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N-Substituted hydantoin derivatives have been synthesized by the condensation of an a-
amino acid derivative, a primary amine and diphenyl carbonate. The method has been applied
to the synthesis of hydantoin derivatives with two hydroxyl and/or carboxyl groups.
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Many synthetic methods of hydantoin (2,4-diketotetra-
hydroimidazole) derivatives have been reported (1). One
of the most typical processes for N-substituted hydantoins
involves treatment of a-amino acid or its ester with iso-
cyanate initially to form hydantoic acid or hydantoate
followed by eyclization (1-3). We wish to report a novel
and convenient synthetic method of N-substituted hydan-
toin derivatives. The method is based on a condensation
of a-amino acid derivative, primary amine and diphenyl
carbonate as shown in the following scheme.

R|-NHCHaEOR + Rp-NHp + PhOCOPh
0 <}

(o]

R)-N___N-R, + 2PROH + ROH

hg
0

The synthesis was carried out by heating equimolar
amount of reactants around 200° in a solvent with high
boiling point such as cresol and N-methylpyrrolidone.
Fourteen hydantoin derivatives having aliphatic and/or
aromatic substituents on 1 and/or 3-positions have been
synthesized. They are summarized in Table I.

All of them except for VI and VIl were synthesized
by using ethyl ester of corresponding a-amino acid deriva-
tives. Compounds VI and VII, on the other hand, were
derived from N-methylglycine (sarcosine).

Use of ethanolamine and ethylenediamine as amine
components gave unsuccessful results, since they react
with diphenyl carbonate to form stable 2-oxazolidone and
2-imidazolidone, respectively.

L-Phenylalanine ethyl ester showed an exceptional be-
haviour in the reaction with aniline and diphenyl carbon-
ate in NMP at 180°. 1-Phenoxycarbonyl-3-phenyl-5-ben-
zylhydantoin (X) was isolated in 21% yield. A plausible
explanation is that 3-phenyl-5-benzylhydantoin once form-
ed reacts further with diphenyl carbonate to afford X.

It is interesting to note that hydantoin formation takes
place predominantly, even though reactions, such as form-
ation of symmetric urea from a-amino acid derivative and/
or primary amine, are expected to compete with formation
of hydantoic acid or hydantoate, an intermediate prior
to ring closure. Possibly, the symmetric ureas once formed
will transform to hydantoic acid or hydantoate by dis-

proportionation.

The present method has several advantages over the
conventional method. Instead of unstable and toxic iso-
cyanates, the present method employsstable and less toxic
diphenyl carbonate which is mass-produced as a raw ma-
terial for polycarbonate, and inexpensive and widely avail-
able primary amines. In addition, the method is applicable
to the synthesis of hydantoin derivatives containing {unc-
tional groups such as carboxyl and hydroxyl groups with-
out any protection of these groups. The conventional
method, on the other hand, requires the protection or
masking of such reactive groups.

The method mentioned above was applied to the syn-
theses of a diol, a hydroxy-carboxylic acid and dicar-
boxylic acids containing hydantoin ring. They are shown -
in Table II. These compounds are useful especially for
thermally stable polymers containing hydantoin ring (4-8),
e.g. polyamides, polyesters and polycarbonates.

EXPERIMENTAL

Malterials.

All amines, glycine ethyl ester, L-phenylalanine ethyl ester
hydrochloride and sarcosine were obtained commercially. The
preparation of N{p-carboxyphenyl)glycine ethyl ester (9), N-
phenylglycine ethyl ester (10) and p,p'-methylenebis(N-phenyl-
glycine ethyl ester) (6) have been reported. N{m-Carboxyphenyl)-
glycine ethyl ester was prepared from m-aminobenzoic acid and
ethyl chloroacetate by using calcium carbonate as an acid acceptor.
The procedure was nearly the same as that used for the synthesis
of p-isomer (9). The yield was 64%, m.p. 190-191° {from ethanol).

Anal. Caled. for C;1H;3NO4: N, 6.28. Found: N, 6.16.
Hydantoin Derivatives (11X and XI-XV).

