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An unprecedented transfer of a thiocyanate (—SCN) group from aroyl/acyl isothiocyanate to alkyl or benzylic bromide is observed in the
presence of a tertiary amine. This process is most effective when the bromomethyl proton is less acidic, while the presence of a more acidic

proton gives 1,3-oxathiol-2-ylidine and other related products.

In biological systems, coenzymes catalyze a variety of
reactions including transfer of various functional groups, for
example, thiamine pyrophosphate (TPP), coenzyme (CoASH),
biotin, and tetrahydrofolate (THF) transfer, two-carbon
fragments, acyl groups, carboxyl groups, and one-carbon
groups, respectively.' Similarly, transfer of various functional
groups or a fragment of a molecule from one system to
another is well-known in the literature.? However, transfer
of a thiocyanate group from one molecule to another has
not been observed so far. As a continuation of our efforts
and interest in developing methods for the synthesis of
heterocyclic compounds from thioureas and their analogues,’
we were prompted to study the reactivity of benzoyl
isothiocyanates toward a-bromoketones in the presence of
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a tertiary amine, where thiocyanation of a-bromoketones was
observed. This observation is surprising since a nucleophilic
substitution product is formed in the absence of any
nucleophilic thiocyanate ion (Scheme 1).

Scheme 1. Formation of a-Thiocyanatoacetophenone 1a
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When benzoyl isothiocyanate (1 equiv) was treated with
o-bromoacetophenone (1) (1 equiv) in the presence of
N-methylimidazole (1 equiv) in acetonitrile, both the reac-
tants got consumed giving a new product. Spectroscopic
analysis of the product revealed the structure to be a-thio-
cyanatoacetophenone (la). However, no reaction was ob-
served in the absence of N-methylimidazole, suggesting the
definite involvement of a tertiary amine in this reaction
process.
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The reactivity, i.e., the hard—soft nucleophilic character
of thiourea and its analogues toward various a-haloketones,
is probably not well understood, thus leading to the proposal
of several erroneous mechanisms and structures by various
research groups.* One common mistake made in these
proposed mechanisms is the attack of the thionamidic
nitrogen (hard nucleophile) instead of sulfur (soft nucleo-
phile) on a halomethylene carbon of o-haloketone (soft
electrophile). Thioureas are S-based nucleophiles particularly
toward soft electrophiles.*~%*> Similar to the acyl transfer
reaction mechanism involving alkylimidazole analogues,”’
a mechanism as shown in Scheme 2 can be proposed for

Scheme 2. Proposed Mechanism for Isothiocyanate Transfer
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this novel thiocyanate transfer. In this mechanism, the
imidazole nitrogen attacks on the carbonyl group forming a
tetrahedral negatively charged intermediate (K). The activated
intermediate then intramolecularly transfers the NCS group
to the a-bromoketone 2 giving the expected product (Scheme
2).

On the basis of the reactivity of thioureas toward a-ha-
loketones and in terms of hard—soft nucleophilic character,
the following alternative mechanism can also be envisaged
(Scheme 3), which involves the attack of N-methylimidazole

Scheme 3. Alternative Mechanism for Isothiocyanate Transfer

|
<\le /_\« Ry

j\_(__\N_, ig\ XYy Ph J\ O

Ph™ON=C=S PN N7~ Sn= —

H [N~ Nu l (Y)l\/ ~

Ph” “Nu 5 R
. o P s
—_ s

—N_N-H NZ \)J\R1 N\u% J(:N’\

Br- g/N\

at the cumulated sp-hybridized C-atom of benzoyl isothio-
cyanate forming an activated thiourea species (X) which
reacts with haloketone giving S-alkylated product (Y)
(soft—soft interaction) and not N-alkylated product (hard—soft
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interaction). The benzoyl carbonyl carbon is susceptible to
nucleophilic (N-methylimidazole or water from acetonitrile)
attack due to the enhanced electrophilicity of the benzoyl
carbonyl group, possibly because of the presence of conju-
gated imidazolium system (Y). This nucleophilic substitution
gives rise to a tetrahedral intermediate which then collapses
with concomitant departure of N-methylimidazole giving the
expected thiocyanato product (Scheme 3).

The success of this strategy was subsequently applied to
several other a-bromoketones (1—5) as shown in Table 1.

Table 1. Thiocyanation Using Benzoylisothiocyanate®

substrate product yield %°
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Meom MeO o
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MeO MeO

“ Reactions were monitored by TLC. ® Yields of pure isolated product.

These o-bromoketones on treatment with benzoyl isothio-
cyante in the presence of N-methylimidazole gave good
yields of thiocyanato products (1a—S5a). The structure of the
product (2a) has been confirmed by X-ray crystallography
(see Supporting Information). Thus, in these reactions,
benzoylisothiocyante is acting as an efficient thiocyanate
donor reagent and organic bromides as acceptors.

The reaction of benzyl bromide 6 and p-nitrobenzyl
bromide 7 gave corresponding thiocyanato products 6a and
7a, respectively, proving the fact that benzoylisothiocyanate
has the ability to transfer a thiocyanato group to other systems
other than a-bromoketones. This methodology is also com-
patiable in the presence of amides and esters functionality
as was tested in substrates 8 and 9 giving the corresponding
thiocyanato product 8a and 9a, respectively.

