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PRACTICAL WAYS FROM ALDEHYDES TO 2-CHLORO-1,1,1-TRIFLUORO-2-ALKENES 

AND 2-CHLORO-l,l-DIFLUORO-1-ALKEN-3-OLS 

Makoto Fujita and Tamejiro Hiyama* 

Sagami Chemical Research Center 

4-4-l Nishiohnuma, Saqamihara, Kanagawa 229, Japan 

A reagent system CF3CC13/Zn(>2 mol)/Ac20 transformed aldehydes to 2-chloro- 

l.l,l-trifluoro-2-alkenes exclusively, whereas CF3CC13/ZnO2 mol)/AlCl3(cat.) 

converted aldehydes into 2-chloro-l,l-difluoro-1-alken-3-01s. 

Thermally stable zinc reagent CF3CC12ZnC1 prepared from CF3CC13 and 

slightly excess zinc powder was recently shown to achieve aldehyde addition 

efficiently (eq I).' The presence of large excess of zinc (>Z mol) might 

induce further reductive R-elimination to afford 2-chloro-l,l,l-trifluoro-2- 

alkene (2) or 2-chloro-1,1-difluoro-I-alken-3-01 (3). The two possible 

pathways are now found to be controllable by use of either 1.5-1.6 mol of 

acetic anhydride (eq 2) or A1C13 catalyst (eq 3), respectively. 
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A procedure for the selective transformation to 2 is as follows. Benz- 

aldehyde (I mmol) was treated with CC13CF3 (2 mmol), zinc powder (5 mmol), and 

acetic anhydride (1.5 mmol) in dimethylformamide (DMF) (I mL) for 7 h at 50 

OC. Usual workup gave 2a solely in 75% yield as estimated by "F NMR. The 

amount of zinc could be reduced to 3.1 mol by a modified two-step procedure: 

Benzaldehyde was first treated with CF3CC13 (1.2 mol) and zinc (1.1 mol) at 50 

'C for 24 h and then with acetic anhydride (1.5 mol) and zinc powder (2 mol) 
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for additional 4 h at 50 'C to give 2a in 78% yield. In the absence of acetic 

anhydride, a mixture of la (17%), 2a (57%), and 3a (14%) resulted. Such Lewis 

acids 2 as TiC14 (1 mol) and SiC14 (0.3 mol) also were applicable to the 

selective transformation from la to 2a (67% and 42%, respectively), but 

BF3.0Et2 (1 mol) favored the formation of 3a (2a, 30% and 3a, 52%). 

Various aldehydes including aromatic, aliphatic, and a,B-unsaturated ones 

were successfully converted into 2 by the CF3CC13/Zn/Ac20 reagent (Table I). 

Acetyl chloride could be employed instead of acetic anhydride in the two-step 

procedure (run 6). 

Table I. Transformation of RCHO to RCH=CH(Cl)CF3 with CC13CF3/Zn/Ac20 reagent. 

run aldehyde (1) CC13CF3/Zn/Ac20 conditions product (2) % yielda 

CHo (la) 2.0 5.0 1.5 50 "C, 7 h 

la 1: 1.2 1.1 -- 50 "C, 24 h 

jj: -- 2.0 1.6 50 "C, 4 h 

CHo (lb) 2.0 5.0 1.5 50 "C, 4 h 

lb 1: 1.2 1.1 -- 50 "C. 24 h 

ii: -_ 2.0 1.6 50 "C. 4 h 

lc 1: 1.2 1.1 -- 50 "C, 12 h 

ii: __ 2.0 1.6b50 "C. 4 h 

a- \ CHO i: __ 1.2 1.1 -- 50 "C. 24 h 

ii: 2.0 1.6 50 "C. 4 h 

CHO i: 1.2 1.1 -- 50 "C, 21 hC 

ii: -_ 2.0 1.6 50 'C, 4 h 

L A CHO 1: 1.2 1.1 -- 50 "C. 1 hC 

ii: -- 2.0 1.6 50 "C. 4 h 

CF3 
(24 75 [86:14] 

2a 78 [87:131 

,qcFs (2%) 73 [aa:iz] 

2b 76 [aa:12] 

81 [85:15] 

63 [86:14] 

72 [89:11] 

50 [85:15] 

53 [aa:lz] 

aThe values in the brackets refer to the (r) : (r) ratio of 2. bAcCl was employed instead of 

Ac20. 'NiC12(PPh3)2 (2 mol%) was employed as a catalyst. 
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