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ABSTRACT: Two synthetic routes to 1,2-disubstituted carbatoles 
are described. The first involves condensation of 2-alkyl- 
substituted indoles with 2,3-unsaturated ketones in the presence 
of ad/C and molecular sieves, the second is based on the reaction 
of a 2-vinylic indole with the Vilsmeier reagent. The vinylic 
indoles were prepared by a Fischer indole synthesis, or via 
l-benrenesulphonyl-2-lithioindole. 

Carbazoles with carbon substituents in the l- and 2-positions constitute the 

framevork of the hyellazoles (l), isolated from the blue-green alga Hyella 

caespi toss,: and of the carbazoaycins (2), produced by the actinomycete Strepto- 

vertici~lfum ehfaence.' These structural features are also included in the 

pyrido[4,3-blcarbatole alkaloids ellipticine (3a), 9-methoxyellipticine (3b) and 

olivacine (0. The antibiotic activity of carbaromycin B (2b)r and the antitumoral 

action of (3)J*4, have made this class of compounds interesting synthetic targets for 

several research groups.s-16 We here present the full detaile17~I~ of our work in this 

area. 
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2,3-Unsaturated carbonyl compoundsl*-21,'0 are known to alkylate indoles in the 

3-position by an l,&addition process. The products formed have successfully been 

employed ax intermediates in the synthesis of carbasoles.2',2' Under suitable 

conditions (e.g. neat heating in the presence of hydroquinone's or reflux in acetic 

acid2'*") 2-methylindole (k) undergoes condensation with 2,3_unraturated ketones to 

produce carbasoles directly. Eowever, with the exception of 80116 2-hydroxymethylene- 

ketones (9 2-formylketones)2~,Jo the yields are low. 

Considerable improvements of the yields were obtained if the 2,3-unsaturated 

ketones and the 2-alkylsubstituted indoles vere refluxed in acetic acid for an 

extended time in the presence of Pd-C (Table 1). 1' In contrast vith the reported" 

failure of 2-ethylindole (5b) to give any crystalline products with 2-hydroxymethyl- 

eneketones, it vas found that (6b) was formed in the reaction of (Sb) and 2-ethyli- 

denecyclohexanoneJ1 (Entry 101 Table 1). In the reactions vith P-ethylidenecyclo- 

hexanone the yields were further improved upon by addition of 3A molecular sieves to 

the reaction mixture (Entries 9 and 10; Table 1). Substantial amounts of SH-bent[bl- 

carbaroles 78 and 7b, probably formed by Pd-C catalyzed dehydrogenation of the 
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tetrahydto compounds $i and 63, were alao formed in them two cases. fn the reaction 

with 5c (Entry 11~ Table 1) oaly the tetrahydro conpDund 611. was fonrsd, which however 

uaa readily d&yWoqenated uith Pd-C in refluxfng diglyme to yield the fully arcmtfc 

fl-methyi-ii-phsnyf-S&bun+ ~bfoarbatolc f3cf . !%?-Benz(b)carbareles are of interest as 

being dasara analogxms of allipticfne (3). 

In an attempt to syathasise I-methoxy substituted carbarolas using the ssma 

protocol, I-msthOXy-3-buten-2-OnO uas condensed vltb 2-alkylindolas fEntries 12 and 

13; Table 1) r Unfortunately, the methory group was lost during the reaction. This 

result is howlver not vary kprfsinq aa I-mathoxy-3-baten-2-ens .ia reported to give 

2-metbyl-3t2-axo-3~butan-4-oyT) indole on rtaction uith 2-mathylindole (k) .rl 

A different approach fn the synthesis of carbatokH **7*51-43 is the inter- or intra- 

molecular cycloaddition of a dienophita to a 2-viny~indole44. We havs however also 

found’? that the csrbaroles 68-a axe formed in tha reaction of an appropriate 2-vfny- 

lit indolo [tl) and an tlectrophilic C,-unit such as the Vflsmeitr reagent fSchtmc 1). 

98 R-H 94% 
b R-m?9M 
o R-Ph 98% 

k R-H 80% 
b R-?Ss lt 
.C R-Ph 3# 

Rtthouqh 8n-o gave good yialds of the corresponding 3-carboxaldahydss (01, only @a 

could be convertad to 8'carbazole @a> fn an acceptable yield, Iln axplanatfon of this 

result is suqgasted by inspection Of thd postulatsd intemdiates (Schema 18; stcric 
congestion s&king it mare difficult far 10 (R f fit to form or to attain the proper 

conformation required for ring closure. CTUnd 68 was alao formed, albeit in a much 
lover yield 1<20tt when RCKXtt~/TsOB’J ox RCtOEtfB/BF~*OEt~4c vete tmp~oyed as the 

C,-unit. 

