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ABDEL-FATAH M. HASHEM® and ASHRAF A. EL-SHEHAWY®

4Chemistry Department Faculty of Science, Tanta University Tanta, Egypt and
b Chemistry Department, Faculty of Education, Kafr El-Sheikh, Tanta University,
Egypt

(Received July 20, 1999; In final form November 05, 1999)

Reaction of 2-thiohydantoin derivatives with diazoalkanes as diazomethane. diphenyldia-
zomethane and/or 9-diazofluorene was investigated. Several 2-thio- and 2-methylthiohydan-
toins (IIa,b), (Illa,b), (XI) and (XII) were prepared via the reaction of 2-thiohydantoins
(Ia,b) and (X) with diazomethane. 2-Morpholino- and/or 2-piperidino- glycocyamidines
(VIla,b) and (XVa,b) were prepared by reacting 2-alkylthiohydantoins (IIla) and (XII),
respectively, with morpholine and/or piperidine. Moreover, treating of two equivalents of
XIVa-d with one equivalent of piperazine afforded 1,4[di-(5-phenylmethylene-hydantoi-
nyl)]-piperazines {XVIa,b). The behaviour of 2-alkylthiohydantoins towards alanine and
anthranilic acid was also investigated. The structure of the products was established by cor-
rect analytical and spectral data as well as by chemical evidencies.

Keywords: Thiohydantoins; alkylthiohydantoins; diazoalkanes; glycocyamidines

Hydantoin derivatives have found use in medicine, they have mainly been
considered as anticonvulsant agent'. 5,5-Disubstituted hydantoins were
used as drugs in which penetrated the blood-brain barrier in a significant
concentration®. Authors reported that 2-deoxyuridines with 5-methyl-
ene-2-thiochydantoin as the heterocycle in the 5-position showed cytotoxic-
ity against MT-4 cells at 100 mM?. These results would be of great interest
and prompted us to prepare some new hydantoin derivatives.

In this paper we first examined the reaction of 1-acetyl-2-thiohydantoins
(Ia,b) with diazomethane. Treatment of Ia,b with diazomethane afforded
1-acetyl-3-methyl-2-thiohydantoins (Ila,b) and 1-acetyl-2-methylthiohy-
dantoins (Illa,b), respectively. Arenal et al.* have reported that the reac-

* Corresponding Author.
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tion of Ia with diazomethane proceeded differently under the same
reaction conditions; the reaction resulted in the formation of Ila and
3-methyl-2-acetylthiohydantoin (VI). The structure of the products II and
III were supported by correct analytical and spectral data. Infrared spectra
of compounds IT and III exhibited no bands in the region of 3300 em™!,
confirming the absence of NH groups. 'H-NMR spectra of IIla,b (CDCl;)
showed a singlet at 2.29, 2.37 corresponding to 3H (S-CHj3) and a singlet
at 2.50, 2,58 ppm corresponding to 3H (N-CO-CHj,), respectively. Moreo-
ver, 3C-NMR>® of IIIb exhibited peaks of 17.69 (S-CH;) and
167.24 ppm (C=N-3,C-2 in Illa) with the lack of absorption at ~44 ppm
characteristic of (C=N-1, C-2 inVI) as should be obtained from the struc-
ture of compound VI proposed by Arenal*,

The structure of compounds II and III were further supported by chemi-
cal evidencies. Thus, acid hydrolysis of Ila,b and IIla,b afforded the
products which proved to be identical with authentic specimen of the cor-
responding hydantoin derivatives of the type IVa,b>~7 and Va,b>~. More-
over, fusion of IIla with morpholine and/or piperidine yields the
corresponding 2-morpholino- or 2-pieridino- glycocyamidine derivatives
(VIIa,b), respectively, accompanied by the elimination of alkylthiols as
well as the deacetylation of IIla affected by the reacting base. These
results make more evidence for the postulated structures and make no
doubt about it.

