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Abstract- The reaction of 3-iodobenzoIhlthiophene (1) with the potassium enolates of cyclohexanone 

(Za), acetone (2b). and acetophenone (2e) in DMSO for 1 h at rwm temperature in the dark. gave the 

desired a-hetaryl ketones (3a-e) in low yield. The thermally activated SRNl reaction with the ion endate 

(la) was studied in mare detail and it was found that the radical chain SRNl mechanism wuld compete with 

one of ionic character. 

In connection with a research program d i i t e d  toward the preparation of a-benzoMtheny1 ketones we focused 

our attention on the radical chain SRNl mechanism of aromatic nucleophilic substitution, which was fist  

recognized in 1970.1 It is well known that this type of reaction allows the substitution of appropriate leaving 

groups on aromatic and heteroaromatic substrates for various nucleophiles, such as ketone e n o l a t e ~ . ~  Most 

aromatic and heteroaromatic SRNl reactions require stimulation by photons, solvated elemons, or  electrons 

from a cathode. However, the initial examples of aryl iodides reacting with KNH2 involved no intentional 

stimulation.' More recently, it was observed that enolate ions of ketones react spontaneously with iodoknzene 

in dimethyl sulfoxide (DMSO) in the dark.3 and with halogenated quinoline~,~ pyrimidines,2c pyridazines,2c 

and pyrazinesZC in liquid ammonia (also in the dark), to give the corresponding a-aryl and a-hetatyl ketones. 

In spite of this, there are still relatively few examples of this type of reaction in the area of heteroaromatic 

nucleophilic substitution. 

In the present study, we consider the reactions of 3-iodobenzo[U?lthiophene (1) with potassium enolates of 

cyclohexanone (Za), acetone (Zb) and acetophenone (Zc). 



1040 HETEROCYCLES, Vol. 34. No. 5, 1992 

Scamehom et 01.5 have described a remarkable reaction between the enolate ions of acetone, pinacolone, 

cyclohexanone, 2-butanone, and 3-pentanone and iodobenzene in DMSO. This aromatic nucleophilic substitu- 

tion reaction, which proceeds rapidly in the dark, has the characteristics of a free radical chain reaction, and is 

thought to occur by the SRNl mechanism. 

Following the method of Scamehom et al. we studied the reaction of the potassium enolate of cyclohexanone 

(Za) with 34odobenzolb]thiophene (1) in DMSO for 1 h in the dark at mom temperature. This reaction gave 

the desired substitution product 2-(3-benzo~thieny1)cyclohexanone (3a) in 6% yield. In addition, benzou-  

thiophene (4) and 1-(3-iodo-2-benzo~thienyl)cyclohexanol(5) were produced in yields of 22 and 8% respec- 

tively, while unaltered 1 was recovered in 16% yield (Scheme 1). 

KO'B~ / DMSO 
- 1  
mom temperature 
I h 

1 2 a (1 6%) 3a (6'4 4 (22%) 5 (8%) 

Scheme 1 

When the potassium enolates of acetone (Zb) and acetophenone (Zc) were treated with 3-iodobenzo[hlthiophe- 

ne (1) in the same reaction conditions, the corresponding a-hetaryl ketones, 3-tenzo[elthienylacetone (3b) and 

2-(3-benzo[blthienyl)-1-phenylethanone (3c) were obtained in yields of 12 and 14% respectively (Scheme 2). 

In these reactions, the substrate (1) and the benzouthiophene (4) were isolated in 23% yield. Repetition of 

these reactions in the presence of 10 mol % of the inhibitore-dinitrobenzene (DNB)6 afforded 65% of starting 

material (I), but did not give detectable amounts of the substitution products (3b-c) nor of the dehalogenated 

substrate (4). 