The 2-vinylic fndolas ila and 8b wxa synthksitod by Fischer indolirrtiont7 uainq 

polyphosphoric acid (PPA) . I7 This is of fntuht as aavcsral unsuccessful attampts to 
synthesize 2-vinylindolss Via the Fischer fndole synthesis ham barn mportad.4@ we 

believe that the indoles ate foraed vi@ the pyrazolfnes es depicted ti Schema 2. The 
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reported4’ conversion of l,S-diphanyl-3-~tbylpyraroline to 2-styrylindole strengthens 

this hypothesis. In the syotheees of k end 6b it use however not neceaaery, nor of 
any advantage, to icrolate or purify the pyrarolines. Although the yfelde of 88 end 6b 

are nodest they are well cospenaatsd for by the expeditious synthetic procedure. 

a ““id”,+ 

L 

1 

z!!L a,_,A$A = Q,_;Jqx - -tt+ fiii R xii ft Q-J+ Y 
ti ft 

8e R-H 26% 
b R-Me 24% 

In this context the synthesis of 13 from 2-methyl-4-oxo-2-cyclohrene-1-carboxylete 

(11, Ragemum’s ester)50 is of interest (Scheme 311’. Com$ound 13 has previously been 

prepared5’ by a multistep sequence involving alkylation of ethyl acetoacetate with 

2-(2-tosyloxyethyl)indole 17. h few uneuccessful attempts were slso mde to reproduce 

this synthesis. In this connection a mu synthesis of 16, based on alkylation of 

1-benxanesulphonyl-2-lithiolndole vith ethylene oxide vas developed (Scheme 4). 

a,..., +,L!Y= (r,“b_co2B - +co2Et 
[ I 

A,: 
11 12 13 

The reqioselectivity observed in the synthesis of 13 Wz.bw 3) is a consequence of 

conjugation with the e?ter groups lo the crucial interaediate 11. In the indolization 

of the phenylhydrarone of 16, which gives 8 1: 1 mixture of 2,$-dicarbomethoxy-3,4- 

dibydrocarbatole and 3,4-dicsrboaethoxy-1,2-dihydrocsrbarole the lack of reqioxelec- 

tivitys’ is similarly explained by conjugation in the intermediates on both reaction 

pathways. 
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Ths vinylindole 00 uas obtained directly when. iaobutytophenone was all& to react 

with l-bensenesulphonyl-2-lithioindole. An explanation of this in situ deprotec- 

tionSa/dehydration is given in Schema 5. This behavior is in contrast to the analogous 

reaction of proplophenone with 1-benzanesulphonyl-2-lithioindole vhich required a 

separate deprotectionldehydrat ion stap7+8* 

&_ ,&_o-$q 
‘: 0, 

PhSOI Phb, 
- OSO,Ph 

- Ph H Ph 80 R+!e 
d R-H 

We vere intrigued by the possibility of obtaining Q-heterosubstituted carbarolea by 

using an electropbilic q-unit with a higher oxidation etatt than the Vilsmeier 

reagent in the reaction with the 2-vinyllc indoles. however, when Vlehe’s reagent 

(dichloromethylene dimethylimmonium chloride, phosgene imnlum chloride, 18)41-LJ, 

vaa allowed to react with Or followed by theraolysis of ths immonium salt 19 

(Scheme 61, the only isolated product van the nitrile 20. Despite n-row changes in 

the reaction conditions ue were unable to isolate any carbatolic products. 

The inability of 19 to give any carbazole can again be attributed to steric 

congest ion; the dlmethylamfno/imino group nn9 the chlorine preventing the necessary 

intermediate for ring closure to be formed (Scheme 6). 

To explore the scope and limitations of the electrophilic cyanation, a fev other 

aubstratea were’ investigated (Table 2). The lov yield in the case of 1,3-dlmethoxy- 

benzene is a result of slow convsraion to the i~niumsalt 22‘1+(*, as indicated by 

the fsol.ation of large Amounts of rtcovsrsd starting material. Increased reaction 

tampeatuta OI extended reActiOn tim¶ resulted in A decreased yield, probebly AA A 

result of ~ttfof+ of lb. Also the addition of a Avis Acid, (AICl,U, EtAlCl,) 

vhlch ia tnorh to increase the reactivity of 28 tovard 1,3-diwthoxybenrene, proved 

unfruitful. 
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The indolts being more nucleophilfc, readily reacted with 19 giving good yields of 

the dfmtthyl amides 21 after hydrolysis of the immonium salts 19. Whereas 22 is 

coaplttely converttd to the nitrilt in retluxing acetonftrile, 19 and 23 are inert at 

that temperature, reflecting the larger resonance stabilization of 19 and 23 as 

compared with 22. 
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Light petroleum refers to the fraction with a boiling range of 40-60 'C unless 

otherwise stated, Xexanes and &tO&c used for chromatography uere distilled. Solvents 

uere dried by distillation froa CaH, (collidine, 1,2-dichlorobenrcna) or from P,O, 

(DXF, MeCNl and stored over 4A molecular sieves. Diisopropylamine (DIPA) and THF were 

distilled immediately before use from CaH, and from sodium benzophtnone ketyl, 

respectively. Methylvinylketone (KVK) and other unsaturated ketones were purified by 

distillation if necessary. Mslting points were determined on a Reichert WKE Kofler 

hot stage and are uncorrected. 'H-NMR were recorded on a Bruker VP-200 (200 MHz) or 

on a Varfan EM360 (60 MHz) instrument. IR (KBr discs) were obtained using a Perkin- 

Elmer 257 instrument. MS (70 eV) vere obtained mith a LKB-9000 spectrometer. 

2-Bensylindolo (SC)~'. - Phsnylacetons phenylhydrazones6 (2.24 g, 10 mmol) was 

mixed with PPA (50 ml) at rt. The mixture was heated at 120 'C for 20 min whereafter 

the light brown solution was decomposed with NH, (aq., 2S*l/ice (l:l, 500 ml) and 

extracted tvice with ether. The combined etheral extracts were washed with water and 

brine, dried (MgSO,) and concentrated, Flash-chromatography fhexanes /EtOAc, 9:ll 

gave 2-benrylindole (0.90 g, 438) as a white solid, m.p. 85-86 'C (from light 

petroleum /cyclohexane) (lit. 84-85 'C 60, 86 'C 69, 85-86 'C 'Ol. IR: 3400, 1490, 

1455, 1340, 790, 745 and 710 cm-l (lit.'0.3420 cm-l); 'H-NMR (60 Mfiz, Ccl,): 7.4-6.7 

(10X, In), 6.05 (lH, s) and 3.85 (2H, s). (lit.'O, 7.55, 7.40, 7.20-6.80, 6.20 and 

3.95). 

