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Abstract - Lfthiatkn of tricarbonylq6~1-tri-lsoplppyteiljllind and 

&l -trCisopropylsllyC3-methoxymethylindoJeNrkarbonykhromlum(O) followed by 
an ekctrophllk quench produced a series of 4-1lubstltuted indole complexes. For 
the 4-acyl, -ally1 and -alkenyl analog&% trarismetallatbn of the llthio- specks to 
the corresponding cupro- complexes and reactkn wfth the appmpMe halides (in 
the alkenyf case with palladium catalysfs) gave in total, a wide range of 4- 
sl&Mubnk. The complexes were @complexed and desflylated to produce the 4- 
sub&R&d indoks in moderate to good overall yfeld. 

The 4-substituted indole nudeus is widespread in nature and is found in hater et/a the ergot alkaloidsf , the 

tremorgenic mycotoxins* and the indolactamMeocidin group of compoundsa, all of which show pronounced 

pharmacological effects and a number of whkh. such as ergotamine, (1). are dinkally useful’. 

PhCK H 0 

Although methods for the introduction of substltuents into the l-, 2- and 3 - positlons are well 

establlshed5, direct functknalkatkn of the carbocyclk ring, and In partkular the i’ - posltkn, has proved more 

dlffkufl and with few exception@, low yields and complex mixtures are tlm observed outcome. The most 

efficient approaches have been those incorporating syMeses from non-lndolk starting mat&Us, a number 

ofwhkhhavebesnrecennyrev&wed.’ 

The aatkdbA bf-arertes axnplexed wnhtrlcerbonylchrwnlum(O),.~ the s addlty of the 

rlng prom b reil documentede and reoentty we report& tftat the Ifthlatkn of &N-protected 

Mole)(O) complexes co&I be HfecM mgksM&Myatthec)-posltbn.Theuseofa 

bulky N-subMuent (t-butyldlmethylsilyI or trl-kopropylsilyl) afforded lateral protection of the 2- and 7- 

poslkns with the Ktd-isopropylsilyl derlvatlves being the more effec&e. We now demon&rate the generality 
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of the method for the synthesii of a range of 4-subsMuted irtdolee. 

N-Silylation of Mole (2) and 3-methoxymethylindole (3) (1 equivalent n-butyl lithlum/chlorotrl- 

isopropylsilane) gave the protected species (4) and (5) in quantltatlve and 96% yield respecbvety. Direct 

complexation’O of the N-protected indoles (4) and (5) with hexacarbonylchromium gave the complexes (6) 

and (7) In 87% and 72% yield mspe&&y (Scheme 1). 

Ragents: I. IlBuucdFl3;l.cf(co)*f.&iabpTHF(to:l). 

The complexes were lithiated with 2 equivalents of n-butyi Ilthium - TMEDA at -76°C fo 3 h (Scheme 2). 

The ttthkted species could be quenched with a seti of electrophitee in good to moderate yields (Table 1). 

C-4 functbnaltsatbn was estabtlshed from a nuclear Overheuser effect (n.0.e) dtfterence spectrum of the 

decomplexed 4-trlmethylsilylated prod& (10, R - SiMe3). Irradiation of the protons of the trtmethylsilyl group 

at s 0.46 resutted In the enhancement of the 3-H and 5H signals at 6 6.75 and 6 7.26 - 7.3 respectively. 

lrradiatbn of the trMopropylsiiyl protons produced an enhancement of the 2-H and 7-H signals at 6 7.26 - 7.3 

and 6 7.64 respectlveiy. These observations were consistent onty with a 1,4- dImed Mole dertvattve. 

8 

Small. amount8 of the 5 and 6-substituted spa&e were obwrved in the llthlaUon of the comptex (6), but 

the extra chelation amtrol conferred by the methoxymethyt group In (7) allowed spedflc formation of the 4- 

sub6WWd products (11). Products derived from CP and C-7 lithiatbn were not &served tn either case. 
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somewhat limitedr2. Thle is due to their tow nudeophlliclty relative to their basldty, a property presumably 

exacerbated by the electron withdrawing nature of the tiarbonytchromium group*. Hence proton quenching 

was a competfng reaction. Transmetatlation of the Cllthlo species (8, R - Lit to the analogous, low basl@ty, 

highly reactive copper complexes13 (8, R - CuSM%) (CuBr.SMe2, 1 equivalent, -23OC) overcame this 

problem. The 1 : 1 stoichebmetry of indole : copper proved to be the most effective reagent. In this way the 4- 

SubstiMed indoles derived from the mactbn of the copper complex (8,‘R = CuSMe2) with acetyl chloride and 

E-methyNbromo-2-butenoate were achieved In moderate yield. The reaction wlth prenyl bromide also 

resulted In an improved ylekl(51%) of the 4-s- indole (8, R - CH8CH=CUe8). 

Table 2: 4-SubsUtuted Indole Synthesis from 4-C~indole Complex (8, R - CuSMe2). 

Electrophlle Product (8, R -) (%) Amne (10, R -) (%) 

ClCoMe CoMe (45) - 

BrCH2CH-CMe2 CH8CH-CMe2 (51) CH8CH-CM+ (95)* 

BrCH8CH=CHCC@e CH#l-CHCG#e (58) CH8CH=CHCO#e (58) 

BrCH-CH2 Cl-hCH2 (43)b - 

BrC=CHCGCH2CMe2CH2 C-CHCOCH2CMe2CH2 (34)b - 

BrCH-CHCOfle CH-CHCO&le (4l)u CH-CHCG#s (97) 

*Ree&Nl eequenCe:~-~xstlon,overellyi9IdQiwfl. 

bPeQ&mcamr@o(5md%)u@d 

The range of compatible ebctmphiles was further extended to include vinyl halides through the use of 

palladlum catalysisf4. Addttiin of the halide [vinyl bromide, frans-2-methoxycarbonylethenyl or l-bromo-5,5- 

dlmethylcyclohexene-3-one, (13)] and tetrakis(trlphenylphosphine) palladium(O) (4 - 5 mol %) to the copper - 

indole species (8, R = CuSMe2) gave the 4-substituted indoles in moderate yiekfs (Tabie 2). 

