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Summary: Electroreductive intermolecular coupling of halofluoro compounds such as 1,l ,l-trichloro-2,2,2- 
trifluoroethane, methyl chlorodifluoroacetate, and perfluoroalkyl halides with aldehydes took place effectively in 
the presence of chlorotrimethylsilane and one of the coupling products, 2,2-dichloro-3,3,3-trifluoro-l-phenyl-l- 
propanol, was selectively convertible to a variety of compounds with using the electroreduction as a key reaction. 

Reductive coupling of halofluoro compounds with carbonyl compounds is one of the useful methods for the 

synthesis of organic fluoro-compounds as exemplified by the Zn2 or Pb3 promoted addition reaction of l,l,l- 

trichloro-2,2,2-trifluoroethane 1 to aldehydes 2. On the other hand, the electroreduction is an effective method for 

the reductive coupling of polyhalogenated compounds with aldehydes as shown by our previous study on the 

electroreductive coupling of CYC13 (Y=CI, C02Me) with aldehydes. 4 In the present study, the electroreductive 

method was found to be highly effective for the coupling of halofluoro compound 1 with aldehydes in the presence 

of chlorotrimethylsilane (CTMS) (eq 1). It was also found that one of the coupling products, 3d (R=C6H5), was 

+ e, Pt cathode 

Ccl&F, + RCHO w R-CHCCIJF, 

CTMS-DMF bH 
(1) 

1 2 3 

selectively transformed to a variety of compounds using electroreduction as the key reaction. The other perfluoro 

compounds such as methyl chlorodifluoroacetate 4 and perfluoroalkyl halides 6 (Rf=CF3, n-C4F9) were also found 

to couple with 2 under similar reaction conditions (eqs 2 and 3). 

+ e, Pb cathode 
CCIF,CO,Me + RCHO 

CTMS-DMF 

* R-iZF,C02Me (2) 

4 2 5 

+ e, Pb cathode 
RfX + RCHO R-CHRf 

(3) 
CTMS-DMF 6H 

6 2 7 

The electrareductive coupling of 1 with 2 was carried out by using a Pt cathode (5 X 10 cm2) and a carbon 

anode in dry DMF (40 mL) containing Et4NOTs (10 g). The cathodic and anodic chambers were separated by a 

ceramic diaphragm. To the catholyte were added 1, 2, and CTMS (amounts are shown in Table 1.). After the 

electricity (see Table 1) was passed at a constant current of 0.1 A, the catholyte was poured into water (200 mL) and 

extracted with ether. After evaporation of ether, a crude mixture of alcohol 3 and its trimethylsilyl ether was treated 

with 1N HC1 for 30 min. The product 3 was isolated by column chromatography on silica gel (AcOEt-hexane). 
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Table I. Electroreductive intermolecular coupling of 1 and 2 

Run 2 1:2 % Yield of 3 

1 2a n-C,H,CHO 

L 

3 

4 2b I-C,H,CHO 

5 

6 

7 2c CH,CH=CHCHO 

8 

9 

10 2d C,H,CHO 

11 

12 

1 :3a 3a 78b 

1 : 3aJ 26b 

3:ld 8ge 

1 :3a 3b 60b 

1 :iO’ 88b 

3:ld 68e 

1 :3a 3c 29b 

1 :io’ 72b 

3:ld 62e 

1 :3a 3d 65b 

1 :lO’ a7b 

3:ld 87e 

a. 1 (5 mmol),2 (15 mmol), CTMS (15 mmol). Electricity (10 mF). 
b. Isolated yield based on 1. c. In the absence of CTMS. 
d. 1 (15 mmol), 2 (5 mmol), CTMS (5 mmol). Electricity (20 mF). 
e. Isolated yield based on 2. f. 1 (5 mmol),2 (50 mmol). CTMS 
(15 mmol), Electricity (10 mF). 