2-Methylcarbasolr (6a) from 2-wthyWMo1. (!!a). - A mixture of ISa) (1.31 g, 

10 mmol), MVK (0.70 g, 10 mmol), 3A molecular sieves (2.5 g), Pd-C (-0.1 g, 101) and 

AcOH (25 ml) was stirred and refluxed under N, for 48 h, alloued to cool, diluted with 

EtOAc, filtered through Cellte and concentrated. Flash-chromatography (hexanes/EtOAc, 

9:f) gave 68 (0.55 g, 30%) as a white solid, m.p. 264-266 OC (lft.':,264-266 'Cl; 

IR: 3400, 1610, 1465, 1440, 1330, 1250, 810, 770, 750 and 730 cm‘*; lH-NXR (200 MHz, 

CDCl,): 8.05-7.93 (3H, m), 7.38 (ZH, m), 7.23 (ZH, m), 7.06 (IH, d) and 2.53 (3H, s) 

(lit .‘I, 2.45); MS: 181 (H'). 

Repetition of the above procedure with omission of the molecular sieves gave 

2-methylcarbazole in a yield of 28s, as did replacement of KVK for 4-methoxy-3-buten- 

2-one (24%). 

1,2-Dinetbylcarbarolr (6b) from 2-•thylfadolo (Sb). - A mixture of (Sb) (14.5 g, 

100 mmOl), KVK (7.0 g, 100 mmol), Pd-C (-0.5 g, 109) and AcOH (300 ml) was stirred 
and refluxed under N, for 48 h, allowed to cool, filtered through Cslite and poured 
into water. The ppt was collected by filtration and dried to give 6b (15.8 gr 81)) as 

a pale yellow solid, m.p. 140-143 “C (lLt.'l, 151.3-151.8 *C). IR: 3440, 1610, 1460 

1420, 1325, 1185, 820, 765, 750 and 735 cm-'; lH-N?4R (200 KRz, CDCl,): 8.02 IlH, di: 

7.88 (lH, broad s), 7.81 (IH, dt, 7.45-7.33 (2Jf, m), 7.25-7.16 (1X, m:, 7.06 (lH, d), 

2.46 (3H, s) and 2.45 (3H, s), (lit.': 2.45 (6H)); M.8: 195 (H'). 

Repetition of the above procedure on a 10 sn~l scale with replacement of KVK for 

4-methoxy-3-buten-2-one likewise gave 6b (31%). Replacement of t4VK for 4-methoxy-3- 
buten-2-one Md addition of 3A molecular sieves gave 6b in a yield of 28 1. 

2-Uethyl-1-phenylcarbasole (6~) fror 2-bensyliadole (SC). - A mixture of SC 

(0.39 g, 1.9 mmol), MVK (0.13 g, 1.9 sunoll, Pd-C (-0.05 g, lOI) and AcOH (5 ml) was 
stirred and refluxed under N, for 48 h, allowed to cool, filtered through Celite, 

poured into water and extracted twice with EtOAc. The combined organic extracts were 
uashed with water and Na,CO, (aq. 10%) I dried WgSO,) and concent rated. Flash- 
chromatography fhexanes/EtOAc, 9:lf gave the title compound (0.39 g, 80s) as a 
colourless oil that slo*ly solidffied, m.p. 109-111 OC. IR: 3400, 1615, 1465, 1425, 

1185, 810, 780, 760, 745 and 710 cm-l; Us: 257 (14'). 



2-Xtbyl-l-motbyleubnsolo (6d). - A mixture of 5b (1.45 g, 10 mmol), l-penten-3-one 
(1.0 ml, 10 mmol), Pd-C (-0.1 g, 1011 and AcOH (25 ml) was stirred and refluxed under 

N, for 48 h, allowed to cool, filtered through Celite and poured into vatetr. 
Saturation with NaCl gave a sticky reddish solid which was purified by flash- 

chromatography (CH,Cl,l to give the title compound (1.31 g, 63%) as a pale yellow 

solid, m.p. 93-95 "C, (lit.",97.5-98 'Cl. IR: 3410, 2960, 1605, 1455, 1415, 1325, 

1310, 1235, 1180, 815, 745 and 730 cm-l; ‘H-Ntm (200 KHz, CDCl,): 8.02 (II, d), 7.91 

(lH, broad s), 7.85 (lH, dl, 7.47-7.33 (2H, ml, 7.24-7.16 (lH, ml, 7.08 (lH, d), 2.83 

(2X, Q), t.SO 13H, s) and 1.27 (3H, t), (lit.'* 8.15-6.92, 2.78, 2.37 and 1.24). 

2,4-DLUthylcrrb88olo (be) - A mixture of 38 (1.31 g, 10 mmol), 3-penten-2-one 

(0.84 9, 10 mmoll, Pd-C (-0.1 g, 10%) and AcOH (25 ml1 was stirred and refluxed under 

N, for 48 h, allowed to cool, filtered through Celite and concentrated. Flash-chroma- 

tography (hexanes/EtOAc, 8:2) gave a yellowish solid vhich on trituration vith light 

petroleum gave 2, I-diwthylcarbarole (0.67 g, 35 Qf as white needles, m.p. 133-135 OC 

(lit.'I,13?-138 .S “Ct. IR: 3400, 1610, 1455, 1330, 1285, 1255, 835, 745 and 730 cm-l; 

MS: 19s frr). 

