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To develop new COX-2 inhibitors. 1.5-diarylhydantoins and 1.5-diaryl-2-thichydantoins were svnthesized
from phenylacetic acids by esterification. bromination. C-N bond formation and cyclization. Esters 1-3 were
efficiently synthesized from the starting materials by reflux in absolute methanol for 3 h containing
concentrated sulfuric acid as catalyst. Bromination was carried out with A-bromosuccinimide at rt in dichloro-
methane. Bromides 4-6 were reacted with aniline. p-anisidine. sulfanilamide in ethanol (or N.A-dimethyl-
formamide) to provide the amines 7-15. Hydantoins and 2-thiohydantoins 16-46 were synthesized from amines
7-15 by treating them with potassiumn isocyanate (or potassium thiocyanate) and triethylamine. The synthetic
process from alkyl a~anilinophenylacetate 7-15 to 3-alkylhvdantoins was carried out in a one-pot reaction
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using alkyl isocyanate (alkyl isothiocyanate).
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are wide-
Iy utilized for the treatment of inflammation. pain. and fever.
but their use is often accompanied by gastrointestinal (GI)
ulcerations and bleeding' Inflammatory processes are
provoked by different chemicals/biospecies including proin-
flammatory enzymes/cytokines. small molecular species.
such as eicosanoids. and tissue degrading enzymes. Of these
factors. cyclooxygenase (COX) catalyzes the conversion of
arachidonic acid to prostaglandins (PGs) —key proinflam-
matory eicosanoids. All NSAIDs are believed to disrupt the
biosynthesis of PGs by inhibiting the COX * In 1990s. Fu et
al. discovered the existence of two isoforms of this enzyme.’
COX-1 a constitutive form and COX-2 an inducible form.
COX-1 is expressed in normal tissues and is physiologically
important for GI and renal functions. while the COX-2
isoform is located primarily in inflamed tissues.*’ It seems
reasonable that a selective COX-2 inhibitor could block PGs
production at a site of inflammation without affecting
beneficial PGs in normal tissues. such as. in the stomach and
kidney.

The above hypothesis was partially proven when the first
selective compounds. NS-398 and DuP-697. were tested in
animal models. Both compounds showed anti-inflanmumatory.
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analgesic and antipyretic activities. but they did not cause
gastrointestinal lesions at high doses.™'” Also. a new gener-
ation of anti-inflammatory drugs. celecoxib (Celebrex™).!!
rofecoxib (Vioxx™)! and valdecoxib (Bexwra®)'¥ are being
widely prescribed to treat acute or chronic inflammation by
providing symptomatic pain relief. COX-2 versus COX-1
selectivity demonstrated the superiority of these compounds
over other NSAIDs in terms of reducing GI side effects.”
However. emerging evidence suggests that adverse reac-
tions such as Gl irritation or ulceration and renal compli-
cations are associated with the prolonged use of COX-2
selective inhibitors. These adverse reactions have been
attributed. at least in part. to COX-1 inhibition during long-
term exposure or at higher doses.'® COX-2 selective
inhibitors are also known to suppress the synthesis of pro-
stacvclin, a potent vasodilator. gastroprotectant. and platelet
inhibitor. by inhibiting endothelial COX-2. Moreover. COX-
2 selective inhibitors do not inhibit the production of
thromboxane. a vasoconstrictor. and promoter of platelet
aggregation. which is synthesized in platelets by COX-1."
Therefore, COX-2 selective inhibitors intrinsically lack anti-
thrombotic activity. and some cardiovascular complications
were associated with their use preclinically.!” Thus. there is
still a need for novel. selective. potent COX-2 inhibitors
with a better pharmacologic profile than the current COX-2
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Here. we describe the svnthesis of a novel series of " o HN-OMR
hyvdantoin contammng a S-membered heterocvchic rmg. In é"; _,;,'%éir 2 !
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this study. we introduced a p-substituted pheny] group onto -SO,NH;

the |- and S-positions of the hydantom rng in the hope of Si z :bodtﬁ antyl C\ ] reflux
producing a selective COX-2 mhibitory effect. This study -phenyl, -benzyl 7-15
descnibes the syntheses of novel 1.5-diarvlhydantoin denva- |
tives with a phenyl group at the S-position and a phenyl KNGO/ KNGS TEA RsNCO / RyNCS
group (or p-sulfamylphenyl. p-methoxyphenyl group) at the dil. ethanol, TEA, xylene! toluene
1-position (Scheme 1). B-R0h. e 38-72 h, reflux
s . X X
Results and Discussion | N | N
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In Table 1. we summarized the physical properties and the ~ m\,]/N_H S N..W/N_Re'
optimal condition for the compounds 16-46. Twvo synthetic 5 |l J R Ri R
1

routes were classified as follows. 192027 20.32
. . P ; 16-18, 20-23, 28, \ 24-27, 29-32,
Production of hydantoin ring using KNCO/KNCS 33, 38, 40, 42. 45 34.37, 30, 41
(Class I). We have previously reported some preliminary ) . . L
Scheme 1. Synthesis of diary]l hydanton dervatives 1646,
Table 1. Target Compounds 16-46 and Optimal Conditions for Synthesis

Class/ Molar Ratio®

Comp Ie 11 R, R: Rs X Reag /Subs. Time /hr mp/°C Yield/%"
16 I H O H H 1 8 190 59.1
17 I H O H Cl 1.5 67 203.2-204.9 81.0
18 I H O H Bt 1.5 48 209 798
19 I H O n-butyl H 1 38 oil -
20 I H S H H 1.8 32 189 597
21 I H S H Cl 1 74 205.1-205.9 68.2
22 I H S H Bt 1 90 205 752
23 I CH:O (0] H H 1.3 8 193.7-193.3 77.9
24 I CH:O (0] n-butyl H 2 48 101.8-103.7 62.3
25 I CH:O (0] n-pentyl H 2 48 122.4-1253 41.3
26 I CH:O 0 phenyl H 2 48 1453.8-148.0 323
27 I CH:O (0] benzyl H 2 48 118.9-121.6 332
28 I CH.O O H Cl 2 24 197.6-200.4 904
29 I CH.O O n-butyl Cl 2 72 93.6-95.2 672
30 I CH:O O n-pentyl Cl 2 48 974-98.6 794
31 I CH.O O phenvl Cl 2 48 180.2-183.2 62.1
32 I CH:O O benzyl Cl 2 48 147.6-148.8 896
33 I CH:O O H B 2 24 194.5-195.9 931
34 I CH:O (0] n-butyl Bt 2 72 102.7-104.3 36.7
335 I CH:O (0] n-pentyl fir 2 48 91.7-93.9 348
36 I CH:O (0] phenyl [ir 2 48 189.3-190.1 304
37 I CH:O (0] benzyl Br 2 48 139.3-141.0 877
38 I CH:O S H H 2 16 197.7-200.3 92.7
39 I CH:O S benzyl H 2 48 119.1-121.1 48.6
40 I CH.O S H Br 2 60 184.6-186.8 933
41 I CH.O S benzyl Br 2 48 188.7-191.0 272
42 I SO:NH- O H H 2 16 202.0-211.5 60.0
13 I SO:NH- O H Cl 2 16 2124-225.0 68.1
44 I SO:NH- O H B 2 18 221.2-226.0 958
45 I SO:NH- S H H 2 30 242.0-248.0 76.9
46 I SO:NH: S H Cl 2 30 200.9-204.2 69.3

