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Abstract: A new procedure for one-carbon homologation of carbonyl compounds to a-chloroketones is 

described. Addition of the carbanion of dichloromethyl phenyl sulfoxide with ketones and aldehydes gave the 

adducts, chloro alcohols, in good yields. Treatment of the chloro alcohols with EtMgBr or lithium 

diisopropylamide gave one-carbon homologated a-chloroketones via froxido carbenoid rearrangement in 

moderate to good yields. One-carbon homologation of esters to a-cldoroketones was realized via the ligand 

exchange reaction of the sulfinyl group of a-chloro a-sulfinyl ketones, which were synthesized from methyl 

esters and chloromethyl phenyl sulfoxide, with EtMgBr. 

ct-Haloketones are quite important compounds in synthetic organic chemistry. 1 There is a number of direct 

halogenation methods for synthesizing ~x-haloketones from the corresponding ketones. However, procedures 

involving a carbon-carbon bond-forming reaction are limited. 2 

Recently, we have reported a new procedure for one-carbon homologation of carbonyl compounds 1 to 

carbonyl compounds having an a-alkyl substituent Ka using aryl 1-chloroalkyl sulfoxide 2a as the homologating 

agents 3 (Scheme 1). This procedure is based on the rearrangement of the 13-oxido carbenoid 4 4 which is 

generated from the chloro alcohol 3 with alkylmetal via the ligand exchange reaction of sulfoxide.5, 6 In the 

study, we anticipated that the reaction using dichloromethyl phenyl sulfoxide 2b (Ar=-Ph, R=CI) may afford a 

new procedure for homologation of carbonyl compounds to ~x-chloroketones 5b (R=C1). 

In this paper, we report, in detail, a new procedure for a synthesis of a-chloroketones 5b  from ketones and 

aldehydes with one-carbon homoiogation. We also report a new procedure for sythesizing ct-chloroketones 8 

from esters 6 and chloromethyl phenyl sulfoxide via the ligand exchange reaction of 7 with ethylmagnesium 

bromide (Scheme 1). 

One-Carbon Homologation of  Ketones  and Aldehydes  to ~ -Chloroketones  via ~-Oxido 

Carbenoid Rearrangement.  
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Scheme 1 

Dichloromethyl phenyl sulfoxide 21) 7 was treated with lithium diisopropylamide (LDA) in THF at -60 *C 

followed by cyclopentanone to give the adduct 9 in 97% yield (see Table 1). First, in line with on our experience 

in the previous work, 3 the chloro alcohol 9 was treated with t-BuLi at -78 *C for 15 rain; however, this reaction 

only gave a complex mixture with a trace of the desired 2-chioro- 1-cyclohexanone 10 (Table 1; entry I). Use of 

phenyllithium as the alkylmetal improved the yield of 10 to 43% (entry 2). 

tPr2NLi i ~) CI 
Ph ~ Pr2NSP h + 

Cl 
9 11 10 

Meanwhile, we found that 9 reacted with LDA to afford sulfinamide 11 in quantitative yield. From this result 

it can be deduced that in this particular case even lithium amide having low nucleophilic property could be used for 

the ligand exchange reaction of the sulfoxide. Searching for the other part of 9, the desired chloroketone 10 was 

obtained; however, the yield was only 30%. Other lithium amides gave the same results (Table 1; entries 4 and 

53. 
Next, we turned our attention to Grignard reagent as the alkylmetal for the ligand exchange reaction of the 

sulfoxides.6f, k Treatment of 9 with excess EtMgBr in THF at -70 to -40 *C for 1.5 h gave the desired 10 in 

68% yield. 