Table II. Electroreductive intermolecular coupling of 4 and 2 

Run za % Yield of 5b 

1 2a n-C,H,CHO 5a 91 

2 2b I-C,H,CHO 5b 81 

3 2c CH,CH=CHCHO 5c 38 

4 2d C,H,CHO 5d 56 

a. 4 (5 mmol).Z (25 mmol), CTMS (15 mmol), Electricity (10 mF). 
b. Isolated yield based on 4 

Table III. Electroreductive intermolecular coupling of6 and 2 

Run 6 2 % Yield of 7 

1 6a CF,Br 2e n-C,H,,CHOa 62b 

2 2f C-C,H,,CHOa 54b 

3 2d C,H,CHOa 60’ 

4 2g (C,H,),COa~C 7ab 

5 6b n-C,F,I 2a n-C,H,CHOd 4ge 

6 2b i-C,H,CHOd 4ge 

7 2d C,H,CHOd 47e 

a. 6a (ca. 25 mmol), 2 (5 mmol). CTMS (15 mmol), Electricity 
(20 mF). The electroreduction was carried out at -50X, since 
6ais highly volatile compound (b. p. -57°C). b. Isolated yield 

based on 2 c Hexamethyldisilazane was used in place of CTMS. 
d.6b(5 mmol),2 (25 mmo!), CTMS (15 mmol), Electricity (10 mF). 
e. Isolated yield based on 6b. 

The results of electroreductive coupling of 1 with 2 are shown in Table I. The yields of coupling products 3 

based on either 1 or 2 were satisfactory. The absence of CTMS resulted in the decrease in the yield of 3 (run 2).5 

The electroreduction of 4 with 2 under the same conditions as above gave the corresponding coupling products 5 

(Table II). In this reaction, Pb was more effective than Pt as the material of the cathode (Pt cathode: Sa, 68%). The 

electroreductive coupling of 4 with aliphatic aldehydes afforded satisfactory results (runs 1 and 2) whereas the 

rather poor results have been reported in the Reformatsky type reactions of 4 with such aldehydes.6 In addition, 

electroreduction of perfluoroalkyl halides 6 in the presence of 2 gave perfluoroalkyl carbinols 7 in moderate yields 

(Table 111).7 

The coupling product 3d obtained from 1 and benzaldehyde 2d could electroreductively be converted to a 

variety of compounds 8, 9 and 10 by controlling the reaction conditions (Scheme 1).11,12 Namely, the 

electroreduction of 3d was carried out under three types of reaction conditions, that is, a strongly acidic condition 

(condition a), a weakly acidic condition (condition b) and a basic condition (condition d). The reductive- 

elimination product 8 was selectively obtained under the condition a, l4 while only one chlorine atom was 

eliminated and a monochloro derivative 9 was formed under the weakly acidic condition b, though considerable 

amounts of 8 were also yielded. On the other hand, under the basic condition d: the reduction of 3d was not 

terminated at the stage of the compounds 8 and 9, but further advanced to give an unsaturated compound 10.15 In 

the electroreduction of a mesylate 11, the condition b gave the elimination product while 11 was transformed to 13 
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and 14 under a neutral condition c with passing an excess amount of electricity. Ketone 15, which was easily 

prepared from 3d, was also selectively reduced to 16 or 17 by controlling the reaction conditions. Namely, 15 was 

selectively reduced to 16 under the strongly acidic condition a and it was further reduced t0 17 under the weakly 

acidic condition b. These results clearly show that the control of the reaction conditions of the eleCtTOTedUCtion is a 

very effective method for the selective reduction of trifluoromethyl compounds 3d, 11, and 15. 

a. 
* 

Pb cathode 
2 Flmol 

‘V5 L&F, 

3d 

1) DHP.TsOH 
/benzene 

2) t-BuOK/lHF 

/ 

Pb cathode 

3) 10% HzS04 MsCI, tt3N 8 F/mol 
/cH,& 

I 
c 
OMs 

C,H&CF, 

11 96% 

0 

C& % 
CF3 

Cl 

15 92% 

b. 

Pb cathode 
6.5 Fimol 
11 Fimol 

Pb cathode 
6.5 Fimol 

OH F 

CsH, + ’ F 

Cl 

8 >95% 

OH 

C6H5 It 
CF, + 8 50% 

9 :5% 

OH F 

C,H,u F 

10 >95% 

C,H+fCF3 

Cl 

12 82% 

C6H,bcF” + c6H5~cF3 
13 50% 14 19% 

trace 51% 

C6HjLcF3 

16 90% 

C6H5xCF3 
17 55% 

(a) 0.2M EtOTs, 0.2M MsOH/DMF; (b) 0.2M NH 4NOdMeOH.; (c) 0.2M Me 4NCIIMeOH; 
(d) 0.2M Me4NCI, 0.2M Et 3NIMeOH. 

Scheme1 
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