ANl reactions were performed in ethanol“xvlene under reflux. except 19 (in toluene). ‘Reag.‘Subs. is the ratio of reagent (KNCO. KNCS. RsNCO. and
RaNCS) to substrate (amine 7-15). Yields reterred to isolated product.
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results for a novel series of c~amino acids 7-15'° (Scheme
). The classical method for the preparation of hvdantoins
mvolves the reaction of @amino acids with potassium
cvanate: this reaction was carried out in boiling aqueous
solution. The free hvdantoic acid produced may be 1solated
by acidification of the solution or it may be converted into
the corresponding hydantomn by treatment with 23% HCL

This cvclization was preferentially carried out by reflux-
g a solution in dff-ethanol. It should be noted that the
production of analogues of 2-thiohvdantoin needs additional
mild base such as triethvlamine, because of the different
reactivity of sulfur versus oxygen containing analogs. The
formation of hvdantoin was generally faster than that of 2-
thiohydantoins. In some cases (¢.g., Ry = anilino group or p-
methoxvanilino group), the reaction mixture was stirred for
1 h in order to increase the vield of Class 1 after adding c-
HCI. In other case (e.g., Ry = p-sulfamylanilino group). the
pH of the reaction mixture was optimized with respect to
vield according to the presence of halogen (X = H, CL Br).
For exaniple. compounds 42 and 45 were obtained in
maximal vields at pH 4. while compounds 43, 44, and 46
required a pH 1. Also. compounds containing a halogen (X =
Cl. Br) required longer reaction times than those without a
halogen (Table 1).

Identification of Class I products was performed by NMR.
IR and GC-MS. In the 'H-NMR. the NH peak disappeared
whereas the CH peak appeared as a singlet at 53 ppm. In the
IR spectra. the carbonyl absorption band was not present at
1700 cm™! because of the tautomeric nature of the hyvdantoin
ring (Figure 1). When Ry was H or CH;O. this band appear-
ed clearly. We believed that the enol-form was more stable
than keto-form because both of functional groups donated an
electron to the hydantoin ring.

Production of hydantoin ring using RNCO/RNCS (one-
pot reaction) (Class II). A large number of aryl and alky]
1socvanate and isothiocvanates have been emploved in this
reaction.™ The N-aralkvlhvdantoin analogues containing a
phenyl or methoxyphenyl at position 1 of the hydantoin ring
(R3 = n-butyl. n-pentyl. phenyl. benzyl) were synthesized in
a one-step process (Scheme 1) from o-amino acids 7-13
using aralkyl isocyanate or isothiocyanate in Xylene using a
mild base like triethylamine. >’ Molecular sieve (4 A) was
added to remove the methanol produced. Reaction rates
were found to be highly dependent on the solvent system
used.

The reactivity of aralkyl isothiocyanate was low versus
isocyanate and it generated many side reactions. The success
or failure of the reaction depended on the nature of the
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Figure 1. Keto-enol tautomerizations of hydantoin ring.
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functional group (Rl = p-methoxy or p-sulfonamude). For
example. when R1 was p-methoxy (an electron donating
group). the reaction proceeded well to give the desired
products in good vield (Table 1). On the other hand. when
Rl was p-sulfonamide group (an electron withdrawing
group). the reaction did not proceed well. Also. compounds
with p-sulfonamide did not react regardless of solvent type
(e.g. xvlene, DMEF, toluene, ethanol. etc.).

In the "H-NMR spectra, the -CH peak was shifted from 5
ppm to 6 ppm. Also in the IR spectra, two carbonyl absorp-
tion bands appeared at 1700 cm™. whereas they were absent
m Class I (Table ). We considered that the keto-form was
more stable than the enol-form i the case of substitution
aralkyl group at the 3-position of the hydantom ring,

In conclusion, we have developed a new class of 1.5-
diarvlhydantons. which 1s the hybrid type compound 16-46
by structural modification of celecoxib and rofecoxib. 1.5-
Diarvlhydantomms were synthesized by esterification, bro-
mination, C-N-bond formation and cyclization.

Experimental Section

Chemicals. Chemicals were supplied by Aldnich, Sigma,
Merck. and Tokyo Kasel. Melting points were determined n
open capillary tubes on a Buchi 335 melting point apparatus
and uncorrected. NMR spectra were recorded using a Bruker
300 MHz NMR spectrometer. Chemical shifts are reported
m parts per million and were recorded m chloroform-d or
dimethyl-d. sulfoxide with tetramethylsilane as the internal
standard. NMR spin multiplicities are indicated by the
symbols: s (singlet), d (doublet). t (riplet), q (quartet), and m
(multiplet). IR spectra were recorded on a Perkin-Elmer 16F
PC FT-IR spectrometer using NaCl discs and pellets. Mass
fragmentations were recorded using an Agilent 6890 GC and
3973 MS.

General procedure for the compounds 16-18, 23, 28, 33
and 42-44. Methyl c~amlinophenylacetate 7 (2.4 g, 10
mmol) was dissolved in ethanol (20 mL) by heating. KNCO
(0.81 g. 10 mmol) in water (10 mL) was added quickly and
then refluxed for 8 h. The reaction mixture was concentrated
under reduced pressure to 3 mL and ¢-HC1 was added to pH
l in an ice-bath. The resulting solid was washed with ice-
water and recrystallized in dif-ethanol.