1,2,4-~r~tbylouhsola (6f) - A mixture of Sb (1.45 g, 10 mmol), 3-penten-2-one 

10.84 g, 10 mmol), Pd-C (-0.1 g, 10&l and AcOH (25 ml) was stirred and refluxed under 

N, for 48 h, allowed to cool, filtered through Celite and concentrated. Flash- 

chromatography (hexanes/EtOAc, 8:2) gave a yellow oil which on trituration with light 

petroleum gave 6t (0.75 g, 36%) as white needles, m.p. 104-105 'C. (lit." lOl.S- 

102 OC) IR: 3520, 1615, 1580, 1455, 1390, 1325, 1295, 045, 750 and 735 cm-1 flit." 

[in Nujol) 3410, 1615, 1515, 1505, 1320, 1290, 750 and 730 cm-l); lH-NMR (200 Wit, 

CDCl,): 8.13 (18, dl ,.7.92 (lH, broad s), 7.5-7.2 (3H, a), 6.86 (lH, sl, 2.81 (3H, S) 

and 2.44 (6H, s). (lit." [Ccl,-CDCl,) 8.3-6.7, 2,8 and 2.2); MS: 209 (H'). 

2-Yothyl-4-phrnylc8rba=ole (691 - A mixture of Sa (1.31 g, 10 nunol), 

benzylidenescetone (1.47 g, 10 mm011, Pd-C (-0.1 g, 1011,3A molecular sieves (2.5 gl 
and A&H (25 ml) was stirred and refluxed under N, for 48 h, allowed to cool, filtered 

through Celite and concentrated. Flash-chromatography (hexanes/EtOAc, 8:2) gave a 

yellow oil which on trfturation with light petroleum /cyclohexane (1:l) gave 6g 

(0.68 g, 271) as colourless crystals, m.p. 129-130 "C. IR: 3400, 3370, 1605, 1450, 

1320, 845, 760, 745, 730 and 700 cm-l; 'H-NMR 1200 MHz, CDCl,): 8.02 (lH, broad sf, 

7.65-7.21 (9R, ml, 6.95 (ZH, m) and 2.54 (3H, 3); MS: 257 WV). 

1,2-Dimatbyx-6-phonylcarbasolo (6h) - The same procedure as for 6g but with Sb 
instead of br gave the title compound (0.87 g, 32%) as pale yellow crystals, m.p. 
141-143 Oc. IR: 3430, 1610, 1570, 1460, 1445, 1375, 1320, 860, 770, 755, 740 and 710 
an-r; ‘H-NM% (200 MHZ, CDCl,): 7.98 (lH, broad sf, 7.6-7.2 (8X, III), 6.95 f2H, t) and 

2.48 (6H, s); MS: 271 WI. 

ll-Uethyl-7,8,9,10-t~trrhydro-SR-burx[b)cu~xo~~ (6i) and 11-Xothyl-SE-bar[b)- 

urbaxol* (7r). - A mixture of Sr (1.31 g, 10 mmol), 2-ethylidenecyclohexanonaJ~ 

(1.24 g, 10 mmolf, 3A molecular sieves (2.5 g), Pd-C f-0.1 g, 10 %il and AcOH (25 ml1 
was stirred and refluxed under R1 for 48 h. On cooling a solid uas formed. The mixture 

was dissolved/diluted with EtOAc, filtered through Celite and concentrated. Flash- 
chromatography (hexanes /EtOAc, 9:l) gave I: 6i (1.00 g, 44%) as a yellowish solid, 
m.p. 212-213 *C (from light petroleum, 60-80 "C) (lit.", 216-218 'C). IR: 3390, 2910, 

1605, 1450, 1270, 8S0, 745 and 72s cm-' (lit.", (in Nujol) 3440, 1630 and 1614 cm-l); 
1x-m (200 ?IRZ, CDCl,): 8.20 (1X, dt, 7.76 (lH, broad s), 7.36 f2H, df, 7.24-7.17 

(IH, mfr 6.97 IlH, sl, 2.99-2.84 (4H, ml, 2.75 (3H, s) and 1.94-1.78 (4H, m); 

MS: 235 (W); II: ?a (0.78 g, 34t) as a yellowish solid. Recrystallization from 



cyclohexane gave a white solid, a.p. 236 *C (lit.22, 243-244 'C).IR: 3380, 1635,. 1610, 

1470, 1460, 1340, 1270, 870, 830 and 740 cm-1 (lit.",(in Nujol): 3380 as")); rH-HM\ 

(200 NHz, CDCl,): 8.42-8.29 (28, m), 7.96-7.91 (2H, m), 7.66 (II, a), 7.50-7.41 

(4H, ml, 7.28-7.25 (1~, m) and 3.26 (3H, s); MS: 231 (W). 
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6,11-~iwthy%-l,@,S, lo-tetrrhydro-Y-burs(blcubuo~e (6j) e& 6,31-Dimtbyl-%I- 

buu[b]oubarole (Tb).- The same conditions as above with Sb instead of Sr gave I: 

7b (0.96 g, 38\) as a yellowish solid. Recrystallization from cyclohexane gave a 
white solid, m.p. 160-161 "C. IR: 3410, 2920, 1605, 1445, 1385, 1335, 1310, 1290, 

750, 735 and 730 cm-l; 'H-NI'SR (200 MHz, CDCl,): 8.21 (lH, d), 7.82 flH, broad s) 7.4% 

7.31 (ZH, n), 7.25-7.15 (lH, m), 2.87 (OI, m), 2.76 (3H, s), 2.39 (3H, s) and 1.87 

(oi, rn); US: 249 04.); II: 7b as a pale yellow solid (0.55 g, 22t), m.p. 211-213 "C. 

