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Samarium-Mediated b-Elimination in Dihalo
Alcohols: Diastereoselective Synthesis of
(Z)-Vinyl Halides**
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Diastereoselective formation of carbon ± carbon double
bonds has received considerable attention in organic chem-
istry.[1] Among many other methods, the 1,2-elimination
reaction is a powerful route to alkenes.[2] Usually, the alkene
obtained in these processes is isolated as a Z/E mixture, and
only the use of starting materials with defined stereochemistry
affords single diastereoisomers.[3] Vinyl halides[4] are syntheti-

cally even more interesting, since they readily undergo carbon ±
carbon bond formation.[5] Some years ago we reported a useful
process for the synthesis of vinyl chlorides and bromides by
lithium-promoted b-elimination in 1,1-dihalo-2-silyloxyal-
kanes, but this reaction took place with poor diastereoselec-
tivity.[6] Zinc was also used, but again no diastereoselectivity
was achieved.[7]

In recent years we have used samarium diiodide as an
alternative to traditional organometallic compounds[8] and
have described iodo-[9a] and diiodomethylations[9b] of carbonyl
compounds with this reagent. We considered the possibility of
using samarium diiodide to promote a b-elimination reaction
in 1,1-dihaloalkan-2-ols. The use of SmI2 in reductive elimi-
nation reactions has not been studied as widely as other
transformations. Only b-hydroxy- or b-acetoxysulfones have
received some attention, providing the thermodynamically
favored (E)-olefin.[10] The treatment of epoxides with samar-
ium diiodide and various additives gave mixtures of Z and E
diastereoisomers.[11]

Here we describe our studies on diastereoselective 1,2-
elimination in O-acetylated 1,1-dihaloalkan-2-ols with samar-
ium diiodide. Our first trials were carried out with 1,1-
diiodononan-2-ol (prepared by reaction of octanal with SmI2/
CHI3

[9b] or diiodomethyllithium[12]) as a model substrate.
When this alcohol was added to a solution of SmI2 in THF,
vinyl iodide 2 a was obtained in high yield but with very poor
diastereoselectivity.[13] A similar result was obtained with
O-silylated 1,1-diiodononan-2-ol. However, when O-acetylat-
ed 1,1-diiodononan-2-ol was used, (Z)-1-iodonon-1-ene[14] was
obtained with high diastereoselectivity (Table 1).[15] Trans-
formation was complete after a few minutes at room temper-
ature. The usual diastereoselectivity/temperature trend was
not observed; instead, increasing the temperature enhanced
the diastereoselectivity (Table 1, entries 1 ± 3).[16] Solvent
effects were also studied: addition of N,N'-dimethyl-N,N'-
propylene urea (DMPU) as co-solvent to the solution of SmI2

in THF leads to lower diastereoselectivity (entry 4); when the
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Table 1. Diastereoselective SmI2-mediated b-elimination reaction of O-acetyl
diiodo alcohols.

OAc I

I
R

H
R I

2 SmI2

1a-f 2a-h

Entry 1 R T [8C] Z/E[a] Yield [%][b]

1 1a C7H15 50 94/6 88
2 1a C7H15 20 92/8 86
3 1a C7H15 ÿ 20 89/11 88
4 1a C7H15 20[c] 62/38 72
5 1a C7H15 55[d] 84/16 40
6 1b Cyclohexyl 50 94/6 64
7 1c MeCH(Ph) 50 94/6 83
8 1d[e] Me2C�CHCH2CH2CH(Me)CH2 50 94/6 70
9 1e[e] (S)-MeCH(OBn) 50 87/13 75

10 1 f[f] C6H13CH(Cl) 50 93/7 77
11 1g Ph 50 72/28 92
12 1h MeCH�CH 50 83/17 ±[g]

13 1h MeCH�CH 20 71/29 ±[g]

[a] Determined on crude reaction products by 1H NMR spectroscopy and/or
GC-MS. [b] Yield of isolated products. [c] With addition of DMPU. [d] With
acetonitrile as solvent. [e] A 1/1 mixture of diastereoisomers. [f] A 3/1 mixture
of diastereoisomers. [g] This compound decomposed on purification.
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reaction was carried out acetonitrile diastereoselectivity also
decreased (entry 5).[17]

This reaction is general for other acetylated diiodo alcohols,
and (Z)-vinyl iodides were isolated with high diastereoselec-
tivity (Table 1). The reaction also showed tolerance to other
functional groups (entries 8 ± 10). It is noteworthy that even
when mixtures of diastereoisomers were used (entries 8 ± 10),
the corresponding vinyl iodides were obtained with high de.
Elimination took place with lower diastereoselectivity only when
the resulting double bond was conjugated (entries 11 ± 13).

