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Highly regio-selective cyanation of vicinal (Z)-dibromoalkenyl silanes was achieved by a vinylic
Rosenmund-von Braun reaction, significantly suppressing side-production of alkyne. The alkyne was gen-
erated by a halogen elimination side-reaction that is an intrinsic problem in metal-activation of vicinal
dihaloalkenes. We have studied to overcome the problem, and finally found the combination of CuCN
and O = PPhs in toluene solvent effectively controlled the production of byproducts. The resultant single
isomer has significance in potentially application as a multi-tunable synthetic scaffold.

© 2017 Elsevier Ltd. All rights reserved.

Vinyl halides are valuable intermediates in organic synthesis,
because of their ability to serve as convenient substrates in transi-
tion metal-catalyzed cross-coupling reactions.'~ From a synthetic
point of view, the vicinal dihaloalkenes such as 1,2-dibromoalkene
and 2-chloro-1-bromoalkene are versatile variants of vinyl halides:
they have been possible to construct multifunctional and dissym-
metrical compounds in the past decades.” Thus, they are attracting
much more attention as a template for stereo-defined synthesis of
tetra-substituted olefins bearing four different carbon-linked
groups.”®

Recently, we have reported regio- and stereoselective bis-halo-
genation of silylethynylarenes; the alkynyl silanes reacted with
in situ BrCl to yield syn-BrCl adduct, like 1, as a single isomer.” To
establish 1 as a stereo-defined alkenyl template for a synthesis of
differentially all-carbon tetrasubstituted olefins, 1 was subjected
to conventional transformations using copper mediated-cyanation
(Scheme 1); however, the reaction didn’t proceed at the Br site in
selective manner, yielding mixture of an expected vinyl chloride
in 48% and an unexpected vinyl bromide in 20%.° In addition, the
reaction put back 1 to the original alkynyl silane in 32% yield with
dehalogenation of BrCl. For this halogen elimination, similar obser-
vations were reported on (E)-3,4-dibromohex-3-ene by the
Rathore group, and on ethyl (E)-3-chloro-2-iodobut-2-enoate by
the Ogilvie group”: both vicinal dihaloalkenes undertook halogen
elimination through palladium catalyzed-reactions, whatever
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mechanism the substrates follow.'® This unpleasant side-reaction
provides chemists a continuing challenge toward stereo-controlled
synthesis of tetrasubstituted olefins.'"

Herein we present the successful suppression of beta-halogen
elimination, the result of a regio-selective cyanation of vicinal
(2)-1,2-dibromoalkenylsilane like a full-substituted 2. The substi-
tution reaction allowed us to make stereo-defined tetrasubstituted
acrylonitriles. We anticipated that the copper reagent would not
only recognize difference in reactivity between two vinylic bro-
mine-atoms of 2, but also accelerate the corresponding reductive
elimination rather than the beta-halogen elimination.'?

We started investigation with a vinylic Rosenmund-von Braun
reaction of 2 undertaken as shown in Scheme 2.">' The prelimi-
nary research after several tests of standard conditions'® reached
initial criterion of entry 1 in Table 1: the combination of CuCN with
O = PPhs in ortho-xylene solvent yielded 62% of 3 and 38% of bypro-
duct 4 derived from beta-halogen elimination. To our surprise, the
formation of iso-3 and a double cyanated product was not observed
at all. This strongly suggests that the dibromide-2 undergoes the
highly regio-selective cyanation. For entries 2 and 3, the tempera-
ture-down to 80 °C in toluene solvent increased the yield of desired
3 to 90%, and decreased that of embarrassing 4 to 8%; thus, it sig-
nificantly suppressed the beta-halogen elimination reaction. Rf
values of 2, 3, and 4 were 0.63, 0.25, and 0.65 on TLC monitoring
eluted with hexane/CH,Cl, = 2/1, respectively; thus, separation of
3 from 2 and 4 was not laborious at all. This selective reaction pro-
tocol was readily amenable to scale-up synthesis (entry 4); finally,
10 mmol of 2 afforded 3.5¢g of 3 in 88% yield (entry 5). The
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Scheme 2. The regio-selective cyanation of 2 to give 3.

molecular structure of 3 was determined by crystallographic anal-
ysis (Fig. 1), which disclosed that retention of the stereochemistry
during the reaction course was accomplished.'®