Recrystallization from light petroleum (h.p. 60-80 'C) gave almost colourless fine 

needles, m.p. 215-216 Y (lit., 208-209 'C ", 211-213 'C '9. IR: 3415, 1625, 1610, 

1470, 1385, 1240, 760, 745 and 710 cm-l (lit.", 3460 cm“ (in CHCL,)); Qi-NMR 

(200 MHZ, DnsO-d6): 11.07 (lli, s), 8.38-8.32) (2X, m), 8.13 (lH. d), 7.58-7.40 

(Iti, m), 7.24-7.16 (lH, ml, 3.17 (3H, s) and 2.84 (3H, s) (lit.", 11.05, 3.18 and 

2.82); 13s: 245 (W). 

ll-~t_by1-6-pbenyl-7,8,9,l0-tetrabydro-SR-kn8[b]~rbuole (6k). - A mixture of SC 

(0.41 g, 2 nmrol), 2-ethylidenecyclohexanone"' (0.25 g, 2 mmol), 3A molecular sieves 

(0.5 gt, Pd-C (-0.05 gr 10%) and AcOH (5 ml) uas stirred and refluxed under N, for 

48 h, alloued to ~001, diluted with EtOhc, filtered through Celfte and concentrated. 

Flash-chromatography (hexanes/EtOAc, 9S:.5) gave 8c (0.40 g, 64%) as a white solid, 

iU.p. 117-120 'C. IR: 3380, 2910, 1600, 1450, 1390, 1315, 795, 750, 740 and 705 cm-); 

'H-NM (200 IQlz, CDCl,): 8.25 (lH, d), ?.59-7.20 (9H, m), 2.96 (2H, t), 2.83 (3H, s) 

2.69 (2~, t), 1.88 (2H, m) and 1.74 (2X, m); Further e1uation gave recovered SC 

(0.06 g, 15%). 

6,ll-Dirrthyl-~IIl-~nx[b]u~so~O (7b) irar t6j,. - A mixture of 8b (0.25 g, 

1 mmol), Pd-C (- 0.05 g, 101) and diglyme (10 ml) was refluxed under N, for 18 h, 

allowd to cool, filtered through Celite and poured into water. The ppt formed was 

collected by filtration and dried to give 7b (0.21 g, 86%) as an off white solid, 

m.p. 218-220 'C. TLC, IR and IX-NKR were identical uith those from the compound 

prepared from !bb and 2-ethylidentcyclohexanont (vfde supra). 

ll-aothyl-6-phoay~-SE-bonx [b]cartwolo (7c). - A mixture of 6k (0.18 g, 

0.58 mol), Pd-C (- 0.05 g, 101) and diglyme (5 ml) vas refluxtd under I, for 20 h, 

allowed to cool, filtered through Celitt and poured into water. After saturation with 

N&l, a ppt eventually formed which vas collected by filtration and dried to give Ye 

(0.18 g, 99\) as a gray solid, m.p. 176-178 OC. IR 3420, 1610, 1390, 1380, 1240, 770, 

745 and 700 cm-j; *H-NMR (200 MHz, CDCl,): 6.41 (2H, t), 7.82-7.79 (2H, m), 7.64-7.26 

(lOH, m) and 3.31 (3H, s). 

2-(2-Matbyl-l-pxepemyl)indolo (88) 1 - A mixture of masityl oxide (39.3 g, 0.4 mol), 

phenylhydrazine (43.3 gr 0.4 mol) and AcOH (25 drops) was heated on a steam-bath for 

1 h. The reaction aixture was decanted from the water formed into PPA (150 ml) at rt. 

After mixing the mixture was carefully (exothermic) heated to 125 “C, and kept at 

that temperature for 20 min with occasional stirring whereafter it was poured into 

NH3 (aq., 2S$)/ice (1500 ml, 1:l) and extracted twice with ether. The ethtral 

extracts were washed vith water and brine, dried (MgSO,) and concentrated. 

Trfturation of the residue with light petroleum induced crystallization. The crystals 

ware collected and washed with cyclohtxane to give 8i (18.2 g, 261), m.p. 104-105 "C 

(lit. 103-105 'C ", 102-103 OC “). IR: 3390, 1450, 1340, 1315, 1290, 844, 795, 750 

and 665 cm-* (lit."., (CHCl,): 3490, 3000, 1455, 1340, 1325, 1280 and 640 cm-l); *H-NUR 

(200 KHZ, CDCls): 7.90 (lH, broad s), 7.57 (lH, d), ?,29 (lH, t), 7.2-7.0 (2H, I), 

6.43 (1X, a), 6.18 (iii, s), 2.05 (3H, s) and 1.96 (3H, s), (lit.'$ (CDCl,): 7.90, 

7.6-7.0, 6.43, 6.16, 2.04 and 1.96); MS: 171 (H'). 
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2- (1,2-D~1-l-p~1)indo1. (8b) - Prepared as 8* on a 100 -1 scale from 

3,4_dfmethyl-3-penten-2-one" giving 8b (4.5 g, 240, m.P. 111-112. IR: 3400, 1455, 

1405, 1350, 1305, 800, 750 and 695 cm-l; 'H-NMR (60 mx, Ccl,): 7.6-7.2 (2R, a), 
7.1-6.8 (3H, a), 6.15 (lH, s), 1.95 (3H, s) and 1.80 (6H, s); MS: 185 W). 