O-Acetyl 1,1-dibromo- and 1,1-dichloroalkan-2-ols were
also suitable substrates for the b-elimination, and vinyl
bromides or chlorides were obtained (Table 2, entries 1 and
2). In the latter case, heating to reflux and longer reaction
times were necessary.

More interesting is the b-elimination of dihaloalkanols
bearing two different halogen atoms. These were obtained as
1/1 mixtures of diastereoisomers, treatment of which with
SmI2 afforded (Z)-vinyl halides with high diastereoselectivity
and total chemoselectivity: only products resulting from metal-
ation of the more reactive halogen (I>Br>Cl) were found.

The observed stereochemistry of products 2 and 4 may be
explained by assuming a chelation-control model (Scheme 1).
Thus, metallation of the most reactive halogen generates
intermediate I. Chelation of the SmIII center with the carbonyl
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Scheme 1. Proposed mechanism.

oxygen atom of the acetoxy group produces a six-membered
ring.[18] Tentatively, we propose a chair transition state model I
with an equatorial R group (to avoid 1,3-diaxial interactions)
and axial halogen atom (no 1,3-diaxial interactions are present
and dipoles due to CÿX and SmÿI are opposed). Elimination
from I affords (Z)-vinyl halides.

Reactions of SmI2 with optically active halides that result in
racemization have been reported.[19] The isolation of 4 with
high de from the mixture of diastereoisomers of 3 could be
explained by assuming that the diastereoisomer with a more
appropriate conformation for coordination of the samar-
ium(iii) center with the carbonyl oxygen atom could react
directly, while the other diastereoisomer epimerizes before
elimination. The lower de observed when a conjugated C�C
bond is generated may be explained by assuming a non-
concerted process: stabilization of the positive charge by
resonance would induce prior cleavage of the CÿO bond
(Scheme 3, II).

In summary, a novel and synthetically valuable SmI2-
promoted 1,2-elimination reaction has been developed and
provides (Z)-vinyl halides with high diastereoselectivity.

Experimental Section

A solution of the O-acetyl dihaloalkohol (0.2 mmol) in THF (2 mL) was
added dropwise to a solution of SmI2 in THF (0.44 mmol, 0.1m) under a
nitrogen atmosphere at the appropriate temperature. After 35 min, HCl 1m
(5 mL) was added. Usual workup and purification by short-column
chromatography (silica gel, hexane as eluent) provided the pure (Z)-vinyl
halide.
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Table 2. SmI2-promoted b-elimination in O-acetyl dihalo alcohols.[a]

OAc X1

X2
R

H
R X1

2 SmI2

3a-f 4a-f

En-
try

3 R X1 X2 Z/E[b] Yield [%][c]

1 3a C7H15 Br Br 91/9 61
2 3b[d] C7H15 Cl Cl 91/9 54
3 3c[e] C7H15 Cl I 91/9 90
4 3d[e] Cyclohexyl Cl Br 91/9 83
5 3e[e] MeCH(Ph) Cl I 90/10 95
6 3 f[f] Me2C�CHCH2CH2CH(Me)CH2 Cl Br 91/9 93

[a] Reactions were performed at 50 8C for 35 min with 2.2 equiv of SmI2.
[b] Determined on crude reaction products by 1H NMR spectroscopy and/or
GC-MS. [c] Yield of isolated products. [d] Performed at 65 8C for 12 h with
4 equiv of SmI2. [e] A 1/1 mixture of diastereoisomers. [f] Mixture of four
diastereoisomers.
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The lipophilic deoxyguanosine derivatives 1 are versatile
molecules which, depending on to the experimental condi-
tions, undergo different self-assembly patterns.[1] In the

presence of K� ions, octamers or columnar oligomers are
formed based on the G-quartet structure. In these aggregates
the quartets constitute the inner part of the structure, whereas
the sugars with their lipophilic pendants are on the outside
and in contact with the organic solvent. Alkali metal ions act
like cement to keep the quartets Q together: If the K� :1 molar
ratio is 1:8 or lower, the octamer O is the most abundant
species observed, while for higher ratios oligomeric or
polymeric columnar aggregates P are progressively ob-
served.[2, 3] Lipophilic guanosines and isoguanosines[4] are able
to transfer alkali metal ions from water to organic solvents
and act as self-assembled ionophores. Apparently the anion is
also dragged into the organic phase, and, considering that the
cation is inside a chiral cage, it was thought that the anion
could be in contact with the chiral surface of the octamer or of
the columnar oligomer. Chiral anions could possibly be
discriminated by the chiral surface formed by the substituted
deoxyribose moieties.

The potassium salts of the N-2,4-dinitrophenyl (DNP)
derivatives of amino acids tryptophan (K(DNP-Trp), 2),
phenylalanine (K(DNP-Phe), 3), alanine (K(DNP-Ala), 4),
isoleucine (K(DNP-Ile), 5), and proline (K(DNP-Pro), 6)
were chosen to test the validity of this hypothesis: They are
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