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The products obtained by the reaction of benzoyl-3-phenylthioureas with bromine and enolizable ketones in the presence of triethylamine are
not imidazole-2-thione derivatives as reported ( Org. Lett. 2003, 5, 1657-1659) rather they are thiazolidene-2-imine derivatives.

We have been utilizing tetrabutylammonium tribromide for quantitative recovery of the spent reagéitthis reagent is
brominatiort and for various other organic transformatiédns. an excellent source of bromine capable of brominating
Recently we have synthesized a ditribromide reagent; 1,1 varieties of organic substrates and is found to be an excellent
(ethane-1,2-diyl)dipyridinium bistribromide (EDPBT), which  catalyst for the acylation of alcohols with various anhy-
is superior to all known tribromides because of its stability, drides? Being a source of bromine we thought to utilize this
higher bromine content per molecule, higher bromination for the synthesis of imidazole-2-thione derivative following
efficiency, selectivity, reduced phase transfer property, and the reported procedure of Zou et%aWhen 1-benzoyl-3-
phenylthiourea (1) (1 equiv) was reacted with'i(dthane-

* Dedicated with best wishes to Professor Mihir K. Chaudhuri on the 1,2-diyl)dipyridinium bistribromide (EDPBT) (0.5 equiv) in
occasion chr?is (?r?ltjf:i bi,r\;hdaKy: Khan A T Pael B. K- Dev. D. acetone (10 mL) in the presence of triethylamine (1 equiv)
th)ré:\)/voph(gjng, W.: Lakshmiprabha, T. R.: Mandal, GTetrahedron . the product obtained was identical in all respects (m.p, IR,
Lett. 1998,39, 8163. (b) Bora, U.; Bose, G.; Chaudhuri, M. K.; Dhar, . 'HNMR and **CNMR) with that reported by Zou et al.
S (g)o(g)ngg;/,RF};. KKha’E a‘g‘aﬁg,Péfek,;‘?k,'%rﬁ"éfvt;éf’ovo_gz,si{‘e{' sk  However X-ray crystallographic analy§is! of the product
Phys. Chem. A2006,110, 2181. (b) Roy, R. K.: Usha, V.; Patel, B. K.;  revealed an isomeric structure with a completely different
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ARKIVOC2006, 119. (e) Naik, S.; Gopinath, R.; Goswami, M.; Patel, B. (3) (a) Kavala, V.; Naik, S.; Patel, B. K. Org. Chem?2005,70, 4267.
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derivative (1c) as reportédather it is 1-benzoyl-3-phenyl-
4-methylthiazolidene-2-imine (1a) as shown in Figure 1.
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Figure 1. An ORTEP view with the atomic numbering scheme of
la.

In our experience of working with organic ammonium

so much different. This prompted us to repeat the reaction
of Zou et al® exactly under their reported conditions using
molecular bromine. Comparison of melting point, IR, and
IH and®™®*CNMR of the sample prepared by us using bromine
following the procedure of Zou et al. and using EDPBT was
identical. Furthermore, all the spectral, analytical and melting
point data obtained were in perfect agreement with those
reported by Zou et &l.

The structure 1-benzoyl-3-phenyl-4-methylimidazole-2-
thione (1c) as proposed by Zou et al. and the structure
1-benzoyl-3-phenyl-4-methylthiazolidene-2-iminkaj ob-
tained by us are two isomeric compounds with the same
molecular formula (&H14N,0S) which cannot be differenti-
ated by their elemental composition and HRMS analyses. It
is also difficult to differentiate the two compounds based
on their'HNMR, as both have identical ethylenic, methyl,
and aromatic protons. The only difference in the structure is
the presence of aC*=S group inlcand a—C*=N— group
in 1a. The DEPT spectrum is not of much help in arriving
at the correct structure as both structures have identical

tribromides we have never encountered such a drastic chang&@umbers of CH, CH, and C carbon.

in reactivity/selectivity, after all, tribromides are just an
efficient bromine carrier with similar or better reactivity.