1,5-Diphenylhydantoin (16): Yield: 1.49 g (39.1%). mp
190 °C. TLC [methylene chlonde:methanol (9:1)] Rf 0.27.
'H NMR (DMSQ-¢) 67.51 (d. J = 6.0 Hz. 2H. aromatic),
7.39-7.26 (m. 3H, aromatic), 7.03 (. J = 9.0 Hz. 2H,
aromatic), 6.63 (d. J = 6.0 Hz. 2H. aromatic). 6.54 (t. J=9.0
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Hz. 1H. aromatic). 5.07 (s. 1H. CH). 3.34 (s. [H. NH). '°C
NMR (DMSO-ds) & 17286 (C=0x2). 146.86. 138.45.
128.63. 128.34, 127.65. 127.40. 116.43, 112.93 (aromatic x
2). 59.57 (CH), 55.09 (CHs). FT-IR (KBr) cm™' 3408 (NH).
2991 (CH). GC-MS: mi/z 252.32 (M"). 180.1 (100.0), 181.1
(87.18), 77.1 (35.0). 182.1 (11.8), 51.1 (10.6).
1-Phenyl-5-(p-chlorophenyl)h¥dantoin (17): Yield:
81.0%. mp 203.2-204.9 °C, TLC [methvlene chlonde:
methanol (9:1)] Rf 0.28. '"H NMR (DMSO-ds) 67.52 (d..J =
8.7 Hz. 2H. aromatic), 7.42 (d. J = 84 Hz. 2H. aromatic).
7.03 (t, J = 8.4 Hz, 2H. aromatic). 6.64 (d,.J = 7.8 Hz, 2H.
aromatic), 6.57 (t. / = 7.2 Hz. 1H., aromatic). 5.13 (s, |H.
CH). 3.35 (s. 1H. NH). ¥C NMR (DMSO-d¢) & 172.89
(C=0x2), 147.07, 138.16, 132.63. 129.69. 129.10. 128.75.
117.02, 113.47 (aromaticx2). 59.31(CH). FI-IR (KBr) cm™’
3412 (NH), 2993 (CH). 770 (C-Cl). GC-MS: m/z 287.76
(M"). 2141 (100.0). 215.1 (94.5). 77.1 (47.1), 216.0 (43.6).
217.0 (32.0).
1-Phenyl-5-(p-bromophenyl)hydantoin (18): Yield:
79.8%. mp 209 °C, TLC [methvlene chlonde:methanol
(9:1] Rf 0.34. '"H NMR (DMSO-ds) §7.56 (d, J = 8.4 Hz.
2H. aromatic). 7.47 (d. /= 8.7 Hz, 2H. aromatic). 7.03 (t,.J =
8.4 Hz. 2H. aromatic), 6.64 (d. /= 7.8 Hz. 2H. aromatic).
6.55 (t,J = 7.2 Hz. |H. aromatic), 5.12 (s. [H. CH), 3.36 (s.
1H, NH). ®C NMR (DMSO-d¢) & 172.83 (C=0x2), 147.05.
138.56. 131.68, 130.05. 129.10, 121.22. 117.04, 113,48
(aromaticx2), 59.35 (CH). FT-IR (KBr) cm™' 3306 (NH).
2992 (CH). 766 (C-Br). GC-MS: m/z 332.16 (M), 169.0
(100.0), 171.0 (99.2), 261.0 (73.4). 263.0 (69.7). 90.1 (30.8).
1-(p-Methoxyphenyl)-S-phenylhydantoin (23): Yield:
77.9%. mp 193.7-195.5 °C, TLC [#-hexane:ethy]l acetate
(2:D] Rf 0.1. [methyvlene chloride:methanol (9:1)] Rf 0.29.
'H NMR (DMSO-ds) §7.50 (d, J = 7.2 Hz, 2H. aromatic).
7.37-7.25 (m+d, 3H, aromatic). 6.64 (d+d..J=9.3 and 9 Hz.
4H. aromatic), 3.01 (s. |H. CH). 3.60 (s, 3H, CHs), 3.40 (s.
1H, NH). ®C NMR (DMSO-ds) & 173.00 (C=0x2), 151.04.
140.96. 138.75, 128.26. 127.51, 12735, 114.27, 114.10
(aromaticx2). 60.42 (CH). 35.09 (CH;). FT-IR (KBr) cm™
3402 (NH), 1514 (CO). GC-MS: m/z 28230 (M), 196.1
(100.00), 211.1 (88.27). 167.1 (21.76). 210.2 (15.50), 197.1
(15.11).
1-(p-Methoxyphenyl)-5-(p-chlorophenylhydantoin (28):
Yield: 90.4%. mp 197.6-2004 °C. TLC [n#-hexane:ethy]
acetate (2:1)] Rf 0. 1, [methylene chloride:methanol (9:1)] Rf
0.22. '"H NMR (DMSO-ds) & 7.52 (d. J = 8.4 Hz, 2H.
aromatic), 7.41 (d, /= 8.4 Hz, 2H, aromatic), 6.63 (d+d. /=
9 and 9 Hz. 4H. aromatic). 53.06 (s. 1H. CH). 3.60 (5. 3H.
CH;). 334 (s. l1H. NH). ®*C NMR (DMSO-ds) & 172.62
(C=0x2), 151.14, 140.66, 137.87. 132.10. 129.22. 128.24.
11425 11422 (aromaticx2). 3939 (CH). 35.14 (CH3). FT-
IR (KBr) em™ 3401 (NH), 1514 (CO). 769 (C-Cl). GC-MS:
m/z 31674 (M), 230.0 (100.00). 245.0 (91.43). 232.0
(34.32), 247.0 (30.96). 246.0 (18.70).
1-(p-Methoxyphenyl)-5-(p-bromophenylhydantoin (33):
Yield: 93.1%. mp 194.5-1959 °C. TLC [n#-hexane:ethv]
acetate (2:1)] Rf 0. 1, [methylene chloride:methanol (9:1)] Rf
0.17. '"H NMR (DMSO-ds) & 7.55 (d. J = 8.4 Hz, 2H.
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aromatic). 7.45 (d, J = 8.4 Hz, 2H. aromatic), 6.63 (d+d,J =
9 and 9 Hz, 4H. aromatic). 5.06 (s, |H. CH), 3.60 (s. 3H,
CH;). 3.36 (s. 1H. NH). ’C NMR (DMSO-di) & 172.55
(C=0x2). 151.14, 140.63. 138.28. 131.16. 129.38, 120.67.
114.32. 114.24 (aromaticx2), 59.62 (CH). 55.06 (CH3). FT-
IR (KBr) em™' 3401 (NH), 1513 (CQ). 765 (C-Br). GC-MS:
m/z 361.20 (M"), 291.0 (100.00). 289.0 (99.18). 274.0
(88.27). 275.9 (87.91), 290.0 (27.41).