Thls combination of chromium Induced directed lithiation/electrophilic quench, directed 

lithiation&ansmetallatb~electrophilic quench or directed ltthiatbrVtransmetallatforVpalladium catalysed cross 

coupling gives access to a wide range of 4- substttuted indoies not readily accessible by conventional direct 

methods. 
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EKPERYENTAL 

Melting points were detenined on a Kofler hot stage apparatus and are uncorrected. Infrared spectra 

were recorded on a Perkin-Elmer 298 grating spectrometer or a Perkln-Elmer model 1710 FT spectrometer 

and mass spectra on a VG 7070 spectrometer. 1 H-nmr were recorded at 90 MHz (Perkin-Elmer R32 

spe&omebr) or at 250 MHz (Bruker WH-25OFT spectrometer) wfth t- lane as an Internal standard. 

Petrol refers to the fraction b.p. 40-80°C unless othemtse stated. THF was dried by dtstillatbn from sodium - 

potassium - benzcphenone ketyl; di-n-butyl ether was dlstllled from sodium. Reacttons involving chromium 

trbrbonyl complexes or alkyl llthlums were performed under an atmosphere of dry oxygen-free nitrogen. 

Organic solvents were routinely dried over anhydrous magneslum sulphate. Column chromatography was 

performed uslng Rose Chemkals slllca gel H. Thin layer chromatography and pmparatfve t.1.c. were carrfed 
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out using p&&s precoated with silica gel 60 F851, layer thickness 02mm. Tetrakis(trtpheny@hosphine) 

palladium(O) was prepared aocording to tha method of Coulson t@~ in 94% yieid, m.p. 11311S°C (dsc.) (iit.‘Ob 

116”). Cuprous bromide dimethylsutphiie compiex was prepared by ths method of Ketier ef d5 in 87% 

yiekl, m.p. 123-129°C (dec.) (iit.15 124129°C). E-Methyl 4-bromo-2-butermate was prepared by the method 

of Gedye ef al’ * in 77% yteid, b.p. 80-84W7mm Hg (iit.16 56-57W6.5 mmHg). 1-Bromo-5,5- 

dimethykydohexen-3 was prepared by the method of Gruber ef a1”, b.p. 61 - 64W1.8 mmHg (lit.” 53 

55Wl mmHg). E-Methyl-3-bromo-2-propenoate was prepared by the method of H~ty’~. b.p. 586O”Clll 

mmHg (itt.18 60X/l 1 mmHg). 

f-Tri-isopropy/si/y/indo/e (4). n-Butyl lithium (30 mmol) was added to a solution of indole (2.930, 25 

mmol) in THF (70 ml) at -20°C. After 1 h. a solution of chlwotri-isopmpytaiiane (5.78g,30 mmol) in THF (20 ml) 

was added and the reactton stirred at -20°C for a further hour before allowing to warm to room temperature. 

The solution was concentmted to ca. 30 ml and was washed with water (2 x 50 ml). The aqueous layers were 

extracted with ether (2 x 25 ml) and the combined organic phases dried and cm. The product was 

purified by flash chromatography (petrol) to give the fffk# compound(4) (6.65 g, 100%) as a coburtess oil. 

Further purification by distiitation (b.p. 14OWO.2 mmHg), or preparative UC, gave anaiytically pure material. 

(Found: C, 74.36; H, 10.05; N, 5.15. CtrH27NSi requires C, 74.66: H, 9.95; N, 5.1%); v_ (CHCi$ 2940, 

2840, 1520, 1450, 1270, 1140, 1015, 885, 740, 690 and 660 cm -1: 6,(90 MHz, CDCis) 1.1 (18H, d, JBHz, 

Si(CHMe&), 1.4-2.0 (3H, m, Si(WMe2)s}, 7.55 (lH, d, J3Hz, 3-H) and 6.9-7.7 (5H, m, 2-, 4- and 7-H); 

m/r 273 (MC), 230 (lOO%), 202,188,174 and 160. 

3-Mefboxymethyl-I-tri-isopropylsilylindole (5). 3Methoxymethyiindoiets (3.50 g, 22 mmoi) was 

dissolved in THF (250 ml), n-butyl lithium (22.4 mmol) was added at -78°C and ths reaction stirred for 1 h. 

Chiorotri-isopropylsiiane (4.8 ml, 27 mmol) was added and ths reaction stirred for a further hour at -78°C. 

Aqueous ammonium chloride (15% w/v, 100 ml) was added and the aqueous phase extracted with ether (2 x 

200 ml). The combined organic extracts were dried, concentrated and purified by flash chromatography 

(petrot) to give the in&& (5) as a coburtess oil (6.80 g, 98%); vmax. (film) 2948, 2868, 1611, 1078, 1016, 

996, 923, 684, 775, 741. 691, 665 and 648 cm-t; 6, (90 MHz, CDCis) 1.0-1.3 {18H, m, Si(CHAfe&), 1.6 {3H, 

Sept., J7.5 Hz, Si(CWe2)s), 3.35 (3H, s, OMe), 4.12 (2H, s, CH20Me), 7.0-7.2 (3H, m, ArH) and 7.35 

(2H, m, ArH); m/z317 (MC). (Found: 317.2164. CtsHstNOSi requires 317.2175). 