3Xuboay~thy1-1,2-~-4~lcubasolo (13). 

m : A mixture of 11 (9.11 g, 50 -11, phanylhydratlne (5.41 g, SOmaol) and 

AcOH (3 drops) vas heated on a steam-bath for 45 min, allowed to cool and added to 

PPA (25 ml) at rt. The mixture vas heated at 125 "C for 20 min, decomposed &th NA, 

(act., 25%)/ice (250n1, 1:l) and extracted twice vith CH,Cl,. The combined organic 
extracts uure washed vith vater, dried (MgSO,) and concentrated. Trituratlon of the 

residue vith &OH gave 13 (1.23 g) as a tan solid, collected by filtration. The 

filtrate vas concentrated and the residue vas extracted with hot cyclohexane/PhH 

(5x50 ml) Concentration of the extracts and trituration with MeOH gave another crop 

(0.37 g) of 13 .Total yield 13 8. t4.p. 163-165 'C (lit"., 162-163 OC). IR: 3270, 

1660, 1590, 1530, 1485, 1455, 1430, 1365, 1325, 1280, 1245, 1200, 1060, 1020, 770, 

735, 705 and 675 cm-l .(lit'l., 3248 and 1662 cm-l); IH-NMR (200 MHz, CDCl,): 8.22 (lR, 

broad s), 7.86-7.81 (lH, m), 7.35-7.30 (lH, m), 7.18-7.12 (2H, m), 4.25 (ZH, q); 2.81 

(4H, s), 2.79 (3H, s) and 1.35 (3H, t), (litsl., 8.35, 4.29, 2.76 and 1.32). 

MeLhmil : A mixture of 11 (9.11 g, 50 rmpol), phenylhydrarine (5.41 g, 50 rumol) and 

AcOH (50 ml) vas refluxed for 2h. The mixture vas allowed to cool and poured into 

water to give a brown viscous oil which vas triturated with MeOH to give 13 (1.14 g) 

as a tan solid. The filtrate vas concentrated and the residue vas extracted with hot 

cyclohexane/PhH as in method A to give a second crop (0.49 g) of 13. Total yield 

13 a. 

1-neaa~uul~lindolo. - The method of 111~ et ~1~'. vas adopted. Thus, lndole 

(37.4 9, 320 ~1) vas added in one portion to a vigorously stirred ice-cooled 

mixture of tetrabutylamwnium hydrogen sulphate (2.8 g, 8.2 mmol), crushed NaOR 

pellets (40 g, 1 mol) and CA,Cl, (500 ml) followd by a solution of benrenesulphonyl 

chloride (70.6 g, 400 -1) in CA,Cl, (300 ml) which vas added in portions, keeping 

the temperature below 25 'C. The mixture vas stirred at rt for 2 h and filtered. The 

filter cake vas vashed vlth CH,Cl,, the combined organic phases vere concentrated and 

triturated with hot MOE. On standing colourless crystals precipitated. The mixture 

vas put into the freezer and the crystals vere collected the following day. Yield 

76.3 g (93t), m.p. 78-79 OC (lit.19 70-79 OC). 

l-~ra~~y1-2-(2-h~thpl.)indolo (15). - To a solution of LDA [prepared 
from DIPA (8.4 ml, 60 mmol), n_BuLi (1.6 M, 34 ml, 55 Neal) and TfiF (100 ml)] was 

added 1-bensenesulphonylindole (12.86 g, 50 naol) in THF (100 ml) over 2 h keeping 

the temperature below -70 'C. After 90 min at -75 OC the solution vas allowd to come 

to -15 'C vhereafter ethylene oxide (7.5 al, 150 mmol) in THF (25 ml) vas added 

dropvise over 20 min keeping the temperature belov -10 'C. The mixture vas allowed 

to come to rt overnight and poured into NH&l (aq., sat.). After separation, the 

aqueous phase vas extracted with ether, and the combined organic phases vere vashed 

with 2M HCl and brine, dried CMgSO,) and concentrated to give a red oil which vas 

purlfled by chromatography (hexanes with increasing proportions of EtOAc). The pale 

brovn oil (10.36 g, 69t) vas used vithout further purification. 'H-NM (60 Wiz, 

CDCl,): 8.3-7.1 (9H, ml, 6.45 (lH, s), 3.95 (3H, m) and 3.20 (2R, t). 

