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Double Duty for Cyanogen Bromide in a Cascade Synthesis of

Cyanoepoxides™*
Zhou Li and Viadimir Gevorgyan*

Cyanogen bromide is a versatile reagent used in organic
synthesis. Under different conditions, the Br—C bond can be
cleaved in a diverse manner (Scheme 1, Modes I-1V). Thus,
BrCN was shown to serve as a donor of Br' in reactions with
strongly nucleophilic organometallic reagents to provide the
corresponding vinyl- or arylbromides (Mode I).'! In the
reaction with vinyltellrium bromide, cyanogen bromide
acted as an equivalent of a cyanide anion, and converts
vinyltellurium bromide into a vinyltellurium cyanide
(Mode IT).”! When reacted with primary or secondary
amines or alcohols, cyanogen bromide behaves as an equiv-
alent of CN*, and gives rise to cyanamides or cyanates
(Mode IIT).P! In the von Braun reaction, BrCN acts as an
equivalent of both CN* and Br~ by fragmenting tertiary
amines into cyanamides and alkylbromides (Mode IV).[*
Herein, we report an unprecedented Mode V, in which
cyanogen bromide works as an equivalent of Br* and CN~
in a one-pot transformation of ketones into cyanoepoxide
derivatives (Mode V).

Our research group has recently demonstrated that
alkynyl bromides can act as equivalents of both Br" and
alkynyl anions in a highly efficient, one-pot conversion of
ketones into alkynylepoxides.”! We hypothesized that cyano-

Mode

I Brt RLi + BrCN —— RBr Ref. [1]

I CN~ RTeBr + BrCN —— RTeCN Ref. [2]

Br—CcN = | I oN* RoNH + BICN — RoNCN Ref. [3]

IV Br~and CN* von Braun reaction Ref. [4,5]

V  Brt and CN~ this report

Scheme 1. Diverse reactivity of cyanogen bromide.
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gen bromide could potentially be involved in a similar
transformation as an equivalent of both Br" and CN~
(Scheme 2). It was anticipated that a ketone enolate would
attack the bromine atom of cyanogen bromide to generate the
a-bromoketone 3. Then nucleophilic addition of the formed
cyanide to the ketone to give 4, would be followed by the
formation of a cyanohydrin anion, which upon intramolecular
S\2 reaction would produce the product cyanoepoxide 2.
Thus, cyanogen bromide would act as an equivalent of both
Br™ and CN™ in one cascade transformation.

To test the above hypothesis, we examined the reaction of
isobutyrophenone (1a) and cyanogen bromide in the pres-
ence of a strong base. It was found that the deprotonation of
isobutyrophenone with NaHMDS, and subsequent addition
of cyanogen bromide resulted in the formation of cyanoep-
oxide 2a in good yield, along with trace amounts of o-
bromoketone 3, and provided support for the proposed path
for this transformation.”!

A brief optimization of the reaction conditions (Table 1)
revealed that employment of other ethereal solvents, such as
diethyl ether or 1,4-dioxane, did not improve the yield of 2a
(Table 1, entries 2 and 5). Increasing the concentration of the
reaction mixture by adding NaHMDS solution to a neat
ketone resulted in a better yield, but this result was not
reproducible on other ketones (Table 1, entry 3). Changing
the solvent to dichloromethane suppressed the reaction
(Table 1, entry 4). Finally, employment of DMF has substan-
tially improved the yield with no traces of a-bromoketone 3
being produced (Table 1, entry 6). Switching the base to
LiHMDS slightly further improved the yield (Table 1,
entry 7). Weak bases, such as triethylamine and cesium
carbonate, gave no reaction product (Table 1, entry 8 and 9).

With the optimized conditions in hand, the generality of
this cascade transformation was examined (Table2). a,o-

1. NaHMDS (1.2 equiv)

o 2. BICN (2 equiv) Ph O
Ph)k( ol
1a THF, RT 2a, 7%
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-
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)
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Scheme 2. Proposed concept and initial trial. HMDS=1,1,1,3,3,3-hex-
amethyldisilazane.
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Table 1: Optimization of reaction conditions.
o) 1. Base (1.2 equiv), 5 min

e

o}

2. BrCN (2 equiv), 15 min NCH
Ph

0.25 M in solvent, RT

1a 2a
Entry Solvent Base Yield [%]
1 THF NaHMDS®! 77 (17% of 3)
2 Et,0 NaHMDS 62
3 THF NaHMDS 88
4 CH,Cl, NaHMDS N.R.
5 1,4-dioxane NaHMDS 44
6 DMF NaHMDS 90
7 DMF LiHMDS" 92
8 DMF TEA N.R.
9 DMF Cs,CO, N.R.