Genera/ procedure for the preparation of the indole complexes. - The indole (1.1 equiv.) and 

hexacarbonyichromium (1 .O equiv.) in a deoxygenated mixture of di-n-butyi ether (80 ml) and THF (5 ml) was 

heated under reflux in a Strohmeier apparatus 2o for 15 h. After cooling, the resuttant orange solution was 

fittered through Celite with THF and concentrated under reduced pressure. Flash chromatography (petrol - 

ether; 80 : 20) and recrystailisatton (petrol - dichioromethane) gave the indoie complexes. So prepared were:- 

Tficarbony/(q8- l-tri-isopropy/si/y/indole)chromium(0) (6) - as yellow needles (87%), m.p.l37-139‘C 

(dec.).(Found: C, 58.85; H, 6.69; N, 3.43. C2cH&rNQSi requires C, 58.65; H, 6.65; N, 3.4%); v-. (CHCis) 

2950,2870,1955, 1860,1430,1270,1140,1105,880 and 630 cm-t; 6,(250 MHz, CDCi3) 1.2 {18H, d, J7.5 

Hz, Si(CHMe2)s), 1.7 (3H, m, Si(WMez)s}, 5.15 (lH, 1, J6 Hz, 6-H), 5.3 (lH, 1, J6 Hz, 5-H), 6.25 (2H, d, 

J 6 Hz, 4- and 7-H) 6.45 (lH, d, J 4 Hz, 3-H) and 7.3 (lH, d, J4 Hz, 2-H); m/z 409 (W), 325, 273 and 

230 (100%). 

~6-(3-Methoxymethy/-l-tri-isopropylsilylindo/e)tricarbony/chrom/um(O) (7) - as yellow needles (720/o), 

m.p.140-142X (dec.). (Found: C, 58.20; H, 6.94; N; 3.12. C~HstCrNO&i requires C, 58.26; H, 6.89; N, 

3.09%); vmsx. (CHCls) 2950,2870,1950, 1860, 1430,1270,1140,1105 and 1075 cm-t; & (90 MHz, CDCl3) 

1.2 {l8H, d, J7 Hz, Si(CHAf&}, 1.7 (3H, m, Si(CIiMe2)3}, 3.35 (3H, s, OMe), 4.5 (2H, br s, CHzOMe), 

5.05 (IH, 1, J6 Hz, 6-H), 5.3 (lH, dt, J6, 1 Hz, 5-H), 6.15 (lH, d, J6 Hz, 4-H); 6.25 (lH, dd, J6, 1 Hz, 7- 

h) and 7.1 (lH, s, 2-H); m/z453 (hf+). 

General Procedure for the Preparetbn of 4- Substituted /n&/e Complexes. - n-Butyl lithium (2mmol) 

was added to a soiutkn of trtcarbonyCl-(trl-isopropyisitylindoie)chromium(O) (1 mmol) in THF (50 ml) and 

TMEDA (1 ml) at -78“C. After 3 hours a soiutbn of dry, purified eiectrophite (1.1 mmoi) in THF (10 ml) was 

added and allowed to react at -78°C (15 - 30 min) before being warmed to rcom temperature. Aqueous 

ammonium chbrkfe (15% w/v, 10 ml) was added and the organic layer was washed wlth water (3 x 25 ml). 

The XjueoUs layers were extracted with ether (2 x 25 ml) and the organic phases combined, dried, 
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concentrated and purified to give the 4- sub&t&d Mole complexes (8). So prepamd (Table 1) were:- 

&4-Ethoxywbonyk 1 -trCisopropvsi/e~t~ca~~y/chromjumf~~ (8, R I COsEt). Electrophile: 
ethyl chloroformate; product purified by flash chromat~raphy (petrol - ~~hio~metha~; 8 : 2) and 

recrystaUisatiin (petrol - THF - ether) to gtve orange - red crystals (60%). m.p. 134-l 36°C. (Found: C, 57.41; H, 

6.49; N. 2.89. C23HstCrNO&t requires C, 57.36: H. 6.49; N, 2.91%); vmax. (CHC13) 2950, 2870, 1960, 1880, 

1705, 1280, 1150, 1090 and 1010 ~1; 6, (90 MHz, CDCI,) 1.0 - 2.0 {2lH, m. Si(C!fA+f&j, 1.5 (3&t, t, J 7 

Hz, CC&H,CH,), 4.4 (2H, q, J7 Hz, C02CH2CH3), 5.05 (lH, t, J6 Hz, 6-H), 5.95 (lH, d, J6 Hz, 5/f), 

6.4 (1H. d, J6 Hz, 7-H). 7.0 (lH, d, J3 Hz, 3-H) and 7.35 (lH, d, J3 Hz, 2-H); m/z 481 (k4+)I 397 

(loo%), 345,326 and 302. 

7rk&onyk@ - I-tfi-isopropy/si/yl-4-trimethy/sify/~~do/e~chromium(O) (8, R I SiMea). Electrophile: 

~i~t~rne~y~ila~; product purifted by ffash ch~rn~~hy (petrol - ~~hlo~meth~e; 9 : 1 to 7 : 3) and 

recrystaUisatbn (petrol - ether) to give orange crystals (56%), m.p. 145X (dec.). (Found: C, 57.63; H, 7.36; N, 

2.92. C~H35CrtJO3Si2 requires C, 57.34; H, 7.32; N, 2.91%); vmsx. ( CHCi3) 2950, 2870, 1960, 1866, 1370, 

1135, 840 and 625 cm-l; 6, (90 MHz, CDC13) 0.45 (QH, 8, SiMe$, 1.0 - 2.0 {21H, m. Si(Cff~)s~, 4.8 - 5.3 

(2H, m, 5-N and 6-H), 6.4 (2H, m, 3-H and 7-H) and 7.35 (lH, d, J4 Hz, 2-H); m/z 481 (A#+). 425, 397, 

345 (lCKt%), 302 and 238. 