It is worth to mention that if the structure VI, postulated by Arenal et
al.4, is the correct, acid hydrolysis of VI should give 3-methyl-hydantoin
(VIII) and its reaction with morpholine and/or piperidine should also give
the corresponding 3-methyl-2-morpholino- or 2-piperidino-glycocyami-
dine derivatives (IXa,b), respectively, which is not the case in our hands.

5-Benzylidene-1-phenyl-2-thiohydantoin (X) also reacted smoothly with
diazomethane to yield the corresponding 5-benzylidene-1-phe-
nyl-3-methyl-2-thiohydantoin (XI) and 5-benzylidene-1-phenyl-2-methyl-
thiohydantoin (XII).

Acid hydrolysis of XII yields the corresponding 5-benzylidene-1-phe-
nylhydantoin (XIII). Melting points and mixed melting points determina-
tions of compounds XI-XIII with authentic samples of the corresponding
ylidene derivatives of the same type gave no depressions'g)

Reaction of 5-benzylidene-2-alkylthiohydantoins (XIVa,b) with second-
ary amines as morpholine, piperidine and/or piperazine was also investi-
gated. Reaction of (XIVa,b) with morpholine and/or piperidine yielded the
corresponding  2-morpholino- and/or 2-piperidino-glycocyamidines
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(XVa,b). Treating of two equivalents of comp-ounds XIVa-d with one
equivalent of piperazine in refluxing ethanol afforded the corresponding
1,4[di-(5-benzylideneglycocyamidinyl)]piperazine (XVIa) and
1,4[di-(5-benzylidene-3-phenylglycocyamidinyl)]piperazine (XVIb).

(xivap)
( ‘
QA 0
L o " Phy—¢°
e b ! 0
s Ph ¢
N N SR N—(
\ ) N.__N-H
-—t XIVy, R=CH,;, R'=H [ S
l b,R=CHs,R'=H X=0,CH N
, ¢,R=CH;, R'=Ph [ ]
R-N" N d.R=CjHy. R'=Ph X
o? Ph
XVIa, R il XVa,x=0
b.R'=Ph b, X=CH,

1-Acetyl-2-thiohydantoins (Ia,b) also reacted with diphenyldiazometh-
ane and/or 9-diazofluorene in boiling dry benzene to yield
1-acetyl-3-diphenylmethyl-2-thiohydantoins (XVIIa,b) and
1-acetyl-5-methyl-3-(9-fluorenyl)-2-thiohydantoins (XVIIIa,b), respec-
tively. Similarly, the reaction of 5-benzylidene-2-thiohydantoin (XX) with
diphenyldiazomethane furnished 5-benzylidene-3-diphenylmethyl-2-thio-
hydantoin (XXI). The structure of the products was supported on the basis
of analytical and spectral data and by chemical evidencies as well.
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Thus, '3C-NMR spectra of compounds XVIIa,b, XVIIIa,b and
XXIshowed the presence of C=S of 2-thiohydantoin derivatives within the
range of 6 = 170.19-186.03 ppm. Moreover, TH-NMR spectra showed no
absorption for protons corresponding to N3-H (see Table II). Acid hydroly-
sis of compounds XVIIa,b, XVIIIa,b and XXI yielded 2-thiohydantoin
(XIXa,b) and (XX), respectively. Melting points and mixed melting points
of compounds XIXab and XX with authentic samples of
2-thiohydantoin®, 5-methyl-2-thiohydantoin® and 5-benzyli-
dene-2-thiohydantoin9, respectively, gave no depression.

