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Marcus M. Sá *, Luciano Fernandes, Misael Ferreira, Adailton J. Bortoluzzi

Departamento de Quı́mica, Universidade Federal de Santa Catarina, Florianópolis, SC 88040-900, Brazil
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Abstract

Allylic thiocyanates and novel heterocycles containing the 1,3-thiazin-4-one core are easily obtained in high yields and mild conditions
by nucleophilic displacement of 2-(bromomethyl)alkenoates (derived from Morita–Baylis–Hillman adducts) with sulphur-centred nucleo-
philes in aqueous acetone at 25 �C. Treatment of allylic bromides with NaSCN gave the corresponding (Z)-2-(thiocyanomethyl)alkeno-
ates, while the reaction with thiourea followed by a basic work-up selectively produced (5Z)-2-amino-5-arylidene-1,3-thiazin-4-ones.
The structural assignments were confirmed by X-ray diffraction analysis.
� 2007 Elsevier Ltd. All rights reserved.
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a-Methylene-b-hydroxy esters 1 are readily available by
the Morita–Baylis–Hillman reaction1 and have been widely
employed as versatile building blocks in organic synthesis
(Fig. 1).2 The multifunctional allylic backbone found in 1

can be further manipulated by converting the hydroxyl
group into a suitable leaving group, thus generating ace-
tates 2 and bromides 3, which participate as nucleophile
acceptors in many useful synthetic transformations en
route to heterocycles and biologically-active compounds.3

While the reactions of acetates 2 with various C-, N- and
O-centred nucleophiles have been intensely investigated,
few reports describe the preparation of sulphur-containing
products from S-nucleophiles, which include arenesulphi-
nates,4 thiolates,5 and, more recently, thiocyanate ion.6
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The latter transformation involves a high-yield synthesis
of allylic thiocyanates by nucleophilic displacement of
Morita–Baylis–Hillman acetates with a combination of
NH4SCN and KHCO3 in DMF. Although the synthesis
of allylic nitriles by a nucleophilic displacement of acetates
2 with cyanide anion in a biphasic water–diethyl ether envi-
ronment under phase-transfer catalysis has been success-
fully developed, the attempted reaction of KSCN with 2

under these conditions did not produce the corresponding
thiocyanates.7 Given that allylic bromides 3 are more prone
to nucleophilic displacement than the corresponding ace-
tates 2, it is quite surprising that the former is still under-
utilized in such transformations involving S-nucleophiles.5d

In the course of our recent work on Morita–Baylis–Hill-
man chemistry,8 we have demonstrated the superior reac-
tivity of allylic bromides 3 towards azide anion (N3

�) in
aqueous medium and the development of an efficient
method to obtain (E)-2-(azidomethyl)acrylates in a short
period and excellent yield.9 In this Letter, we wish to
describe the straightforward preparation of allylic thiocya-
nates and novel sulphur-containing heterocycles by exploit-
ing the unique ability of allylic bromides 3 to react with
S-nucleophiles under aqueous medium.
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Table 1
Synthesis of allylic thiocyanates 4 from bromides 3 in aqueous acetone

O

OCH3

Br

R

3 4
acetone:H2O

25 oC, 1 h

NaSCN
O

OCH3

SCN

R

Product R Yielda (%)

4a C6H5 90
4b 2-C10H7 80
4c 4-ClC6H4 85
4d 2-ClC6H4 84
4e 2,4-(Cl)2C6H3 87
4f 4-NO2C6H4 91
4g 2-NO2C6H4 85
4h 4-CH3OC6H4 85
4i 3,4-(CH3O)2C6H3 87
4j 3,4-(OCH2O)C6H3 81
4k (E)-C6H5CH@CH 80
4l CH3 84b

4m CH3CH2 89b

a Isolated yields (not optimized).
b Inseparable mixture of thiocyanate 4 and isothiocyanate 5 (see text).
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We found that aromatic-substituted allylic thiocyanates
4 can be prepared simply by mixing the corresponding
bromides 3 with NaSCN in aqueous acetone at 25 �C for
30–60 min without the use of an external base. The
expected products were isolated in high yields after purifi-
cation in a short plug of silica gel (Table 1).10 The assign-
ment of the structure of thiocyanates 4a–m was made
based upon the characteristic signals11 for the SCN group
in the IR (sharp band in 2140–2155 cm�1) and 13C NMR
(111–113 ppm) spectra of all purified products. These
results were further confirmed by X-ray crystallographic
analysis12a after the isolation of thiocyanate 4j as a single
crystal from hexane–ethyl acetate (Fig. 2).