2-(l-Eydroxyot.byl)indolo (16). - Compound 15 (3.73 g, 12.3 ml), 2M NaOH (65 ml) 

and EtOH (65 ml) was refluxed for 20 h. The mixture was cooled, concentrated and 

partitionated betveen water and ether. After separation, the aqueous phase was 

extracted with ether, and the combined organic phases vere vashed vith water and 

brine, dried (?lgSO,) and concent rated. Flash-chromatography (CH,Cl,) yielded 16 
(1.65 g, 83%) as a light tan oil that solidified, m.p. 55-56 'C.@O IR: 3390, 3250 

(broad), 1545, 1453, 1415, 1345, 1290, 1050, 790 and 755 cm-l. 
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2-(2-To~yloryothyl)iadolo (17). - A solution uf 16 (0.79 g, 4.9 rrrol) in dry 

collidine (10 ml) va8 added over 45 rin to a stirred solution of TrCl (0.93 g, 

4.9 nmol) in collidine (10 ml) at 0 'C. After 5 h at 0 Oc the mixture ua8 poured into 

2M RCl/ice Cl50 ml) and extracted tvice with LtOAc. The co&ined organic extract8 

vere washed vith 1U AC1 and brine, dried (MgSO,) and concentrated. Trituration vith 

)(aOH gave 17 (0.76 g) a8 a vhite solid. A 8ocond crop (0.22 g) va8 obtained after 

concentration and trituration of the filtrate. Total yield 638, m.p. 113-115 Y 

(lit.", 114-116 "C) IR: 3365., 1345, 1165, 1155, 1095, 985, 915, 815, 900, 790, 765 

and 665 cm-' (lit.", 3480, 1340, 1170 and 1160 a-1); )(s: 315 (W). 

2-(2-k6etbyl-l-5&emyl-1-pxepmmyl)inbolo (Bu). - To a solution of LDA [prepared from 

DIPA (7.7 ml, 55 wl), n-BuLi (1.6M, 34 ml, 55 -1) and THF (40 ml) I va8 added 

1-benzcnesulphonylindole (12.86 g, 50 mmol) in THF (60 ml) over 2 h keeping the 

temperature belov -70 OC. After 90 nln at -75 OC, isobutyrophenone (8.3 ml, 55 aamol) 

in THF (40 ml) vas added over 2h at -70 'C. The mixture vas slloved to cow to rt 

overnight and poured into N&Cl (aq., sat.). After separation the aqueous layer va8 

extracted with EtOAc, and the combined organic phase8 vere vashed vith vater and 

brine, dried Wg50~) and concentrated to give an orange oil which va8 dissolved in a 

small volume of light petroleum (b.p. 60-60 'C). Cn standing a solid formed vhich va8 

collected to give 8a (8.34 g, 68%) a8 an off white solid, m.p. 99-100 'C. IR: 3390, 

1450, 1300, 790, 755, 705 and 695 cm-i; ~H-NHR (200 )Qlr, CDCl,): 7.64-7.60 (ZH, ml, 

7.41-7.09 (BH, ln), 6.53 (lH, d), 2.19 (3H, 8) and 1.84 (3H, s); IIS: 247 (IV). 

3-Tormyl-2-(2-methyl-1-propenyl)indole (9a). - PoCl, (1 ml, 10.5 mmol) va8 

carefully added to DMP (5 ml) at 0 "C. The solution vas stirred at 0 'C for 15 min 

whereafter 6a (1.71 g, 10 mm011 in DW va8 added dropvise. The mixture va8 stirred at 

rt for 16 h, poured into ice-water and made alkaline with 2M NaOH. The ppt formed vas 

collected by filtration and dried to give 9a (1.66 g, 94)) a8 an off-vhite solid, 

m.p. 164-166 'C. IR: 3200 (broad), 1620, 1560, 1440, 1340, 1230, 975, 630, 750 and 

645 an-l. 

3-roayl-2-(1,2-diuthyl-1-propanyl)indole (Ob). - Prepared a8 above from 6b 

(0.37 9, 2 -1) and POCll (0.2 ml, 2.1 mmol) to give 9b (0.41 g, 96%) a8 a yellowish 

solid, m.p. 170-176 'C. IR: 3160 (broad), 1620, 1580, 1440, 1370, 1345, 1240, 930, 

670, 765, 745 and 670 cm-l. 

3-poayl-2-(2_utbyl-1-pbemyl-1-pxopaayl)imdole (00). - Prepared a8 above fram 8a 

(0.49 g, 2 mol) and POCll (0.2 ml, 2.1 mmol) to give 9c (0.54 g, 980 a8 a yOllOvi8h 

solid, n.p. 195-198 'C. IR: 3200 (broad), 1625, 1500, 1450, 1370, 1240, 905, 770, 750 

and 705 cm-l. 

2-Uethyloarba8ole (6a), ira 2-(2-ethyl-l-propeayl)imdole ((a). - PoCl, (1 ml, 
10.5 mmol) vas carefully added to DMF (10 ml) at 0 'c. The solution va8 Jtirred at 
0 OC for 15 min whereafter 6a (1.71 g, 10 mmol) va8 added in one portion. The mixture 
vas stirred at rt for 90 min, refluxed for 4 h, cooled and poured lnto water. The 
solid formed va8 collected by filtration and dried to give 6a (1.45 g, 908) a8 grey 

solid. TLC, IR, NMR and MS vere identical to 6a prepared from k and WVK. 

l,l-D~lcarba8ole (6b) fn 2-(1,2-myl-1-propanyl)in&le (8b). - Prepared 

a8 above from 8b (0.92 g, 5 mm011 to give a solid which vas purified by chrcxnato- 

graphy (hexanes/EtOAc, 9:l) t0 give 6b (20 mq, 1%). TLC, IR and MS vere identical to 
6b prepared from 5b and MVX. 