Evaluation of this cyanation protocol was demonstrated on
other five kinds of (Z)-1,2-dibromoalkenylsilanes (Scheme 3). For
part a of Scheme 3, the simple phenyl 5 showed less reactivity at
80 °C compared to 2, while a high-yielding transformation into
the desired 5a at 110 °C was cleanly achieved. In part b, the 2-thie-
nyl 6 undertook the smooth cyanation to selectively yield 86% of 6a
in 15 h at 80 °C without producing any isomers and alkyne 6b. At
110 °C, the reaction completed in just 3 h with highest yield 91%
of 6a. To our surprise, in these two substrates, we hardly find
side-products of alkyne 5b and 6b. For the starting naphthyl 7 in
part ¢, the cyanation didn’t proceed at 80 °C and the starting 7
remained intact. When the reaction temperature went up, 7 under-
went the desired cyanation, giving 7a in moderate 46 ~ 54% yields:
however, the significant amounts of side-product 7b were
observed. Fortunately, 7a was readily separated from 7b with sil-
ica-gel column chromatography. For part d, ortho-methoxy 8
required the reaction temperature 110 °C for consuming the start-
ing 8. At 110 °C the desired 8a was obtained in 69% yield, although
dehalogenated 8b was produced in 21%. For part e, the starting
meta-xylyl 9 was not subject to the cyanation at all, even under
ortho-xylene refluxing condition (144 °C), and was converted to
alkyne 9b in >99% yield. These results clearly suggest that this
reactivity provides two salient features. One, electron-donating
aromatic group enhances this selective cyanation with suppression
of the beta-halogen elimination. Two, the sterically hindered aro-
matic group affects the cyanation adversely, and causes the beta-
halogen elimination to give significant amounts of alkyne byprod-
ucts. Particularly, for the second point of steric factor, the two
ortho-substituents could prevent the appropriate coordination of
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Fig. 1. ORTEP drawing of 3 with thermal ellipsoids at the 50% probability level.
Hydrogen atoms are omitted for clarity. Selected bond lengths [A] for 3: C1-C9
1.354, C1-Br 1.923, C9-C6 1.446, C1-Si 1.920, C9-C8 1.490.

O = PPhs to the central Cu from giving the desired reductive elim-
ination route.

We tested a different pattern of vicinal (Z)-dichloride 10 in the
vinylic Rosenmund-von Braun reaction, and summarized the
results of various reaction temperatures in Scheme 4.'”"'® Although
no reaction proceeded at 80 °C, the temperature-up to 110 °C put
the reaction forward in 65% yield of 10a for 15 h along with 22%
of starting 10. The reaction at 135 °C successfully afforded 10a in
the highest isolated-yield of 78%, but still left 10% of 10 unreacted.
Further harsh condition at 155 °C under a solvent of 1,3,5-mesity-
lene was attempted: however, the starting 10 was still remained in
7%, and the product 10a was contaminated with inseparable pesky
impurities. On the other hand, the production of side-product 4
was suppressed in just trace amount. These results mean that vic-
inal (Z)-dichloride would also undertake the selectively vinylic
Rosenmund-von Braun reaction at 2-positioned chlorine atom to
give corresponding vinyl chloride molecules.'® Indeed, from the
viewpoint of the result in Scheme 1, the reactivity of 2-positioned
Cl atom of the substrate 1 gets closer to that of 1-positioned Br
atom.

The mechanism resulting high stereochemical control to pro-
duce single isomer and to suppress side-reactions is not yet fully
known.'”?° The preliminary investigation as illustrated in
Scheme 5 was performed: a vinyl trimethylsilane in which 2

Table 1

Evaluation of the reactivity of 2 conducted via Scheme 2.
Entry Scale of 2/mmol (g) Temp/°C Time/h %Yields!®!

3 iso-3 4 2

1 0.5 (0.23) 1350 15 62 trace 38 0
2 0.5 (0.23) 60 15 0 0 0 99
3 0.5 (0.23) 80 19 90 0 8 2
4 3.0(1.3) 80 23 86 0 7 1
slelidlie] 10 (4.5) 80 23 88 0 6 1

2 0-Xylene was used as a solvent.