[a] Yield was determined by GC-MS analysis using diphenyl ether as an
internal standard. [b] 1 m in THF. [c] A solution of NaHMDS in THF was
added to a neat ketone. DMF=N,N-dimethylformamide, N.R.=no
reaction, TEA=triethylamine, THF =tetrahydrofuran.

Table 2: Synthesis of cyanoepoxides.
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Disubstituted methyl aryl ketones were found to be suitable
substrates for this reaction. Thus, isopropyl, cyclopentyl, and
cyclohexyl ketones were efficient in this reaction (1a-c).
Isopropyl ketones usually provide better yield compared with
that of the corresponding cyclopentyl and cyclopentyl coun-
terparts that bear the same aryl group. A relatively lower
yield for the latter was probably caused by a competing
elimination of HBr during the reaction.’! Certain groups at
the aromatic moiety of ketone, such as methoxy (1d) and
nitrile (1e-g), were tolerated. Cyanoepoxidation of unsym-
metrically substituted ketone 1h produced an almost 1:1
diasteriomeric mixture of cyanoepoxide 2h in low yield.”) A
slightly better yield of cyanoepoxide was obtained by
cyclization of a,a-diphenylacetophenone (Table 2, entry 9).
This reaction turned out to be efficient with pyridyl-contain-
ing ketones. Thus, 3-pyridinyl ketones 1j-1 (Table 2,
entries 10-12) and 2-pyridinyl ketones 1m-o (Table 2,
entries 13-15) were smoothly converted into the correspond-
ing cyanoepoxides 2j-o in good to excellent yields. Finally, it
was found that the propargyl ketone 1p is a suitable substrate

o) 1. LIHMDS (1.5 equiv), 5 min
J\/Rg 2.BrCN (2.0equiv), 15min o 2 R2
R3
Y 0.25 M in DMF, RT R® R
1a-p 2a-p
Entry  Substrate 1 Product 2 Yield [%6]" Entry  Substrate 1 Product 2 Yield [96]
7 o 2 0
NC Ph NC Ph
1 1 2 78, 9201 9 Ti 2i Vo 52
2 W 2 Pt?A( ' Ph ' PH  Ph
0 o 0 NC._ P
NC
2 b 2b m 75 0 1 m 2j = 84
PH z \ |/
N N
(o] o (o} NC. Q
NC
3 1c 2c 7Q© 66 1 1k O)D 2k = 70
PH N \ 7
N
0]
0 NC o NG O
4 1d /@J\( 2d 7 12l G/U\O 21 = 80
MeO N/ \_ 7/
MeO N
(0]
o NC 0 ne. 2
5 Te O)H/ 2e 70 13 mo S 2m = 93
NC =N v N
NG
o]
o NC 0 !
6 1f o 2f 70 14 Tn (S 2n = 90
NG F 2N N AN
NC
0
o NC o NG o)
7 g m 22 () 80 15 o (S 20— 78
NC o =N N AN
N
o} 0 0 NC 2
Ph NC Ph
8 1h @H\( 2h Ph7@< 40 16 1p Ph/ﬁ/ 2p /u< 85

T
=

[a] Yield of isolated product. [b] Yield determined by GC-MS analysis.
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for this reaction and produced the alkynyl cyanoepoxide 2p in
high yield (Table 2, entry 16).1

In summary, we have demonstrated that cyanogen bro-
mide can serve an equivalent of both CN~ and Br" in a
cascade conversion of ketones into cyanoepoxide derivatives.
This reaction proceeds through o bromination of a ketone by
cyanogen bromide, followed by a nucleophilic addition of the
produced cyanide at the ketone and a subsequent replace-
ment of the obromide by a cyanohydrine anion. This
approach provides a convenient and efficient route!"!! for
the preparation of fully substituted and diverse cyanoepoxide
derivatives!™? from easily available ketones.

Experimental Section

Ketone (0.5 mmol) was added to an oven dried conical vial, equipped
with a magnetic stirring bar and a screw cap, and the atmosphere was
replaced by argon. Then dry DMF was added and the mixture was
stirred until the ketone was completely dissolved. LIHMDS (1m in
THEF, 0.75 mL) was subsequently added to the DMF solution and the
mixture was stirred for 5 min. Then a solution of BrCN (10m in THF)
was added drop wise to the mixture and the reaction mixture was
stirred for another 15 min. The mixture was quenched with water
(10 mL) and the product was extracted with ethyl acetate or diethyl
ether. The organic extract was dried over sodium sulfate and solvent
was removed invacuo. The residue was purified by a column
chromatography on silica gel using hexanes/ethyl acetate (1:1) as an
eluent to give the final product.
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