Re-(4-Meftzoxycartwny/- 1-tri-i~~y/silyli~te~~ica~~ylchrom~um~~) (8, R I CO&&). Electrophile: 

methyl chbroformate; product purified by flash chromatography (petrol - dtbromethane; 86 : 15 to 70 : 30) 

and recrystaIlkatton (petrol - ether) to give red crystals (5Q%), m.p. 100 - lOl*C. (Found: C, 66.74; H, 6.33; N, 

2.96. C88H29CrNO5Si requires C, 56.61; H, 6.25; N, 3.00%); vmax. ( CHC13) 2940, 2870, 1960, 1880, 1710, 

1420, 1285. 1190. 1150, 1095 and 1015 cm-t; &., (90 MHz, CDCl3) 1.0 - 2.0 (21H, m, Si(CHkfe9)s). 4.0 (3H, 

s, C02Me), 5.1 (lH, t, J6 Hz, &H), 6.0 (lH, d, J6 Hz, 5-H), 6.5 (lH, d, J6 Hz, 7-H/, 7.1 (lH, d, J3 Hz, 

3-H) and 7.45 (lH, d, J3 Hz, 2-H); m/z467 (MC), 411,363 (lBO%), 331 and 288. 

~~-[4-(3-Methytb~-2-enyl}- ~-trj-isopropytsilylindo~e~ric~~~ylchromium~~~ (8, R I CH2CH=CMes). 
Electrophite: 3-methylbut-2-enyl bromtde; product purified by flash chromatography (petrol - dichbromethane; 

95 : 5 to 80 : 20) and recrystsllisation (petrol - ether) to give orange crystals (36%). m.p. 112-l 13.5OC. (Found: 

C, 63.19; H, 7.44; N, 2.94. C&H&rNO$i requires C, 62.87; H, 7.39; N, 2.93%); v,,_(CHCI3) 2930,2 880. 

1945, 1860, 1445, 1420, 1270, 1145, 1105 and 1010 cm-t; 6H (90 MHz, CDCl3) 1.0 - 2.0 {21H. m, 

SI(CHMe2)3}, 1.6 (6H, s, CHBCH-CA&s), 3.6 (2H, br d, J8 Hz, CH2CH=CMe2), 4.9 - 5.4 (3H, m, 5-H, 6 

H and CH#+=CMe2), 6.l(lH, d. J 6 Hz, 7-t+), 6.45(1 H, d, J 4 Hz, 3-H) and 7.25 (lH, d, J 4 Hz, 2-H); 

m/z477 (W), 461,393 and 341 (looO/o). 

q6-(#-todo- r-tri-isopropy~sido~e~tricarbonylchromium~~~ (8, R I I). Electrophile: iodine; product 

purified by flash ch~mat~r~hy (petrol - ether; 9 : 1) and recrystatlisation (petrot) to give orange crystals 

(76%), m.p. 84 - 87°C. (Found: C, 44.90; H, 4.87; N, 2.59. C20H9sCrINOsSi requires C, 44.87; H, 4.89; N, 

2.62%); vrrray. (CHCls) 1960 and 1885 cm-t; 6, (250 MHz, CDC13) 1.13 {9H. d, J 7.5 Hz. SI(CHMe8)3}, 1.21 

(QH, d, J 7.5 Hz, Si(CHMe2)d, 1.65 (3H, Sept., J 7.5 Hz, SI(Cf#Me2)3}, 5.16 (lH, t, J 6.5 Hz, 6-H), 5.47 

(lH, d, J6.5 Hz, 5-H), 6.12 (lH, dd, J6.5, 3.2 Hz, 7-H), 6.48 (lH, d, J3.4 Hz, 3-H) and 7.31 (lH, d, J 

3.4Hz, 2-H); m/z 536 f&f+), 479,451 (1 OO%), 408,399 and 356. 

7ricarbonyl h6 - l-tri-isopropy/si/y/~-trimethylstannyli (8, R I SnMes). Etectrophite: 

chlorotrtmethylstannane; product purified by flash chromatography (petrol - ether; 95 : 5) and recrystatltsation 

(petrol - chloroform) to give yellow - orange crystals (SQ%), m.p. l33-135C. (Found: C. 48.13; H, 6.16; N, 

2.68. C~H@NOsSlSn requires C, 48.27; H, 6.16; N, 2.45%); v ma,r_ (Nujol) 2937, 2861, 1936, 1864, 1832, 

1465, 1378 and 1163 cm-t; 6, (250 MHz, CDCls) 0.51 (QH, 8. SnMe& 1.1 - 1.26 {18H, m, Si(CHA&)s}, 

1.68 {3H, Sept., J7 Hz, SI(CHMe&}, 5.10 (lH, t, J6 Hz, 6-H), 5.17 (lH, d, J6 Hz, 5H), 6.31 (lH, d, J3 

Hz, 3-H), 6.36 (lH, d, J6 Hz, 7-H) and 7.35 (lH, d, J3Hz, 2-H); m/z573 (A@), 517, 489 (iOO%), 437, 422 

and 273. 

~6-(4-h4ethoxycarbonyl-3-metboxymethyl- l-tri-isopropyisilylindole)tricarbonylchrom~um(O) (9, R - 

C02+4e). Electrophile: methyl chloroformate; product purified by flash chromatography (petrol - 

dlchlo~~~a~; 8 : 2 to 1 : 1) and r~~st~lisat~n (petrol - d~h~~~a~) to.gNe orange - red crystals 

(61%), m.p. 147-14Q°C (dec.). (Found: C, 56.21; H, 6.20; N, 2.73. Cz4H&#CsSi requires C, 56.32; H, 6.43; 

N, 2.74%); v-. (CHC13) 295#,2870.1960,1880,1705,1280,1150,1090,1065 and 1010 cm-l; 8, (QO MHZ, 
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CDCIB) 1.0 - 2.0 {21H, m, Sl(CHMe&}. 3.45 (3H, s, CH20Me), 4.0 (3H, 8, CO+), 4.7 (lH, d, J 16 Hz, 

CH*H#Me), 4.9 (lH, d, J 16 Hz, CHAff&Me), 5.1 (lH, 1, J6 Hz, 6-H), 6.0 (lH, d, J6 Hz, 5-H), 6.5 (lH, 

d, J6 Hz, 7-H) and 7.2 (lH, 8,2-H); m/z511 (M)). 