The behaviour of 2-alkylthiohydantoin derivatives towards alanine and
anthranilic acid was also investigatedlo'“. It has been found that reacting
of 1-acetyl-2- methylthiohydantoin (IIla) with anthranilic acid in reflux-
ing ethanol afforded 1-acetyl-N2-(o—carboxyphenyl)-glycocyamidine
(XXII) with the elimination of methane thiol. Moreover, when compounds
XIVa,b fused with alanine at 160-170°C, 3-benzylidene-2,3,5,6-tetrahy-
dro-6-methyl-1H-imidazo-[1,2-a]-imidazol-2,5-dione (XXIII) was
obtained. It is worthy to mention that compounds XIVa,b failed to react
with alanine by refluxing in either ethanol or glacial acetic acid. The struc-
ture of compounds XXII and XXIII was established on the basis of ana-
lytical and spectral data.

0]
20 '

Ac-N N-H Ac-N N

NH,
a + @ — » N COOH ==—== H-N COOH
COOH

XX11



13: 34 28 January 2011

Downl oaded At:

82 AHMED A. EL-BARBARY et al.

0
P Ph N2
CH, N 0
XIVa,b + H;N-CH-COOH —H KJI HN_\f

XX

The formation of XXIII, for example, may be obtained through the
elimination of alkyl thiol followed by cyclization with elimination of
water as proposed by the following mechanism. As-to the formation of
XXIII, a nucleophilic attack of S5-benzylidene-2-alkylthiohydantoins
(XIVa,b) by the amino group of alanine to afford the intermediate A which
eliminated alkyl thiol to afford the intermediate B Internal nucleophilic
attack by the NH at the position 3 of hydantoin moiety on the COOH
afforded the final product XXIII through the elimination of one mole of
water.
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All melting points are uncorrected Microanalyses were performed by
microanalytical center at Cairo University. Infra-red spectra were recorded
on Perkin-Elmer 1420 spectrophotometer using KBr Wafer Technique.
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The 'H-NMR spectra were recorded using a Briicker 250 MHz spectro-
photometer using CDCl; and DMSO as solvents and TMS as internal
standard. Chemical shift values are expressed in & ppm units. 13C-NMR
spectra were recorded on a BrUcker 200 MHz spectrophotometer. TMS
was used to determine the carbon chemical shifts and expressed in ppm.

All analytical samples were homogeneous by thin-layer chromatogra-
phy, which was performed on EM silica gel 60F sheet (0.2 mm) with
CgHg/CHCl; (2:5, V/V) and in ether/benzene (2:1, V/V) as the developing
solvent. The spots were detected with U.V. Model UVGL-58. The experi-
mental results are reported in Table I, and the spectral data (I.R., 'H-NMR,
13C-NMR and mass spectroscopy) are reported in Tables 11, I11.

Action of diazomethane on 1-acetyl-2-thiohydantoins (Ia,b)
and 5-benzylidene-1-phenyl-2-thiohydantoein (x;,

General procedure

An ethereal diazomethane solution (prepared from 10 g nitrosomethylu-
rea) was added to 0.01 mole of each Ia,b and X suspended in 30 ml of dry
ether. The reaction mixture was kept in ice bath with vigorous stirring until
the starting material was consumed (TLC). The reaction mixture was
evaporated to dryness under vacuum and the solid product was chromato-
graphed on silica gel (100/200 mech) by using ether/benzene (2:1) as an
eluent to yield Ila,b, Illa,b, XI and XII. The products Ila and XI-XIII
gave no depression when admixed with authentic samples prepared by
reported methods*".

Reaction of 1-acetyl-2-methylmercaptohydantoein (IIla) and/or
S-benzylidene-2-alkylthichydantoins (XIVa,b) with morpholine
or piperidine

General procedure

A mixture of morpholine or piperidine (5 ml) and each of IIIa or XIVa,b
(0.01 mole) was heated under reflux until the starting material was con-
sumed (TLC). The reaction mixture was evaporated to dryness under vac-
cum and the oily residue was crystallized from methanol to yield the
products VIIa,b and XVa,b, respectively.
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TABLE I Experimental data of the newly prepared compounds

Compd. Time MP Yield Mol Formula % Analysis (Calcd/Found)
No. (hour) (°C) (%) Mol. Weight H N s
Ib 3 50 645 C+HoN,0,8 4516 537 1505 17.20

