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SYNTHETIC STUDIES ON TRIFLUOROACETYLINDOLES 

Hitoshi Takami,Wirokazu Koshimura, and Toshiaki Kumazawa' 

Pharmaceutical Research Institute, Kyowa Hakko Kogyo Co., Ltd., 

Nagaizumi, Shizuoka, 41 1-8731, Japan 

Abslract - Tritluoroacetylindoles wcre obtained regioselectivcly through the 

reaction of indolylorganometallic species, prepared by halogen-metal exchange or 

direct metalation of N-substituted or -nonsubstituted indoles, with TFAA in good 

yield. 

Introduction of tluorinc atoms in the biologically active molecules occasionally enhances activity and 

stability. A fluorine atom has roughly the same steric size as a hydrogen but very different electronic 

character.' In conjunction with our research for potent Sa-reductase inhibitors,' we focused on the 

synthesis of  variety of  tritluoroacetylindoles instead of acylindoles as the important intermediate to 

biologically active molecules. 

The primary method for preparation of these substrates involves introduction of tritluoroacetyl moiety into 

the position 5 of  indolc via halogen-mctal cxchangc"' because neither dircct tluorination of 5-acetylindolc 

using lluorinating reagent9 nor Friedcl-Craiis type acylation o f  indolinc'o~" afforded the desircd 5 -  

trilluoroacetylindole equivalcnt. In utilizing the halogcn-metal exchange on the indole skeleton, it was 

critical to prevent reaction at the most reactive position 2,''' since N-methylindole and several N-protected 

indoles were effectively converted to 2-lithio d c r i ~ a t i v c s . ' ~ ~ ' ~ c h e m e  1 shows the introduction of 

trilluoroacetyl group into the position 5 of indole derivative ( la)  possessing 4-hcptyl suhstituent at the 

nitrogen atom. Lithiation of compound (la) with 2 equivalent of I-BuLi, followed by treatment with 

TFAA a k r d c d  the desired product (Za) in 62%, yield. Although 2-tritluoroacctylindole was not detectcd 

in this reaction conditions, tertiary alcohol (3) was obtained as a byproduct possibly through the rcaction 

ol  5-lithioindole with compound (2a). T o  minimize the side rcaction, we investigated reducing the 

nuclcophilicity of 5-lithioindolc by transmetalation. Recently, arylcopper rcagcnts were reported to bc 

useful in prcparing aryl trilluoromcthyl ketones. " Indol-5-ylcopper reagent, prcparcd in situ from lithio 

precursor and CuBr.SMe,, allowed reaction with TFAA to afford 5-tritluoroacetylindolt. (ta) in 
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excellent yield. A product, formed by reaction at position 2 of  indole was not detected under this reaction 

condition. This procedure was cxtcndcd to other N-substitutrd indoles, and the results were summarized in  

Table 1. 

1 a 
CuBr-SMe, I 2a (62%) 3 1 cuyJJ j Z E C F 3 b  N R =  "y- 

SMe2 R 

2a (80%) 

Scheme 1 

Table 1. Synthesis o f  5-Trifluoroacetylindolcs 

1) t-BuOWHF, 0°C 

BrQ - .Fa%, 2) t-BuLi, -78°C 

R @ - 
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2 

4) T F M ,  -78°C 
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ently R method a 2 (yield, 96) Scheme 2 
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2d (10) H 
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5-Bromoindole A 

A 28 (62) \ 
method B 

b - H 
21 

Scheme 3 

" A, I-BuLi (2 cq), CuHrSMc, (2 eq), TFAA (1.05 cq). 
B: KEl (1 eq). t-Ru1.i (2 eq).'TFAA (1.05 cq). 
'The desired product was not obtained. 