Scheme 2 
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These results suggest that benzoUthiophene (4) and the a-hetaryl ketones (3a-c) could be formed through an 

SRNl process as indicated in Scheme 3, but a not well defined ionic mechanism leading to alcohol (5) may 

occur in competition with this radical chain mechanism in the reaction between the substrate (1) and the ketone 

enolate (2a). In the SRNl mechanism shown in Scheme 3, the initiation probably involves electron transfer 

from the enolate ion7 to produce the radical anion (6). which could be fragmented to produce radical (7).8 The 

generation of benzo[Uthiophene (4) from radical (7) would involve the capture of a hydrogen atom from the 

solvent9 (this fact is unlikely when DMSO is used as a solvent because of its low reactivity as a hydrogen atom 

donor toward aryl radicalslO) or an electron transfer from the anionic species present in the reaction mixture 

followed by protonation of anion (8) by the solvent.9 Finally, if radical (7) goes into the propagation cycle of 

the SRNl reaction, the desired a-hetaryl ketones (3a-c) would be produced. Formation of benzo[blthiophene 

(4) indicates that reduction of radical (7) to anion (8) and subsequent protonation by the solvent strongly 

competes with the desired combination of radical (7) with the enolate ions (2a-c). 

I enolate ion 

Scheme 3 
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Thus, the reaction between the enolate ion (Za) and substrate (1) in DMSO was studied in more detail. The 

progress of the reaction between the cyclohexanone enolate (Za) and 3-iodobenzo[hlthiophene (1) at room 

temperature in K O t ~ u / D ~ S O  was followed by high-performance liquid chromatography (hplc), the substitu- 

tion product (3a) being formed maximally after 60 minutes. Interestingly, the main product after 10 minutes 

was the iodinated alcohol (5), which was isolated in 38% yield when the reaction was stopped after 10 minu- 

tes. On the other hand, when the 1-(3-iodo-2-benzo~thienyl)cyclohexanol(5) was treated with the cyclohexa- 

none enolate (Za) at room temperature for 1 h in the dark, and the crude product was analyzed by combined gas 

chromatography-mass spectrometry (gc-ms), compounds (1,3a, 4,5) and l-(2-benzo~thienyl)cyclohexanol 

(9) were detected. The presence of these products could be justified if there is a reversible ionic reaction bet- 

ween the 3-iodobenzowthiophene (1) and the enolate ion (Za) that would afforded the isolated compound (5). 

Several experiments were performed to improve the yield of 2-(3-benzo[hlthienyl)cyclohexanone (3a) follo- 

wing the procedure of Moon and Wolfe,lI who found that the use of potassium hydride in tetrahydrofuran 

(KH/THF) or in dimethyl sulfoxide (KHDMSO) is a valid alternative to the use of the potassium m-butoxide 

in dimethyl sulfoxide (KOtBu/DMSO), in the thermally induced SRNl reaction between the 2-chloroquinoline 

and the potassium enolate of the acetone (Zb). Unfortunately, the reaction between the enolate ion (Za) and the 

substrate (1) at room temperature was sluggish in K W H F  and also in KO'BWTHF, as observed when the 

progress of the reaction was followed by hplc. The crude material consisted mainly of starting material (I), and 

compounds (4) and (5) were detected only in trace amounts. When the reaction was canied out in KHDMSO 

at room temperature for 10 minutes, only the dehalogenated substrate (4) was formed in 70% yield. In no case 

was the desired a-hetaryl ketone (3a) produced. 

Although the yields in substitution product are low, there are many reactions of ketone enolates and other 

carbanions with halogenated heteroaromatics characterized by low yields and poor material balances.12 Hence, 

this work presents a conhibution to the study of the thermally induced SRNl reactions in heterocyclic substra- 

tes. It is believed that the radical chain SRNl mechanism is initiated by an electron Uansfm from the enolate ions 

(Za-c) to the substrate (I), and the reduction of radical (7) to anion (8) and subsequent protonation by the sol- 

vent strongly competes with the desired SRNl reaction. 