(186.23) 4500 532 1490 17.10
Mia 2 197 32 CeHgN,0,8 41.86 465 1628 18.60
(172.21) 4180 460 1625 18.40

1113 25 123 295  CH;gN,O,S 4516 537 1505 17.20

(186.23) 4500 530 1500 17.10
Vila 4 207 83 C;H;N;0, 4970 651 2485 -
(169.18) 4981 653 2483 -
Viib 6 153 86 CgH;3N;0 5748 778 2515 -
(167.21) 5751 793 2496 -
XVa 8 231 94  CuHisN;O, 6537 584 1634 -
(257.29) 6539 553 1634 -
XVb 12 221 875  CisH;N;O0 7059 667 1647 -
(255.32) 7040 655 1640 -
XVIa 6 216 91  CpHpNO, 6761 517 1972 -
(426.48) 6782 521 1971 -
XVIb 7207 93 CiHyNeO, 7474 519 1453 -
(578.67) 7470 520 1451 -
XVIia 8 227 93 CigHigN,O,S 6666 494 864  9.87
(324.40) 66.50 4.89 863 950

XVIIb 5 201 94  CgH;gN,0,S 6745 532 828 946
(338.42) 6740 530 824  9.40
XVIIa 120 168 885 C;gHN,0,8 6708 435 869 994
(322.38) 6690 430 865 970
XVIIb S0 159 91  CigH;gN,0,8 6785 476 833 952



13: 34 28 January 2011

Downl oaded At:

THIOHYDANTIONS 85

% Analysis (Calcd/Found)
Compd. Time MP Yield Mol. Formula

No. (hour) (°C) (%) Mol. Weight

c H N S

(336.41) 67.65 470 830  9.50

XXI 12 205 64  CpuH;gN,0S 7459 486 757 865
(370.47) 7460 470 740  8.60

XX11 6 205 8  CpH N0, 5523 409 1618 -
(261.24) 5517 422 1609 -

XXII 3 266 82  C;3H;N;O, 6473 456 1743 -
(241.25) 6470 450 1720 -

Reaction of 5-benzylidene-2-alkylthohydanteins (XIVa-d)
with piperazine

General procedure

A mixture of XIVa-d (0.01 mole) and piperazine (0.0055 mole) in abso-
lute ethanol (50 ml) was refluxed until the starting material was consumed.
The reaction mixture was evaporated to half of its volume. cooled and then
filtered off. The solid product was recrystallized from glacial acetic acid to
yield XVIa,b.

Reaction of 1-acetyl-2-thiohydantoins (Ia,b), 5-benzylidene-2-
thiohydantoin (XX) with diphenyldiazomethane or 9-diazofluorene

General procedure

Diphenyldiazomethane and/or 9-diazofluorene (0.011 mole) was added to
a suspension of each of compounds 1a,bor XX in 50 ml anhydrous ben-
zene. The reaction mixture was refluxed until the starting material was
consumed (TLC). The solvent was evaporated to dryness under vaccum
and the obtained solid was crystallized from ethanol to give
1-acetyl-3-diphenylmethyl-2-thiohydantoins ~ (XVIIa,b),  1-acetyl-5-
methyl-3-(9-fluorenyl)-2-thiohydantoins (XVIIIa,b) and 5-benzyli-
dene-3-diphenylmethyl-2-thiohydantoin (XXI).



TABLE II Infra-red and 'H-NMR spectral data of the newly prepared compounds

LR.(Cm™!)

TH-NMR (8ppm)

1740 (C=0 of acetyl); 1710 (C=0 of hydantoin); 1440 (C=S).

1760 (C=0 of acetyl); 1720 (C=0 of hydantoin); 1565
:.(C=N); 670 (C-S-C).

o
‘;'1740 (C=0 of acetyl); 1710 (C=0 of hydantoin); 1570
§C=N); 680 (C-S-C).

