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Abstract: A catalytic cycle of achromium salt in a stereoselective
transformation of aldehydes to (E)-1-iodoalkenes using a geminal
dichromium reagent, is assembled with zinc, Me;SICI, and Nal in
dioxane.
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lodoalkenes are important synthetic intermediates, espe-
cialy for carbon-carbon bond formation under transition
metal catalysis. One method to access the iodoalkenes is
to use ageminal dichromium reagent derived from iodo-
form and CrCl,.! The protocol provides (E)-iodoalkenes
with one-carbon homologation under mild conditions in
chemo- and stereosel ective manners (eg. 1).2

o
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75% (E/Z=81/19)
Equation 1

This transformation, however, requires 6-8 equiv of the
one-electron reductant, CrCl, to obtain reasonable yields.
In order to assemble the catalytic cycle of chromium(Il)
using a metal as a reductant, the reducing ability of the
metal should be stronger than that of chromium(l1). How-
ever, it should be weak enough to leave the iodoform in-
tact, or at least the reduction rate of iodoform with the
metal should be considerably slower than that with chro-
mium(l1). In 1996, Furstner reported a chromium(l1)-me-
diated coupling of halo olefins and adehydes with a
catalytic amount of chromium(ll) using manganese as a
reductant.34 In the procedure, an excess amount of
Me,SiCl was employed for conversion of O-CrL,, to O-
SiMe; to regenerate chromium(l11) halide, which iseasily
reduced with the metal. Here, several meta reductants are
examined to find an appropriate one that forms a catalytic
cyclefor the formation of iodoalkene 1 (Table 1).

Magnesium and aluminum metals are very strong and re-
duce iodoform to give complex mixtures (Table 1, runs 1
and 2). In contrast, a combination of zinc (4.0 equiv) and
CrCl, (0.08 equiv) afforded the desired iodoalkene 1 in

CHla, cat. CrCly, Mtl, Me3SiCl

PhMI
THF, 25 °C, 24 h 1

Ph\/\CHO

Table1 Product Distribution with a Variety of Metals and a
Catalytic Amount of CrCl,.2

CHlg, cat. CrCly, Mt Me,SiCl

Ph Phao~F
\/\CHO I
THF, 25 °C, 24 h 1
run Md  equiv.  Yield/ %P E/z¢ byproducts / %

1 Mg 4.0 3 57/43 many products

2 Al 2.7 4 39/61 many products

3 Mn 4.0 17 70/30 RCH=CH» 2 (8),

RCH=CHSiMe3 3 (3),

RCHO (recov. 21)

4 Zn 4.0 46 74/ 26 RCH=CHj; 2 (10),
RCH=CHC(I 4 (5)

5 Fe 4.0 0 RCHO (recov. 40)

dReactions were conducted on a 1.0 mmol scale. lodoform (2.0
mol), chromium(Il) chloride (0.8 mol),5 and Me3SiCl (4.0 mol) were
used per mole of 3-phenylpropanal (R = Ph(CHp)p). Ylsolated
yields. CThe E/Z ratios of disubstituted olefins were determined by
GLPC and/or |H NMR analysis.

46% yield (run 4). Although alkene 2 and chloroalkene 4
were produced as byproducts and the E/Z ratio was 74/26,
the reaction could proceed with a catalytic amount of
CrCl,.

Further examination with a CrCl,-zinc system revealed
that the reaction completed within 1 h when 6 equiv of
zinc was used; lodoalkene 1 and chloroalkene 4 were pro-
duced in 60% (E/Z = 80/ 20) and 8%, yields, respectively.
The formation of 4 could not be suppressed by addition of
sodium iodide, however the yield was slightly improved.®
The E/Z ratios of 1 depended on the solvent, and the ratio
was improved to 88/ 12 in dioxane.” In addition, slow ad-
dition of a mixture of iodoform and an aldehyde in diox-
ane to amixture of zinc, Me;SICl, and a catalytic amount
of CrCl, in dioxane improved both the yield and the E/Z
ratio markedly. lodoalkene 1 was obtained in 80% yield
(E/Z=96/ 4) by slow addition over aperiod of 4 h (eg. 2).
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CHl3 (2.0), Nal (1.0) CHl3, cat. CrCls(thf)s
Zn (6.0), Me3SiCl (6.0) Zn, Me3SiCl
Ph~cro Pha~, RCHO R + Ry
dioxane, 25 °C 1 dioxane, 25 °C _
4 h (slow addition) X=ClandH
CrCl, (0. 80% (E/Z=96/4 . . .
c:cé Eg.;gi 82% EE 12=951 5; Table 2  Transformation of Aldehydes to (E)-lodoalkenes.?
CrCls(thf)3 (0.20) 84% (E/Z2=95/5) CHlj, cat. CrCls(thf),
. Zn, Me;SiCl
Equation 2 RCHO RF ™+ By