Single-crystal X-ray crystallography unequivocally estab-
lished the structure to be 1-benzoyl-3-phenyl-4-methylthi-

Thus, there is no reason why the product obtained by Zou azolidene-2-imine (1a). On the basis of the structure we
et al. using molecular bromine instead of EDPBT should be proposed the following mechanism for the reaction (Scheme

(6) (&) Murav’eva, K. M.; Shckukina, M. Nzh. Obshch. Khim1960,
30, 2327. (b) Ruettinger, H. H.; Dehne, H.; Schroth, Miarmaziel976,
31, 218. (c) 1-Benzoyl(4-hydroxy-3,4-diphenyl-thiazolidine)-2-imine
(1d): mp 156-157°C; IR (KBr) v 3222, 3064, 2927, 1595, 1562, 1474,
1392, 1324, 1210, 1017, 999, 790, 697 ¢ptH NMR (400 MHz, CDC})

0 3.53 (d, 1H,J = 12.4 Hz), 3.72 (d, 1H) = 12.4 Hz),7.20 (m, 10H),
7.40 (m, 1H), 7.49 (d, 2H) = 7.6 Hz), 7.61 (s,1H), 7.85 (d, 2H,= 7.0
Hz); 3%C NMR (100 MHz, CDC}) ¢ 43.8, 93.4, 126.3, 126.7, 127.7, 127.8,
128.3, 128.9, 131.7, 136.1, 138.5, 141.1, 171.8, 175.2.

(7) (a) Rajappa, S.; Nair, M. D.; Advani, B. G.; Sreenivasan, R.; Desai,

J. A. J. Chem. Soc.Perkin Trans. 11979, 1762. (b) Beer, R. J. S;
Mcmonagle, D.; Siddiqui, M. S. Sletrahedron1979, 35, 1199.
(8) Crystallographic description of 1a: crystal dimension (mm) 0.28

x 0.20 x 0.17; G7H14N,0S, M, = 294.36; triclinic, space group;; a =
9.6420(2) Ab = 9.9530(2) Ac = 16.2792(3) Ao = 97.0930(10)°p =
92.5310(10)°y = 97.6890(10)°V = 1533.44(5) A3 Z = 4; pca = 1.275
mg/m?; u (mm~%) = 0.211;F(000) = 616; reflection collected/unique
17050/6625; refinement methed full-matrix least-squares oR?; final R
indices [I > 201 ] R1 = 0.0499,wR2= 0.1175,R indices (all data) R
0.1087,wR2 = 0.1496; goodness of fit= 1.015.1b: crystal dimension
(mm), 0.28x 0.20 x 0.15; G2H16N20S, M, = 356.43; monaclinic, space
iroup P2(1)/n;a = 10.4679(13) Ab = 15.2299(18) Ac = 11.7243(14)

;a=7y=90°p=101.491(9)°V = 1831.7(4) A3 Z = 4; pca = 1.293
mg/me; u (mm~%) = 0.189;F(000) = 744, reflection collected/unique
17704/4573; refinement methed full-matrix least-squares oR; final R
indices [I > 20; ] R1 = 0.0739,wR2 = 0.1326,R indices (all data) R}
0.1827,wR2 = 0.1597; goodness of fi= 1.176.2a: crystal dimension
(mm), 0.50x 0.28 x 0.16; G7H13N2OSBr,M, = 373.26; monoclinic, space
groupP2(1)/c;a = 16.059(2) Ab = 13.4006(18) Ac = 7.6695(11) A
=y = 90°, 8 = 98.6800 (10)°V = 1631.6(4) A2 Z = 4; pca = 1.520
mg/m?; u (mm~%) = 2.650;F(000) = 752; reflection collected/unique
15962/3897; refinement methed full-matrix least-squares oR?; final R
indices [I > 201 ] R1 = 0.0508,wR2 = 0.1215,R indices (all data) R¥
0.0844 wR2 = 0.1394; goodness of fit 1.031.2b: yield 80%; IR (KBr)
v 3058, 1599, 1559, 1438, 1337, 1280, 1193, 1066, 930, 746;ctl
NMR (400 MHz, CDC¥) 6 6.74 (s, 1H), 7.13 (d, 2H, 7.2 Hz), 7.24 (m,
7H), 7.42 (d, 2HJ = 6.8 Hz), 7.53 (d, 1HJ = 8 Hz), 8.01 (d, 1HJ = 7.6
Hz), 8.23 (1H, s);**C NMR (100 MHz, CDC}) 6 107.8, 122.3, 128.0,