+(3#efhoxymetiyl- i-tri-isopropYsilyl-4-frimethylsilylin~~)~r~~ny~romium(O) (9, R I !M&). 

Electrophile: ch IotWhnethytsilane; product purffied by flash chromatography (petrol - ether; 9 : 1) and 

recrystallisatbn to give orange crystals (61%), m.p. 132 - 134,X. (Found: C, 56.91; H, 7.55; N, 2.59. 

CzsH&tio4Si2 requires C, 57.11; H, 7.48; N, 2.66%); v -. (Nujol) 2Q63,2672, 1941, 1864, 1837, 1408 

and 1366 cm-l; 6, (250 MHz, CDC13) 1.55 (QH, 8, aMe& 1.1 - 1.3 {16H, m, Si(CHe)& 1.7 {3H, Sept., J 

7 Hz, SI(CHMe2)3}, 3.40 (3H, S, OMe), 4.5 (lH, dd, J 12, 1 Hz, C!f~H60Me), 4.65 (lH, dd, J 12, 1 Hz, 

CHAHBOM~), 4.95 (1H. dd, J7, 6 Hz, 6-H), 5.37 (lH, dd, J6, 1 Hz, 5-H), 6.45 (lH, dd, J7, 1 Hz, 7-H) 

and 7.45 (lH, s, 2-H); m/z525 (A@), 389,317. 

q6-(3-Merhoxymethyl- l-tri-isopropylsilyl-4-trimethylstannylin~le)~rica~nylchromium(O) (9, R - 

Snhk3). Electrophile: chbrotrim&yistannane; product purified by flash chromatography (petrol - ether; Q : 1) 

and recrystafllsatbn (petrol) to give yellow crystals (7Q%), m.p. 142 - WPC. (Found: C, 48.62; H, 6.35; N, 

2.30. C2sH&N04SISn requires C, 48.72; H, 6.38; N, 2.27%); vnuu. (Nujoi) 2950, 2871, 1941, 1851, 1482, 

1399, 1372, 1152, 1090 and 1075 cm-l; 6, (250 MHz, CD@,) 0.40 (QH, 8, SnMes), 1.1 - 1.25 {18H, m, 

Sl(CHMe2)S}. 1.88 {3H, sept., J6.25 Hz, Si(CHMe2)s), 3.35 (3H, 8, OMe), 4.31 (lH, d, J 13 Hz, 

CHAHBOMe), 4.70 (lH, d, J13 Hz, CHAIf&Me), 5.13 (lH, 1, J6 Hz, 6-H), 5.18 (lH, dd, J6, 1 Hz, 5-H), 

6.37 (lH, dd, J6, 1 Hz, 7-H) and 7.25(1H, s, 2-H); m/z617 (A#+), 533,518,503,487,436. 

,16-(4-lodo-3-methoxymethyl-f -W-isopropyisi/y/in&k$ricarlwny/chromium(O) (9, R I I). Ekctrophile: 

iodine; product purifii by flash chromatography (petrol - ether; Q : 1) and recrystallisatbn (petrol) to give 

orange crystals (66%), m.p. 57 -60°C. (Found: C, 45.80; H, 5.47; N, 2.18. C&lscCrtN04SI requires C. 45.60; 

H, 5.22; N, 2.42%); vmax. (neat) 2951, 2871, 1950, 1860, 1585, 1465, 1435, 1305, 1202, 1143, 1114, 1089, 

1074, 968, 953, 883, 675 and 633 cm-l; 6, (250 MHz, CDCls) 1 .O - 1.3 (18H. m, Si(CHMe&}; 1.62 (3H, 

sept.,J7.5 Hz, Si(Cme&}, 3.45 (3H, 8, OMe), 4.58 (lH, d, J12.5 Hz, CHAHBOM~), 4.74 (lH, d, J 12.5 

Hz. CHAHBW~), 5.15 (lH, 1, J6.5 HZ, 6-H). 5.5 (lH, d, J6.5 HZ, 5-H), 6.1 (lH, d, J6.5 Hz, 7-H) and 

7.25 (1 H, s, 2-H); /n/z 579 (W), 495,465 and 443. 

General procedure for the preparation and use of ihe complexed inable copper reagents. - A solution of 

lithiated indole complex (1 mmol) was added to a suspension of copper(l) bromide-dimethyl sulphide complex 

(2 mmol) in THF (10 ml) at -23OC. After 30 min. a sotutbn of the electrophik (1.1 mmol) in THF (10 ml) was 

added and allowed to react for 3 h. at room temperature. Aqueous ammonium chbride (15% w/v, 25 ml) and 

methanol (25 ml) were added and the resulting gelatinous suspension filtered through Celite, elutlng with 

THF. The organic layer was washed wfth water (2 x 25 ml) and ttre aqueous layers extracted with ether (2 x 25 

ml). The combined organk extracts were dried and concentrated and purified to give the 4- substituted indole 

complexes (8). Sc prepared (Table 2) were:- 

@+-A~efyi- l-Wi-isopropylsify/indo/e)trica~ny/chromium(O) (8, R I COMe). Electrophile: acetyl 

chloride; prodUCt pUrlfled by flash chromatography (petrol - dichbromethane, 8 : 2 to 0 : 10) and 

recrystallisatiin (petrol - dichbromethane) to give red needles (45%), m.p. 142-145X (dec.). (Found: C 

58.71; H, 6.62; N, 3.25. C&H&rNO&i requires C, 58.46; H, 6.47; N, 3.1wO); vmax. (CHCld 2950, 2870, 

1960, 1880, 1670, 1515, 1410, 1360 and 1255 cm-l; 6, (90 MHz, CDCIs) 1.0-2.0 (2lH, m, Si(CIfW&), 2.4 

(3H, 8, COMe), 5.1 (if-f, 1, J6 Hz, 6-H), 6.0 (lH, d, J6 Hz, 54, 6.5 (lH, d, J6 HZ, 7-H), 7.1 (lH, brd, J 