3200 (NH); 1680 (C=0); 1580 (C=N).

%200 (NH); 1680 (C=0); 1580 (C=N).

150 (NH); 1700 (C=0); 1570 (C=N); 1450 (CH aromatic).

150 (NH); 1720 (C=0); 1580 (C=N); 1440 (CH, aromatic).

Dowgl oaded 4t

1720 (C=0 of hydantoin); 1590 (C=N); 1450 (CH, aromatic).

3150 (NH); 1760 (C=0 of acetyl); 1715 (C=0 of hydantoin);
1340 (C=S).

1.58 (d, 3H, CHj at Cs); 2.84 (s, 3H, N>-CHs); 3.28 (s, 3H, CH;-CO
(g, 1H, CH at position 5).

2.29 (s, 3H, S-CH3); 2.50 (s, 3H, CH3-CO); 4.61 (s, 2H, CH; at posi

. 1.63 (d, 3H, CHj at position 5); 2.37 (s, 3H, S-CH3): 2.58 (s, 3H, CH

4.37 (q, 1H, CH at position 5).

3.50 (s, 4H, 2CH;-N); 3.63 (s, 4H, 2CH,-0); 3.73 (s, 2H, CH, at posil
7.94 (s, 1H, NH at position 1).

1.63 (s, 6H, 3CH,-N of piprazine); 3.39 (s, 4H, CH;-N- CH,); 3.93 (
CHaat position 5); 8.18 (s, 1H, N-H at position 1).

3.68 (1, 4H, 2C-CH,-0); 3.70 (t, 4H, 2C-CH,-0); 6.37 (s, 1H, Ph-CE
7.20-8.05 (m, 5H, aromatic protons); 11.25 (s, 1H, NH, at position 3

2.52 (1, 4H, 2CH,-N of piprazine); 3.56—4.24 (t, 4H, 2CH,-N of piper
6.32 (s, 2H, 2 Ph-CH=C); 7.18-8.07 (m, 10H, aromatic protons); 10.
2H, 2NH, at position 3).

2.80 (s, 4H, 2CH,-N of piprazine), 3.32 (s, 4H, 2 CH;- N of piprazine
(s, 2H, Ph-CH=C); 7.25-8.13 (m, 20H, aromatic protons).

1.56 (d, 3H, CHj at position 5); 2.27 (s, 3H, CH3-CO); 4.19 (q, 1H, C
position 5); 6.34 (s, 1H, N3-CH); 7.20-7.44 (m, 10H, aromatic protor



LR (Cm™!)

"H-NMR (5ppm)

1755 (C=0, acetyl); 1715 (C=0 of hydantoin); 1440 (CH,
aromatic); 1320 (C=S).

1760 (C=0, acetyl); 1720 (C=0 of hydantoin); 1430 (CH,
aromatic); 1320 (C=S).

3150 (NH); 2950; 1710 (C=0); 1450 (CH, aromatic); 1315
=S).

§35 (OH); 3150 (NH); 1760 (C=0 of acetyl); 1720 (C=0 of
Eydamoin); 1690 (C=0 of anthranilic); 1585 (C=N).
«©

N
3100 (NH); 1760 (C=0 of alanire); 1720 (C=0 of hydan-
#in); 1590 (C=N).

2.26 (s, 3H, CH3-COY); 4.41 (s, 2H, CH; at position 5); 6.36 (s, IH, N
7.01-7.75 (m, 8H, aromatic protons).

1.67 (s, 3H, CHj at position 5); 2.28 (s, 3H, CH5-CO); 4.39 (q, 1H, C
position 5); 6.38 (s, 1H, NJ-CH); 7.25-7.75 (m, 8H, aromatic protons

6.39 (s, 1H, N*-CH); 6.73 (s, 1H, Ph-CH=C); 7.05- 8.04 (m, 15H, arc
protons); 11.89 (s, 1H, N3-H).