S-Phenyl-1-{(p-sulfamylphenyl)hydantoin (42): Yield:
60.0%. mp 202.0-211.5 °C, TLC [methylene chloride:
methanol (9:1)] Rf 0.1. '"H NMR (DMSO-ds) §7.48 (d.J =
8.7 Hz, 4H. aromatic), 7.31-7.18 (m, 3H. aromatic), 6.79 (s,
2H. NH:). 6.538 (d. J = 8.7 Hz, 2H, aromatic). 4.89 (s, 1H,
CH). 3.24 (s. 1H. NH). *C NMR (DMSO-ds) & 17132
(C=0x2). 149.63, 140.05. 130.05. 127.89. 127.03, 126 94.
126.71. 111.63 (aromaticx2), 60.53 (CH). FI-IR (NaCl)
em™ 3369 (NH), 3193 (NH>), 1710 (C=0). 1301 (SO-). GC-
MS: m/z 331.35 (M"). 180.1 (100.00). 181.1 (84.25), 77.1
(36.22). 51.1 (11.75). 182.1 (11.11).

S-(p-Chlorophenyl)-1-(p-sulfamylphenyl)hydantoin (43):
Yield: 68.1%, mp 212.4-225.0 °C, TLC [methylene chloride:
methanol (9:1)] Rf 0.1. '"H NMR (DMSO-d¢) § 7.80-7.43
(m, 6H, aromatic), 6.93 (s, 2H. NH:). 6.75 (d. /= 8.7 Hz,
2H. aromatic), 5.29 (d, J = 7.2 Hz. 1H, CH). 345 (s. IH,
NH). *C NMR (DMSQ-ds) § 17222 (C=0x2), 15261,
150.92, 137.30. 132.93. 129.69, 129.19, 128.94. 12681,
112.23 (aromatic=2), 58.72 (CH). FT-IR (NaCl) cm™' 3332
(NH), 3160 (NH>), 1712 (C=0). 1334 (S0O-), 722 (C-Cl).
GC-MS: m/z 365.80 (M%), 214.1 (100.00), 215.0 (95.39),
77.0 (46.56), 216.0 (44.66), 217.0 (32.02).

5-(p-Bromophenyl)-1-(p-sulfamylphenylhydantoin (44):
Yield: 95.8%. mp 221.2-226.0 °C, TLC [methylene chloride
:methanol (9:1)] Rf 0.1. '"H NMR (DMSQ-d;) & 7.60-7 44
(m, 6H. aromatic). 6.92 (s, 2H, NH>). 6.74 (d. /=9 Hz. 2H,
aromatic). 5.27 (d, J = 7.2 Hz, |H, CH). 3.43 (s. 1H, NH).
3C NMR (DMSO-dg) 8 171.66 (C=0x2). 152.15. 150.45.
13731, 131.39. 129.56, 128.72. 12636, 121.03, L11.77
(aromaticx2). 38.35 (CH). FT-IR (NaCl) cm™ 3337 (NH),
31539 (NH2), 1711 (C=Q). 1336 (S0O-), 721 (C-Br). GC-MS:
m/z 41025 (M7), 221.1 (100.00). 281.0 (82.28). 147.1
(71.86). 207.0 (65.85). 73.1 (37.75).

General procedure for the compounds 20-22, 38, 40,
45-46. Methyl cranilinophenylacetate 7 (1.2 g. 4.98 mmol)
was dissolved mn ethanol (10 mL) by heating. KNCS (0.87 g,
8.95 mmol) in water (3 mL) and triethylamine (1.26 mL.
9.04 mmol) were added and then refluxed for 8§ h. The
reaction mixture was then concentrated under reduced
pressure to 3 mL and ¢-HCI was added to pH 1 in an ice-
bath. The resulting solid was washed with ice-water and
recrystallized in dif-ethanol.

