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(E)-B-Aryl vinyl iodides are synthesized in high yield with excellent stereoselectivity from benzyl bromides by a one-pot homologation/
stereoselective elimination procedure. Convenient conditions involving the anion of diiodomethane and an excess of base provide complete
consumption of the benzyl bromide and elimination from a diiodoalkane intermediate. Similar conditions provide (E)-f-aryl vinyl chlorides and
bromides by employing the anions of ICH,CI or CH,Br.. The functional group tolerance and facile purification allows rapid access to a wide

range of functionalized vinyl halides.

The advent of transition-metal-catalyzed cross-coupling
reactions has revolutionized the construction of C—C bonds
over the past three decades. As a result, aryl and vinyl
halides have become increasingly important reactants. Al-
though aryl halides are widely commercialy available,
stereochemically pure vinyl halides are much less so and
are often more costly. Consequently, there has been much
interest in facile, efficient means of preparing such com-
pounds.

(E)-S-Aryl vinyl halides are often attractive substrates for

the synthesis of compounds of biological/medicinal rel-
evance,? and several methods have been developed for their
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preparation.®° These methods often involve multiple steps:
formation of a suitable alkene precursor followed by the
installation of the halide. Commonly, (E)-S-aryl vinyl halides
may be formed by a Hunsdiecker reaction involving the
decarboxylation of cinnamic acid derivatives.®> Another
approach is the trapping of a vinyl metal species with an
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electrophilic halide source, where the E-stereochemistry can
be installed by hydrometalation of an alkyne* or cross-
metathesis with avinyl boronate.>® Alternatively, (E)-vinyl
halides may be formed by the stereoselective reductive
removal of one halide from a 1,1-dihaloalkene.”

Homologative methods that both form the olefinic C—C
bond and install the appropriate stereochemistry are limited
to the Wittig and Takai olefination reactions. The Wittig
reaction using a halomethyl phosphonium salt is more
appropriate for (Z)-vinyl iodides or leads to low E-selectiv-
ity.® The Takai—Utimoto olefination, involving the addition
of atrihalomethane to an aldehyde followed by a stereose-
lective chromium-mediated reduction, often affords high E/Z
ratios under mild conditions.® However, the requirement for
large quantities of toxic metals detracts from the appeal of
this method.

We recently reported improved conditions to synthesize
gem-diiodoakanes by alkylation of diiodomethane with alkyl
iodides or benzyl/allyl bromides.*** We demonstrated that
LiCHI, and NaCHI; could be formed and used at areaction
temperature of —78 °C and in excess to provide high yields
of the gem-diiodides.’® We envisaged that this methodol ogy
could be applied to the synthesis of (E)-S-aryl vinyl halides;
using “MCHXY” for the homologation of benzyl bromides
followed by an in situ stereosdlective elimination of HY from
the gem-dihdide intermediate (2) (Scheme 1). This novel

Scheme 1. Proposed Synthesis of (E)-S-Aryl Vinyl Halides
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disconnection could address some of the limitations of
existing methodology. Furthermore, the wide range of
commercialy available benzyl bromides would allow direct
access to a wide range of vinyl halides.

Here we report procedures for the synthesis of (E)-S-aryl
vinyl iodides achieving high yields and excellent stereose-
lectivity. Furthermore, this method was extended to allow
the synthesis of (E)-S-aryl vinyl chlorides and bromides in
high yields and excellent E/Z stereoselectivity using the
anions of 1CH,Cl and CH,Br,, respectively.