2.29 (s, 3H, CH3-CO); 4.39 (s, 2H, CH; at position 5 covered by 1H,
COOH); 7.28-8.51 (4d, 1H, aromatic protons); 12.97 (s, 1H, N-H, at
tion 3).

1.45 (d, 3H, CHj); 4.49 (g, 1H, N-CH-C=0); 6.35 (s, 1H, Ph-CH=C)
7.97 (m, SH, aromatic protons); 10.86 (s, 1H, N-H at position 1).

TABLE Il '>*C-NMR and mass spectral data of the newly prepared compounds

B3C.NMR data in Sppm

Downl orded At:

Compd. Mass spectral data
No.

.50 (CH; at Cs); 27.78 (N3-CH3); 28.21 (CHj of acetyl
oup); 57.17 (Cs); 169.89 (C=0 of acetyl group); 17241
=0 of hydantoin); 181.06 (C=S).

.18 (CH; at Cs); 17.69 (S-CHjy); 23.35 (CH; of acetyl
oup); 59.27 (Cs); 167.24 (C=N); 184.47 (C=0 of acetyl);
5.59 (C=0 of hydantoin).

Ola  M* 172 (41%, CgHgN,0,S); m/e — 130 (71%, C4HgN,0S);
(75%; CH3NS); 43 (100%; CH3CO or HNCO).

XVb L4+ 255 (98%, C15H|7N30); m/e = 266 (25%, C|4H|6N3+)',
(12%; CqHgN™); 117 (37%; CgH,N); 116 (30%; CgHgN™):; 8
(29%; CsH{ N); 43 (39%; HNCO).



13C.NMR data in Sppm Compd. Mass spectral data
No.
.79, 65.49 (2CH,-N, 2CH,-O of morpholine moiety); XVIb  M* 578 (32%; C3gH3gNgO,); m/e = 232 (14%; CygHgN4O)

'1.42, 186.31, 50.17 (C,, C4, Cs of hydantoin).

94, 25.27 (2C, CH,-N-CH, and 3C CHy-CH,- CH, of pip- XVIIb

igine moiety); 170.59, 188.72, 51.05 (C;, C4, Cs of hydan-
in).
[

l53, 65.46 (CH,-N, CH,-O of morpholine moiety); 159.10— XVIIla

7.90, 140.43 (C,, C4, Cs of hydantoin); 111.80, 135.68,
8.19, 129.97, 127.23 (C7, Cg, Cg, Cyg of benzylidene moi-
.

195, 45.08 (C,, C; of piprazine moiety); 159.49, 172.77,
.59 (Cs, C;, Cg of hydantoin); 110.80, 135.86, 127.06,
51;135, 129.22, 130.00, 129.85 (aromatic carbon atoms).

iEO, 48.03 (C,, C; of piprazine moiety); 158.80, 170.50,
7.95 (Cs, C;, Cg of hydantoin); 118.53, 135.17, 126.20,
1.04, 128.26, 130.88, 128.31 (aromatic carbon atoms).

.84 (CHj; of acetyl §roup); 23.49 (CHj at Cs); 55.36 (Cs of
dantoin); 59.14 (N°-CH); 167.21 (C=0 of hydantoin);
3.60 (C=0 of acety! group); 185.01 (C=S of hydantoin);
9.75, 127.47, 128.54, 128.48, 139.55, 127.41, 128.51,
8.17 (aromatic carbon atoms of other two rings).

XVIIIb

XXI1

(70%; C,gH;sN30); 131 (90%; CoHgN); 116 (100%; CgHh
(975%, C6H5+).

M* 338 (4%; C1oH;gN,0,S); mle — 296 (4%; C,H,¢N,0S.
(14%; Cy3Hy,); 167 (100%:; C\3H,;*); 43 (47%; CH;C0™).

M* 232 (50%; C,5H,4N,08); m/e — 280 (23%; C;H;,N,0
(16%; Cy3H¢); 165 (99%:; Cy3Hg*); 43 (16%; CH;CO.).