All hydantoin derivatives (IIX and XI-XV) were synthesized
substantially by the same procedure. Data on the solvent for
recrystallization, yield, melting and boiling points, elementary and
ir analyses are summarized in Tables I and II. Here, a typical
preparation is given for 1-phenyl-3{p-methoxyphenyl)hydantoin
(V).

A mixture of 3.58 g. (0.02 mole) of N-phenylglycine ethyl
ester, 2.46 g. (0.02 mole) of p-anisidine and 4.28 g. (0.02 mole)
of diphenyl carbonate in 10 ml. of cresol was heated gradually
with stirring up to 200° over a period of 1 hour. The reaclion
was continued at the temperature for 3 hours. After partial re-
moval of the solvent and phenol formed, the resulting solution
was triturated with ether. The product precipitated was collected
by filtration yielding 2.1 g. (35%) of 1-phenyl-3{p-methoxy-



Vol. 15

Notes

1232

0221 ‘0821 “(HO0D)

0891 ‘005€-0092
(AH)

0€21°08L1 “(HOOD)

00LT ‘00L€-00£2

(AH) 0121 ‘0221

(AH) 0221
‘08L1 ‘0T8T

(10qd) 0¥21
(AH) 01210221

(13187) 0221
(AH) 0121 ‘0821

(eu032Y]) 0891
(AH) STZT ‘0821

(AH) 00LT ‘SSL1

OAH) 01T ‘0921
(HN) 00S€-0082

(-wo (aprwoiq
wnissejod) 1y

(2e'8 09°¢ v2'8S)
¥'8 ¥y 01'8S

(oS’ 11 $S'e £€95)
LE A STe 1£°9¢

(3) sisAjeue oN

9L %1 or's 01'€9)
£L¥1 0€'S s1€9

(sL'6 06'% 89°L9)
£6°6 66 2089
(89'g 86’V 28'99)
¥9°'8 L6 $9'99
256 99y $9°69)
256 08y 0¥'69

(1611 €99  ¥1'29)
90°21 ¥6'9 2T'L9

(gL's1 LEY $0°19)
06°ST 8¢Sy 9¢'19

N H J
(puno)
P2IRD
sisjeuy

"(29) z¥ Pue (29) 66 (00T) STT “(8%) 82T (S€ ,IN) 02T (Ausuajur aanejar) afur sy "(ODTHON ‘HZ

100N 'H®!D

oOmzu umo—U

NONZv—:mU

NONZOJ&O—U

¢ONZ¢~:©~U

¢ONZo~mw—U

mONZQJ.mr —U

NONZO~:an

LOINBHSD

e[nuLIO

(e) saaneauna( utojuepAy

au0)IIe

auexolp
snoanbe

|oueyjaw

snoanbe

Joueylow

auojaoe

[ouryaux
[oury)aw

snoanbe

[oueylaw

wolry

pazije1sAway

1919eL

s¢

14

P w

sS

SE

€S

€L

e

(@) pa1x

>00¢

0SZ°6¥2

Sy ww /9,
06-98 d'g
601-80T

i dlnadl

181081

SLT¥LL
9.6

(3 N4 |

UO m.Q.E

YHODID ¥

YHPDTONE
mﬂ_vU-:
SHD
YH9)0EHD ¥

i
YHODD0HD Y
0
YHO)DEHDV

mT—VU-:

SH®D

Y

‘s) wdd g2°¢ pue (“HEDZHON ‘HZ ) V'€ “(NEHD ‘HE *%) 26°2 ‘(“HDCHDPHOHD *HY ‘W) 02'T'80°T “(*HDEHD 'HE 1) 06'0 ¢ :(WIojoIopouanap) uIN (3) “JuaAjos ayj 0
Pasn [0Sa10 O JUNOWIE [[EWS Y} pajeuwrwiejuor) (p) ‘uiojuepAy (9) -paiojdxa jou asam suonipuod wnundg (q) ‘[osas ut posedard arom X[ pue JWN ul paredaid sem [ ()

i

YHODDOHY  XI

0
|
vmouwom.m A

£HD 1A

€HD IA

SHD A

*H®D Al

SH®D I

L &) 1l
H I
"y



1233

Notes

Oct. 1978

(£H)
STLT ‘S8LT (HOO0D)
0691 ‘0012-009¢

(AH)
ST2T 0,21 (HOOD)
0891 ‘00SE-00£3

(AH)
01210921 ‘(HOOD)
0291 ‘00S€-00£2

(AH) 0121 ‘0221
(HO) oo¥e
(HO0D) 009€-0002

(9°4H) STLT ‘0221
HO) 00%¢

_wd (apruoiq
winissejod ) 1f

T

"P3ULE}O 3G JOU P[NOD UOIED IO IN[BA JIBXI 310W § (9) "utojuepiy (q) "JIAN Ul AX pue [0sap ui paredord atam ATX-TX (®)