Branched aky l  substituent at the nitrogen o f  indole resulted to give 5-tritluoroacetylindoles in  good yield 
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(entries 1 - 3), whereas 4,4'-ditluorobcnzhydryl gavc the complex mixture containing the desired product 

(2d) in poor yield (entry 4). We also extended this procedure for compounds protected by silyl groups at 

the nitrogen of indole." Triisopropylsilyl (TIPS) was an excellml protecting group in this reaction (entry 

5), whereas tert-butyldiphenylsilyl (TBDPS) was not suitable (entry 6). 2-Trikluoroacetylindole was 

detected from the complex mixture in case o f  TBDPS. These results indicate that reaction at C-2 of indole 

was prevented by the bulky substituents at the nitrogen. Benzhydryl and TBDPS groups were insufficient 

to block the reaction at this position, possibly due to the planar structure of benzene ring or unfavorable 

interaction between the benzene ring and the indol-2-yl copper species. TIPS was removed with 

tetrabutylammonium fluoride to give 5-tritluoroacetylindole ( 2 0  in moderate yield. 

On the other hand, an anion on the nitrogen eFfectively blocks lithiation at C-2 of indole as previously 

rep~r ted . '? '~  Reaction of 5-bromoindole with potassium hydride in T H F  at 0°C gave the homogeneous 

solution of potassium salt, which upon treatment with t-BuLi, and then TFAA at -78"C, afforded 5- 

trikluoroacetylindole (20 in 5 8  96 yield (entry 7). In this case, tertiary alcohol and C-2 substituted 

compounds were not detected. Deprotonation of the indole NH before halogen-metal exchange with 

potassium hydride proceeded efficiently to give the desired product, whereas t-BuOK failed to block the 

lithiation at C-2 of  indole and the resultant mixture gavc the mixture of  2- and 5-trikluoroacetylindoles in 

low yield. This result indicated that the production of t-BuOH by the NH deprotonation with t-BuOK 

might quench the deprotonated and lithiated indole. But the latter condition could be effectively utilized to 

prepare 2-trifluoroacetylindole (4) liom nonprotccted indole. (see Scheme 2) 

5-Trifluoroacetylindoles (2) were obtained by two different routes as  shown in Scheme 3. Branched akyls, 

good protecting group to prevent the reaction at C-2 of indolc, were initially substituted at the nitrogen of 

5-bromoindole, and then the trilluoroacetyl moiety was introduced to give 2a-c. Alternatively, 5- 

bromoindole was directly converted to 5-tritluoroacetylindole (20, which was akylaled to alfbrd 2d  by 

the standard method using t-BuOK and 4,4'-ditluorobcnzhydryl bromide. 

In summary, 5-tritluoroacetylindoIcs were prepared by the improved halogen-metal exchange stratcgy 

from 5-hromoindole. Indolylcopper reagents from N-protected indole and indolyllithium reagcnts with 

anion on the indole nitrogen were useful intermediates for tritluoroacetylindoles. 

EXPERIMENTAL 

Melting points were detcrmined with a Biichi-510 melting point apparatus and arc uncorrected. IR spectra 

were recorded on a Jasco IR-810 spectrophotometer. 'H NMR spectra were recorded on a JEOL JNM 

GX-270 or EX-270 (270 MHz) spectrometer with Me,Si as internal standard. Elemental analyses were 

performed by the analytical department of our laboratories. 
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Method A. 2,2,2-Trilluoro-l-li-(pn~pyl)hutylindol-5-yll-l-ethanonc (2a) T o  a solution of 5-bromci- 

1-(1-propyl)butylindole ( l a )  (2.0 g, 6.80 mmol) in 20 mL o lTHF,  1-BuLi (1.7 M solution in pentanc; 8.0 

mL, 13.6 mmol) was added at -78°C and thc resulting mixturc was stirred at the same temperature lor 10 

min. Alter CuBr.SMe, (2.79 g, 13.6 mmol) was addcd at one portion, the reaction mixture was stirred lor 