This reaction was applied to other ketone.s. As shown in Table 2, the earbanion of dichloromethyl phenyl 

soulfoxide reacted with cyclobutanone and cyclohexanone to give the adducts in high yields. Unfortunately, this 

carbanion did not react with cycloheptanone and other larger cycloalkanones, or with acyclie ketones. The chloro 
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Table 1. One-Carbon Homologation of Cyclopentanone to 2-Chloro-1-cyclohexanone 

~) 1) LDA ~Cl  OH Alkylmetal CI 

:)C>= 
2b O Cl O 

97% 9 10 

Entry Alkylmetal (equiv) 
10 

Yield (%)a) 

1 t-BuLi (4) trace 

2 PhLi (3) 43 

3 LDA (3) b) 30 e) 

4 Et2NLi (3) b) 30 e) 

5 CNLi (3) b) 30 c) 

6 EtMgBr (5) b) 68 

a) Isolated yield, b) All the reactions were Conducted at -70 to -40 °C for 1.5 h in TI-IF. 
c) Almost quantative yield of the corresponding sulfinamide was obtained. 

alcohol obtained from cylcobutanone 12a gave 2-chloro-l-cyclopentanone 13 in moderate yield (entry 1). The 

chloro alcohol 12b gave ~naphthol 14 in 60% yield. Cyclohexanone gave the adduct 12e in quantitative yield; 

however, the treatment of 12e with EtMgBr gave only a complex mixture. 

Entries 4-7 show the results with aldehydes. The carbanion of dichloromethyl phenyl sulfoxide reacted with 

various aldehydes to give good yields of the adducts. The ligand exchange reaction of the sulfinyl group and the 

rearrangement of the resulting ~oxido carbenoid was carried out with both EtMgBr and LDA. As shown in 

Table 2 (entries 4-7), this reaction gave moderate to good yields of the desired a-ehloroketones. Usually, the 

yield was better when EtMgBr was used as the alkylmetal. In the ~oxido carbenoid rearrangement, migration of 

both hydrogen and the alkyl group (or aryl group) is possible. These results (products 15-18) can be explained 

by the much higher migratory aptitude of hydrogen over the alkyl (or aryl) group in this type of rearrangement.8 

One-Carbon Homologation of Esters to ct-Chloroketone via Ligand Exchange Reaction of 

Sulfoxide. 

In previous papers, we reported that the ligand exchange reaction of the sulfinyl group of a-halo a-sulfinyl- 

ketones gave desulfinylated magnesium enolates. 6f If this reaction can be applied to chloro(sulfinyl)methyl 

ketone 7 (Scheme 1), a new prcr.~xlure for one-carbon homologation of esters to a-chloroketones would be 

realized. 

First, lithium carbanion of chloromethyl phenyl sulfoxide7a, 9 was reacted with methyl benzoate, to give the 

desired a-chloro a-sulfinylketone 19a in 84% yield as a mixture of two diastereomers (Table 3; entry 1). Next, 
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Table 2. One-Carbon Homologation of Carbonyl Compound to 0t-Chloroketones via the Ligand 

Exchange Reaction of Sulfoxides 

1) LDA ~Cl OH EtMgBr O 
PhSCHCI2 = PhS(L ~.-- R2 - R ~ " ~  CI 

2) O Cll R1 and/or LDA R 2 

R1 ~ R 2 12 

Entry Ketone or Aldehyde Chloro alcohol a-Chloroketone .) 
Yield(%) Yield(%) 

1 O = ~  12a (90) 

2 ~ O  lZb (85) 

CI O ~  13 (63) 

~ O H I 4  (60) 

3 O = = ~  12c (99) 

4 PhCHO 12d (97) 

5 Ph ~ C H O  12e (80) 

6 Ph J,,~'~'CH 0 

~ C H O  

PhCOCH2Cl 

IS (83, 30 b)) 

Ph ~ C O C H 2 C l  
16 (55, 55 b)) 

12f (88) Pit ~ C O C H = C l  

17 (38, 41 b)) 

