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A convenient synthesis of 3-aryl-5-methylidene-2-thiohydantoins
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ydantoins and thiohydantoins are well-known heterocyclic 
mpounds which have found application in synthetic chemistry 
d in the development of substances with various types of 
ological activity, (see, for example, recent reviews).1,2 The 
troduction of exocyclic double C=C bond into position 5 of 
io)hydantoin ring makes the molecules suitable for 

ectrophilic and nucleophilic addition,3-6 1,3-dipolar 
cloaddition7,8 and Diels-Alder reaction.9 The preparation of 
iohydantoins with exocyclic arylidene or alkylidene substituent 
 the C5 atom is well developed based on the olefination with 
dehydes/ketones resulting in the formation of tri-10-12 or tetra-
bstituted13,14 exocyclic C=C bonds. However, approaches to 
iohydantoins containing exocyclic methylidene (CH2=) 
agment are rather scarce. At the same time, double bond of 
ch a substitution pattern is sterically not hindered and looks 
ore suitable for various chemical transformations in 
mparison with the corresponding arylidene and alkylidene 
rivatives.
It should be noted, that for hydantoins some general methods 

r the preparation of 5-methylidene derivatives are known,15-18 
hereas for 5-methylidenethiohydantoins, we did not find in 
erature general procedures allowing one to vary substituents at 
eir nitrogen atoms. Despite the seeming simplicity of the 
ructure, just a few examples of the preparation of 
methylidenethiohydantoins are documented. The reaction of 
nzyl isothiocyanate with methyl serinate and its variations19 
e limited to thiohydantoin derivatives containing benzyl 
oieties at positions 1 and 3. The prolonged retro-Michael decay 
 5-(thiomorpholinomethyl)thiohydantoin in water20 was 
alized only once and seems inconvenient.
The approach we propose is based on the modified one-pot 

action procedure described by Fujisaki for the synthesis of 
oxo analogues of 5-methylidenethiohydantoins.15 Our 
ocedure does not require preliminary isolation of 
(morpholinomethyl)thiohidantoin formed in situ and provides 
ple opportunities to vary the substituents in the position 3 of 

e resulting thiohydantoins.
Fujisaki15 proposed an access (Scheme 1) to 5-methylidene-

phenylhydantoin 4 based on the reaction of phenylisothio
anate with β-morpholinoalanine 2a. Our attempts to reproduce 
is reaction for isothiocyanates were not so successful giving 
oduct 4 in low yields.

We reasoned that compound 4 could form a dimer in acidic 
medium20 as a result of the Michael reaction between two 
molecules of 4. To minimize this unwanted reaction, we adjusted 
pH value of the reaction mixture to ~4 by adding triethylamine, 
which improved the yield from 24%15 to 41%. However, our 
attempt to extend such optimized procedure for the synthesis of 
similar thioxo derivatives resulted in partial or complete 
desulfurization of the target compounds with the formation of 
the corresponding hydantoins or their dimers. The key to the 
success of the synthesis (Scheme 2) was realizing the process 
without isolation of intermediate morpholine derivative 6. As 
a result, an universal preparative technique for the synthesis of 
5-methylidene-2-thiohydantoins, the key point of which was 
the in situ preparation of 5-(aminomethyl)-substituted thio
hydantoins 6, was developed. The latter were then readily 
converted into target products 7a-m (Schemes 2, 3).

Optimizing the reported22 reaction conditions, we synthesized 
the series of β-aminoalanines 2a-c which were reacted with 
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Scheme  1  Reagents and conditions: i, NaNO2, AcOH; ii, Zn, HCO2H 
(ref. 21); iii, morpholine, CH2O, 5 min; iv, HCl, 4 days; v, Ph-NCO, NaOH, 
H2O; vi, HCl, 18 h; vii, H2O, 2 days.
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isocyanates in a Py/H2O mixture at pH 9-10 and then with boiled 
1  n HCl by Edman method23 (see Scheme 2) to form thio
hydantoins. This approach suggests boiling for 2 h, but we found 
that reducing the reaction time to 1 h has no effect on product 
yield. It was revealed that in the case of substrate 2a, in contrast 
to 2b,c, the intermediate 5-morpholinomethylhydantoin 6a 
spontaneously eliminated amine, and the target methylidene
thiohydantoin 7a was isolated as almost pure precipitate. In the 
cases of substrates 2b,c the formation of precipitate 7a did not 
occur. Therefore, amino acid 2a was selected for further 
optimization.

We also varied the reaction time of amino acid 2a and PhNCS 
in an alkaline medium. According to reported data,24 this 
parameter might critically affect the amount of impurities 
formed during the reaction, as at basic pH the polymerization of 
the intermediate thiourea could occur. We carried out two similar 
reactions of PhNCS with 2a; the first for 25 min, the second for 
50 min of stirring at pH 9-10 and further boiling in an acidic 
medium for 1 h. In the second reaction, although the yield of the 
crude product was somewhat higher (54%), significant amounts 
of by-products were formed compared to the first reaction (51%). 
To raise the product yield, we also tried to increase the boiling 
time in hydrochloric acid at the stage of obtaining thiohydantoin 
from compound 2a and PhNCS from 1 to 10 h. However, this 
experiment brought about a desulfurized product, hydantion 4.

Thus, the optimal conditions for the preparation of 
methylidenethiohydantoin 7a are those as outlined in Scheme 2 
(for details, see Online Supplementary Materials). This protocol 
was successfully applied to the synthesis of a series of 
3-substituted 5-methylidenethiohydantoins 7a-m (Scheme 3). 
Regarding the yields of products 7, we may conclude that in case 
of the starting isothiocyanates with the donor substituents, the 
yields of products are higher. Nevertheless, it is worth noting the 
wide scope of the proposed method.

Since alkyl substituents are electron donors inherently, we 
also tested cyclohexyl isothiocyanate in this reaction, however 
the formation of the desired methylidenethiohydantoin was not 
observed. Thus, the scope of the proposed method appears to be 
limited to aryl isothiocyanates.

In summary, a convenient universal preparative procedure for 
the synthesis of 3-aryl-5-methylidene-2-thiohydantoins has been 
developed. The proposed synthesis is very facile to implement, 
versatile and does not require the use of expensive reagents.
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Scheme  2  Reagents and conditions: i, Ph-NCS, NaOH, Py, H2O (pH 9-10), 40 °C, 25 min; ii, HCl (10% aq., pH 1-2), reflux, 1 h.

Scheme  3  Reagents and conditions: i, 2a, NaOH, Py, H2O (pH 9-10), 
40 °C, 25 min; ii, HCl (10% aq., pH 1-2), reflux, 1 h.
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