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Synthesis of N-Aryl Phenylglycine O-Alkyl Esters Using Hydrolysis of
1,5-Diphenylhydantoins

Hae-Sun Park, Hee-Jeon Choi, Soon-Kyoung Kwon and Myung-Sook Park™
College of Pharmacy, Duk-Sung Women’s University, Seoul 132-714, Korea

Abstract — For the development of new synthetic method for unnatural amino acid esters, N-aryl phenylglycine O-alkyl
esters 4a~i were synthesized through base-catalyzed hydrolysis of 1,5-diphenylhydantoins la~b and O-alkylation in
16~87% yield. An efficient and practical route for final 4a~i was that the starting materials 1a~b were heated in dil-meth-
anol for 30 minute using sodium hydroxide or potassium hydroxide and evaporated. In addition, reaction mixture were
refluxed for 1 h in DME All synthetic process from hydantoin to N-aryl phenylglycine O-alkyl esters 4a~1i could be carried

out in one-pot without isolation of intermediates.
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Fig. 1 — Structure of unnatural amino acid including aryl ring.
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Fig. 2 — Base catalyzed hydrolysis of hydantoins.
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Phz1ylacetic acid, NBSi= Aldricholl A 741515t} BrukerA}
2] 31 MHz NMR spectrometers: AF&-5}o protonf—} carbon
nuclear resonance® 78It olwf .= 348k o552 TMS
& reference® 3F910™ ppmeH9E 71583} IR Spectrum
S Pekin-Elmer FT-IR Spectrometer Spectrum GX& AH-3}
0‘] KEr pellet?} NaCl celli24 thin-film©.2 4315t} H-2-
o] % 85 Silica-gel 60F 254% 3 =HEl TLC plate® o] &3t
hexan: : ethyl acetate(2/1, 1/1) 528 H7/RA|Z 2.9, spot>
UV light E3= PMA(phosphomolybdic acid) ethanol$<io 2 %t
@13} 2tk GC-MSE Agilent 6890 GC 2 5973 MSZ A3
poimy

N-Fhenyl Phenylglycine O-Ethoxycarbonylmethyl Ester
(4a)

Ethnol 15ml¢) sodium 0.2 g(5 mmol) & 7}&] wyl3}od
soditr1 ethoxide salts- W= 3- 15-diphenylhydantoin 1.26 g
G mrol)la)yir 7Fdch HPg S &kole] ethyl chloroacetate
0.52 11(5.5 mol): ¥ lz &2t $HFAIRCE TLCRE v
o] 4-95- BIgk & 7k & %3 k2 ethyl acetate 25 m/$}
AAT 15mks 7Rl 253 F 57150 2R 771500 o
Al %49 15ml 9D 5% NaZCO3 15miE 71l Al F o), oA
F7" 3] pH 70| E w7k FATE AP 47158 ¥
sodivr sulfate(Na,SO)Z ZESE F 73} o7} - 71t 5F3}e]
At 2Al ethanokd 7Hsh AAGAIA v

Mot 47 (days AT

Yiell : 0.53g (31.3%), mp 89°C, TLC [n-hexane : ethyl
acetzt> (4:1)] Rf 0.38. 'H NMR (CDCP) 87.54 (d, J=7.5 Hz,
2H, a-omatic), 7.38~7.34 (m, 3H, aromatic), 7.13 (t, J=7.5
Hz, 2, aromatic), 6.73 (t, /=7.2 Hz, 1H, aromatic), 6.59 (d,
J=7.3 Hz, 2H, aromatic), 521 (s, 1H, CH), 4.64 (q, AB-
syste11, 2H, N-CH,), 4.16 (q, /=72 Hz, 2H, CH,), 1.19 (¢,
J=7.2Hz, 3H, CH,). ®C NMR (CDCly 8171.37 (C=0x2),
145.+F, 137.05, 129.26, 12891, 128.50, 127.46, 118.31, 113.44
(arormitic X2), 61.58, 61.56 (CH, N-CH,), 60.70 (O-CHy,),
14.00 (CHy). FTIIR (NaCl) em™ 3416(NH), 2923(CH), 1754
(C=M, 1738(C=0), 1171(CO). GC-MS: m/z 241.2(M+),

901-1\11 5 7),<4 -
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182.2(100.0), 183.1(38.5), 77.1(29.1), 104.1(21.5), 313.2(19.4)

N-Phenyl Phenylglycine O-Ethyl Ester (4b)