However, when 2-bromoethylacetoacetate (10) was reacted
with benzoylisothiocyanate and N-methylimidazole under an
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identical reaction condition, the major product (10b) (55%
yield) obtained was not the expected thiocyanato product
but was found to have a completely different structure (Figure
1). X-ray crystallographic analysis of the product unequivo-

Figure 1. ORTEP view of 10b.

cally revealed the presence of the 1,3-oxathiol-2-ylidine
skeleton as shown in Figure 1.

The only difference between 2-bromoethylacetoacetate
(10) and the bromo compounds (1—9) listed in Table 1 is
probably the acidity of the bromomethyl proton. The
bromomethyl proton in the former (10) is more acidic (active
methylene) compared to the substrates (1—9) listed in Table
1. After the initial S-alkylation as proposed in Scheme 3,
the active methylene proton of 2-bromoethylacetoacetate,
flanked by a sulfur and two carbonyl groups, is more
susceptible to enolization (Scheme 4). The intramolecular

Scheme 4. Proposed Mechanism for the Formation of
1,3-Oxathiol-2-ylidine
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enol attack on the imine carbon displaces 2-methylimidazole
giving a product containing a 1,3-oxathiol-2-ylidine skeleton
(10b) as shown in Scheme 4. Any one of the mechanisms
proposed in Scheme 2 and Scheme 3 can account for the
formation of isothiocyanate transfer products. However, the
formation of the 1,3-oxathiol-2-ylidine can be better ex-
plained by the latter mechanism (Schemes 3 and 4), the
possibility of multiple mechanisms thus depending on the
nature of the substrate.

In recent literature, the reaction of the in situ generated
benzoylisothiocyanate and 2-chloroethylacetatoacetate is
reported to give 1,3-oxazolin-2-thione.® The reported data
(mp, 'H and *CNMR) are in agreement with our proposed
structure (10b) confirming the fact that they are infact
identical compounds. The interpretation of an incorrect
isomeric structure is due to the proposal of an incorrect
reaction mechanism.®

To support the fact that the acidity of the bromomethyl
proton dictates whether the product formed will be 1,3-
oxathiol-2-ylidene (10b) or thiocyanoto product, reaction of
2-bromoacetoacetate (10) with benzoyl isothiocyanate in the
presence of N-methylimidazole (1 equiv) was carried out,
and two new products (10a and 10c) were isolated along
with the expected product 10b as shown in Scheme 5.

Scheme 5. Formation of Three Distinct Products
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Formation of product (10b) has been explained above. The
product (10a) is obtained by a thiocyanate transfer process
from the isomerized 2-bromoethylacetoacetate (10) to 4-bro-
moethylacetoacetate (10). This process of isomerization of
10 to 10’ (Scheme 5) is well-known in the literature.” The
most surprising result, however, is the formation of product
10c where an additional NH—C=S moiety is flanked
between the benzoyl group and the 1,3-oxathiol-2-ylidine
unit (Scheme 5). The formation of product (10c) can be
explained by the possible attack of nucleophile (such as water
or fert-amine) on initially formed product 10b leading to a
tetrahedral intermediate, which undergoes debenzoylation and
concomitant attack of nucleophilic imine on a second
molecule of benzoyl isothiocyanate giving product 10c, as
shown in Scheme 6. When isolated product 10b was treated

Scheme 6. Proposed Mechanism for the Insertion of the
NH—C=S Group
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with benzoyl isothiocyanate in the presence of N-methylimi-
dazole, 10c was formed thus supporting the proposed
mechanism in Scheme 6.

During the course of further investigation, it was observed
that the reaction of benzoyl isothiocyanate with 2-bromoet-
hylbenzoacetate (11) gave an unclean reaction, from which
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product 11c could be isolated in 10% yield. The structure
of the product (11c¢) has been confirmed by crystal X-ray
crystallography as shown in Figure 2. Formation of product
11c reconfirms the NH—C=S insertion in this system.

Figure 2. ORTEP view of 11c.

The significance of the acidity of the bromomethyl proton
can be further judged when 3-bromoacetylacetone (12) gave
the product 12b, having a 1,3-oxathiol-2-ylidine skeleton
(46%). The low isolated yield in most cases is due to the
formation of side products which could not be isolated.

In addition to N-methylimidazole, other tertiary amines
such as triethylamine and DBU were also found to be
effective. Acetyl isothiocyanate was found to be an even
better thiocyanate transfer agent than benzoyl isothiocyanate.
This can be explained in terms of rate of hydrolysis of acetyl

Org. Lett, Vol. 11, No. 15, 2009

and benzoyl amides.? In neutral reaction medium, acetamides
undergo hydrolysis faster than benzamides.

In conclusion we have demonstrated that three distinct
products are obtained from the reactions of aroyl/acyl
isothiocyanate with different o.-bromoketones in the presence
of N-methylimidazole. Benzoyl isothiocyanate acts as an
efficient thiocyanate (—SCN) transfer reagent, and o-bro-
moketones or benzylic bromide act as efficient acceptors
when the bromomethyl proton is less acidic. When acidity
increases, usually a 1,3-oxathiol-2-ylidine skeleton or
NH—C=S is inserted, and the 1,3-oxathiol-2-ylidine product
is obtained. Further scope and limitation of the process is
currently ongoing in our laboratory.
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