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Abstract -- A halogen-metal exchange strategy was employed 

to prepare several 5-substituted indoles from 5-bromoindole. 

Additional derivatives were elaborated from the formyl, acetyl. 

thiomethyl, boronic acid and trimethylstannyl analogues thus 

prepared. 

As a part o f  our ongoing effort to design selective receptor agonists and antagonists of the 

central nervous system neurotransmitter serotonin (5-hydroxytryptamine, 5-HT).2 we set out t o  

prepare as starting materials several 5-substituted indoles that had either not  previously been 

described or were not commercially available. Methodology recently described by Moyer e t  al.3 

for the regiospecific metalation of bromoindoles proved t o  be ideally suited for our purposes 

(Scheme I). Thus. 5-bromoindole was first converted to the 1-potassio derivative (in order t o  

prevent metalation at C-2 and maintain solubility)3 and then subjected t o  halogen-metal 

exchange using tert-butyllithium. The metalated species was then reacted wi th different 

eletrophiles (i.e., dimethylformamide.3 dimethylacetamide, acetone, trimethylsilyl isocyanide.4 

trimethylsilyl chloride, dimethyl disulfide, tri-(n-butyl) borate5 and trimethyltin chloride) t o  

reg~ospecifically prepare 5-substituted indolesl-8 (Table 1). 

Scheme I 

Reagents: a KH; b teH-BuLi; c Electrophile(seeTable I); d Hz0 
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Table 1. Reaction o f  5-Lithioindole with Various Electrophiles 

Compd 5-Substituent Electrophile mp ("C) % yielda 

1 CHO DMF 99-101b 57 

2 CH3CO DMA 73-75 18 

3 C(OH)(CH3)2 (CH3)2C0 109-1 11 35 

4 CONH2 (CH3)3SiNC 165-167c 32 

5 Si(CH3)j (CHj)jSiCI oild 2 1 

wields were not  optlmlzed. 
bLit..3 mo 99-10l0C. ,~ - -  

c~i<6 mp 165.5-167.0"~. 
Kharacterized by Belsky et al.7 
ebp 130'C at 0.2 mm. Lit.,s nmr (CDCIj) 6 2.5 ppm confirmed 
f5olidifies above 190" and remelts at 220-223". 
gbp128'at0.7 mm. 

Additional analogues (Table 2) were elaborated from 1, 2. 6, and 7 (Scheme It). Thus, 5- 

hydroxymethylindole (9) and 5-(1-hydroxyethy1)indole (10) were obtained by sodium borohydride 

reduction o f  1 and 2, respectively. Successful ketalization of 1 required prior protection of the 

indole nitrogen as the tosylate, which apparently increases the reactivity of the formyl sufficiently 

t o  allow formation of the ketal(l1). Howevec, unprotected 1 was reactive enough t o  form 545- 

isoxazoyl)indole (12) when. reacted with tosylmethyl isocyanide.9 Direct oxidation o f  the sulfur 

atom of 5-methylthioindole (6) t o  form the corresponding sulfoxide and sulfonyl derivatives was 

not attempted, because of the anticipation that oxidation o f  the indolic 2.3." bond would 

simultaneously occur.10 N-tosylation of 6 thus sufficiently deactivated the indole ring t o  allow 

oxidative formation of the N-tosyl-5-sulfinyl and -5-sulfonyl derivatives (13) and (141, respectively. 

The boronic acid (7) was an important target for our purposes since, in principle, it could serve as a 

key intermediate for the preparation of 5-aryl- and 5-heteroarylindoles by palladium catalyzed 

cross-coupling with aryll-15 and heteroaryll6-18 halides. Indeed, an initial attempt t o  exploit this 

methodology led t o  the successful tetrakis(triphenylphosphine)palladium catalyzed couplings of 

7 and 8 with bromobenzene t o  give 5-phenylindolel5. 