EXPERIMENTAL SECTION 

General. All reactions were performed in flame- or oven-dried glassware under a positive pressure of prepu- 

rified nitrogen. Sensitive liquids and solutions were transferred by syringe and were introduced into reaction 

flasks thmugh rubber septa. Melting points were determined on a Biichi apparatus and are uncorrected. IH- 

N m  spectra were recorded on a Varian XL-200 spectrometer and on a Perkin-Elmer R-24B (60 MHz) 
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spectrometer. Chemical shifts are reported in ppm,rdative to MeqSi and coupling eonstants are in hem. II 

spectra were recorded on a Perkin-Elmer 681 Infrared spectrophotometer. Ms spectra were obtained on a 

Hewlett-Packard 5988-A spectrometer. Elemental analyses were performed by the C.S.I.C. (Barcelona) Micro- 

Analysis Laboratory. Flash column chromatography refers to the method of SdU &.13 Hplc analyses of crude 

materials were carried out on a Waters Associates (Milford, MA, U.S.A.) instrument equipped with high- 

pressure pumps (Model M-45 and M-6000A). a Model 450 variable-wavelength detector, a Model 660 solvent 

p r o v e r  and a data integrator module. The injector was a Rheodyne 7 125. 

Materials. The DMSO was purified by drying for two days over molecular sieves followed by vacuum disti- 

Uation through a Vigreux column (<45 OC). After a second distillation from calcium hydride, the DMSO was 

stored under nitrogen. THF was dried by distillation from sodium benwphenone ketyl. Potassium =-butoxide 

was freshly sublimed. 3-Iodobenzolhlthiophene (1) was prepared by iodination of benzowthiophene (4) fo- 

llowing a method described by Gaemer.14 1-(2-Benzolh]thienyl)cyclohexanol (9) was prepared from benw- 

wthiophene (4) and cyclohexanone following a procedure described in the literature.15 The ketones (analytical 

gmde) and KH were supplied by Fluka (Buchs, Switzerland) and were used as received. 

Dark Reactions in DMSOIKOtBu. General Procedure. The ketone (16 mmol) was added dropwise 

at room temperature, to a solution of KO% (16 mmol) in anhydrous DMSO (40 ml). After stirring the mixture 

for 5 min, the flask was wrapped in several layers of black cloth, the mom lights were turned off, and then the 

3-iodobenzo[Mthiophene (1) (4 mmol) was added dropwise. After 1 h. 3 N sulfuric acid was added until 

neutral pH. The solution was diluted with water and extracted with CH2C12. The combined organic extract was 

washed with water, dried (MgS04), and concentrated. For each ketone studied, the product was isolated by 

flash column chromatography on silica gel with CH2CI2 as eluant 

Dark Reaction of 3-iodohenzo[hlthiophene (1) with the  enolate ion of the cyclohexanone 

(2a). The reaction between the substrate (1) (0.63 g, 2.42 mmol) and the enolate ion (2a) (9.68 mmol) prepa- 

red from cyclohexanone (0.95 g. 9.68 mmol) and KOtBu (1.09 g, 9.71 mmol) under the conditions described 

above, after the usual workup and purification, gave 100 mg (16%) of starting material (1). 70 mg (22%) of 

benzo[hlthiophene (4), 33 mg (6%) of the desired 2-(3-benzo~thienyl)cyclohexanone (3a) as a colorless oil, 

and 70 mg (8%) of 1-(3-iodo-2-benzolhlthienyl)cyclohexanol(5) as a white solid. 