12g ( 7 5 )  ~ C O C H 2 C l  

18 (50, 27 b)) 

a) All reactions were carded out in THF with 3 equivalents of EtMgBr at -78 to -45 "C for 1.5 h. 
b) The yield when this reaction was carried out with 3 equivalents of LDA in THF at -78 to -40 
"C for 2 h. 
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ligand exchange reaction of the sulfinyl group of 19a with alkyimetal was investigated. The optimal conditions 

are as follows. A solution of 19a in THF was added to a solution of 4 equivalents of EtMgBr in THF at -70 *C 

and the reaction mixture was stirred for 2 h. This reaction gave chloromethyl phenyl ketone 15 in 65% yield 

with ethyl phenyl sulfoxide (85%). Representative examples are shown in Table 3. Though the yield of the 

ligand exchange reaction was moderate, this two-step homologation of esters to a-chloroketones offers a useful 

procedure for chloromethylation of esters. 

Table 3. One-Carbon Homologation of Esters to 0~-Chloroketones via the Ligand 

Exchange Reaction of ct-Sulfinylketones with EtMgBr 

1)LDA ~ l ~  EtMgBr 0 
PhSCH2CI 2) O ~- Ph R ~" R "ll'~CI 

CI 
R"II'oMe 19 

Entry R ct-Sulfinylketone ct-Chloroketone 
Yield (%)a) Yield (%) 

1 " ~  19a (84) 15 (65) 

2 " ~  19b (87) 20 (60) 
OMe 

3 ~ 19c (77) 21 (63) 

4 ~ Q  19d (95) 16 (50) 

a) Isolated yield. A mixture of two diastereomers. 

Experimental Section 

All melting points are uncorrected. IH NMR spectra were measured in a CDCI3 solution with JEOL FX-100 

or GX-270 spectrometer. Electron-impact mass spectra (MS) were obtained at 70 eV by direct insertion. Silica 

gel BW-127 ZH (Fuji-Devison) containing 2% fluorescence reagent 254 and a quartz column were used for 

column chromatography and the products having UV absorption were detected by UV irradiation. In 

experiments requiring a dry solvent, THF was distilled from diphenyiketyl; diisopropylamine was dried over 

Call2 and distilled. 

l - [ D i e h l o r o ( p h e n y l s u l r m y l ) m e t h y l ] - l - e y e l o p e n t a n o i  (9). A solution of dichloromethyl phenyl 

sulfoxide (627 mg; 3 mmol) in 2 ml of dry THF was added to a solution of LDA (3.6 mmol) in 10 ml of dry THF 

at -65 *C under Ar atmosphere with stirring. The reaction mixture was stirred at -65 *C for 10 min. 

Cyclopentanone (0.3 ml; 33 mmol) was added to the reaction mixture and the solution was stirred for 30 min. 

The reaction was quenched with sat. aq. NH4CI and the whole was extracted with ether-benzene. The extract 
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was washed with sat. aq. NH4CI, dried over MgSO4, and the solvent was evaporated. The residue was purified 

by silica gel column chromatography (hexane:AcOEt=4:1) to afford 9 (853 mg; 97%) as colorless crystals; mp 

94-95 *C (AcOEt-hexane). IR (KBr) 3280 (OH), 1060 (SO) cm-1; 1H NMR 8 1.4-2.7 (8H, rn), 3.74 (1H, s, 

OH), 7.4-7.9 (5H, m); MS m/z (%) 293 ([M+H] +, 0.2), 191 (1.6), 126 (100). Found: C, 49.22; H, 4.78; CI, 

23.83; S, 11.15%. Calcd for C12H14C1202S: C, 49.16; H, 4.81; CI, 24.18; S, 10.94%. 