1). Either the ditribromide reagent EDPBT or bromine

Scheme 1. Proposed Mechanism of Formation bd
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brominates acetone to bromoacetone. The carbon of the
bromomethyl group is attacked by the sulfur of thiourea,
which is facilitated due to an abstraction of the NH proton
by triethylamine giving an isothiourea intermedi&fehe NH
proton flanked by a carbonyl and a thiocarbonyl moiety is
more acidic, hence it is preferentially deprotonated in the
presence of the other NH proton. Intramolecular attack of

128.6,128.8, 129.0, 129.1, 129.7, 130.5, 132.6, 134.4, 137.6, 139.0, 139.4,the second NH group of the isothiourea intermediate on the

170.1, 173.2.

(9) SMARTV 4.043 Software for the CCD Detector System; Siemens

Analytical Instruments Division: Madison, WI, 1995.

carbonyl group would give 1-benzoyl(4-hydroxy-3,4-diphen-
ylthiazolidine)-2-imine {d)® followed by dehydration of the

(10) SAINTV 4.035 Software for the CCD Detector System; Siemens tertiary alcohol Ieading to the formation of 1-benzoy|-3-

Analytical Instruments Division: Madison, WI, 1995.
(11) Sheldrick, G. MSHELXL-97, Program for the Refinement of Crystal
Structures; University of Géttingen: Gottingen, Germany, 1997.
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phenyl-4-methylthiazolidene-2-imindd). This mechanism
seems resonable since the thiazolidene-2-imine derivative has
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been prepared by the condensation of acyl and arylacyl Thiazolidene-2-imine ring formation is general and not spe-
thioureas witho-haloketone$.” Under basic condition several  cific to a particular benzoyl thiourea. When 3-bromobenzoyl-
hydroxy thiazolidine derivatives have been isoldiétihen 3-phenylthiourea (Pwas reacted under the above conditions
we reacted benzoyl thioured)((1 equiv) with phenacyl  separately with acetone and acetophenone both gave corre-
bromide (1 equiv) in the presence of triethylamine (1.5 equiv) SPonding thiazolidene-2-imine derivativ@s and 2b, re-

in acetonitrile, the corresponding 1-benzoyl(4-hydroxy-3,4- SPectively. The structure a?a was again confirmed by
diphenylthiazolidine)-2-imine (18 derivative precipitated ~ crystal X-ray crystallography as shown in Figure 3.

out quantitatively, which could not be converted to its final _
thiazolidene-2-imine Xb) even under reflux condition.
However, on addition of 2 equiv of HBr the final thiaz-

s1

olidene-2-imine (1b) was obtained in quantative yield at c\’-""" eiy‘“ ;
room temperature suggesting an acid-catalyzed elimination L o
of tertiary alcohol. In this reaction the in situ generated HBr g R \N{ \I/ \l’n
serves as an acid for the dehydration of the intermediate - AN
tertiary alcohol (1d). |1

We believe that this may not be an isolated example and PP RS
all the structures reported by Zou et ate expected to have l Br1

a thiazolidene-2-imine moiety and not imidazole. To further
demonstrate our claim 1-benzoyl-3-phenylthiourgpwas
reacted under an identical condition with EDPBT but
replacing acetone with acetophenone. The spectral and
analytical data of the product obtainetbj were again in In conclusion, we have unambiguously proved that the prod-
perfect agreement with those reported by Zou ettahay ucts obtained by the reaction of benzoyl-3-phenylthuioureas
be mentioned here that replacement of bromine with EDPBT With bromine/EDPBT and acetone/enolizable ketone in the
also gave the same product. Formation of the thiazolylidene Presence of triethylamine are thiazolidene-2-imine derivatives

ring was confirmed by single-crystal X-ray diffraction Figure not imidazole-2-thione as reported earfiah/e also believe
2. that all other structures reported by Zou etak expected

to have a thiazolidene-2-imine moiety and not imidazole.
The wrong structure has led to the proposal of an incorrect

_ reaction mechanistFurther scope of the reaction to other

similar substrates is currently under investigation.

Figure 3. An ORTEP view with the atomic numbering scheme of
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\ Supporting Information Available: Experimental details
)| and full characterization of compounds: iR and*C NMR
spectra. This material is available free of charge via the
Figure 2. An ORTEP view with the atomic numbering scheme of  |nternet at http://pubs.acs.org.
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