In summary, a wide variety of 5-substituted indoles can be prepared by a metalation strategy 

applied t o  5-bromoindole, followed by reaction of the 5-lithio intermediate wi th different 

electrophiles. Indole-5-boronic acid and 5-(Trimethylstannyl)indole prepared in this way provide 
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Reagents: a NaBH4; b KH,TsCI; c HOCH2CHzOH.TsOH; d TsCH2NC: e TsCI. (n-C4Hg)4NHS04. 
OH-; f NaBOj .4H20; g Nal04; h Pd(PPhd4, NazCOj 

Table 2 .  Additional 5-Substituted lndoles 

Compd 

9 CHzOH H oil 

CH(OW(CH4 H oil 
1.3-Dioxolanyl Ts 97-99 

5-Oxazoyl H 176.5-179 

CHjSO Ts 107-109 
CHjS02 Ts 131-133 

C6H5 H 71-73 

WleIdS were not optlmlzed. 
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useful intermediates for the synthesis o f  5-aryl- and 5-heteroarylindoles by cross-coupling 

reactions. 

EXPERIMENTAL 

Melt ing points are uncorrected. The 1H-nmr spectra were recorded on  a Jeol FX90Q 

Spectrometer. The mass spectra were determined on a Hewlett Packard Model 5970 Mass Mass 

Spectrometer. Infrared spectra were carried out  on a Beckman IR-33 Spectrophotometer. 

Elemental analyses were performed at Desert Analytics, Inc. Tucson, Arizona U.S.A. The nmr, ms 

and i r  spectra were consistent with the structures indicated. 

General Procedures for Haloqen-Metal Exchanqe and Reactions of the Resultinq 5-lndolyllithium 

wi th Electrophiles. To 2.29 g of KH dispersion in mineral oil (35%. 20 mmol) in 40 ml of anhydrous 

THF at 0°C was added 3.98 g (20 mmol) of 5-bromoindole in 40 ml of anhydrous THF. After 15 

min. the solution was cooled to -78°C and tea-butyllithium (40 mmol) precooled t o  -78°C was 

added via a cannula. A white precipitate immediately formed and, after 10 min. 40 mmol o f  the 

electrophile dissolved in 10 ml of anhydrous THF was added. The reaction mixture was allowed t o  

slowly warm t o  room temperature and the suspension was poured into 150 ml of ice cold 1 M 

H3PO4. The organic phase wasseparated and the aqueous phase was extracted twice with ether. 

The ether extracts were combined, washed with 5% NaHCOj solution, dried over anhydrous 

MgS04 and the ether was removed in vacuo. The residue was chromatographed on s~lica gel 60, 

e lu t ing  w i t h  ethyl  acetatelhexanes (1:3) for compounds (1). (2). (3), and  (6) and 

chloroformlmethanol for compound (4). Compound (5) was obtained by distillation [bp 89-91°C 

at 0.1 mm (Lit.,7 103-10YC at 1 mm)]. The boronic acid (7) was isolated and purified by the 

following procedure: The combined ether extracts were extracted with IN NaOH solution (3 x 15 

mi) and the combined alkaline extracts were acidified with IN HCI solution and then extracted 

with ether (3 x 20 ml). The combined ether extracts were dried (anhydrous Mg2S04) and 

evaporated t o  give 7 as a white crystalline solid which was recrystallized from hot water. The 

trimethylstannyl derivative was distilled under reduced pressure to give a colorless oil, bp 128" at 

0.7 rnm. 

5-Acetvl-1H-lndole (21. Anal. Calcd for CloHgNO: C 75.45: H 5.70: N 8.80. Found: C 75.50; H 5.65; 

N 8.78. 

5-(2-Hvdroxy-2-propvI)-l H-lndole (3). Anal. Calcd for Cl lH13NO; C 75.40: H 7.48: N 7.99. Found: 

C 75.59: H 7.62: N 7.68. 

