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This work describes vinylation of a-halo carbonyl compounds with
vinyl bromides under Ni-catalyzed reductive coupling conditions.
While aryl-conjugated vinyl bromides entails pyridine as the sole
labile ligand, the alkyl-substituted vinyl bromides requires both
bipyridine and pyridine as the co-ligands.

Carbonyl compounds bearing a-vinyl groups are important organic
synthons and some are bioactive.2 They are generally prepared via
transition metal-catalyzed a-alkenylation of carbonyl compounds.3->
In this context, Pd and Ni-catalyzed vinylation of enolates with vinyl
electrophiles has received much attention.3 The oxidative coupling
of enolates with vinyl-boron reagents should also be noted.> On the
other hand, the Ni- and Pd-catalyzed coupling of vinyl- metallic
reagents with a-halocarbonyl compounds represents a different
strategy, wherein asymmetric methods have also been achieved
(Scheme 1).6

In contrast, the construction of the vinyl-alkyl C—C bonds from
unactivated alkyl halides with vinyl halides has been explored using
Ni-, Pd- as well as photo-redox/Ni-catalyzed reductive protocols,’-10
wherein excellent chemoselectivity featuring equimolar loading of
the coupling partners has been succeeded using Ni/bipy-catalytic
conditions.” However, vinylation of a-carbonyl compounds has only
been disclosed using an electrochemical reductive coupling
method,!! although the equivalent arylation methods have been
dislosed.1213 Therefore, development of parallel chemical reductive
conditions is needed for practical reasons. Noteworthy is that the
activated alkyl halides such as a-halocarbonyl derivatives generally
display distinct reactivity from the unactivated counterparts.
Dimerization and hydrodehalogenation side reactions may become
problematic for substrates of these types.14-1> Hence, exploration of
reductive coupling methods based on a-halocarbonyl derivatives is
nontrivial.
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Herein, we demonstrate that preparation of 3-enoates and 3-
enamides can be readily accomplished from cross-electrophile
coupling of the vinyl and a-halo carbonyl derivatives (Scheme 1). For
aryl-conjugated vinyl halides, pyridine was used as the sole ligand,
whereas for alkyl-decorated vinyl halides, co-existence of pyridine
and bipyridine was necessary for the vinylation process.

Scheme 1. Vinylation of a-carbonyl compounds
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We have determined that the reaction of ethyl 2-
chloropropanoate 1a with (2-bromovinyl)benzene 2 (E/Z = 84/16)
afforded 3 in an optimal yield of 88% with an E/Z ratio of 90:10,
wherein 1 equiv of pyridine was the only labile ligand (Table 1, entry
1).16 The addition of 2,2’-bipyridine (30 mol %) eroded the reaction
yield to 70%, which is pivotal for the analogous electrochemical
method.! We also identified that readily available Ni(ClO4):6H,0
was comparably effective (entry 2), while NiBr, was inferior (entry 3).
Use of 5 mol % Ni catalyst resulted in 3 in 78% yield with slightly
enhanced E selectivity (entry 4). Lowering the loading of 2 to 1.5
equivalents also afforded 3 in good yield (entry 5). Changes of other
parameters such as solvents, reductants, temperatures did not result
in better outcomes (entries 6—9). Utilization of E-vinyl bromides only
led to E-product, whereas isomerization of the pure Z-vinyl substrate
was detect, which gave an E/Z ratio of 16/84 (entries 10-11). The
reason for partial isomerization of the Z-vinyl groups under the
Ni/Mn conditions is not clear at this time.? Finally, the bromo analog
of 1 also generated 3 in equally good yield when MgCl, was added
(entries 12-13).

Table 1. Optimization for the coupling of 1 and 2.2
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COMMUNICATION

"method A"
al Ni(COD), (10 mol %) OFt
Me)\IrOEt * e N ;'\)Ay':i;?neeq(l;“zquiv) o X-Ph
1a (0.1(5)mmol) 2 (2 equiv) DMA. 25°C Me
EfZ = 84/16 3 (E/Z = 90/10)
Entry Variations from standard  vyield% (E/2)¢
conditions

1 none 88 (90/10)

2 Ni(ClO4)2:6H20 instead of Ni(COD). 82(92/8)

3 NiBr; instead of Ni(COD). 52 (93/7)

4 5 mol % of Ni(COD). 78 (94/6)