1,5-Diphenyl-2-thiohydantoin (20): Yield: 0.8 g (39.7%).
mp 189 °C. TLC [methylene chloride:methanol (9:1)] Rf
0.39. '"H NMR (DMSO-ds) § 7.51 (d, J = 6.9 Hz. 2H,
aromatic). 7.33 (m, 3H. aromatic), 7.03 (t..J = 7.9 Hz. 2H,
aromatic), 6.63 (d. J = 7.8 Hz. 2H. aromatic). 6.54 (t. J= 7.2
Hz. IH. aromatic). 5.07 (s. 1H. CH). 3.34 (s. 1H. NH). “C
NMR (DMSO-ds) 8 172.80 (C=0. C=8). 146.86. 138.55.
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128.61. 128.30. 127.38, 127.37. 116.39. 112.9] (aromaticx
2). 59.65 (CH). FT-IR (NaCl) cm™ 3275 (NH), 2928 (CH).
1714 (C=0). GC-MS: m/z 26832 (M"). 207.0 (100.0).
147.1 (73.1). 281.1 (68.8). 73.1 (607).
1-Phenyl-3-(p-chlorophenyl)-2-thiohydantoin (21):
Yield: 68.2%. mp 205.1-203.9 °C, TLC [methylene chloride
-methanol (9:1)] Rf 0.31. 'H NMR (DMSO-ds) 67.53 (d..J =
6.6 Hz. 2H. aromatic), 7.42 (d. J = 6.6 Hz. 2H. aromatic).
7.03 (t, J = 7.5 Hz, 2H. aromatic). 6.64 (d,.J = 7.5 Hz. 2H.
aromatic), 6.55 (t. / = 7.2 Hz. 1H., aromatic). 5.14 (s, |H.
CH). 3.38 (s. 1H. NH). *C NMR (DMSO-de) & 172.91
(C=0. C=5). 147.07. 13811, 132.66. 131.55, 129.70, 129.11.
128.77, 117.04, 113,48 (aromaticx2). 39.29(CH). FT-IR
(KBr) em™ 3407 (NH), 2993 (CH). 770 (C-Cl). GC-MS:
m/z 303.82 (M), 125.0 (100.0). 217.1 (63.8). 127.0 (33.2),
219.1 21.2). 216.1 (14.9).
1-Phenyl-3-(p-bromophenyl)-2-thiohydantoin (22):
Yield: 75.2%. mp 205 °C, TLC [methvlene chlonde:
methanol (9:1)] Rf 0.26. '"H NMR (DMSO-ds) 67.56 (d..J =
8.4 Hz. 2H. aromatic), 7.45 (d. J = 84 Hz. 2H. aromatic).
7.03 (t, J = 8.4 Hz, 2H. aromatic). 6.60 (d, .J = 7.5 Hz. ZH.
aromatic), 6.55 (t. / = 7.2 Hz. 1H., aromatic), 5.12 (s, |H.
CH). 3.36 (s. 1H. NH). *C NMR (DMSO-d¢) & 172.83
(C=0. C=N), 147.05. 3858 131.68. 130.05. 129.10.
121.21, 117.03, 113.48 (aromaticx2), 59.36 (CH). FI-IR
(KBr) em™ 3407 (NH). 2992 (CH), 766 (C-Br). GC-MS:
m/z 348.22 (M), 169.0 (100.0). 171.0 (97.1). 261.0 (72.4),
263.0 (70.4). 90.1 (29.2).
1-(p-Methoxyphenyl)-3-phenyl-2-thiohydantoin (38):
Yield: 92.7%. mp 197.7-200.5 °C. TLC [#-hexane:ethy]
acetate (2:1)] Rf 0.1, [methylene chloride:methanol (9:1)] Rf
0.29. '"H NMR (DMSO-ds) & 7.50 (d. J = 6.9 Hz, 2H.
aromatic), 7.37-7.28 (in+d, 3H. aromatic), 6.64 (d+d,.J=9.3
and 9.3 Hz. 4H, aromatic). 5.01 (s. 1H, CH), 3.60 (s, 3H.
CHs). 3.36 (s. l1H. NH). '*C NMR (DMSO-ds) & 172.96
(C=0.C=8), [51.03, 140.98. 138.82. 128.24. 12748, 127.34.
114.27, 114.09 (aromatic=2), 60.46 (CH). 55.10 (CH:). FI-
IR (KBr) em™ 3403 (NH), 1514 (CO). GC-MS: m/z 298.37
(M"). 196.1 (100.00). 211.1 (92.10). 167.1 (21.49). 210.2
(15.03). 197.1 (14.57).
1-(p-Methoxyphenyl)-5-(p-bromophenyl)-2-thiohydan-
toin (40): Yield: 93.3%. mp 184.6-186.8 °C, TLC [#-hexane
-ethyl acetate (2:1)] Rf 0. 1. '"H NMR (DMSO-dk) 67.55 (d.J
= 8.4 Hz. 2H. aromatic), 7.45 (d..J = 8.4 Hz. 2H, aromatic).
6.63 (dd. J =93 and 9 Hz. 4H. aromatic). 5.03 (s. 1H. CH).
3.60 (s. 3H. CH3), 3.34 (. IH, NH). '*C NMR (DMSO-d) &
172.54 (C=0. C=S), 151.13. 140.63. 138.30, 131.16, 129.58,
120.66, 114.24. 114.2] (aromaticx2). 39.62 (CH). 35.05
(CHs). FT-IR (KBr) cm™ 3413 (NH). 1513 (CO). 765 (C-
Br). GC-MS: m/z 377.26 (M"). 291.0 (100.00), 289.0
(97.51), 276.0 (87.35). 274.0 (86.73), 290.0 (27.00).
5-Phenyl-1-(p-sulfamylphenyl)-2-thiochydantoin (45):
Yield: 76.9%. mp 242.0-248.0 °C, TLC [methylene chloride
:methanol (9:1)] Rf 0.1. '"H NMR (DMSO-d;) §7.48 (d..J =
9 Hz, 4H, aromatic), 7.30-7.18 (i, 3H, aromatic), 6.77 (s.
2H.NHa). 6.57 (d. /= 9 Hz, 2H, aromatic), 4.89 (s. 1H, CH).
.25 (s. IH. NH). *C NMR (DMSO-ds) 5171.15 (C=0.C=S),
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149.63, 140.09. 130.02. 127.88, 127.01, 126.95. 126.68,
111.61 (aromaticx2), 60.56 (CH). FT-IR (NaCl) cm™ 3367
(NH), 3192 (NHz). 1298 (SO:). GC-MS: vz 34742 (M"),
270.2 (100.00). 271.2 (52.55), 167.1 (37.32). 165.1 (21.69).
77.1 (16.5]).

3-(p-Chlorophenyl)-1-{(p-sulfamylphenyl)-2-thiohydan-
toin (46): Yield: 69.3%. mp 200.9-204.2 °C. TLC [methylene
chloride:methanol (9:1)] Rf 0.1. '"H NMR (DMSO-ds) §7.44
(d+d. J= 8.7 and 8.4 Hz. 4H. aromatic), 7.23(d. /= 84 Hz.
Z2H. aromatic), 6.62 (s. 2H. NH:). 6.52 (d. /= 8.7 Hz, 2H,
aromatic). 4.94 (s, 1H. CH). 3.23 (s. 1H. NH). "*C NMR
(DMSQ-ds) 6 171.84 (C=0. C=8). 149.34. 137.06. 132.35.
131.19, 129.22. 128.39, 126.95. 111.99 (aromatic»2). 38.38
(CH). FT-IR (NaCl) em™ 3340 (NH), 3215 (NH.). 1716
(C=0). 1301 (503). 721 (C-C1). GC-MS: m/z 381.86 (M),
180.1 (100.00). 181.1 (86.85), 77.1 (36.71), 51.1 (13.17),
182.1 (11.41).