However, when aliphatic-substituted allylic bromides
3l,m were subjected to the present protocol, the formation
of the expected allylic thiocyanates 4l,m was accompanied
by an inseparable minor product, which was assigned as
the rearranged isothiocyanates 5l,m (IR: 2080–2110 cm�1;
13C NMR: 133–134 ppm). Because of the ambident chara-
Fig. 2. The ORTEP plot of compound 4j (ellipsoids are drawn at the 40%
probability level).
cter of [SCN]�, a nucleophilic attack of sulphur (path a)
or nitrogen (path b) on allylic bromides 3 would lead to
the production of thiocyanates 4 (R–SC„N) or iso-
thiocyanates 5 (R–N@C@S), respectively (Scheme 1).
Furthermore, a rearrangement between thiocyanates and
isothiocyanates13 may also be involved in this case. Experi-
mental support for this hypothesis comes from the observa-
tion that an initial 7:1 mixture of isomers 4m:5m underwent
slow equilibration to a 1:6 ratio after standing for several
months on the bench.

It is worth noting that aromatic-substituted acetates 2

(R = Aryl) were not reactive towards NaSCN in aqueous
acetone and were recovered unchanged from the crude
reaction mixture. Therefore, the mild conditions and the
absence of base were only suitable for the more electro-
philic bromides 3.

The unusual behaviour of organic thiocyanates and
their application as key intermediates in various transfor-
mations for the preparation of sulphur-containing com-
pounds14 provided the motivation for further studies
dealing with the reactivity of allylic thiocyanates 4. How-
ever, attempted synthesis of sulphur-substituted tetrazoles
by a ZnBr2-mediated 1,3-dipolar cycloaddition of 4 and
azide anion in aqueous medium as described by Sharpless
and others15 led only to a high-yield formation of allylic
azides 6 (Scheme 2).9 Interestingly, the nucleophilic dis-
placement of SCN by N3 could be achieved under mild
conditions without the presence of ZnBr2.16 These results
are in agreement with the leaving-group ability of thiocya-
nate towards nitrogen-centred nucleophiles as reported by
Oae et al.17

The remarkable combination of allylic bromides 3 and
thiocyanate anion in aqueous medium under mild condi-
tions stimulated further studies employing sulphur-con-
taining nucleophiles with ambident character that could
be managed to participate in subsequent transformations.
O

OCH3

SCN

R

4c,f,j 6c,f,j

NaN3

O

OCH3

N3

R

O

OCH3

S

R

N
N N

N
H

X

Scheme 2.



O

O

Br

R

3 8

9

O

O

S

R

S

NH2H2N

-HBr

NH2

NH

O

O

S

R

NH2

NH2
+

Br-

S

N

O

NH2

R

7

-MeOH

Base

Scheme 3.

Table 2
Synthesis of 1,3-thiazin-4-ones 7 from bromides 3 in aqueous acetone
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acetone:H2O (3:1)
25 oC, 1 h

Product Yielda (%)
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Accordingly, the reaction of 3a with thiourea in the pres-
ence of NaHCO3 (as an acid scavenger) furnished an insol-
uble solid, which was assigned as 2-amino-1,3-thiazin-4-
one 7a on the basis of the collected spectral data (Scheme
3). Therefore, the 1H NMR spectrum confirmed the dis-
appearance of the methoxyl ester group at 3.87 ppm, while
the IR displayed a carbonyl shift from 1717 to 1641 cm�1

that was indicative of a replacement of the ester group in
the starting material by an amide-like functionality in the
product. Fortuitously, a careful crystallization of 7a from
aqueous DMSO provided crystals suitable for X-ray crys-
tallographic analysis,12b allowing its complete structural
elucidation (Fig. 3). Consequently, the localization and
the absolute configuration of each double bond in the
solid-state structure of compound 7a were unambiguously
assigned (see Supplementary data), confirming that the
(Z)-stereochemistry found in the starting bromides 3 is
preserved in thiazinones 7.

A reasonable mechanism to account for this transforma-
tion involves the intermediacy of isothiouronium bromide
8 (which is primarily formed18 by a nucleophilic displace-
ment of bromide 3 by thiourea) followed by deprotonation
under basic conditions to generate a reactive intermediate 9
that ultimately leads to 7 via cyclization to a six-membered
ring and elimination of methanol (Scheme 3). In fact, the
isolation of hydrobromide salt 8 can be easily effected if
the reaction of 3 and thiourea is carried out in the absence
of base. Subsequent treatment of water-soluble salt 8 with
Fig. 3. The ORTEP plot of compound 7a (ellipsoids are drawn at the 40%
probability level).
satd NaHCO3 furnished thiazinone 7a in a 90% yield, thus
supporting the proposed mechanism.

After optimizing the conditions, we found that better
yields and easier purification of thiazinones 7 are achieved
if the transformation is performed in a two-step approach,
by first generating isothiouronium 8 in solution (from the
reaction of bromide 3 and thiourea in acetone/H2O) and
then adding an aqueous solution of NaHCO3 to the reac-
tion medium followed by extraction of thiazinone with
CH2Cl2.19 Therefore, a series of representative thiazinones
7 was prepared by this protocol, generally in high yield and
purity (Table 2). Finally, it is important to mention that,
contrary to the results obtained with allylic bromides 3,
the less electrophilic acetates 2 failed to react with thiourea
in aqueous acetone (with or without an added base) and
were recuperated intact after 1 h under the present
conditions.