2-n0thyl-l-pbmylurba8ole (6c), fra 2-(2-rthyl-l-pbuiyl-1-propu~yl)iadole (EC). 
- PoCl, (0.2 ml, 2.1 mm011 va8 carefully added to DMF (2 ml) at 0 'C. The solution 

vas stirred at 0 'C for 15 min whereafter 8c (0.49 g, 2 mmol) was added in one 
portion. The mixture va8 stirred at rt for 1 h, refluxed for 27 h, cooled and poured 

into vater. The solid formed va8 purified by chromatography (hexanes/&tDAc, 9:l) to 

give 6a (14 mg, 3%). TLC, IP, and l4!3 vere identical to 6o prepared from 5c and MVX. 
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3-cquw2 (Irdhyl-1-PropuBY~) in&la (20) . 
llaehod :Compound 18 (0.40 g, 2.5 mmol) was added to a stirred nlrtur, of Or 

(0.34 g, 2 ~1) and 1,2-dichlorobenzene (10 ml) at 0 'C. After 5 h at SO,OC and 

reflux for 14 h, the mixture vas alloved to cool, poured into vater arid extracted 

twice vith Clf~Cl~. The canbined extracts vere vashed vitb vater and RaRCO, (aq., sat.) 

dried (NgSO,) and concentrated. Flash-chromatography (bexanes/ EtOAci 8:2) gave 20. 
(0.21 g, 54t) as a yellowish solid, m.p. 134-135 l C (frum cyclohoxane/MeOR). IR: 3300 
(broad), 2215, 1655, 1585, 1445, 1380, 1320, 1235, 640 and 740 cm-l; W: 196 (W). 

Llathod :Compound 10 (0.81 g, 5 ~1) vas added in one portion to a solution of 8a 

(0.86 g, 5 mm011 in MeCN (10 ml) at 0 'C. The mixture va8 stirred at 50 'C for 18 h, 

concentrated and the residue sublimed (200 OC, 0.02 mbar) to give 20 (0.20 g;2OU) as 

an off-white solid, m.p. 132-135 'C. TLC and IR as above. 

3-cy8no-2-pbamyliJMo1e (24). 

m :coapound 16 (0.80 g, 5 run011 vas added to a stirred aixture of 

2-phenylindole (0.77 g, 4 mmol) and 1,2-dichlorobenzone (10 ml) at 0 'C. After 5 h at 

50 "C and reflux for 14 h, the mixture vas alloved to cool, poured i'nto vater and 

extracted tvice vith CH,Cl,. The combined extracts ware vashed with vater and I9aHC0, 

(aq., sat.) dried (HgSO,) and concentrated.Trituration with hot ?kOR gears the title 

conpound (0.47 g, 54%) as a tan solid, m.p. 244-245 "C (from MOE, lit.'., 246- 

246 'C) IR; 3210 (broad), 2220, 1585, 1490, 1450, 1425, 1245, 770, 740 and 685 cm-1 

(lit.", 3200 and 2210 cm-'); MS: 218 (M'). 

m : Compound 18 (0.9 g, 5.5 rnmol) vas added in one portion to a solution of 
2-phenylindole (0.96 g, 5 mmol) in ?leCN (20 ml) at 0 OC. The mixture vas stirred at 

50 'C for 18 h, refluxed for 6 h, cooled and concentrated. The residue vas sublimed 

(200 OC, 0.02 mbar) to give the title compound (0.36 g, 33%) as a tan solid, m.p. 

234-242 'C. TLC and IR as above. 

2,4-Dimthoxybmxoaitrfl~ (25). - Compound 18 (0.9 g, 5.5 mraol) vaa added in one 

portion to a solution of 1,3-dimethoxybenzene (0.69 g, 5mmol) in dry MeCN at rt. The 
mixture vas refluxed for 20 h, cooled, poured into water, made alkaline with 2M NaOH 

and extracted twice vlth EtOAc. The combined organic extracts vere vsshed vlth water 

and brine, dried WgSO,) and aoncentrated. Flash-chromatography (hexanes/EtOAc, 8:2) 

gave the title compound (0.23 g, 26a) as a vhite solid, m.p. 83-84 'C (lit.az, 89 'C). 

IR: 2220, 1605, 1580, 1480, 1330, 1290, 1275, 1215, 1110, 1020, 845 and 810 cm-l; 

KS: 163 (H'). 

Employing the name method as above, exchanging MeCN for PhCl likevise gave the 

title compound (0.10 g, 12I). 

3-(I,+Dinthylforurido)-2- (2-rothyl-1-propooyl)iodolo (21a). - Compound 18 

(0.4 g, 2.5 mnol) vas added in one portion to a solution of 88 (0.34 g, 2 awl) in 

MeCN (10 ml) at 0 'C. The solution vas stirred at 50 'C for 5 h, alloved to cool and 

poured into water. The clear solution vas made alkaline with 2I4 NaOH and the ppt 

formed vas collected by filtration and dried to give 218 (0.41 g, 85t) as a light tan 

solid, m.p. 159-161 “C. IR: 3170, 2910, 1580, 1500, 1450, 1395, 1050 and 745 cm-l. 

3-(N,l9-Diaothylforrrrido)-2-(1,2-dFwthyl-l-proprPyl)iobolr (21b). - Prepared as 

above from 8b (0.37 g, 2 mnol) to give 21b (0.44 g, 86%) aa a light tan solid, m.p. 
222-223 OC. IR: 3130, 2910, 1575, 1500, 1450, 1390, 1105 and 755 cm-l. 

3-(1,N-D~hylfoxmnUo)-2-(2-m&hyl-l-phanylpropmnyl)ioQlo (21~). - Prepared as 

above from 80 (0.49 g, 2 mm011 to give 2lc (0.56 g, 888) as a light tan solid, m-p. 

205-207 OC. IR: 3160, 2910, 1595, 1530, 1490, 1445, 1390, 1045, 740 and 755 CP-1. 
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