Procedure for the 3-butyl-1,5-diphenylhydantoin (19).
Methyl c~amlinophenylacetate 7 (1.2 g, 4.98 mmol) and
butyl 1socyanate (0.56 mL, 4.98 mmol) were dissolved
toluene (10 mL). The reaction mixture was then refluxed at
90 °C for 38 h, cooled to room temperature and evaporated
to remove the toluene. The residue obtained was purified by
column chromatography to give compound 19: TLC [#-
hexane:ethy] acetate (4:1)] Rf 0.36. '"H NMR (DMSOQ-ds) &
748 (d. J = 7.8 Hz. 2H. aromatic). 7.35-7.24 (m, 7H,
aromatic). 7.08 (t, J = 7.5 Hz, |H. aromatic). 543 (s. 1H,
CH), 3.65-3.59 (m. 2H, CH:). 1.70-1.61 (m. 2H, CH:), 1.36
(q.J =7.5Hz. 2H. CH>). 093 (t. /= 7.2 Hz. 3H. CH3). *C
NMR (DMSO-di) & 170.03 (C=0x2), 154.76, 136.54.
133.03, 129.28. 129.09, 126.66. 124.58, 120.11. 113.36
(aromaticx2). 64.06 (CH). 39.04 (CH:). 30.02 (CH:), 19.92
(CH>). 13.61 (CHs). FT-IR (NaCl) em™ 2957 (CH). 1774
(C=Q), 1712 (C=0). GC-MS: m/z 308.38 (M"). 180.1 (100.0).
L81.1 (100.0), 182.1 (100.0). 308.2 (100.0), 77.1 (54.3).

General procedure for the compounds 24-27, 29-32,
and 34-37. Methyl c+(p-methoxyanilino)phenylacetate 10
(0.5 g. 1.84 mmol) and molecular sieve (4 A) were added to
xvlene (10 mL) and then triethylamine (0.31 mL. 3.68
mmol). and butyl isocyanate (0.42 mL. 3.68 mmol) were
added. The reaction mixture was refluxed 48 h. cooled to
room temperature and evaporated under reduced pressure.
The residue obtained was crystallized and recrystallized
from ethanol to vield a white solid.

3-Butyl-1-(p-methoxyphenyl)-5-phenylhydantoin  (24):
Yield: 0.61 g (62.3%). mp 101.8-103.7 °C, TLC [#-hexane:
ethyl acetate (2:1)] Rf 0.53. '"H NMR (DMSO-d:) & 7.41-
7.30 (m+d. 7H, aromatic). 6.86 (d. J = 9 Hz, ZH. aromatic),
5.93 (s. IH. CH). 3.68 (s. 3H. CH3). 3.53-3.47 (m. 2H, CH>),
1.60-1.52 (m. 2H. CH>), 1.33-1.26 (m. 2H, CH-), 0.89 (t,J =
7.5 Hz. 3H, CHa). *C NMR (DMSO-ds) 8 170.45 (C=0x2),
156.21, 154.36. 133.84. 12897, 128.85, 128.57. 12727,
12330, 11392 (aromaticx2). 63.63 (CH). 33.06 (CH3),
38.04 (CH-), 29.44 (CH-), 19.23 (CH>), 13.39 (CH3). FT-IR
(KBr) em™ 1770 (C=0Q). 1710 (C=Q). 1514 (CQ). GC-MS:
m/z 33841 (M"), 3383 (100.00). 196.1 (78.65). 339.3
(53.26). 211.2 (49.11). 212.2 (39.49).
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3-Pentyl-1-(p-methoxyphenyl)-3-phenylhydantoin (25):
Yield: 41.3%. mp 122.4-1253 °C. TLC [#-hexane:ethy]
acetate (2:1)] Rf 0.55. '"H NMR (DMSO-ds) & 7.41-7.30
(m+d, 7H, aromatic). 6.86 (d, J = 9.3 Hz, 2H. aromatic).
5.93 (s. 1H, CH), 3.68 (s, 3H. CH;), 3.51-3.46 (m. 2H, CH:).
1.61-1.56 (m, 2H, CH:). 1.31-1.24 (m, 4H. CH:x2). 0.85 (t.
J = 69 Hz. 3H, CHs). *C NMR (DMSO-dg) & 170.43
(C=0x2), 156.19, 154.34, 133.84. 128.98. 128.83. 128.57.
127.27, 123.27, 11392 (aromaticx2), 63.61 (CH), 35.06
(CH;), 38.29 (CH>), 28.12 (CH>), 26.96 (CH:). 21.53 (CH:).
13.72 (CHs). FT-IR (KBr) cm™ 1771 (C=0). 1711 (C=0).
1514 (CO). GC-MS: m/z 352.43 (M"), 352.3 (100.00), 196.1
(70.30),353.3 (55.57). 212.2 (44.00), 211.2 (42.03),

3-Phenyl-1-(p-methoxyphenyl)-3-phenylhydantoin (26):
Yield: 32.3%. mp 145.8-148.0 °C. TLC [#-hexane:ethy]
acetate (2:1)] Rf 0.4. '"H NMR (DMSO-ds) & 7.56-7.35
(m+d, [2H, aromatic), 6.90 (d. /=9 Hz, 2H. aromatic), 6.07
(s. LH. CH). 3.69 (s. 3H, CH;). '*C NMR (DMSO-ds) &
169.61 (C=0x2), 156.44, 15339, 133.76, 131.78. 128.86.
128.71. 12838, 127.68, 127.05. 126.93, 12380, 113.96
(aromaticx3), 63.94 (CH). 55.07 (CH;). FT-IR (KBr) cm™
1778 (C=0), 1716 (C=0). 1512 (CO). GC-MS: m/z 358.40
(M"). 3582 (100.00). 211.2 (87.82). 196.1 (86.25). 359.2
(53.89), 167.1 (19.48).

3-Benzyl-1-(p-methoxyphenyl)-S-phenylhydantoin (27):
Yield: 35.2%, mp 1189-121.6 °C. TLC [#-hexane:ethy]
acetate (2:1)] Rf 0.45. '"H NMR (DMSO-ds) & 7.43-7.29
(m+d, [2H, aromatic), 6.87 (d. /=9 Hz, 2H. aromatic), 6.03
(s. |H. CH), 4.70 (s. 2H. CH-). 3.68 (s, 3H, CH3). °C NMR
(DMSO-ds) & 17031 (C=0x2), 156.30. 154.17, 136.25.
133.63. 128.86, 128.64. 128.50. 127.46, 127.30. 123.40.
113.94 (aromaticx3). 63.82 (CH), 35.07 (CH;), 41.79 (CH>).
FT-IR (KBr) cm™ 1777 (C=0), 1713 (C=0). 1515 (CO).
GC-MS: m/z 372.42 (M"). 372.1 (100.00). 196.1 (38.26).
211.1 (28.23), 373.1 (26.95). 91.1 (25.55).