CHI3 \\
/ CrX,

2 CrXs

4crx, + R |
2 CrX3

( OCrX,

(X2Cr),0 J\
2 ZnX;, (ME3S|)20 R .=
227n 2 MesSiCl NI
Scheme 1

A plausible mechanism of the CrCl,-zinc system is shown
in Scheme 1. The reduction of iodoform with 4 equiv of
chromium(ll) gives a geminal dichromium reagent,®
which reacts with an aldehyde followed by elimination of
(X,Crn),0 to afford an iodoal kene. The produced (X,Cr),O
is converted to chromium(l11) halides with Me;SICl, and
the chromium(l11) is then reduced with zinc to reproduce
chromium(Il). Two equiv. of both zinc and Me;SICl are
necessary for this transformation.

Because chromium(l11) is reduced with zinc to give chro-
mium(l1), the reaction proceeded using a catalytic amount
of chromium(l11). Both CrCl; and CrCly(thf); could be
used for the transformation (eq. 2), although the latter
gave normally better yields especialy in small scale ex-
periments due to less hygroscopicity. The results with a
catalytic amount of CrCl(thf),aresummarizedin Table 2.

Under the standard reaction conditions (Table 1, run 1),
compounds were recovered in the following order: 1-
dodecene (90%); 1-dodecyne (92%); 1-chlorododecane
(93%); ethyl octanoate (94%); nonanenitrile (97%). In
contrast to a stoichiometric reaction with CrCl,, in which
nonanal diethylene acetal was recovered in 92% yield, the
acetal was recovered in only 50% yield under the catalytic
conditions and the acetal was converted to 1-iododecene
in 33% vyield (E/Z=90/10).

Typical Procedure

Procedure A: Under an argon atmosphere, Me;SiCl (1.5
mL, 12 mmol) was added at 25 °C to a suspension of
CrCl,(thf), (0.15 g, 0.40 mmol),* zinc (0.78 g, 12 mmol),
and dried Nal (0.30 g, 2.0 mmol) in dioxane (20 mL). Af-

dioxane, 25 °C X = Cland H

run  aldehydes Time iodide E/ZC chloride alkene

/h Y/%b Y/% Y/%
1 Ph(CHy),CHO 4 84 95/5 8 2
2 ¢-CgH11CHO 5 8 97/3 4
3 PhCHO 3 78 93/7 6 4
4 : CHO 4 71 747264 12 8
5 MeCO(CHp)gCHO 4 71 95/5 6
6 EtOHC(CHy)gCHO 4 79 95/5 5

aRcactions were conducted on a 2.0 mmol scale. Iodoform (2.0
mol), chromium(IIl) chloride THF complex (0.20 mol),? zinc (6.0
mol) and Me3SiCl (6.0 mol) were used per mole of aldehyde.
bisolated yields. CThe E/Z ratios of disubstituted olefins were
determined by GLPC and/or LH NMR analysis. dRef. 10.

ter the mixture was stirred at 25 °C for 40 min, a solution
of 3-phenylpropanal (0.27 g, 2.0 mmol) and iodoform (1.6
g, 4.0 mmol) in dioxane (20 mL) was added at 25 °C to the
mixture over a period of 4 h. The color of the mixture
gradually turned to red during the addition. The reaction
mixture was poured into water (50 mL) and organic layer
was extracted with hexane (3 x 30 mL). The organic ex-
tracts were washed with aqueous Na,S,0; and brine, dried
over anhydrous MgSO, and concentrated. Purification by
column chromatography on silica gel (hexane) gave 1-
iodo-4-phenyl-1-butene 1 in 84% yield (0.43 g, E/Z = 95/
5) as a colorless oil aong with 1-chloro-4-phenyl-1-
butene (27 mg, 8%) and 4-phenyl-1-butene (5.3 mg, 2%).

Procedure B: Under an argon atmosphere, Me;SiCl (13
mL, 0.10 mol) was added at 25 °C to a suspension of
CrCl;(0.63 g, 4.0 mmol), zinc (5.9 g, 90 mmol), and dried
Nal (3.0 g, 20 mmol) in dioxane (100 mL). After the mix-
ture was stirred at 25 °C for 40 min, a solution of 3-phe-
nylpropana (2.7 g, 20 mmol) and iodoform (12 g, 30
mmol) in dioxane (50 mL) was added at 25 °C (water
bath) to the mixture over a period of 12 h. The reaction
mixturewas poured into water (200 mL) and organic layer
was extracted with hexane (3 8x 100 mL). The organic ex-
tracts were washed with Na,SO, and brine, dried over an-
hydrous MgSO, and concentrated. Distillation of the
crude product gave 1-iodo-4-phenyl-1-butene 1 in 70%
yield (3.6 g, E/Z = 94/6) as a colorless oil along with 1-
chloro-4-phenyl-1-butene (0.20 g, 6%) and 4-phenyl-1-
butene (30 mg, 1%).
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