3 Hz, 3-H) and 7.4 (lH, d, J3 Hz, 2-H); m/z452 (MC). 

r16-[4-(3-Me~y~ut-2_- l-tri-isopropylsilylindoie] Picarbonylchromium(0) (8, R I CH&HICMe2). 
Electmphib: 3-methylbut-2-enyl bromide; product purffbd by flash chromatography (petrol - dbhloromethane; 

95 : 5 to 80 : 20) and recrystailisation (petrol - ether) to give the tftb compound (51%) whbh was identical to 
that cbtalned directly from the 4- llthb species. 

r16-f4-(E-3-Methyoxycarbonylprop-2-enyl)- l-tri-isopropylsifyiindoleJtricarbonylchromium(O) (8, R - 
CH2CH-CHC&Me). EkWphiIe: methyl E-4-bmm&ut-2-enoate; product purified by flash chromatography 

(petrol - ether QQ : 1 to 1 : 1) and recrystaWatbn (petrol) to give yellow needles (58%), m.p. 124132”~. 

(bnd: C. 58.90; f-f, 6.58; N, 2.80. ~H&NO$I requires C, 59.15; H, 6.55; N, 2.76%); vmax. (CHCls) 3400, 

2980, 1960, 1880, 1730 and 1420 cm-l; h (250 MHz, CDCls) 1.0 - 1.4 {18H, m, Sf(CHMe&, 1.5 - 1.8 {3H, 
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mv si(cme2)$ 3.7 (3H, 8, Co+), 3.95 (PH, d, J 7 Hz, CH2CH&HC02Me), 4.95 (lH, d, J7 Hz, 5-H): 

5.34 (lH, t, J7 Hz, 6-H), 5.9 (lH, d, J14 Hz, CH=CHI=O2M@), 6.15 (lH, d, J7 Hz, 7-H), 6.4 - 8.5 (1H, m, 

3-H), 7.15 (lH, dt, J 14, 7 Hz, CH2C&CHCO#e) and 7.25 - 7.3 (lH, m, 2-H); m/z 371 (W, lOO%), 328 
and296. 

General procedure for bhe palladium cata&& cross coupling raactbn. TM complextad indole copper 

reagent was prepared as described above and reacted with a solution of the electrophiie (1 .lmmd) in THF 
(10ml) in the M Of tetrakWriphenylphosphine)palladium(0) (4moi%) for 3 h. The reactkn was worked 

up as described below to give the 4- slrbstituted IndoIe compiexes. So prepared were:- 

q6-(4-Efhenyl- f -trr-isopropylsi/y/~~o~)t~~~nyl chromtum(U) (6, R - CHICH2). Electrophile: vinyl 

bromide; Product purified by flash chromatography (petroi - dichioromethane, 90 : lo to 75 : 25) to give red 

needles (43%), m.p. 121-123“C. (Found: C, 60.66; H, 6.67; N, 3.24. C~H&rNO3Si require8 C, 60.67; H, 

6.71; N, 3.22%): vmx. (CHCIs) 2950, 1965, 1880, 1605, 1595, 1470, 1430 and 11.20 cm-l; 6, (90 MHz, 

CDCi3) 1.0 - 2.0 WH, m, Si(CHM~)3), 5.0 (lH, W, J6, 1 Hz, CHICHI&), 5.1 (lH, d, J6 HZ, 5-H), 5.3 

(1H, dd, J 16, 1 Hz, CH-CH&,), 5.4 (lH, 1, J6 Hz, 6-H), 6.3 (lH, d, J6 Hz, 7-H), 6.8 (lH, dd, J16, 6 

Hz, C&CH2), 7.0 (lH, d. J3 Hz, 3-H) and 7.3 (lH, d, J3 Hz, 2-H); n&436 (A#+). 

~6-[4-(5,5-Dimethyl-39x~~ohexen- l-yl)- 1-tri-isopropysi~~~ndole]tricerbonyl~~omi”m~O) (8, R ,I - 

C=CHCOCH$X4e2CH2). Electrophile: lthloro-5,5dimethyl-3oxocyciohexene; product purified by flash 

chromatography (petrol - dkhkmrnethane 8 : 2 to 4 : 6) and recrystailisatkn (petmi - dkhlommethane) to give 

deep red Cr’yStStS (34%), m.p. 192-194OC (dec.). (Found: C, 62.97; H, 6.85; N, 2.94. C28H+rNO&i requires 

C, 63.20; H, 7.01; N, 2.63%); vmax. (CHCld 2935,1960,1880,1635,1595,1440,1400 and 1125 cm-l; & (90 

MHz, CD&) 0.9 - 2.0 {27H, m, Si(CHMe2)3 and CMez}, 2.3 (2H, s, W&C&), 2.45 (2H, s, C&C&H-), 

5.1 (1H. t, J6 Hz, 6-H), 6.0 (lH, d, J6 Hz, 5-t+), 6.3 (lH, s, C-W-), 6.5 (lH, d, J6 Hz, 7-H), 7.1 (lH, d, J 

3 Hz. 3-H) and 7.4 (lH, d, J3 Hz, 2-H); m/z532 (A#+). 

~6-[4-(E-2-Melhoxycarbonylethenyl)-f-tri-isopropylsllyllndole]tricarbonyichromium(O) (8, R I 

CH-CHCO+e). Electrophile: methyl E-&bromopropenoate; product purified by flash chromatography 

(petrol - dichloromethane 9 : 1 to 4 : 6) and recrystallisatkn (petrol - dkhioromethane) to give red crystals 

(410/o), m.p. 162-164°C (dec.). (Found: C, 58.21; H, 6.47; N, 2.80. C24H31CrN@@! requires C, 58.40; H, 6.33; 

N, 2.84%); v,,,~. (CHCi3) 2940, 1960, 1895, 1710, 1605, 1460, 1430, 1195 and 1110 cm-l; 6, (90 MHz, 