3-Butyl-1-( p-methoxyphenyl)-3-(p-chlorophenyl)hydan-
toin (29): Yield: 67.2%, mp 93.6-95.2 °C. TLC [n-hexane:
ethyl acetate (2:1)] Rf 0.30. '"H NMR (DMSO-dg) & 7.44-
7.38 (m. 6H. aromatic). 6.88 (d. J = 6.9 Hz 2H. aromatic).
398 (s. IH. CH). 3.69 (s. 3H. CH3), 3.52-3.45 (n. 2H, CH>).
1.59-1.34 (m. 2H. CH»). 1.33-1.28 (m, 2H, CH»), 0.89 (t./ =
7.5 Hz. 3H. CH3). °C NMR (DMSO-ds) §170.56 (C=0x2).
156.72. 154.72, 133.74. 133.28. 129.68, 129.33. 12925,
12373, 11442 (aromaticx2). 63.35 (CH). 533.52 (CHaz).
38.57 (CH»). 29.86 (CHa). 19.68 (CHa). 13.84 (CH3). FT-IR
(NaCl) em™ 1771 (C=0). 1712 (C=0). 1514 (CO), 831 (C).
GC-MS: m/z 372.85 (M) 230.1 (100.0), 245.1 (64.81).
246.1 (50.87), 149.1 (35.40). 232.1 (34.45).

3-Pentyl-1-( p-methoxyphenyl)-5-(p-chlorophenyDhydan-
toin (30): Yield: 79.4%. mp 97.4-986 °C. TLC [#-hexane
-ethy] acetate (2:1)] Rf 0.35. 'H NMR (DMSO-ds) & 7.44-
7.35 (m, 6H. aromatic). 6.88 (d,.J = 6.9 Hz 2H. aromatic).
3.99 (s. 1H. CH). 3.69 (s. 3H. CH3), 3.51-3.48 (in. 2H, CH>).
1.61-1.56 (m, 2H. CH>), 1.31-1.24 (m, 4H, CH~+CH>). 0.85
(t, J = 6.9 Hz, 3H. CH;). ®C NMR (DMSO-ds) & 170.09
(C=0x2), 156.26, 15425, 133.29. 132.84. 129.23. 128.86.
128 81. 12324 11397 (aromaticx2). 62.88 (CH). 33.07
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(CH3). 38.55 (CH:). 28.13 (CH:), 26.95 (CH-), 21.53 (CH-),
13.72 (CH;). FT-IR (NaCl) em™ 1772 (C=0). 1712 (C=0).
1514 (CO). 828 (C). GC-MS: mv/z 386.88 (M") 230.1 (100.0),
246.1 (65.19). 245.1 (62.04). 149.1 (40.78), 232.1 (33.94).

3-Phenyl-1-(p-methoxyphenyl)-3-(p-chlorophenyl)hydan-
toin (31): Yield: 62.1%. mp 180.2-183.2 °C, TLC [#-hexane:
ethyl acetate (2:1)] Rf 0.48. '"H NMR (DMSQ-d;) & 7.56-
7.42 (d+m. 11H, aromatic). 691 (d. /=9 Hz. 2H. aromatic),
6.11 (s. LH. CH). 3.70 (s, 3H, CH;). >C NMR (DMSO-d;) §
169.74 (C=0x2). 156.98. 153.78. 133.91, 132.20, 130.12.
129.32. 127.49. 124.26, 114.48 (aromaticx 3). 63.70 (CH),
55.55 (CH;). FT-IR (KBr) em™ 1777 (C=0), 1721 (C=0).
1513 (CQ). 831 (Cl).

3-Benzyl-1-( p-methoxyphenyl)-5-(p<chlorophenyl)hydan-
toin (32): Yield: 89.6%, mp 147.6-1488 °C. TLC [»-
hexane:ethy] acetate (2:1)] Rf 0.37. '"H NMR (DMSOQ-ds) &
7.69-7.24 (m. 9H, aromatic), 7.26 (d. J = 6.9 Hz 2H. aro-
matic), 6.85 (d. J = 6.9 Hz 2H, aromatic). 6.05 (s. 1H, CH),
4.74 (s. 2H. CH>). 3.69 (s. 3H. CH3). *C NMR (DMSO-d)
6 171.62 (C=0x2), 158.01, 154.32. 136.50. 135.63. 134.02,
128.94, 12891. 128.52. 12792, 12780, 127.18. 114.27
(aromaticx3). 88.10 (CH). 55.50 (CH3), 42.22 (CH:). FT-IR
(NaCly em™ 1773 (C=0). 1713 (C=0), 1513 (CO), 828 (C)).
GC-MS: m/z 406.87 (M) 230.1 (100.0), 91.1 (93.79), 245.1
(83.25). 166.0 (61.75), 246.1 (38.77).

3-Butyl-1-( p-methoxyphenyl)-5-(p-bromophenyl)hydan-
toin (34): Yield: 36.7%, mp 102.7-104.5 °C. TLC [»-
hexane:ethy] acetate (2:1)] Rf 0.30. '"H NMR (DMSOQ-ds) &
7.55 (d. J = 6.6 Hz 2H, aromatic), 7.39 (d. J = 6.6 Hz 2H,
aromatic). 7.30 (d. J = 6.6 Hz 2H. aromatic). 6.88 (d. /= 6.9
Hz 2H, aromatic). 5.97 (s. 1H, CH). 3.69 (s, 3H, CH3). 3.52-
3.49 (m. 2H. CH.). 1.59-1.54 (m. 2H. CH:). 1.30-1.27 (m,
2H. CH>). 0.90 (t.J = 7.2 Hz, 3H. CH;). ’C NMR (DMSO-
de)y & 17049 (C=0x2), 15671, 154.72. 133.70, 132.25,
12998, 129.24. 123.70. 122.35, 114.42 (aromaticx2), 63.41
(CH), 55.52 (CH3). 38.57 (CH:), 29.86 (CH:). 19.68 (CH-),
13.84 (CH3). FT-IR (NaCl) em™ 1771 (C=0), 1711 (C=0),
1514 (CO). 830 (Br). GC-MS: m/z 417.30 (M) 276.0 (100.0),
274.0 (99.63). 291.0 (65.28). 285.0 (61.53). 290.0 (32.63).