M+ 336 (14%, C]9H1 2025); m/e = 294 (34%, C|7H]4N2C
166 (15%: Cy3H,0); 165 (100%; C,3Ho*); 43 (41%; CH5CO

M* 370 (4%; C,7H,gN;08); m/e = 204 (7%; C,oHgN,0S);
(100%: Cy3H,;*); 144 (30%:; CoHsNO™); 117 (12%; CgH,N



3C.NMR data in Sppm

Compd.
No.

Mass spectral data

3.70 (CHj of acetyl group); 50.10 (C;5 of hydantoin); 58.35
3.CH); 169.97 (C=0 of acetyl group); 181.20 (C, of hydan-
in), 186.03 (C=S); 142.38, 120.29, 125.86, 128.73, 127.42,
19.71, 140.07, 127.23, 127.62, 123.32, 119.94, 140.88 (car-
w1 atoms of fluorene).

>
391 (CH; at position 5); 23.41 (CHj of acetyl group); 50.18
3§ of hydantoin); 167.37 (C=0 of acetyl group); 185.05
=0 of hydantoin); 185.57 (C=S of hydantoin); 59.64
G—CH); 142.69, 119.96, 125.86. 128.75, 127.66, 140.79,
1»2.71, 125.95, 128.71, 119.98, 142.41 (carbon atoms of flu-
ene).

7376 (N3-CH); 121.43 (CH of benzylidene); 140.40 (Cs of
/dantoin); 162.67 (C=O of hydantoin); 170.19 (C=S S of
/8antoin); 133.96, 128.63, 131.59, 130.10, 140.30, 127.46,
9.50, 128.42, 128.97, 121.49, 129.01, 127.94 (aromatic car-
fi atoms of other two rings).

.47 (CH3); 49.72 (CH); 135.57 (Csof hydantoin moiety);
41.50 (C=N); 157.90, 173.80 (C=0 of hydantoin and C=0 of
nino acid, respectively); 111.70, 132.80, 127.34, 129.88,
28.28 (aromatic carbon atoms).
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Acid hydrolysis of compounds Ila,b, IIla,b, XII, XVIIa,b, XVIIIa,b,
and/or XXI

General procedure

A mixture of each of compounds Iia,b, IIla,b, XII, XVIIa,b, XVI-
IIa,band/or XXI (0.01 mole) in ethanol (30 ml) and concentrated hydro-
chloric acid (8 ml) was refluxed for two hours. The reaction mixture was
concentrated to half of its volume, cooled and filtered off. The resulting
solid was recrystallized from the appropriate solvent to yield IVa,b, Va,b,
XIII, XIXa,b and XX. The products IVa,b, Va,b, XIII, XIXa,b and XX
gave no depression when admixed with authentic samples prepared by
reported methods*.

Reaction of 1-acetyl-2-methylthiohydantoin (IIla) with anthranilic
acid

A mixture of Illa (0.01 mole) and anthranilic acid (0.011 mole) was
heated under reflux in absolute ethanol (30 ml) until the starting material
was consumed (TLC). The reaction mixture was cooled, filtered off and
the solid product was recrystallized from glacial acetic acid to give
1-acetyl-N2-(o-carboxyphenyl)-glycocyamidine (XXII).

Reaction of 5-benzylidene-2-alkylthiohydantoins (XIVa,b)
with alanine

A mixture of compound XIVa,b (0.01 mole) and alanine (0.011 mole) was
grinded together and fused in an oil bath at 160-170°C for 3 hours. The
reaction mixture was allowed to cool to room temperature. The obtained
solid was dissolved in a solution of NaOH (10%) and then acidified by
dilute HC (20%). The solid formed was filtered off and crystallized from
glacial acetic acid to give  3-benzylidene-2,3,5,6-tetrahy-
dro-6-methyl-1H-imidazo- [1,2-a]-imidazol-2,5-diones (XXIII).
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