C h l o r o  Alcohols  12a-12g. The chloro alcohols 12a-12g in Table 2 were synthesized in a similar way as 

described for 9. 1-[Dichloro(phenylsulfinyl)methyl]-l-cyclobutanoi (12,a). Colorless crystals; mp 152-154 *C 

(AcOEt-hexane); IR (KBr) 3355 (OH), 1080, 1047 (SO) cm-1; IH NMR 8 1.8-2.0 (1H, m), 2.0-2.4 (3H, m), 

2.7-2.9 (2H, m), 3.96 (1H, s, OH), 7.5-7.7 (3H, m), 7.8-8.0 (2H, m). Found: C, 47.00; H, 4.27; C, 25.03; S, 

11.63%. Calcd for Cl1H12C1202S: C, 47.32; H, 4.33; CI, 25.40; S, 11.48%. 2-[Dichloro(phenylsulfinyl)- 

methyl]-2-indanol (12b). Colorless crystals; mp 169-170 *C (AcOEt-hexane); IR (KBr) 3390 (OH), 1080, 1040 

(SO) cmq; 1H NMR 8 3.28, 3.38, 3.83, 4.00 (each 1H, d, J=16 Hz), 7.1-7.4 (4H, m), 7.5-7.7 (3H, m), 7.9- 

8.0 (2H, m). Found: C, 56.13; H, 4.04; Cl, 20.71; S, 9.66%. Calcd for C16H14C1202S: C, 56.31; H, 4.14; CI, 

20.78; S, 9.40%. 12e. Lit. 7b and 7c; mp 135-136 *C (AcOEt-hexane); Found: C, 50.83; H, 5.17; CI, 22.85; 

S, 10.64%. Calcd for C13H16C1202S: C, 50.82; H, 5.25; CI, 23.08; S, 10.44%. 2,2-Dichloro-l-phenyl-2- 

(phenylsulfinyl)-l-ethanol (12d). Colorless crystals (about 1:1 diastereomeric mixture); IR (KBr) 3300 (OH), 

1080, 1050 (SO) cm-1; IH NMR 6 5.44, 5.46 (each 0.5H, s), 7.2-7.9 (10H, m); MS m/z (%) 315 ([M+H] +, 

trace), 126 (100). Found: m/z 315.0011. Calcd for C14H13C1202S: M, 315.0011. 1,1-Dichloro-4-phenyl-1- 

(phenylsulfinyl)-2-butanol (12e). Colorless oil (about 1:1 diastereomeric mixture); IR (neat) 3400 (OH), 1080, 

1050 (SO)cm-1; IH NMR 8 2.0-2.4 (2H, m), 2.7-3.1 (2H, m), 4.23, 4.34 (each 0.SH, m), 7.1-7.4 (SH, m), 

7.5-7.7 (3H, m), 7.8-7.9 (2H, m). Found: m/z 343.0320 (M+H). Calcd for CI6HI7CI202S: M, 343.0324. (E)- 

1,1-Dichloro-4-phenyl-l-(phenylsuifinyl)-3-buten-2-oi (12f). Colorless oil (about 7:3 diastereomeric mixture); 

IR (neat) 3260 (OH), 1085, 1040 (SO) cm-1; IH NMR 8 4.94 (0.3H, t, J=6 Hz), 5.09 (0.7H, t, J=6 Hz), 6.3- 

6.5 (1H, m), 6.8-7.0 (1H, m), 7.2-8.0 (10H, m); MS m/z (%) 340 (M +, 0.5), 288 (0.5), 179 (30), 126 (100). 

Found: m/z 340.0105. Calcd for C16H14C1202S: M, 340.0099. 1,l-Dichloro-l-(phenylsulfinyi)-2-octanol 

(12g). Colorless oil (about 1:1 diastereomeric mixture); IR (neat) 3400 (OH), 1080, 1060 (SO) cm-1; IH NMR 

0.88 (3H, t, J=7 Hz), 1.2-2.1 (10H, m), 4.14, 4.32 (each 0.5H, m), 7.5-7.9 (5H, m). Found: m/z 323.0644 

(M+H). Calcd for C14H21C1202S: M, 323.0638. 