Methanol 15mi°]l 1,5-diphenylhydantoins 1.26 g(5 mmol)
(1a)yg ¥o] wHslAA] triethylamine 0.696 m/(5 mmol) 2
ethyl bromide 0.74 m/(10 mmol)iz g 33A|7F E<t g5Faic)
TLCE ¥he9] F2E e & 79t i%ﬂ t}2 ethyl acetate
209} AAlT 1bmis ¥ FE% & {7158 Hdvh

71%ll Tl 5% NaHCO; 15 mH: o] 2 AlFgE & pH 70|
2 w7kR] FAFE AP 77155 FEEA 7 sodium
sulfate(Na,SO )% 73158t 5 733 o33} 789} 553107 methanol
7} methylene chloride®] &3} Gvljollx] AAslA1A 2] 2
A4 9. ZZ A | methanol?t methylene chloride® 713l
AHAYAIA vgae] 47 db)yE ATt

Yield : 0.25g (17.8%), mp 84°C, TLC [n-hexane : ethyl
acetate (4:1)] Rf 0.48. '"H NMR (CDCl;) 87.50 (d, /=79 Hz,
2H, aromatic), 7.35~7.32 (m, 3H, aromatic), 7.12 (t, /=7.8
Hz, 2H, aromatic), 6.69 (t, /=7.2 Hz, 1H, aromatic), 6.56 (d,
J=8.4Hz, 2H, aromatic), 5.06 (s, 1H, CH), 4.27~4.10 (m,
2H, N-CH,), 1.22 (q, /=7.2 Hz, 3H, CH,). *C NMR (CDCl,)
8171.83 (C=0x2), 145.97, 137.69, 129.22, 128.81, 128.21,
127.19, 118.01, 113.37 (aromatic % 2), 61.83 (CH), 60.76 (N-
CH,), 14.04 (CHy. FTIR (NaCl) cm™ 3397(NH), 3027
(aromatic), 2982(CH), 1730(C=0), 1177(CO). GC-MS: nyz
255.1(M+) 182.2(100.0), 77.1(79.9), 183.2(66.0), 104.1(56.9),
255.2(39.6).

N-Phenyl Phenylglycine O-n-Propyl Ester (4c)
A4 10 mlol| 1,5-diphenylhydantoin 0.99 g(3.7 mmol) (1a)
% 715k 3 Al 2.5 mill NaOH 0.148 g(3.7 mmol)ys %<1 &
12 Yy vt WS lE TLCRE Na salt} E¢li=] 2Rl
F s w5 e S $4% ¥ DMF 10mi9) 1-
bromopropane 0.672 ml(7.4 mmol)E o 1A7} 59t ST
TLCE ¥hee] F2E& BRI F 73 553 vy ethyl acetate
20 m/g} 7 Al 15 mL go a71Ewt et 77155
sodium sulfate® 7123t & 7HF o7} - 7A%F 5530 ethanol
ol A%FAA v xAHE vt 2H Yl ethanols
7¥s AHAEAIA vAe) A ey YT

Yield : 0.56g (48.7%), mp 36°C, TLC [n-hexane : ethyl
acetate (4:1)] Rf 0.48. Recrystn. solvent ethanol. 'H NMR
(CDCly) 67.50(d, /=8.4 Hz, 2H, aromatic), 7.34~7.31(m, 3H,
aromatic), 7.11(t, /=7.8 Hz, 2H, aromatic), 6.69(t, J=7.2 Hz,
1H, aromatic), 6.56(d, /=8.4 Hz, 2H, aromatic), 5.07(s, 1H,
CH+NH), 4.12~4.06(m, 2H, O-CH,), 1.63~1.56(m, 2H, CH,),
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0.82(t, J=75Hz, 3H, CH,. ®C NMR (CDCl,) &171.89
(C=0), 145.97, 137.80, 129.21, 128.78, 128.19, 127.18, 117.99,
113.37(aromatic X 2), 67.31(CH), 60.76(0-CHy), 21.84(CH,),
10.14(CHy). FT-IR (NaCl) cm™! 3400(NH), 3052(aromatic),
2967(CH), 1734(C=0), 1177(CO). GC-MS: m/z 269.2(M+)
182.2(100.0), 77.1(78.2), 183.2(73.9), 104.1(57.3), 269.2(41.2).