2-(3-Benzo[Mthienyl)cyclohexanone (3a). ~ H - N ~ I  (CDC13) 6: 7.85 (1 H, m, Harem). 7.71 (1 H, m, 

Harem). 7.29 (3 H, m, Harem). 3.98 (1 H. dd, J = 10.9 Hz, J = 5.5 Hz, CHCO), 2.65-2.35 (2 H, m, 

CH2). 2.30-1.75 (6 H, m, CH2); ir (film) v: 3060,2940, 1715 cm-1; ms, m/z (relative intensity): 230 (M+, 

30). 172 (56). 42 (100). Anal. Calcd for C14H140S: C, 73.01; H, 6.13; S, 13.92. Found: C, 72.80; H, 6.17; 

S, 13.70. 

l-(3-Iodo-2-benzolh]thienyl~yclohexanol(5). mp 120-122 "C (CH2C12-hexane); l ~ - n m r  (CDC13) 6: 7.77 (2 

H, m, Ha,,,), 7.38 (2 H, m, Ha,,,), 2.42 (3 H, m, CH2), 1.96 (3 H, m, CH2), 1.75 (5 H. m, CH2 + 
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OH); ir (KBr) v: 3410,3080,2950,1440 cm-1; ms, m/z (relative intensity): 358 (M+, 8). 357 (52). 187 (87), 

55 (100). Anal. Calcd for C ~ ~ H ~ S O I S :  C, 46.94, H, 4.22; S, 8.95. Found: C, 46.74; H, 4.28; S, 8.80. 

This reaction was repeated using 1 mmol scale on substrate and its evolution was followed by hplc. Thus, 

every 5 min, a 2-ml aliquot was removed fmm the reaction mixture and the usual workup gave a crude material 

that was dissolved in MeOH and analyzed by hplc. 

The reaction was repeated using 0.50 g (1.92 mmol) of the subsmte (I), 0.75 g (7.64 mmol) of cyclohexano- 

ne, and 0.86 g (7.66 mmol) of K O t ~ u .  After stining for 10 min, the usual workup and purification gave 0.26 

g (38%) of 1-(3-iodo-2-benzo[hlthienyl)cyclohexanol(5). 

Dark reaction of substrate (1) with the enolate ion of the acetone (2b). The reaction between the 

substrate (1) (1.36 g, 5.23 mmol) and the enolate ion (2b) (21.01 mmol) generated from acetone (1.22 g, 

21.01 mmol) and KO'BU (2.36 g, 21.03 mmol) under the usual conditions, gave, after the usual workup and 

purification. 310 mg (23%) of starting material (1). 160 mg (23%) of dehalogenated compound (4). and 115 

mg (12%) of the desired 3-benzoULlthienylacetone (3b) as a oi116: 1 ~ - ~ m r  (CDC13) 6: 8.00-7.30 (5 H, m, 

Haom), 3.90 (2 H, s, CH2), 2.20 (3 H, s, CH3); ir (fdm) v: 3080, 2940, 1720 cm-1; ms, m/z (relative 

intensity): 190 (M+, 14), 147 (61). 43 (100). 

Dark reaction of substrate (1) with the enolate ion of the acetophenone (2c). The reaction 

between the substrate (1) (1.00 g, 3.84 mmol) and the enolate ion (2c) (15.40 mmol) generated from acetophe- 

none (1.85 g, 15.40 mmol) and KOfBu (1.73 g, 15.42 mmol) gave under the usual conditions a crude product 

which, after purification, afforded 230 mg (23%) of starting material (I), 120 mg (23%) of dehalogenated 

compound (4), and 130 mg (14%) of thedesired 2-(3-benzoMthieny1)-1-phenylethanone (3c) as a white solid: 

mp 66-67 OC; l ~ - n m r  (CDC13) 6: 8.00 (4 H, m, Haom). 7.50 (6 H, m, Ha,,,), 3.10 (2 H, s, CH2); ir 

(KBr) v: 3080,2950, 1685 cm-l; ms, m/z (relative intensity): 252 (M+, 2), 105 (100). 77 (68). Anal. Calcd 

for C16H120S: C, 76.16; H, 4.79; S, 12.71. Found: C, 75.90, H, 4.85: S, 12.91. 