CDCIs) 1.0 - 2.0 {2lH, m, Si(CHMe&), 3.8 (3H, 8, CQMe), 5.3 (lH, 1, J6 Hz, 6-H). 5.6 (lH, d, J6 Hz, 5 

H), 6.2 (lH, d, J15 Hz, CH-CIfC02Me), 6.4 (lH, d, J6 Hz, 7-H), 7.0 (lH, d, J3 Hz, 3-H), 7.1 (lH, d, J 

15 Hz, CfMMCO$4e) and 7.3 (lH, d, J3 Hz, 2-H); m/z493 (W). 

Genera/ procedure for the phofo/yfic dewmp/exaffon of the Mob complexes. - A dilute solution of the 

complex in acetonitrile (ca. 300 mg in 150 ml) was irradiated wtth a tungsten lamp in air for 2 - 24 hours until 

t.1.c. indicated that reaction had gone to completion. Filtration through Mite and removal of the aoivent gave 

the Moles which were further purified as described below. 

Ger~ra/ prvcedure for tie dewmp!exation of the ktdole complexes via the a&ion of reflwrlng pyridine. - 

A deoxygenated solution of the indoie complex in pyridine(ca .lOO mg in 1 ml) was heated under reflux, 

under a nttrogen atmosphere for 2 h. Removal of the excess pyridine under reduced pressure and flash 

chromatography gave the free indok and (pyridine)gCr(CO)3. 

So prepared by the method indicated were;- 

4-Ethoxycarbonyl- 1 -tri-isopropylsirvrindole (10, R I C&Et). Photolytk cleavage: product purlfied by 

preparative t.1.c. [eluant: petrol @.p. 3040°C) - ether 1 :l) to give a dear oil (84%). (Found: C, 69.47; H, 9.04; 

N, 4.24. C&,H3,&NSi requires C, 69.52; H, 9.04; N, 4.05%); v-. (CHCld 2940, 2870, 1690, 1440, 1280, 

1150, 1095 and 1015 cm-l; 6, (250 MHz, CDCl$ 1.15 (18H, d, J7Hz, Si(CHMe&, 1.47 (3H, 1. J7 Hz, 

C02CH2M8), 1.72 (3H, Sept., J7 Hz, Si(CfMe&, 4.46 (2H, q, J7 Hz, CO$X+e), 7.2 (lH, 1, J6 Hz, 

6-H), 7.33 (lH, dd, J3, 0.8 Hz, 3-H), 7.4 (lH, d. J3 Hz, 2-H), 7.71 (lH, dt, J7, 0.8 Hz, 7-H) and 7.93 (lH, 

dd, J7,0.8Hz,5-H);nJz345(M+),302(100%),274and256. 

1 -Tri-isop~pylsilyl-4-trimethylsilylindo (10, R = SIB&). Photolytk cleavage: product purified by 

preparative t.1.c. [ petrol (b.p. 30-4&C) - ether 95 : 51 to give a wburtess oil (93%). (Found: C, 69.21; H, 10.15; 

N, 3.89. C2r,H35NS12 requires C, 69.49; H, 10.21; N, 4.05%); v ,,,ax (CHCI$2920,2870, 1395, 1275, 1145, 

1020 and 830 cm-l; &., (250 Mz, CDCi3) 0.4 (9H, 6, SiMe& 1.15 (18H, d, J7 Hz, Si(CHMe!M 1.7 (3H, m, 
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Si(CCrmle2)3}, 6.75 (lH, dd, J3, 0.8 Hz, 3-H), 7.13 (lH, 1, J6 Hz, 6-H), 7.25 - 7.3 (2H, m, 2-H and 5-H) 

and 7.54 (lH, dt, J6,0.6 Hz, 7-H); m/.345 (A@, 100%) 330 and 302. 

7-7ri-~y@/y#-timeWfy/6fannyBrr&f/e (10, R - Sn&). Phoblytii deavage: crude pfoduct (which 

was unstable to coiumn chromatography) isolated as a cokurkss oil (90%); vrnax. (neat) 2946,2669,1606, 

1514,1450, 1403,1369, 1273,1142, 1074,1016, 997,979,664, 742,729,699,662,566,570 and 516 cm-f; 

6, (90 MHz, CDCl6) 0.3 (4H, 8, SnMe$ 0.4 (5H, 8, SW@), 1.15 {16H, d, J7.5 Hz, Si(CHMe&}, 1.6 (3H. 

sept., J7.5 Hz, Si(WMe&), 6.55665 (lH, m, 3-H), 7.0-7.3 @f-f, m, 5- and Wfj and 7.4-7.75 (2H, m, 2- 

and 7-H); m/z 437 (W), 422, 392, 273 and 230 (100%); (Found: W, 437.1565. C2oH35NSiSn requires 

437.1561). 

4-(E-2-Mefhoxycarbonylef~enyl)- l-ffi-isopfopylsi/y/indo/e (10, R I CHICHC02Me). Photolytic 

cleavage: product isolated as a yellow off (97%). vmax. (neat) 2980,1715,1610.1595,1460,1420,1205 and 

1110 cm-l; 6H (90 MHz, CDCl3) 1.0 - 2.0 {2lH, m, Si(CHMe&}, 3.75 (3H, 8, CO#e), 6.1 (lH, d, J15 Hz, 

CH-CHC02Me) and 7.1 - 7.6 (6H, m, 5 Art-/ and CH=CHC02Me); m/z 357 (M+); (Found: 357.2136. 

C2, H,, NO+i requires 357.2124). 