Isolated yields.

3.5 g of 3 was obtained.

4 64 mL of toluene was used as a solvent.

¢ Any double cyanated product was not observed.
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Scheme 3. Evaluation of the regio-selective cyanation reaction on (Z)-1,2-dibro-
moalkenylsilanes: (a) 5, (b) 6, (c) 7, (d) 8, (e) 9. The stereochemistry of 5a-8a was
inferred from evidence of the ORTEP drawing in Fig. 1. The reactions were
conducted with 0.5 mmol of starting dibromide in 4 mL of solvents according to the
representative procedure as stated in Experimental Section. %Yield was isolated
one.

replaced TIPS (triisopropylsilyl) with TMS (trimethylsilyl) was used
as a starting dibromide. The cyanation proceeded selectively, sup-
pressing the side-product of alkyne like as entries 3-5 of Table 1;
however, a desilylated dibromide in 13%, an alkynyl nitrile in 4%,
and the unreacted starting dibromide in 15% were observed. So,
TIPS group of 2 firmly serves as a protecting group against side-
reactions, and trialkyl substituents on the Si atom don’t seem to
influence the regio-selectivity.

In summary, we found that (Z)-(1,2-dibromo-2-arylvinyl)triiso-
propylsilane underwent a CuCN-mediated regio-selective cyana-
tion of one side of two vinylic Br atoms to singly construct a
moiety of poly-substituted acrylonitrile.?! The stereochemistry
was ensured by crystallographic analysis. For starting substrates
bearing electron-rich and unhindered aromatic groups, the reac-

H4CO H3CO H4CO
1.2 eq CuCN
Si(iPr), 1.2 eq O=PPhg Si(Pr)4
- 3 -
Cl Cl solvent NC  CI \\
10 temp./time 10a 4 Si(iPr)3
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solvent  temp.°C time/h 10a 4 10
toluene 80 23 0 0 ~100
toluene 110 15 65 0o 22

o-xylene 135 23 78 trace 10
1,3,5-mesitylene 155 23 <82MWl frace 7

[a] Isolated yields.
[b] ~90% purity. Unknown pesky impurities were observed.

Scheme 4. Evaluation of the regio-selective cyanation reaction on (Z)-(1,2-
dichloro-2-arylvinyl)triisopropylsilane 10. The stereochemistry of 10a was inferred
from evidence of the ORTEP drawing in Fig. 1.
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Scheme 5. Evaluation of the cyanation on a substrate of (Z)-(1,2-dibromo-2-
arylvinyl)trimethylsilane.

tion system significantly suppressed a side-reaction of beta-halo-
gen elimination that was hard to control so far. The selective
method was applicable to a vicinal (Z)-dichloroalkene, and the cor-
responding vinyl chloride was successfully isolated. This method is
primitive but potentially useful as it gives single isomers and
therefore avoids problematic olefin isomer separation. The regio-
selective reaction could find its potential utility for making differ-
entially all-carbon tetrasubstituted olefins that is one of the grand
challenges in organic synthesis field.?> Development of installation
of varied carbon groups at the 2-positioned Br atom is ongoing and
will be reported in due course.
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Use of polar solvents like DMF or DMSO consumed 2, giving 4 as a major
product. The condition without O = PPhs in.Scheme 2. didn’t drive the reaction;
which explains that O = PPh; might play a role of activator.

CCDC-1530949 (for 3) contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ca.uk/data_request/cif.
Monoclinic, space group P 21/c, colorless, a = 8.46601(8) A, b = 20.6087(2) A,
c=11.5556(1) A, 0. = 90° B = 99.0707(8)° y = 90° V = 1990.93(3) A3,Z=4,T =
116 K, Dcaled.=1316gcm™3, p(Mo-Ko)=3.410mm~!, R;=0.0326,
WR; = 0.0914, GOF = 1.074.

The dichloride 10 is prepared by addition of TMSCI (3.6 eq) and NCS (3.6 eq) to
4. On the other hand, (Z)-(1,2-diiodo-2-arylvinyl)triisopropylsilane is too labile
to isolate in pure form, see ref 7a.

The reactions were conducted with 0.5 mmol of starting dichloride in 4 mL of
solvents according to the representative procedure as stated in Experimental
Section.
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