M 1, 315 (M -H O,, 260 (H ;TMS,, 246 (M -CH2TMS,, and 59 
333.1766. C,8H27N03S? requires M 333.1760. 

I-(P-Tri~thylsilyletho~thyl)-2-trimthylsilyl indole (14).- Compound (14, (57%) was 
obtained as a clear oil after cg]u~ chromatography: u (film, 2953, 1465, 1249, 1167, 
1081, 839, 750, 735, and 633 cm ; H n.m.r. 6 (250 MHWt 0.0 (9H, s, Sine ,, 0.43 (9H, s, 

- SiMe ) 0 95 (2H m CH Si) 3.53 (2H m, OCH , 5.59 (2H, s NCH30, 6 80 OH 
;;":': I Hz, 43j, 7.14 (1;. idd,2J ='7.8, 6.8;1 Hz, H&: 7.26 (IH, did. J2= j.8, 6 8 i 
Hz, H6), 7.51 (IH, br.9, J = 8 Hz, H7,, apd 7.64 (lH, br.t, $ = 7 Hz, H4,; m/r 319 iM1,, 
246 (M - TMS), 202 (M -C H OSi). 185 (M -C H OSi,. 115 (M -C H OSi - Tp(s,, and 73 (TMS+, 
(Found: C, 64.17; H. 8.975 k? 4.55%. C,7H2gfi03?2 requires C, 69.83; H, 9.15; N, 4.38%). 

1-(2-TriPet~lsilyletho~thyl)-2-cyc1ohexylhydro~thylindole (15).- Compound (15, (70%) 
was obtained as a clear oil after coluyn Thromatography: u (film, 3422, 2924, 2852, 1457, 
1310, 1249, 1072, 859, 836 and 736 cm ; H n.m.r. 6 (250 !fiE, 0.0 (9H. s, SiMe ,, 0.9 (2H, 
dd J = 9 7Hz CH Si) 1.0-2.1 (lOH, m, cyclohexyl CH 1 2.28 (lH, br.d, J = la Hz. cyclohexyl 
CH! 2.82'(1H 'br.g 0;) 3.56 (2H, dd, J = 9 5 7.5 6,: OCH ), 4.60 (lH, br.d, J = 9 Hz, 
CH-i)H), 5.60 i2H, s: NCH'O), 6.52 (lH, s, H3,,'7:17 (IH, dt, 3 = 7.5, 1.25 Hz, H5,. 7.27 
(l-H, ddd, J = 7.5, 5.4, 1.25 H z, 
J = 7.5 Hz, H4,; m/z $59 (M ,, 

H6),+7.46 (IH, br.$, J = 7.5 Hz, H8, an$ 7.62 (IH, br.d, 
341 (M -H O), 276 04 -cyclohexyl,, 242 (M -C H Si), 224 (M+-H O-C 

H OSi) and 73 VS ). (Found: C 69.76; H, 9.47; N, 4.63% C H NO Si ?e&res C, 70.15;2 
6,'3.25;'N, 3.91%) Found Mt 359.2232, C21H33N02Si requires M+ 35a!2jd1.2 

I-(P-Tri~thylsilyletho~thyl-2-(I'-hydroxy prop-2'-enyl) indole (16).- Compound (16, 
(63%) was obtained as a clear oil after column chrpmatography: v,,, (film, 3422, 2951, 2894, 
1637. 1457, 1309, 1249, 1072. 859, 835 and 737 cm ; H n.m.r. 6 ?$50 MHz, 0.0 (9H. s, SiMe3,. 
0.92 (ZH, m, CH Si), 3.40 (lH, d, J = 4.5 Hz, OH,, 3.54 (2H, t, J = 6.8 HZ, OCH 1. 5.38 (,H, 
dt, J = IO, l.52Hz, anti H3'), 5.46-5.60 (3H, m, NCHO, CH-OH and s n-H3',, 5.672(lH, d, J 
= IO Hz, NCHO), 6.27-IlH, ddd, J = 16, 10, 4.5 Hz, H2',,-6.52 (1 , s, H3,, 7.14 OH, m, H6,, + 
7.25 (1H. ddd, J = 7.9, 5.6, 1.1 rz, H5,, 7,43 (lH, br.d+ J = 7.5 Hz, Hi,, and 7.60 (IH. 
br.d, J = 7.5 Hf, H4,; m/z 303 (M ,, 286 (M -OH,, 230 (M -TMS,, 
(indole nucleus 1. (FouEfi C. 67.20; H, 8.54; N, 4.70%. 