Dark reaction of substrate (1) with the enolate ion of the acetone (2b) in the presence of 

DNB. To a solution of the enolate ion (2b) (21.01 mmol), prepared from acetone (1.22 g, 21.01 mmol) and 

KO~BU (2.36 g, 21.03 mmol) in DMSO, 87 mg (0.52 mmol) of DNB was added. After stirring for 5 min the 

mixture, the flask was wrapped in several layers of black cloth, the room lights were turned off, and then the 3- 

iodobenzo[Jllthiophene (1) (1.36 g, 5.23 mmol) was added dropwise. After 1 h. 3 N sulfuric acid was added 

until neutral pH and then processed in the n o d  manner. Chromatography of the reaction pmduct on silica gel 
\ 

with CH2Cl2 as eluant, afforded 0.88 g (65%) of the starting material (1). 

Dark reaction of the substrate (1) with the cyclohexanoue in KO~BUITHF. The reaction between 

the subsmte (1) (0.25 g, 0.96 mmol) and the enolate ion (2a) (7.44 mmol) generated fmm the cyclohexanone 

(0.73 g, 7.44 mmol) and KO'Bu (0.84 g, 7.49 mmol) in anhydrous THE (20 ml) under the usual reaction 

conditions (see the same reaction in DMSO), was followed by hplc. Thus, every 5 min, a 2-ml aliquot was 
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removed from the reaction mixture. The usual workup gave a crude material that was dissolved in MeOH and 

analyzed by hplc. 

Dark reaction of the substrate (1) with the cyclohexanone in KHIDMSO. To a 20% dispersion of 

KH (0.72 g, 3.59 mmol) in mineral oil previously washed with hexane in anhydrous DMSO (14 ml), was 

a d d d  dropwise at room temperature the cyclohexanone (0.35 g. 3.57 mmol). After stirring the mixture for 10 

min, the flask was wrapped in several layers of black cloth, the room lights were turned off, and then the 

subsuate (1) (0.25 g, 0.96 mmol) was added dropwise. After stirring the mixture for 10 min at room tem- 

perature, the reaction mixture was diluted with water. The aqueous layer was extracted with ether several times, 

the organic solution was dried (MgS04), and concenuated. Purification of the crude material by flash column 

chromatography on silica gel with CH2C12 as eluant, gave 90 mg (70%) of dehalogenated subsmte (4). 

Dark reaction of the substrate (1) with the cyclohexanone in  KH/THF. The reaction between the 

subsuate (1) (0.25 g, 0.96 mmol) and the enolate ion (2a) (3.57 mmol) generated from the cyclohexanone 

(0.35 g, 3.57 mmol) and a 20% dispersion of KH (0.72 g, 3.59 mmol) in mineral oil washed with hexane in 

anhydrous THF (15 ml) under the usual reaction conditions (see above), was followed by hplc. Thus, every 5 

min, a 2-ml aliquot was removed from the reaction mixture. The usual workup (see above) gave a crude 

material that was dissolved in MeOH and analyzed by hplc. 

Treatment of the  I-(3-iodo-2-benzo[hlthienyl)cyclohexanol (5) with the  cyclohexanone in  

KOtBulDMSO. Treatment of the compound (5) (88 mg. 0.25 mmol) with cyclohexanone (97 mg, 0.99 

mmol) and KOtBu (112 tng, 1.00 mmol) in DMSO (10 ml) under the usual reaction conditions (1 h, room tem- 

perature, in the dark), gave a crude product which was analyzed by gcms, the following compounds being 

detected: 9 mg (14%) of 3-iodobenzoMthiophene (I), 7.5 mg (13%) of 2-(3-benzo[l?lthienyI)cyclohexanone 

(3a). 1.5 mg (4%) of benzoWthiophene (4). 5.7 mg (6%) of 1-(3-iodo-2-benzouL]thienyl)cyclohexanol (5). 

and 6.3 mg (1 1%) of 1-(2-benzo[4lthienyl)cyclohexanol(9). 
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