3-Pentyl-1-(p-methoxyphenyl)-5-(p-bromophenyl)hydan-
toin (35): Yield: 34 8%. mp 91.7-93.9 °C. TLC [#-hexane
:ethyl acetate (2:1)) Rf 0.40. '"H NMR (DMSQ-ds) §7.55 (d,
J =87 Hz 2H, aromatic), 7.38 (t.J = 8.7 Hz 2H. aromatic),
727 (q. J = 84 Hz 2H. aromatic). 6.86 (t. J =9 Hz 2H.
aromatic), 597 (s. |H. CH). 3.69 (s. 3H. CH3). 3.51-3.47 (m,
2H. CH-), 1.61-1.58 (n, 2H. CH=), 1.31-1.26 (m, 4H. CH++
CH-). 0.86 (t..J = 6.6 Hz, 3H. CHa). *C NMR (DMSO-ds) &
171.65 (C=Q). 170.09 (C=Q). 156.70, 15446, 133.70,
132.24, 129.98. 128.81, 127.64. 123.68, 114.42 (aromaticx
2). 6340 (CH). 3550 (CHa). 28.58 (CH), 27.58 (CH-),
27.40 (CH-). 21.98 (CH»). 14.17 (CHa2). FT-IR (NaCl) cm™
1772 (C=Q). 1712 (C=Q). 1514 (CO). 827 (Br). GC-MS:
m/z 431.33 (M) 274.0 {100.0), 276.0 (98.20), 290.0 (69.05).
291.0 (67.19), 289.0 (60.88).

3-Phenyl-1-( p-methoxyphenyl)-5-( pbromophenylhydan-
toin (36): Yield: 30.4%. mp 189.5-190.1 °C, TLC [#-hexane:
ethyl acetate (2:1)] Rf 0.48. '"H NMR (DMSQ-ds) & 7.60-
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7.29 (m+d. 11H. aromatic). 691 (d. J = 89 Hz. ZH.
aromatic), 6.10 (s. IH. CH). 3.70 (s. 3H. CH;). '*C NMR
(DMSO-ds) & 169.69 (C=0x2), 156.97. 153.79, 133.65.
132.25. 130,44, 129.34. 127.52, 124.22. 114.48 (aromatic
x3). 63.74 (CH), 55.55 (CH;). FT-IR (KBr) em™ 1777
(C=0), 1721 (C=0), 1514 (CO). 831 (Br). GC-MS: m/z
437.29 (M") 256.1 (100.0), 120.1 (56.40). 228.1 (40.36).
258.1 (34.73),92.1 (32.19).

3-Benzyl-1-( p-methoxyphenyl)-3-(p-bromophenylhydan-
toin (37): Yield: 87.7%. mp 139.5-141.0 °C. TLC [#-
hexane:ethyv] acetate (2:1)] Rf 0.40. 'H NMR (DMSO-de) &
8.24 (s, lH. OH), 7.55 (d. / = 6.9 Hz 2H. aromatic), 7.39-
7.35 (m, 7H. aromatic), 7.26 (d, .J = 6.6 Hz 2H. aromatic).
6.85 (d, /= 6.9 Hz 2H. aromatic), 4.73 (s. 2H, CH-), 3.69 (s.
3H, CHs). "C NMR (DMSO-ds) §171.57 (C=0x2). 158.01.
154.32. 13649, 136.05. 131.84. 128.95, 128.82. 12795,
12791, 12776, 127.18. 122.731. 114.27 (aromaticx3).
88.17 (CH), 55.50 (CH3), 42.22 (CH>). FT-IR (NaCl) cm™
1773 (C=0), 1713 (C=0). 1513 (CO). 828 (Br). GC-MS:
m/z 451.32 (M) 248.1 (100.0), 171.1 (36.00). 77.1 (29.97).
105.1 (29.62), 115.1 (28.59).

General pocedure for the compounds 39, 41. Methyvl o-
{p-methoxyanilino)phenylacetate 10 (1.0 g, 3.69 mmol) and
molecular sieve (¢ A) were added to xylene (10 mL) and
then triethvlanune (1.03 mL, 7.38 mmol), benzvl isothio-
cvanate (0.98 mL, 7.38 mmol) were added. The reaction
mixture was refluxed for 48 h, cooled to room temperature
and then evaporated under reduced pressure. The residue
obtained was crystallized and recrystallized from ethanol to
vield white solid.

3-Benzyl-1-(p-methoxyphenyl)-3-phenyl-2-thiohydan-
toin (39): Yield: 0.7 g (48.6%). mp 119.1-121.1 °C, TLC [#-
hexane:ethyv] acetate (2:1)] Rf 0.4. 'H NMR (DMSO-ds) &
7.42-722 (m+d, [2H. aromatic), 6.89 (d. J = 9 Hz. 2H.
aromatic), 6.12 (s, 1H, CH). 5.08 (d. ./ = 3.3 Hz. 2H. CH>).
3.71 (s. 3H. CH5). *C NMR (DMSO-ds) §171.70 (C=0. C=S).
158.10. 136.04, 132.82. 129.69. 129.00, 128.47. 128.38.
128.19.127.78. 127.63. 127.37. 113.86 (aromaticx 3). 68.00
(CH). 55.13 (CH;), 44.70 (CH-). FT-IR (KBr) cm™ 1752
(C=0). 1513 (CO). GC-MS: m/z 388 49 (M"). 388.2 (100.00),
2122 (41.03). 387.2 (29.02). 389.2 (27.82). 91.1 (26.68).

3-Benzyl-1-( p-methoxyphenyl)-S-(p-bromophenyl-2-
thiohydantoin (41): Yield: 27.2%. mp 188.7-191.0 °C.
TLC [#-hexane:ethv]l acetate (2:1)] Rf 0.35. 'H NMR
(DMSO-ds) 67.56-7.42 (d+m. 11H. aromatic), 6,91 (d..J =9
Hz, 2H, aromatic). 6.11 (s, 1H. CH), 5.08 (s, 2H. CH»).
2.70 (s, 3H. CH3). *C NMR (DMSO-ds) & 169.74 (C=0.
C=S). 15698, 153.78 133.91, 132.20. 130.12, 129.32.
12749 124.26. 11448 (aromaticx3). 63.70 (CH). 33.35
(CHs), 44.50 (CH-). FT-IR (KBr) cm™ 1777 (C=0). 1720
(C=0), 1513 (CO), 831 (C-Br).
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