5 1.5 equiv of 2 instead of 2 equiv 72 (94/6)

6 Zn instead of Mn 68 (94/6)

7 DMAP instead of pyridine 77 (95/5)

8 DMF instand of DMA 60 (95/5)

9 40 °C instand of 25 °C 62 94/6)

10 E-2 (E/Z>99:1) 88 (>99:1)

11 72 (E/Z<99:1) 70 (16/84)

12 ethyl 2-bromopropanoate instead 68 (95/5)

of 1
13 ethyl 2-bromopropanoate instead 86 (90/10)

of 1, with 1 equiv of MgCl,

aStandard conditions: 1a (0.15 mmol), 2 (0.3 mmol, E/Z = 84/16), Ni(COD?Z (0.015
mmol), pyridine (0.15 mmol), Mn (0.3 mmol), N,N-dimethylacetamide (DMA) (1
mL), 25 oC. " Isolated yields. ¢ E/Z ratios were obtained by GC.
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E/Z ratios were obtained by GC. f The bromo carbonyl substrate was used with
addition of 1 equiv of MgCl,. View Article Online

POt Ot O ZO LR O2260.

Table 2. Substrate scope for the coupling of a-halo carbonyl
compounds with B-styrenyl bromide derivatives.»b¢

(0] o) [e]
EtOWR EtOWOMe EtoJS_//—Q
OMe

4, R = Me: 92%¢

5, R = OMe: 87%¢
6,R=F:91%7

7, R = CF3: 90%¢

8, R = CO,Me: 90%¢

9, 90%7 10: 60%

o) (0]
EtoJS_/>—Ph BnOJS__//“"h

12, 90% (E/Z = 90/10)°®

O o 11: 48%°
0)]\(\/ Ph { o)
" ~.

13: 85% (E/Z = 90:10)°

14: 75%
O OiPr o) OI EtO.__O
AN phy JS_/_O > phy
. os.d
15: 85%¢ 16:75% 17: 75% (E/Z = 92:8)°"

EtO o] o)
_ J\r\/©/
|
CF3

18: B5%7 19: 76%%f
N 0"
o OMe o CFy o
P X Ph. N
N N EtOJ\/\/Ph
) Ph
20: 73%%f 21: 75%%" 22: 86%

9 Standard conditions following method A as in Table 1, entry 1; unless otherwise
noted a-chlorocarbonyl substrates were used. ? Isolated yields. ¢ The ratio of £/Z >
99:1 for the vinyl bromide. 9 The ratio of E/Z = 84:16 for (2-bromovinyl)benzene. ¢
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Table 3. Substrate scope for the alkyl-substituted vinyl
bromides.%b<

0 0 0
Bno;é_( BnOM PhO—g_//AMe
Et Me Et
23: 82%7 24: 80%Y 25: 70% (E/Z = 77/23)%f

o EtO O EtO 0
= Me
Et

Et Me
26: 70%° 27: 74%° 28: 71%°
EtO.__O o CN
\/\L\/\Ph EtO)J\r\/\/O
(@)
29: 86%°9 30: 81%
(0] o Et o Et
P NCrHis By Ph‘NJ\(‘\
) )
Me Me Et  Me o Me
31:78% (E/Z = 75/25)*" 32: 83%° 33; 83%°
o O

34; 85%°9 35: 75% (E/Z = 85/15)°"

9 Method B: a-halocarbonyl compounds (0.15 mmol), 2 (0.3 mmolz, Ni(COD%z
(0.015 mmol), pyridine (0.15 mmol), 2,2’-bipyridine (0.045 mmol), Mn (0.3 mmol),
DMA (1 mL), 25 °C. ? Isolated yields. ¢ The E/Z ratios were determined by GC. 9a-
Chloro ester was used. € a-Bromo carbonyl compounds were used with addition
of 1 equiv of MgCl,. f 1-Bromo-1-propene with E/Z ratio of 40/60. ¢ The E vinyl
bromide was used (E/Z > 99:1). "1-Bromo-1-nonene with E/Z ratio of 35/65.

Scheme 2. Method B for the coupling of 1b with 1-bromo-1-
propene.

