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Abstract—The CrCl2-mediated condensation of aldehydes 1 with a variety of functionalized 1,1,1-trichlorides 2 affords trisubsti-
tuted chloroolefins 4 in excellent yields and generally high Z-stereoselectivity. The intermediate dichlorohydrin adducts 3 can be
isolated in good yields under conditions of limited reagent and reduced temperature.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Recently, our laboratories described the efficient, stereo-
selective Cr(II)-mediated addition of 2,2,2-trihaloacetates
to carbonyls.1 The broad synthetic utility of the resultant
(Z)-a-haloacrylates2 prompted us to examine the scope of
this condensation using aldehydes 1 and a panel of rep-
resentative 1,1,1-trichlorides 23 for the preparation of
trisubstituted chloroolefins 4 (Eq. 1).4
ð1Þ

The results are summarized in Table 1. For typical aryl
and aliphatic aldehydes, exemplified by benzaldehyde
(5) and hydrocinnamaldehyde (8), respectively, stirring
with 1,1,1-trichloroacetone (6) and 5 equiv of commer-
cial5 CrCl2 at room temperature for 0.5 h generated (Z)-
3-chloroenones 76 (entry a) and 97 (entry b) in nearly
quantitative yields. None of the (E)-isomer8 could be
detected by NMR analysis of the crude reaction mix-
tures, indicating >99% stereochemical purity. While
Keywords: Chromium; Condensations; Stereocontrol; Olefination.

* Corresponding author. Tel.: +1-214-648-2406; fax: +1-214-648-6455;

e-mail: j.falck@utsouthwestern.edu

0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.02.101
catalytic CrCl2 coupled to a Mn/TMSCl regeneration
system9 was also highly stereoselective, yields were
reduced (65–80%) and reaction times were significantly
longer (�16–24 h).

Despite the presence of easily exchangeable protons,
both 2,2,2-trichloroacetamide (10) and 2-(trichloroacet-
yl)pyrrole (13) smoothly condensed with 5 and 8 giving
rise to all-Z 1110 (entry c), 12 (entry d), 14 (entry e), and
15 (entry f), correspondingly. a,a,a-Trichlorotoluene
(16) behaved analogously and stereoselectively gener-
ated 1711 (entry g) and 1812 (entry h) from 5 and 8,
respectively. In contrast, 2013 (entry i) was obtained in
good yield, but as an �1:1 mixture of E/Z-isomers, via
union of trichloroacetonitrile (19) with 5. The divergent
reactivity of 19 was even more apparent with aldehyde 8.
The anticipated adduct, chloroolefin 21, could be iso-
lated in low yield only under a variety of reaction con-
ditions.

By analogy with earlier studies,1 the preceding olefin-
ations most likely involve initial metalation of 2 and
addition of the nascent chromate anion to the aldehyde
carbonyl yielding Reformatsky-type adduct 3 (Eq. 1).
Reduction of a residual chloride and subsequent E2-
elimination evolves chloroolefin 4. Of the possible anti-
periplanar conformations, conformer A (Scheme 1) is
favored because it minimizes the steric interactions
between the trichloride R0 and aldehyde R groups.
Selective metalation of the chloride furthest from the
chromate ester ensures the observed Z-stereochemistry.
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Scheme 1.

Table 1. (Z)-Chloroolefination of aldehydes

Entry Aldehyde Trichloride Adduct Yield (%)

a

5 6
7

99

b

8

6

9

99

c 5

10 11

95

d 8 10

12

92

e 5

13 14

89

f 8 13

15

91

g 5 Cl3C–Ph

16
17

95

h 8 16

18

93

i 5 Cl3C–CN

19

20

90

j 8 19

21

<10

Table 2. Synthesis of Dichlorohydrins

Entry Aldehyde Trichloride

a 5 6

b 8 6

c 5 10
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When R0¼CN, this interaction is negligible and both
conformers are equally populated.

Consistent with the proposed mechanism, the corre-
sponding dihalohydrins 22–27 could be isolated in good
yield under conditions of limiting chromium and low
temperature (Table 2). Exposure of the dichlorohydrins
Adduct Yield (%)

22

87

23

82

24

82



Table 2 (continued)

Entry Aldehyde Trichloride Adduct Yield (%)

d 8 10

25

75

e 5 13

26

75

f 8 13

27

79
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to the original reaction conditions led exclusively to (Z)-
chloroolefins in yields comparable to those in Table 1.
2. General procedures

2.1. Stoichiometric CrCl2

A mixture of trichloride (1mmol) and aldehyde
(1mmol) in dry THF (2mL) was added to a stirring,
room temperature suspension of anhydrous CrCl2

5

(5.0mmol) in THF (8mL) under an argon atmosphere.
After 0.5–2 h, the resultant reddish reaction mixture was
quenched with water, extracted thrice with ether, and
the combined ethereal extracts were evaporated in
vacuo. Chromatographic purification of the residue on
silica gel furnished pure chloroolefin in the indicated
yields (Table 1).
2.2. Catalytic CrCl2

A mixture of trichloride (1mmol) and aldehyde
(1mmol) in dry THF (3mL) was added to a stirring,
room temperature suspension of anhydrous CrCl2

5

(0.5mmol), Mn powder (4mmol), and freshly distilled
TMS–Cl (4mmol) in THF (7mL) under an argon
atmosphere. After 16–24 h, the reaction was quenched
and the product was purified as described above to give
chloroolefin in the indicated yields (Table 1).
2.3. Dichlorohydrins

A mixture of trichloride (1mmol) and aldehyde
(1mmol) in dry THF (2mL) was added to a stirring,
0 �C suspension of anhydrous CrCl25 (2.5mmol) in THF
(8mL) under an argon atmosphere. After 12 h, the
reaction was quenched and the product was purified as
described above to give dichlorohydrin in the indicated
yields (Table 1).
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