2-Chloro-l-eyelohexanone (10). A solution of EtMgBr (2.5 mmol) in ether was added with stirring to a 

solution of the chloro alcohol 9 (147 mg; 0.5 mmol) in 5 ml of dry THF at -70 *C under Ar atmosphere. The 

reaction mixture was stirred at -70 to -45 *C for 2 h, then quenched with sat. aq. NH4CI. The whole was 

extracted with ether-benzene. The product was purified by silica gel column chromatography to afford 45 mg 

(68%) of 10 as a colorless oil. 

A solution of 9 (147 mg; 0.5 mmol) in 2 ml of dry THF was added to a solution of LDA (1.5 mmol) in 5 ml of 

dry TI-IF at -78 *C with stirring. The reaction mixture was stirred at -78 to -45 *C for 2 h, then the reaction was 

quenched with sat. aq. NH4CI. Similar workup as described above gave 112 mg (99%) of the sulfinamide 11 

(Colorless crystals; IR (KBr) 1085, 1060 (SO) cm-l; NMR 8 1.12, 1.42 (each 6H, d, J=7 Hz), 3.56 (2H, septet, 

J=7 Hz), 7.4-7.7 (5H, m)) and a-chloroketone 10 (30%). 

Chloroketones 15-18 (Table 2). These chloroketones were synthesized from 12d-12g,  respectively, in a 

similar way as described for 10 with 3 equivalents of EtMgBr or LDA. 2-Chloro-l-phenyl-l-ethanone (15). 

Colorless oil; IR (neat) 1695 (CO) cm-1; IH NMR 8 4.72 (2H, s), 7.4-7.7 (3H, m), 7.95-8.0 (2H, m); MS m/z 
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(%) 154 (M +, 2.5), 105 (100). Found: m/z 154.0183. Calcd for C8H7C10: M, 154.0184. 1-Chloro-4-phenyl-2- 

butanone (16). Colorless oil; IR (neat) 1735 (CO) cm-l; IH NMR 8 2.93 (4I-1, m), 4.02 (2H, s), 7.1-7.4 (51-1, 

m); MS m/z (%) 182 (M +, 45), 133 (50), 105 (100). Found: m/z 182.0488. Caled for Ct0HItCIO: M, 182.0497. 

(E)-l-Chloro-4-phenyl-3-buten-2-one (17). Colorless oil; IR (neat) 1690 (CO), 1610 (C=C) cm-1; 1H NMR 

4.30 (2H, s), 6.98 (1H, d, J=16 Hz), 7.35-7.50 (3H, m), 7.55-7.65 (21-1, m), 7.71 (1H, d, J=16 Hz); MS m/z 

(%) 180 (M ÷, 20), 131 (100). Found: m/z 180.0329. Calcd for CIoH9CIO: M, 180.0341. 1-Chloro-2-octanone 

(18). Colorless oil; IR (neat) 1730, 1720 (CO) cm-1; 1H NMR 8 0.89 (3H, t, J=7 Hz), 1.29 (4H, m), 1.61 (2H, 

m), 2.59 (2H, t, J=7 Hz), 4.08 (2H, s); MS m/z (%) 162 (M +, 0.3), 113 (96), 43 (100). Found: m/z 162.0809. 

Calcd for C8I-I15CIO: M, 162.0809. 

2-Chloro-2-(phenylsulfinyl)-l-phenyl-l-ethanone (19a). A solution of chloromethyl phenyl 

sulfoxide (353 mg; 2 mmol) in 2 ml of dry THF was added dropwise with stirring to a solution of LDA (4 mmol) 

in10 mi of dry THF at -65 *C. The mixture was stirred at -65 *C for10 min. Methyl benzoate (0.25 ml; 2.2 

mmol) was added to the reaction mixture with stirring and the sorting was continued for 30 min at -65 *C. The 

reaction was quenched with sat. aq. NH4CI and the whole was extracted with ether-benzene. The product was 

purified by silica gel column chromatography (hexane:AcOEt=4:l-2:l) to give 468 mg (84%) of 19a as pale 

yellow crystals (about 1:1 diastereomeric mixture). IR (KBr) 1680 (CO), 1080, 1050 (SO) cm-1; IH NMR 