In conclusion, we developed a simple and efficient metho-
dology to access novel sulphur-containing compounds
from nucleophilic displacement of allylic bromides with
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easily available S-nucleophiles in aqueous medium. Besides
being obtained in good yield, high purity and excellent
selectivity, the allylic thiocyanates and 1,3-thiazin-4-ones
are multifunctional products that can be explored in
further synthetic manipulations. The reactivity of allylic
bromides towards other functionalized nucleophiles, as
well as their synthetic application and mechanistic
considerations, is under current investigation.

Supplementary data

Full crystallographic tables (excluding structure factors)
for compounds 4j and 7a have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication number CCDC 666027 (4j) and CCDC
666028 (7a). Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road, Cam-
bridge CB2 lEZ, UK [fax: +44 (0) 1223 336033 or e-mail:
deposit@ccdc.cam.ac.uk].
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spectroscopic analysis. L.F. and M.F. are grateful to
CAPES and CNPq (Brazil) for fellowships. M.M.S. and
A.J.B. are grateful to CNPq for research fellowships.
Financial support by MCT/CNPq (Brazilian Research
Council), FAPESC (Santa Catarina State Research Coun-
cil, Brazil) and PRONEX-2003 (CNPq/FAPESC) is also
gratefully acknowledged.
References and notes

1. (a) Basavaiah, D.; Rao, A. J.; Satyanarayana, T. Chem. Rev. 2003,
103, 811–891; (b) Ciganek, E. In Organic Reactions; Wiley: New
York, NY, 1997; Vol. 51; pp 201–350.

2. (a) Selvakumar, N.; Kumar, P. K.; Reddy, K. C. S.; Chary, B. C.
Tetrahedron Lett. 2007, 48, 2021–2024; (b) Jogireddy, R.; Maier, M.
E. J. Org. Chem. 2006, 71, 6999–7006; (c) Das, B.; Banerjee, J.;
Chowdhury, N.; Majhi, A. Chem. Pharm. Bull. 2006, 54, 1725–1727;
(d) Andrade, R. B.; Martin, S. F. Org. Lett. 2005, 7, 5733–5735.

3. (a) Gowrisankar, S.; Kim, S. J.; Lee, J.-E.; Kim, J. N. Tetrahedron

Lett. 2007, 48, 4419–4422; (b) Lee, K. Y.; Lee, H. S.; Kim, J. N.
Tetrahedron Lett. 2007, 48, 2007–2011; (c) Nag, S.; Yadav, G. P.;
Maulik, P. R.; Batra, S. Synthesis 2007, 911–917; (d) Pathak, R.;
Batra, S. Tetrahedron 2007, 63, 9448–9455; (e) Ribière, P.; Declerck,
V.; Nédellec, Y.; Yadav-Bhatnagar, N.; Martinez, J.; Lamaty, F.
Tetrahedron 2006, 62, 10456–10466.

4. (a) Chandrasekhar, S.; Saritha, B.; Jagadeshwar, V.; Narsihmulu,
Ch.; Vijay, D.; Sarma, G. D.; Jagadeesh, B. Tetrahedron Lett. 2006,
47, 2981–2984; (b) Kotti, S. R. S. S.; Xu, X.; Li, G.; Headley, A. D.
Tetrahedron Lett. 2004, 45, 1427–1431; (c) Kabalka, G. W.; Venk-
ataiah, B.; Dong, G. Tetrahedron Lett. 2003, 44, 4673–4675.

5. (a) Cha, M. J.; Song, Y. S.; Lee, K.-J. Bull. Korean Chem. Soc. 2006,
27, 1900–1902; (b) Kamimura, A.; Morita, R.; Matsuura, K.; Omata,
Y.; Shirai, M. Tetrahedron Lett. 2002, 43, 6189–6191; (c) Binay, P.;
Henry, J. C.; Vidal, V.; Genet, J. P.; Dellis, P. Fr. Demande
FR2772027, 1999, 23 pp (Chem. Abstr., 131, 170171).; (d) Deane, P.
O.; Guthrie-Strachan, J. J.; Kaye, P. T.; Whittaker, R. E. Synth.

Commun. 1998, 28, 2601–2611.
6. Srihari, P.; Singh, A. P.; Jain, R.; Yadav, J. S. Synthesis 2006, 2772–
2776.

7. Singh, V.; Pathak, R.; Batra, S. Catal. Commun. 2007, 8, 2054–2058.
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Soc. 2003, 14, 1005–1010; (d) Nascimento, M. G.; Zanotto, S. P.;
Melegari, S. P.; Fernandes, L.; Sá, M. M. Tetrahedron: Asymmetry
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(2 � CH), 131.5, 135.0, 148.4, 150.9, 166.1, 174.6. Anal. Calcd for
C13H12N2OS: C, 63.91; H, 4.95; N, 11.47; S, 13.12. Found: C, 63.57;
H, 4.68; N, 11.11; S, 12.83.
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