5-(1H-lndolvl)boronicAcid (7). Anal. Calcd for CaHa8N02.312 H20: C 51.45; H 6.00; N 7.43. 
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Found: C 51.10; H 5.89; N 7.45. 

5-(Trimethvlstannvl)indole (8). Calcd for Cl1H,sNSn: 281.0; Found: m/z(low resolution) 281.1. 

Sodium Borohvdride Reduction of Compounds 1 and 2. To a solution of 10 mmol o f  1 (or 2) in 20 

ml of ethanol was slowly added 1.519 (40 mmol) of NaBH4. The mixture was stirred until no  

starting material remained (tlc). Then, 50 ml of 5% HCI solution was carefully added (exotherm~c 

reaction) and the mixture was cooled and extracted with ethyl acetate (3 x 50 ml). The combined 

organic phase was dried (anh. MgS04) and evaporated t o  yield an oily residue which was 

chromatographed on a silica gel 60 column using ethyl acetatelhexane (1 :2 for compound (9). 1 : 1 

for compound (10)). 

5-(Hvdroxvmethvl)-1H-lndole (9). Anal. Calcd for CgHgNO: C 73.45; H 6.16; N 9.52. Found C 

73.29; H 6.14; N 9.68. 

5-(1-Hydroxvethvl)-lH-lndole do). Anal. Calcd for CloH1lNO: C74.51; H 6.88; N 8.69. Found: C 

74.39; H 6.83; N 8.48. 

5-(5-0xarovl)-1H-lndole (12). To a stirred solution of tosylmethyl isocyan~de (0.98 g, 5 mmol) and 

0.73 g (5 mmol) of 5-formylindole (1) in 40 ml of methanol was added 0.69 g (5 mmol) o f  

anhydrous K2CO3. The mixture was refluxed for 4 h, the methanol was removed in vacuo. The 

residue was dissolved in ether and dried over anh. MgS04. After evaporation of the solvent the 

residue was chromatographed on silica gel, eluting with ethyl acetatelhexane (35165) t o  give a 

white solid which was recrystallized twice from ethanollwater. Anal. Calcd for CllHgN20: C 

71.72; H 4.38; N 15.21. Found: C71.06; H 4.30; N 15.10. 

1-(p-Toluenesulfonvl)-5-thiomethyl-lH-indole. To a mixture of 1.63 g (10 mmol) o f  6, 2.86 g (15 

mmol) of tosyl chloride and 0.5 g of tetrabutyl ammonium hydrogen sulfate in 30 ml of toluene 

was added 25 ml o f  15% aqueous sodium hydroxide in an ice bath. The mixture wasstirred for 6 h 

and the toluene layer was separated and successively washed with 1% HCI, 20% NaHCO3 and 

water. The toluene phase was then dried (anh. NazS.04) and concentrated in vacuo t o  yield an oily 

residue that was chromatographed on a silica gel 60 column. Elution with ethyl acetatelhexane 

(311) gave 2.85 g (90%) of a colorless liquid which solidified on standing (mp: 90-92°C). Anal. 

Calcd for C I ~ H I ~ N O ~ S ~ :  C 60.54; H 4.76; N 4.41. Found: C 60.68; H 4.73; N 4.20. 

1-(P-Toluenesulfinvl)-5-methvlsulfinvlindole (13). A mixture of 1.59 g (2.5 mmol) o f  l-tosyl-5- 

thiomethylindole and 0.78 g (2.5 mmol) of sodium perborate tetrahydrate in 35 ml of methanol 

was stwred for 4 h at 50°C. The reaction mixture was extracted with two 25 ml portions o f  ether 

and the combined ether extracts were dried (anh. Na2S04) and concentrated t o  give a solid 
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residue which was chromatographed on silica gel with ethyl acetate t o  give 0.75 g of 13. Anal. 