186 (M -CfiHJ30Si,, and 130 

8.30; N, 4.62%). 
C,7H25N02Si requi e C, 67.28; H, 

&net-al &thd for the %rotection of 2-Substituted SEWprotected Pyrroles and Indoles.- 
The substrate (I.12 x IO mol, was dissolved in THF (1 ml, at 0°C and anhydrous tetra-n- 
butylaazsonium fluoride (0.5 ml-of a 2.2N solution in THF) was added dropwise. The reacfion 
was monitored bv tic until completion, then poured into a water (10 ml, ether (20 ml, mixture. 
The aqueous layer was re-extracted with ether (2 x 20 ml, and the ether extracts combined, 
washed with brine (20 ml). dried, concentrated to give a pale solid which was purified by 
column chromatography. 

2-o-HydroxyPthylbenzoyl pyrrole (17,.- Compound (17) (56%) was obtained as a pale pink 
soTid after column chromatography:_q,.pt, 120°C; v (CHCl ) 3446, 2995, 1606, 1399, 1333, 
1112, 1084, 1040, 1013, and 898 cm ; H n.m.r. Ear250 MHS, 4.17 (1H. t, J = 7.5 HZ, OH,, 
4.58 (2H, d. J = 7.5 Hz, Ph-CH2,, 6.33 (IH. m, H5,. 6.77 (IH, m, H4,. 7.21 (,H. m. H3,. 7.36- 
7.55 (3H. m, aromatic H3' H4', H5')* 7.76 (lH, br.d, J = 7 Hz, aropatic H6',, and 10.16 
(IH, br.s, NH); m/z 201 (f?), 183 (M -H O,, 135 (C H 0 ,, and 94 (M -C7H70,. (Found: C. 
H, 8.54; N, 4.70X.- C17H25N02Si require 8 C 67 2aa8H6 8 30. N 4 62%) 

67.20; 
, . , , . , , . . 

P-Camthoxypyrrole (18).- Compound (18) (51%) was obtained as a white solid after column 
chromatography: m.pt. 69°C; v (CHCl ,,,3457, 3311, 
1165, 1131. 1110, 1078, 1033.ma#d 985 2m ; 

2991, 1684, 1443, 1406. 1322, 1188, 
H n.m.r. 6 (90 MHz, 3.9 (3H, s CO CH 1, 

6.25 (lH,+m, H5). 7.0 (2H, q, H3 and H4, and 9.0-9.6 (lH,+ br.s, NH); m/z 125 (~t),2943(Mt-OMe,. 
and 66 (M -C02Me,. Found M 125.0471, C6H7N02 requires M 125.0476. -- 
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P-(o-Hydm~thyl)benroyl indole (19).- 
aftzr column chromatography: v 

Compound (19) (78%) was obtained as_? whltRens;l;d 
(CHCl 1 3450, 2995, 1617, 1568, and 1518 cm ; 

6 (90 MHz) 3.80 ,lH, br.m., -O!!T: 4 65 t2H, b$.d, J = 5Hz, -CH -0). 7.0-7.9 (9H, m, aromat;cs), 
agd 9.40 (IH, br.s, NH); m/z 251 (q*), 233 (M -H20), 144 (CgH6ih0), and 134 (C8H602). Found 
M 251.0946, C16H13N02 rzqijires M 251.0946. 

We acknowledge support for this work from the SERC and Pfizer Central Research, Sandwich, 
Kent, and for a CASE award (to HMO) and Or. 8. Banks (Pfizer) for useful discussion. 
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