(€z'8 yoe
€28 oy
(62701 9T'C
TL01 20°S
(Ir'g 62°S
8¢'8 £V
(268 T6'€
168 L8°¢
(86 1wy
1201 [ § 24
N H
(puno )
pore)
sisjeuy

£0°09)
0009

18°6S)
92765

8¥°LS)
gv'Ls

$8°09)
¥S19

26°29)
1809

HOOD 10/pue HO 0M [, 1M SIATIRALIA(] HIoJURpAH

QONZN—:b —U

wO#ZONEoNU

OONZw—:o~U

(@) SQINTIHO D

OOVZQN—*ﬁmU

E[RULIO

1191981

[oueyyd
[dAN

191EM

[dWN

[ouey3e

[ouey3d
[dN

[ouey3a

IdN

woiy
PozZI[[RISAIY

L

06

8L

18

c8

%
PIBIX

> 00€

S6C

60¢-80¢

> 00€

8€CTLEC

Uo B.Q.E

9%¢n § @p?
I
:ouvxwoz\fzv:wow_vox

L,

oleD \ﬁw/ \m/ €V o

n
HOSPHOON” NO(ZHOINT NPHZ300H

&, ot

9 (g0
0 e no

] 1l
IOQmANzez\_fzvxwuoo.‘

1

o)

o]

o?: 3,:
HODPHOIN \fzvxwuoz

L4

(o}

0 9 @ @ 9 @0
HOPHOON A NYHO2ZHOYHION AN NYHOD0H

A L,

S3ATIBALI3(] UlojuepAy



1234

phenyl)hydantoin (V), m.p. 144-145° (from methanol).

Anal. Caled. for CygH14N,04: C, 68.07; H, 4.99; N, 9.93.
Found: C, 67.68; H, 4.90; N, 9.75; nmr (deuteriochloroform):
4.40 (s, 2H, CH,), 3.82 (s, 3H, CH3) and 6.9-7.8 (m, 9H, aro-
matic); ir (potassium bromide): 1770, 1710 (C=0 of hydantoin),
1240 ¢em™! (C-O of ether); ms: m/e (relative intensity) 282
(M* 76), 149 (62), 134 (19), 105 (100) and 77 (25).

1-Phenoxy carbonyl-3-phenyl-5-benzylhydantoin (X).

L-Phenylalanine ethyl ester hydrochloride (8.6 g., 0.037 mole)
was neutralized with aqueous sodium hydroxide. The mixture
was extracted with ether. The ethereal layer was dried over anhy-
drous sodium sulfate and concentrated in vacuo to obtain L-
phenylalanine ethyl ester as an oil. To the residual oil, 3.44 g.
(0.037 mole) ofaniline and 7.9 g. (0.037 mole) of diphenyl car-
bonate and 30 ml. of NMP were added. The mixture was heated
at 160° for 2.5 hours and 180° for 3 hours. After removal of the
solvent, the residual oil was triturated with small amount of meth-
anol to obtain 2.0 g. (21%) of 1-phenoxycarbonyl-3-phenyl-5-
benzylhydantoin (X), m.p. 150-151°.

Anal. Caled. for C23H1gN,04: C, 71.49; H, 4.70; N, 7.25.
Found: C,71.27; H, 4.48; N, 7.42; nmr (deuteriochloroform):
3.56 (m, 2H, CH;), 4.96 (m, 1H, CH) and 6.88-7.60 ppm (m, 15H,
aromatic); ir (potassium bromide): 1810, 1750 and 1718 em™!
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(C=0); ms: (relative intensity) 386 (MY 15), 293 (73), 174(3),
146 (100),119(12), 94 (17), 91 (55) and 77 (35).
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