Initially, we focused on the synthesis of vinyl iodides, as
they generally display higher reactivity in cross-coupling
reactions. Our previously reported conditions for the syn-
thesis of gem-diiodoalkanes from benzyl bromides employed
2 equiv of both LiIHMDS and diiodomethane and led to
minimal elimination from the diiodide (Table 1, entry 1).*°
We anticipated that the use of the more reactive sodium anion
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Table 1. Selected Optimization Conditions for the Preparation
of (E)-(2-lodovinyl)benzene (3a) from Benzyl Bromide

equiv

(NaHMDS/ conen® convn® elimination®
entry®  CHaly) conditions (M) (%) (%)
1 2.0%/2.0 —78°Ctortover 16 h  0.05 100 5
(LIHMDS)
2 2.0/2.0 —78°Ctortover 16 h  0.05 97 16
3 2.0/1.0 —78°C tort over 16 h  0.05 91 71
4 3/1.5 —78°Ctortover 16 h 0.05 100 73
5 3/1.5 —78°Ctortover 16 h  0.05 100 100
then DBU 1 h
6 3/1.5 —78°Ctortover 16 h 0.1 100 94
7 3/1.5 —78°Ctortover 16 h 0.2 100 99
8 3/1.5 —78°Ctortover 16 h 0.3 100 100
9 3/1.5 —78°C1h,tort1h 0.2 100 87
100 3/1.5 —78°C 1.5 h, tort 0.2 100 100
30 min then DBU 1 h
118 2.042.0 —78°Ctortover 16 h 0.2 100 100

(LiHMDS) then DBU 1 h

a Reaction performed on a 1 mmol scale. ® Concentration of BnBr in
reaction mixture. © Conversion as measured by *H NMR of crude reaction
mixture. ¢ Percentage of the gem-diiodide formed that underwent elimination
to the vinyl iodide. Approx 99:1 E/Z selectivity observed in al cases by H
NMR. ¢Using LiHMDS in place of NaHMDS. " Method A. Uses 1 equiv
of DBU. 9 Method B. Uses 2 equiv of DBU.

in the presence of excess base should induce a stereosel ective
elimination and reduce the reaction time. Screening equivar
lents of base and of diiodomethane (entries 2—4) led to full
conversion with high levels of elimination, up to 73%, using
3 equiv of NaHMDS and 1.5 equiv of CHal, (entry 4).
Furthermore, there was no residua diiodomethane in the
crude product, facilitating purification. In al cases, the
E-double bond geometry was strongly favored, with ap-
proximately 99:1 E/Z as measured by *H NMR. Thisis due
to the minimization of unfavorable steric interactionsin the
trangition state during the elimination of HI from intermediate
2 (Scheme 1).

The addition of DBU (1 equiv) prior to workup led to the
remaining gem-diiodide being eliminated rapidly, providing
the vinyl iodide exclusively (entry 5).***2 Performing the
reaction at increased concentration gave higher levels of
elimination, providing 100% elimination from the diiodide
at 0.3 M. The reaction time could be reduced to 1 h followed
by 1 htowarmto rt (entry 9). Again, by alowing the reaction
to warm to rt before workup the residual CHal, anion
decomposed, meaning diiodomethane was not present in the
crude product.

For reproducibility across substrates and reaction scales
we chose to run the reactions at 0.2 M concentration and
include the addition of DBU to ensure complete elimination
of any remaining diiodide (entry 10, method A). These
optimal conditions afforded the desired product in high yield
following a simple workup and purification (Table 2, entry
1). We also developed a second set of reaction conditions,
method B, using LiCHI, followed by the addition of DBU
(Table 1, entry 11). These less basic conditions proved to
be more suitable for some sensitive substrates.

(12) GarciaMartinez, A.; Martinez Alvarez, R.; Martinez Gonzélez, S;;
Subramanian, L. R.; Conrad, M. Tetrahedron Lett. 1992, 33, 2043-2044.