1 h betwccn -70 and -40°C. TFAA (0.96 mL, 6.80 mmol) was added at -78"C, and the resulting reaction 

mixturc was stirred for 30 min. Alter saturated aqueous NH,CI solution was addcd, the rcaction mixture 

was filtered through celitc. Thc tillrate was extracted with ether. The extract was washed with brine, dried 

with MgSO, and evaporated in vacuo. The yellow oil was chromatographed on silica gel eluting with 

hexane-AcOEt (7:l) to al lord2a (1.70 g, 80%) as a pale yellow oil: 'H NMR(CDC1,) 6 0.76-0.99 (m, 6H), 

1.00-1.36 (m, 4H), 1.65-2.00 (m, 4H), 4.30-4.40 (m, 1H), 6.72 (d, l H ,  .I = 3.3 Hz), 7.25 (d, l H ,  .I = 3.3 

Hz), 7.43 (d, lH ,  .I = 8.9 Hz), 7.94 (dd, IH, .I = 0.9 Hz and 8.9 Hz), 8.42 (d, IH, .I = 0.9 Hz); MS(E1) : 

m/z = 31 1 (M'). 

2,2,2-Trifluoru-l,l-his[l.(l-propyl)hulylindole-5-yl]-l-ethanol (3) T o  a solution of 5-bromo-1-(I- 

propyl)butylindole ( l a )  (0.2 g,  0.68 mmol) in 4.0 mL olTHF,  I-BuLi (1.7 M solution in pentane; 0.8 mL, 

I .3h mmd)  was added at -78°C and the resulting mixturc was stirred at the same tempcrature for 10 min. 

TFAA (0.1 mL, 0.75 mmol) was added at -78°C and the resulting reaction mixture was stirred for 30 min. 

Alter saturated aqueous NH,CI solution was addcd, the rcaction mixture was filtered through cclite. The 

liltrate was extracted with ether. The extract was washed with brine, dried with MgSO, and cvaporated in 

vucuo. The yellow oil was chromatographed on silica gel eluting with hcxane-AcOEt (5:l)  to a fb rd  2a  

(0.13 g, 62%) as a pale yellow oil and the byproduct (3) (0.03g, 8.4%) as an yellow oil: 'H NMR(CDC1,) 

h 0.81-0.90 (m, 12H), 1.07-1.28 (m, 8H), 1.58 (br, lH),  1.78-1.91 (m, 8H), 4.25-4.40 (m, ZH), 6.54 (d, 

2H, .I = 3.3 Hz), 7.16 (d, 2H, .I =3.3 Hz), 7.32 (br, 4H), 7.85 (br, 1H); MS(E1) : mlz = 527 (M'), 508 

(M-OH), 457 (W-CF,). 

2,2,2-Tritlunr~i-1-~l-tri(l-melhyl)ethylsilylindol-5-yl--ethanone (2e) By the same procedure 

described above, 5-bromo-1-tri(1-methyl)cthylsilylindolc ( lo) (1.0 g, 2.84 mmol) was convertcd into 2e 

(0.65 g, 62%) as an yellow oil: 'H NMR(CDCIJ 6 1.15 (d, 18H, .I = 7.5 Hz), 1.68-1.76 (m, 3H), 6.79 (d, 

l H , . I = 3 . 3 H z ) ,  7.36(d, l H , . I = 3 . 3  Hz), 7.58(d, l H , . I = 8 . 9  Hz),7.91 (d, l H , J = 8 . 9  Hz), 8.42(s, IH). 