"method B"
Cl Ni(COD); (10 mol%)
OBn _ABr Mn (2 equiv) BnO P
pyridine (1 equiv)
0 2,2"-bipyridine (30 mol%) (0]
2a (E/Z = 40/60) DMA, 25 °C 36
(0.15 mmol) 2.0 equiv 86% (E/Z = 78/22)

A survey of a wide range of a-halo carbonyl compounds with a set
of B-styrenyl bromide derivatives was carried out using the standard
method A (Table 1, entry 1). Variations of the substituents on the
phenyl rings of the vinyl bromides generated the products 4-10 in
good to excellent yields, indicating that the electronic properties of
the conjugated arenes had a minor impact on the coupling efficiency.
However, use of the sterically more demanding (E)-(1-bromoprop-1-
en-2-yl)benzene gave 11 in diminished vyield. Other alkyl 2-
chloropropanoate derivatives also proved to be effective, as evident
in the products 12-14. Vinyl bromides conjugated with naphthyl,
furyl, and styrenyl were all competent, providing 14-16 in good
yields. Moreover, the sterically more congested 2-bromohexanoate
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resulted in the vinyl products 17-18 in satisfactory outcomes. The
present protocol was also applicable to a-bromoamides, wherein use
of MgCl, as the additive was necessary, as manifested by the
products 19-21.

Extension of the optimized method A to alkyl-substituted vinyl
bromides was not satisfying. The coupling of 1b with 1-bromo-1-
propene only resulted in the product 36 in 10% yield. The yield was
boosted to 86% upon addition of 2,2'-bipyridine, wherein the E/Z
ratio of the starting vinyl group changed from 40/60 to 78/22 in the
product (Scheme 2). The coupling conditions displayed remarkable
compatibility with a-vinyl bromides, which has been sparsely
addressed in the concurrent reductive vinylation work.”1! Excellent
yields were obtained for 23-24. It should be noted that preparation
of a,a-dialkyl-substituted olefins remains a challenge using Heck
methods.18 For phenyl 2-bromobutanoate, MgCl, was added, which
resulted in 25-26 in good vyields. Likewise, the sterically more bulky
2-bromohexanoate was also competent for the coupling with (E)-2-
bromo-1-butene, 1-bromo-2-methyl-1-propene and (E)-(4-bromo-3-
buten-1-yl)benzene, which delivered 27-29 in good to excellent
yields. The compatibility of 2-bromoamides was examined for the
coupling with both a- and B-vinyl bromides. The vinylated amide
products 30-34 were obtained in good to excellent yields. Partial
conversions of the (Z)-vinyl groups of the halides to E-products were
also observed; 1-bromo-1-nonene with an E/Z ratio of 35/65 resulted
in that of 75/25 for 30 and 85/15 for 34, respectively.

In light of the previous mechanistic studies on the vinylation and
arylation of alkyl halides,”1® we propose that this coupling event
proceeds through a radical-chain process wherein oxidative addition
of vinyl halides to Ni® generates vinyl-Ni' intermediates (Scheme 3).
The combination of a cage-escaped alkyl radical with the vinyl—-Ni"
species generates a Ni'" complex that results in the product and Ln—
Ni'—X upon reductive elimination. Halide abstraction or one-electron
reduction of alkyl halides by the Ni' intermediate affords radicals and
a Ni' species, which is reduced to Ni° by Mn, allowing the catalytic
process to continue (Scheme 3).

Scheme 3. Proposed catalytic cycle for the vinylation process.

Mn Lnfl\‘li”fY
RaikyrY
Ni®
) L,—Ni'—X
vinyl-X
\( Ralkyl
vinyl .“X vinyI~ R
’\\“ ) Ry
Ly V|nyl\NiIII
/ x

L

Conclusions

In summary, we have demonstrated that vinylation of a-halo
carbonyl compounds with vinyl halides can be readily achieved under
mild, Ni-catalyzed reductive coupling conditions. For aryl-conjugated
vinyl halides, pyridine serves as the only labile ligand, whereas for
alkyl-decorated vinyl halides, the use of pyridine and bipyridine
necessitates the coupling event. In the latter case, a-vinyl functional
groups can be effectively incorporated. Both 2-haloesters and -
amides are suited for the coupling process, which afford the
vinylated products in good to high yields with excellent functional

This journal is © The Royal Society of Chemistry 20xx
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group tolerance. Whereas the E-vinyl halides generates exclusjvely.£-
products, the Z-vinyl groups in the vinyl hatides wereanoderately
converted to the E-products.
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