5.81, 5.86 (each 0.5H, s), 7.3-8.1 (10H, m); MS m/z (%) 278 (M ÷, 6), 125 (100). Found: m/z 278.0152. Calcd 

for C14HI1CIO2S: M, 278.0167. 

a -Su l f iny l  K e t o n e s  19b-19d (Table 3). These ketones were synthesized from the corresponding methyl 

esters in a similar way as descritexl for 19a. 2-Chloro-l-(4-methoxyphenyl)-2-(phenylsulfinyl)-l-ethanone 

(19b). Colorless oil (about 1:1 diastereomeric mixture); IR (neat) 1670 (CO), 1080, 1050 (SO) cm-l; 1H NMR 8 

3.83, 3.89 (each 1.5H, s), 5.76, 5.80 (each 0.51-1, s), 7.8-8.0 (9H, m); MS m/z (%) 308 (M ÷, 7), 218 (4), 155 

(64), 135 (100). Found: m/z 308.0272. Calcd for C15H13CIO3S: M, 308.0272. 2-Chloro-l-(2-naphthyl)-2- 

(phenylsulfinyl)-l-ethanone (19e). Pale yellow crystals (about 1:1 diastereomeric mixture); IR (KBr) 1685 (CO), 

1085, 1055 (SO) cm-1; 1H NMR 8 5.98, 6.01 (each 0.51-1, s), 7.3-8.5 (12H, m); MS m/z (%) 328 (M ÷, s), 250 

(2), 218 (22), 155 (100). Found: 328.0324. Calcd for C18I-I13CIO2S: M, 328.0324. 1-Chloro-4-phenyl-1- 

(phenylsulfinyl)-2-butanone (19d). Colorless oil (about 1:1 diastereomeric mixture); IR (neat) 1720 (CO), 1085, 

1050 (SO) cm-1; 1H NMR 8 2.5-3.2 (4H, m), 4.99, 5.03 (each 0.5H, s), 7.0-7.7 (10H, m); MS m/z (%) 306 

(M ÷, 1.5), 250 (0.6), 181 (23), 125 (100). Found: m/z 306.0463. Calcd for C16H15CIO2S: M, 306.0479. 

2-Chloro-l-(4..methoxyphenyl)-l-ethanone (20). A solution of 19b (154 mg; 0.5 mmoi) in 1 ml of 

dry THF was added dropwise to a solution of EtMgBr (2 mmol) in 5 mi of dry THF at -70 *C with stirring. The 

reaction mixture was stirred at -70 to -40 *C for 2 h. The reaction was quenched with sat. aq. NH4CI and the 

whole was extracted with ether-benzene. The product was purified by silica gel column chromatography to give 

110 mg (60%) of 20 as a colorless oil. IR (neat) 1693 (CO) cm-l; 1H NMR 8 3.88 (3H, s), 4.65 (2H, s), 6.95 

(2H, m), 7.95 (2H, m); MS m/z (%) 184 (M ÷, 11), 165 (4), 135 (100). Found: m/z 184.0290. Calcd for 

C9H9C102: M, 184.0290. 

ct-Chloroketones 15, 16 and 21 (Table 3) were synthesized in a similar way as described for 20. 2-Chloro- 

1-(2-naphthyl)-l-ethanone (21). Colorless crystals; IR (KBr) 1690 (CO) cm-1; IH NMR 8 4.84 (2I-1, s), 7.25- 

8.0 (6H, m), 8.47 (1H, s); MS m/z (%) 204 (M ÷, 25), 155 (100), 127 (55). Found: m/z 204.0350. Calcd for 

C 12H9CIO: M, 204.0342. 
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