N-Phenyl Phenylglycine O-i-Propyl Ester (4d)

Ethanol 10 m/°| 1,5-diphenylhydantoin 0.99 g(3.96 mmol)
(1ayg 713t 3 FAl4 2.5 mlll NaOH 0.158 g(3.96 mmolye =
Q1 Bels ¥ 7kE3it) vhgels TLCE Na salth H A
RIS & %t 5 vgEE 4% & DMF 10 mi9} 2-
bromopropane 0.827 mi(7.92 mmol)E Wol 1A%+ E<t 53
th TLCE vH39 $24& % $ 2% 5% v ethyl
acetate 20 m/9t FAT 15 miE Yol /7155 28T 771
%S T sodium sulfate® 773 5 79t o3} - AR} FE3
o] ethanolell ZSIAIA v|Ae] 2AFE AUt 22 H el
ethanots 7H3ll AWAEAA v|A4 A7 4d)yS LTt

Yield : 0.42g (36.6%), mp 50°C, TLC [n-hexane : ethyl
acetate (4:1)] Rf 0.44. Recrystn. solvent ethanol. 'H NMR
(CDCly) 67.50(d, /=7.8 Hz, 2H, aromatic), 7.34~7.30(m, 3H,
aromatic), 7.11(t, /=7.8 Hz, 2H, aromatic), 6.69(t, /=7.2 Hz,
1H, aromatic), 6.56(d, /=8.4 Hz, 2H, aromatic), 5.07~4.99(m,
2H, CH+NH), 1.25(d, /=72 Hz, 4H, O-CH+CHj,), 1.08(d,
J=63Hz, 3H, CH,). *C NMR (CDCly) 8171.31(C=0), 145.99,
137.72, 129.20, 128.72, 12811, 127.11, 117.97, 113.39
(aromatic X 2), 69.49(CH), 60.86(0-CH,), 21.76(CH,), 21.35
(CHy). FT-IR (NaCD cm™! 3400(NH), 3053(aromatic), 2981
(CH), 1730(C=0), 1104(CO). GC-MS: nyz 269.2(M+) 182.2
(100.0), 77.1(35.9), 183.2(35.1), 104.1(25.3), 269.2(18.6).

N-Phenyl Phenylglycine O-n-Butyl Ester (4e)

1,5-Diphenylhydantoin  0.99 g(3.96 mmol) (1a) 2 1-chlo-
robuthane 0.827 m/(7.92 mmol)Z AFg-3hod 9] A8 4ds)
2oz HAYsigich

Yield : 0.75g (61.4%), mp 54°C, TLC [n-hexane : ethyl
acetate (4:1)] Rf 0.57. '"H NMR (CDCly) 6749 (d, J=7.8 Hz,
2H, aromatic), 7.35~7.31 (m, 3H, aromatic), 7.12 (t, J=7.8
Hz, 2H, aromatic), 6.69 (t, /=7.2 Hz, 1H, aromatic), 6.56 (d,
J=75Hz, 2H, aromatic), 5.06 (s, 1H, CH), 4.14~4.09 (m,
2H, N-CH,), 1.57~1.52 (m, 2H, CH,), 1.28~1.23 (m, 2H,
CH,), 085 (t, J=75Hz, 3H, CH,. *C NMR (CDCl)
617190 (C=0X2), 145.97, 137.77, 129.21, 128.78, 127.18,
127.18, 118.01, 113.39 (aromatic X 2), 65.61 (CH), 60.79 (N-

CH,), 30.43 (CH,), 18.88 (CH,), 13.56 (CHj). FT-IR (NaCl)
cm™  3390(NH), 3053(aromatic), 2960(CH), 1728(C=0),
1177(CO). GC-MS: m/z 283.2(M+) 182.2(100.0), 183.2(68.3),
77.1(65.1), 104.1(48.0), 283.2(33.8).

N-Phenyl Phenylglycine O-n-Pentyl Ester (4f)

1,5-Diphenylhydantoin 0.99 g(3.96 mmol) (1a) ¥ 1-bromo-
pentane 0.491 m/(3.96 mmolE AHg-3te] ¢ A3 448t &
= B AT

Yield : 0.58g (46.3%), mp 51°C, TLC [n-hexane : ethyl
acetate (4:1)] Rf 0.53. Recrystn. solvent ethanol. 'H NMR
(CDCly) 87.50(d, /=8.1 Hz, 2H, aromatic), 7.35~7.31(m, 3H,
aromatic), 7.12(t, /=8.7 Hz, 2H, aromatic), 6.69(t, /=7.2 Hz,
1H, aromatic), 6.56(d, J=8.7 Hz, 2H, aromatic), 5.06(s, 2H,
CH+NH), 4.14~4.09(m, 2H, O-CH,), 1.59~1.54(m, 2H, CH,),
1.25~1.16(m, 4H, CH,+CH,), 0.83(t, /=6.9Hz, 3H, CH,).
BC NMR (CDCly) 8171.88(C=0), 145.95, 137.78, 129.21,
128.78, 128.20, 127.20, 118.01, 113.40(aromaticX 2), 65.86(CH),
60.80(0-CHy), 28.11(CH,), 27.77(CH,), 22.16(CH,), 13.89(CHy).
FT-IR (NaCl) cm™ 3396(NH), 3029(aromatic), 2957(CH),
1725(C=0), 1179(CO). GC-MS: my/z 297.2(M+) 182.2(100.0),
183.2(39.2), 77.1(32.3), 104.1(24.5), 297.2(19.2).