Mcthnd B. 2,2,2-Trifluom-l-(indol-5-yl)-l-ethanone ( 2 0  T o  a suspension of potassium hydridc (1.02 

g. 25.5 mmol) in 50 mL o lTHF,  a solution of 5-bromoindole (5.0 g, 25.5 mmol) in 25 mL o l  THF was 

added dmpwise. The mixture was stirred at 0°C for 15 min and then 1-BuLi (1.7 M solution in pcntanc; 30 

mL, 51.0 mmol) was addcd through canula. Alicr being stirred at -78°C for 10 min, TFAA (7.2 mL, 51.0 

mmol) was addcd dropwisc and resulting mixturc was stirred for 30 min at the same tempcrature. After 

saturated aqueous NH,CI solution was added, thc reaction mixture was cxtraded with ether. Thc 
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organic layer was washed with brine, dried with MgSO, and evaporated in vacuo. The yellow oil was 

chromatographcd on silica gel eluting with hexane-AcOEt (2:l) to afrord crystalline product (20 (3.18 g, 

58%), which was recrystalized from hcxanc-AcOEt to give pure ZC (3.10 g, 57%) as a pale brown 

powder: mp 86-89°C (hexanc-AcOEt); 'H NMR(CDC1,) 6 6.74 (br, IH), 7.34 (br, lH), 7.49 (d, lH, .I = 

8.6 Hz), 7.96 (d, IH, J = 8.6 Hz), 8.46 (s, lH), 8.50 (br, 1H); Anal. Calcd for C,&,NOF,: C, 56.35; H, 

2.84; N, 6.57. Found: C, 56.28; H, 3.09; N, 6.31. 

Z,2,2-Trifluom-l-[l-di(4-fluomphenyl)methylindol-5-yl]-l-ethanone (2d). To a stirred solution of 

2,2,2-tritluoro-1-(indol-5-yl)-1-ethanone (20  (3.0 g, 14.1 mmol) in 30 mL of  DMF a portion of I-BuOK 

(1.90 g, 16.9 mmol) was added at 0°C and the resulting mixture was stirred a1 the same temperature h r  

10 min. 4,4'-Ditluoroben~hydryl bromide (5.20 g, 18.3 mmol) in 16 mL of DMF was added to the reaction 

mixturc and the mixture was stirred for 1 h. Aftcr saturated aqueous NH,CI solution was added, the 

reaction mixture was extracted with ether. The organic layer was washed with brine, dried with MgSO,, 

and evaporated in vacuo. The brown oil was chromatographcd on silica gel eluting hcxane-AcOEt(7:l) to 

afford Zd (1.35 g, 32%) as a brown oil: 'H NMR(CDC1,) 6 6.68 (d, lH,  J = 3.5 Hz), 6.83 (s, lH), 6.90- 

7.18 (m, lOH), 7.27 (d, 1H,.I = 8.8 Hz), 8.44 (br, 1H). 

2,2,2-Trifluom-1-(indol-2-yl)-1-elhanune (4). To a solution of indole (1.0 g, 8.54 mmol) in 20 mL of 

THF, I-BuOK (1.05 g, 9.39 mmol) was added at V C  and resulting mixture was stirred h r  15 min. t-BuLi 

(1.7 M solution in pentane; 6.5 mL, 11.1 mmol) was added dropwise to the reaction mixture at -78°C. 

After being stirred at -78°C for 10 min, CuBr.SMe, (2.3 g, 11.1 mmol) was added at one porlion and 

resulting mixturc was stirred for 40 min. TFAA (1.45 mL, 10.2 mmol) was added dropwisc at -7X°C and 

resulting mixture was stirred for 1.5 h. After saturated aqueous NH,CI solution was added, the reaction 

mixture was filtered through celite. The filtrate was extracted with EtOAc. The extract was washed with 

brine, dried with MgSO, and evaporated in vacuo. The pale brown crystalline product was recrystallized 

from hexanc-AcOEt lo give pure product (4) (1.11 g, 61%) as a pale brown powder: mp 204- 

207"C(hexane-AcOEt); 'H NMR(CDC1,) 6 7.26-7.32 (m, 2H), 7.45-7.48 (m, lH), 8.02 (s, IH), 8.33-8.36 

(m, 1H), 11.30 (br, 1H); Anal. Calcd for C,,H,NOF,.0.25H20: C, 55.18; H, 3.22; N, 6.44. Found: C, 

55.16; H, 3.03; N, 6.18. 
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