3_Mettroxym~y/-r-~-/~~s~~~~drne~~~~//n~~ (11, R I Sim). Photoiytk cieavage: product 

purified by flash chromatography (petrol) to give a cofourkss oil (92%); vmax. (neat) 2949,2669, 1566. 1551, 

1465, 1396, 1304, 1251, 1169, 1145, 1103, 1060, 1016, 663, 663 and 636 cm-f; 6, (250 MHz, CDCI,) 0.45 

(9H s, SiAfe$, 1.25 (16H. d, J 7.5 Hz, Si(CHMe&), 2.72 (3H, sept., J 7.5 Hz, Si(CWe2)3}, 3.45 (3H, s, 

OMe), 4.75 (2H s, Clt?IMe), 7.12 (lH,.t, J7.5 Hz, 6-H), 7.3-7.45 (2H, m, 2- and 5-H) and 7.55 (lH, dd, J 

7.5, 1 HZ, 7-W; m/z 369 (W, 100%) 374 and 356. (Found: M+, 369.2563; C22H39NOSi2 requires 
3692570). 

3-Methoxymethyl- 7 -fri-isopfopylsilyl-4-frimethylstannylin (11, R - SnMe3). Photoiytk cleavage; 

product (which was not stable to chromatography) isolated as a coburfess oil (90%); vmax. (neat) 2946,2669, 

1451, 1401, 1307, 1159, 1133, 1100, 1076, 1017,996,979,962,664,760, 742, 691, 666,646,579 and 519 

Cm-‘; 6, (90 MHz, CDCI3) 0.50 (9H, s, SnMe3); 1.2 (16H, d, J7 Hz, Si(CHMe)3}, 1.7 {3H, sept., J7 Hz, 

Si(CHMe&), 3.4 (3H, s, OMe), 4.75 (2H, 8, CH9OMe) and 7.1-7.7 (4H, m, AN+); m/z461 (W), 466, 436, 

317 (1009/o), 266 and 274. (Found: W, 461.1613. CzH3#JOSiSn requires 461.1623). 

4-lodo-3-methoxyme~~y/-hyl--tri-lsoprop)llsilylindole (11, R = I). Photoiytk cleavage: Product isolated as a 

coburfessoil(94%);v, (neat) 2946,2666, 1596. 1543, 1466, 1413, 1365, 1306, 1254, 1193, 1167, 1136, 

1103, 1063, 1017, 964 and 664 cm-‘; 6, (250 MHz, CDCi3) 1.15 {16H, d, J7.5 Hz, Si(CHMe;?)$, 1.67 (3H, 

Sept., J7.5 Hz, Si(Cme2)3}, 3.47 (3H, s, OMe), 4.76 (2H, s, CH20Me), 6.6 (lH, 1, J7.5 Hz, 5-H), 7.3 (lH, 

s, 2-H), 7.45 (lH, d, J7.5 Hz, 5-H) and 7.6 (lH, d, J7.5 Hz, 7-H); m/z443 (M+), 412 and 317 (100%). 

(Found: W, 443.1146; CfgH&lOSI requires 443.1141). 

General procedure for the fhofide induced desilylation of the N-protected 4-substhfed indoles. 

Tetrabutyiammonium fluoride (1.0 M soiutikn in THF, 0.6 - 1.0 mmol) was added to a solution of the 4- 

substttutedl-tri-isopropyisiiylindole either in complexed or uncompiexed form (0.3 - 0.5 mmoi) in THF (5 ml) 

at 0°C. When t.1.c. analysis indicated that reactkn was complete. dkhbrometftane (10 ml) was added and the 

reaction mixture washed with water (3 x 10 ml). The combined aqueous layers were back-extracted with 

dichloromethane (10 ml) and the combined organic layers dried and concentrated and purifii. Additiinaliy, 

products still compiexed were decompiexed as indicated to give the 4- substiied indofes. So prepared 

were:- 

4-EMoxycarbonylindole (12, R - CQEt). - From the uncomplexed arene (10, R = C02Et): purifii by 

flash chromatography (petrol - dichbrometharta 9 : 1 to 1 : 1) and recrystaliisation (ethanol - petrol) to give 

whii crystals (100%) m.p. 70-71X (lit2’ 70-71X). 

4-Tf~methy/si/y/hdore(12, R - SIMe3). - From the complex (6, R I SiMea) followed by thermal 

decomplexatbn with pyridine: purified by flash chromatography (petrol - ether 9 : 1 to 1 : 1) and 

recrystallkation (petrol) as white crystals (66%), m.p. 65 - 66°C (iit.22 63.5 - 64%). 

4-Methoxycabonyhdole (12, R I -Me). - From the complex (6, R I CO+e) with subsequent 

thermal decompkxatkn wfth pyridine: purified by flash chromatography (petrol - dkhbromethane 10 : 0 to 0 : 

10) and mcrystallkatfon (methanol - petrd), as white crystals (61%) m.p.66 -69°C (IR.21~ 64°C. 67-6S°C). 

4-Phenylthloindole (12, R - SPh). From the unstable complex (6, R - SPh) foliowed by photolytk 
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deccmpbation: purified by flash chromatography (petrol - ether 85 : 15 to 70 : 30) and preparattve t.1.c. [petri 

(b.p. 30-40°C) - ether; 1 : l] to ghre a yellow oil (26%). (Found: C, 74.52; H, 4.97; N, 6.16. C14HttNS requires 

C, 74.63; H, 4.92; N, 6.22%); vrnax. ( CHCl~3480,1580,1410,1330,1190,1135,1100,1070,1030,650and 

640 cm-l; 6, (250 MHz, CDCl6) 6.54 (lH, m, 3-H), 7.1 - 7.3 (6l-L m, 2-, 5, 6-H and Ph), 7.35 (1 H, dt, J 7, 

0.6 Hz, 7-N) and 8.1 - 8.3 (lH, br (o, NH); m/I225 (A.++, 100%). 

4-(3-Methylbut-2-enyI)indole (12, R I CH&H=CMe2). From the complex (8, R I CHZCH-CMe2) 

followed by phobQtic decompbxation: purltied by preparative t.1.c. (petroleum ether (bp 30-40°C) - ether 7 : 3) 

to give a clear oil (95%) spe&osq~ kally identical to previously reported materla124. 
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