(13) The E/Z ratio remained excellent with elimination by DBU.
Treatment of the isolated diiodide (see ref 10) with DBU alone at rt provided
a98:2 E/Z ratio of products.
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Table 2. Synthesis of (E)--Aryl Vinyl lodides

R MCHI, R NG
|\\ Br Method A |\\
= or -
1 Method B 3
entry RCsH4 method? product )(,‘z;fl E/Z?
1 A ! 92 982
2 Fh (12) B ©/v 8 973
3a
x|
3 4‘1\2[165)6'44 A /©/\/ 93 99:1
Me
3b
Me
4 e A @/\/' 9%  99:1
3¢
S
5 2-‘2"11‘%3@1 A 70 982
3d
x|
7 (4'01("112))(36’{“ A 92 973
MeO
3e
MeQ |
3 (3-012/{2C6H4 A \@/\/ 0 99:1
3f
o) x|
9 £ \ A <:©N 93 99:1
O O
(g 3
x|
10 (4'0(31?1))06& B* /@N 76 99:1
BnO
3h
x|
1 4'51%}1“ A /©/\/ 85 982
R
x|
12 (4'C(I;I?)C“H" B /©/\/ 51 99:1
i NC g
3j
x|
13 (4-CF1311C6H4 B O/\/ 63 99:1
(1k) FC
3k
Cl
14 2'C(11(E;H“ A @/\/' 78 982
31
15 4-BrCeH, A > 991
16 (1m) B o 87 99:1
3m
17 3-BrCeH, A Br X! 62 99:1
18 (1n) B 87 982
3n
Br
19 2-BrCeH, A S| 47 991
20 (10) B 88 982
30
|
21° 2'(11%?“ B ©/\V' 73 991

12
=

@ Reactions performed on a 4.0 mmol scale. ® Method A: CHal, (1.5
equiv), NaHMDS (3 equiv), 0.2 M, —78 °C (1 h 30 min) to rt (30 min)
then DBU (1 equiv) for 1 h. Method B: CHal> (2 equiv), LIHMDS (2 equiv),
0.2 M, =78 °Ctort (16 h) then DBU (2 equiv) for 1 h. ¢ Yield of isolated
product.  E/Z ratio determined by *H NMR. © Performed on a 1.0 mmol
scale. fUsed 1.5 equiv of DBU. 9 Used 3.0 equiv of DBU.
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With two sets of optimized conditions available, both
providing complete conversion and elimination, the scope
of the reaction was explored. Alkyl-substituted phenyl and
napthyl substrates gave high yields and excellent E/Z ratios
(entries 1—5). Method A was generally more convenient and
provided higher yields on simple substrates than method B.
Also, although excellent in all cases, the E/Z ratio was
marginally improved by the use of the sodium base.

Benzyl bromides containing el ectron-donating groups gave
the corresponding vinyl iodides in excellent yields and
stereoselectivity (entries 7—10). However, excess DBU was
required in these cases to effect complete elimination from
the diiodide. Electron-withdrawing groups were a so tolerated
(entries 11—13) but generally required the milder reaction
conditions of method B and gave marginaly lower yields.
Other more powerful electron-withdrawing groups, such as
the nitro functionality, gave lower yields and some cases
inseparable byproducts.

We were particularly interested in examples leading to
products that would provide potential “lynchpin” fragments,
i.e., that could be used as cross-coupling partners to couple
different groups selectively at either site.** As such, (E)-g-
aryl vinyl iodides in which the aryl group contained chloride,
bromide, and iodide functionalities were synthesized in good
yields (entries 14—21). In most cases, these examples
benefited from the milder conditions of method B which
resulted in significantly improved isolated yields. Further-
more, bis-vinyl iodide 5 could be prepared in high yield from
o,a'-dibromo-m-xylene 4 (Scheme 2).

Scheme 2. Synthesis of 1,3-Bis((E)-2-iodovinyl)benzene 5

NaHMDS (6 equiv)
CHyls (3 equiv)

—78°C to 1t; then | S
73%
4 978 EEEEZ 5

Next, we applied this strategy to the synthesis of other
vinyl halides. Gratifyingly, vinyl chlorides could be formed
in high yield by the deprotonation of ICH,CIl (Table 3). This
required an extended reaction time to achieve complete
consumption of the benzyl bromide. However, the addition
of a second base was not required as complete elimination
to the vinyl chloride was achieved in all cases. Importantly,
when using NaHMDS only the vinyl chloride product was
observed and in excellent E-selectivity; i.e., elimination of
HCI from the 1,1-chloroiodoalkane intermediate was not
observed.