Calcd for C ~ ~ H ~ S N O J S :  C 57.64; H 4.53; N 4.20. Found: C 57.45; H 4.43; N4.09. 

1-(p-Toluenesulfinvl)-5-methylsulfonvlindole (14). A mixture of 2.80 g (8.8 mmol) o f  l-tosyl-5- 

methylthioindole and 1.96 g (9.2 mrnol) o f  sodium periodate in 35 ml of methanol was stirred for 

4 h at 50°C. The reaction mixture wascooled, extracted with two 25 ml portions of ether and the 

ether extracts were combined and dried over anh. Na2S04. After removal o f  the ether in vacuo 

the residue was chromatographed on silica gel with ethyl acetatelhexane (111) t o  give 0.44 g 

(14%) of 14. Anal. Calcd for ClsH18NzS: C 62.04; H 6.25; N 9.65; S 10.04. Found: C 62.04; H 

6.16; N9.31; S 10.54. 

5-Phenvl-lH-indole (15). Cross-Couplinq of Bromobenzene with 7. To a stirred mixture of 0.80 g 

(5 mmol) of bromobenzene, 0.18 g (0.15 mmol) of tetrakis(triphenylphosphine)palladium and 20 

ml of ethylene glycol dimethyl ether was added 0.89 g (5.5 mmol) of 7, followed by 1.26 g (15 

mmol) of NaHCO3 in 15 ml H20. The mixture was then refluxed with vigorous stirring for 4 h. The 

mixture was concentrated in vacuo and the residue was extracted with ether (2 x 50 ml). The 

ether phase was then dried over anh. KzC03 and the ether was evaporated t o  give a solid residue 

that was purified on a silica gel column by elution with hexanelethyl acetate (1 :3) t o  give 1.09 g of 

15. Anal. Calcd forC14HllN: C87.01; H 5.74; N7.25. Found: C86.97; H 5.81; N 7.20. 

Cross Couplinq o f  Bromobenzene wi th  8. To a stirred mixture o f  0.94 g (6 mmol) o f  

bromobenzene, 0.18 g (0.15 mmol) of tetrakis (triphenylphosphine)palladium and 25 ml of DMF 

was added 1.40 g (5 mmol) of 8. The mixture was heated to 100-120" under a N2 atmosphere with 

stirring for 15 h. The mixture was then concentrated and the residue was partitioned between 

Hz0 and CHCI,. The aqueous phase was separated and extracted agam with CHC13 and the 

combined organic extracts were dried over anh. Na2S04. After evaporation of the solvent, the 

residue was chromatographed as above t o  give 0.84 g (87%) of 15. 

5-(1.3-Di0xolanvl)-1-(D-toluenesulfonvl)indole (11). To a stirred solution of 1.45 g (10 mmol) of 1 

in 20 ml of DMF was added portionwise 0.41 g (10 mmol) of KH at 0°C. The mixture was stirred for 

30 min and then 2.27 g (11 mmol) of p-toluenesulfonylchloride was added. The mixture was 

allowed to warm to 25°C and then poured into a mixture of 60 ml of Hz0 and 20 ml of ether. The 

precipitate was collected on a filter, washed with water and ether to give 2.51 g. o f  a white solid 

(80%). A portion of the solid (1.32 g. 5 mrnol) thus obtained was then dissolved in 30 ml o f  

toluene in a round bottomed flask equipped with a water separator and a reflux condensor. 

Ethylene glycol 0.47 g (7.5 mmol) and a crystal of p-toulenesulfonicacid were added and the 
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solution was refluxed for 24 h. The reaction mixture was partitioned between ether and  

saturated sodium bicarbonate solution and the organic phase separated and dried (anh. K2CO3). 

Evaporation of the solvent gave 0.85 g(47%)of 11. Anal. Calcd for ClsH17N04S: C 62.96; H 4.96; 

N4.04; S9.65. Found: C63.03; H4.96; N4.04; 59.65. 
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