The reaction was also successful using LIHMDS as the
base, and in some cases, a higher yield was obtained (entries
2 and 7 vs 1 and 6). However, further reactions used
NaHMDS as the base of choice due to poorer E/Z ratios and

(14) For examples of this approach, see: (a) Zeng, F.; Negishi, E.-i.
Org. Lett. 2001, 3, 719-722. (b) Barluenga, J.; Moriel, P.; Aznar, F.; Valdés,
C. Adv. Synth. Catal. 2006, 348, 347-353. (c) Organ, M. G.; Ghasemi, H.;
Valente, C. Tetrahedron 2004, 9453-9461.
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the presence of small quantities of the vinyl iodide being
observed in some cases with the lithium base (entry 7).

Extension to form vinyl bromides via the deprotonation
of CH,Br, required further modification to be successful.
Although the E-selectivity was outstanding in many cases,
byproducts from the reaction were observed, including the
alkyne resulting from double elimination. These byproducts
were minimized by extending the reaction time at —78 °C
and by increasing the number of equivalents of dibro-
momethane to 4 (Table 4). This reduced the basicity of the
reaction mixture and provided good isolated yields. The use
of NaHMDS as base was essential for high conversions to
the bromide. As with the chlorides, the addition of a second
base was not required and the gem-dibromide intermediate
was not observed.

For both the vinyl chlorides and bromides we were able
to demonstrate functional group tolerance (Tables 3 and 4).
As with the vinyl iodides, we were also able to generate

Table 3. Synthesis of (E)-5-Aryl Vinyl Chlorides

R ICH,CI (1.5 equiv) R x_Cl
| A NaHMDS (3 equiv) oY
= =
1 [0.2M], 78 °C to 1t (16 h) 6
M . yield c
entry® bromide product 00 E/Z
(%)
1 1a X0 6a 89 9733
24 1a 6a 90 97:3
Me
3 1c @/\VC' 6c 85 97:3
O
4 1e @N 6e 88 96:4
MeO
cl
5 1 @/\/C' 61 55 >99:1
6 1m SO 6m 69 >99:1
7¢ 1m 6m 80 94:6°

Br

@ Reactions performed on a 1.0 mmol scale. ® Yield of isolated product.
©E/Z ratio determined by 'H NMR. 9Used LiHMDS under otherwise
identical conditions. € 2% vinyl iodide.
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Table 4. Synthesis of (E)-5-Aryl Vinyl Bromides

R CH,Br, (4 equiv) R o Br
|\\ Br NaHMDS (3 equiv) |\\
= T =
1 [0.2M], ~78°Ctort (19 h) 7
a . yield .
entry® bromide product E/Z

()’

. Br
1 1a Ej/v Ta 69 99:1
X Br
2 1 m b 91 >99:1
Me
X Br
3 le m Te 72 >99:1
MeO
o Br
4 1i /(j/V 7 79 >99:1
F
5 1o

Br
©/\/B“ 70 67 >99:1

@ Reactions performed on a 1.0 mmol scale. ® Yield of isolated product.
¢ E/Z ratio determined by 'H NMR.

potential lynchpin units, where the halide can be varied on
either side of the unit (Table 3, entries 5 and 6; Table 4,
entry 5).

In summary, we have established a facile one-pot route
to (E)-B-aryl vinyl halides in high yields and excellent
stereoselectivity. This method avoids the use of phosphines
or heavy metal's, which combined with complete conversion
enables facile purification of these valuable structures.
Additionally, awide range of commercially available benzyl
bromides allows access to a wide scope.
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