N-Phenyl Phenylglycine O-Benzyl Ester (4g)

1,5-Diphenylhydantoin  0.99 g(3.96 mmol) (1a) % benzyl
bromide 0.471 m/(3.96 mmoly5 AHE3l] ¢ AP 4de} 2
2 Wog A¥sIeic

Yield : 0.22g (16.2%), mp 64°C, TLC [n-hexane : ethyl
acetate (4:1)] Rf 0.45. Recrystn. solvent ethanol. 'H NMR
(CDCly) 87.49(d, /=8.1Hz, 2H, aromatic), 7.35~7.29(m, 6H,
aromatic), 7.19~7.09(m, 4H, aromatic), 6.70(t, /=7.2 Hz, 1H,
aromatic), 6.56(d, /=8.1 Hz, 2H, aromatic), 5.14(q, AB sys-
tem, 3H, CH+NH+0-CHy). “C NMR (CDCl,) 8171.69
(C=0), 14588, 137.46, 135.25, 129.24, 128.86, 128.52,
128.33, 128.31, 127.86, 127.28, 118.14, 113.43(aromatic X 3),
67.33(CH), 60.85(0-CH,). FT-IR (NaCl) cm™ 3401(NH),
3031(aromatic), 1735(C=0), 1171(CO). GC-MS: m/z 317.2
M+) 182.2(100.0), 77.1(57.9), 183.2(55.2), 104.1(38.9), 91.1
(38.6).

N-p-Methoxyphenyl Phenylglycine O-n-Propyl Ester
(4h)

1-(p-Methoxyphenyl)-5-phenylhydantoin ~ 0.43 g(1.52 mmol)
(la) ¥ 1-bromopropane 0.17 m/(1.82 mmo)E AME-3}] ¢ 4
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] 4deh 2L o s A

Yied : 04g (87.0%), 'H NMR (DMSO) 87.52~7.49 (m,
2H. iromatic), 7.36~7.30 (m, 3H, aromatic), 6.67~6.65 (m,
5H. :romatic), 594 (d, /=87 Hz, 1H, NH), 5.15 (d, /=84
Hz, H, CH), 4.00 (t, /=63 Hz, 2H, CH,), 3.61 (s, 3H,
CH.) 149 (q, /=69 Hz, 2H, CH,), 0.73 (t, /=72 Hz, 3H,
CH.)

N-p-Methoxyphenyl Phenylglycine O-n-Butyl Ester
(4i)

1-(»-Methoxyphenyl)-5-phenylhydantoin
(1a) ¥ 1-chlorobutane 0.08 m/(0.8 mmol)S
449} S o s Ayt

Yield : 0.12 g(75.0%), 'H NMR (DMSO) 87.51~7.49 (m,
2H, womatic), 7.38~7.30 (m, 3H, aromatic), 6.67~6.62 (m,
5H, .wromatic), 5.93 (d, /=8.7 Hz, 1H, NH), 5.14 (d, /=8.7
Hz, LH, CH), 4.04 (t, /=63 Hz, 2H, CH,), 3.61 (s, 3H,
CH.) 146~143 (m, 2H, CH,), 1.16 (¢, /=72 Hz, 2H,
CH.) 0.77 (t, J=7.2 Hz, 3H, CHy).

0.15 g(0.53 mmol)
AMEEte] 9] H¥

AEEn o 0E

¥ A
Z¢ 7} 3 2704 N-aryl phenylglycine O-alkyl esters 4a-i5
Pralgitk. HF FHAES Scheme 104 Bi= nie} 20| base-
catztzed hydrolysis®} O-alkylations one-pot reaction®. & &t
AJs-ick, 9 3382l 1,5-diphenylhydantoin 1la-hE 971 9
AR L AgAo R o]¢ 753 phenylacetic acid
-H-3}o] esterification, o-bromination, amination 7 %1
hydutom ring B93-S EalA] eAdsIich. et ester §}

&S unnatural amino acids |dsl7] £33t

Al rgL'

s

e 52 tjekslr| ethoxy-carbonylmethyl, ethyl, propyl,
7 1. NaOH(KOH}, water, o
l o methanol, 30min,
= 30-40°C 0-R"
N-H > HN
©/N\< 2. R"X, DMF, 1h, \©\
0 reflux. 87 %
R~ R
1a~b 4a-~}
i R R"
R 4a* H CH,COOCHs
:z c: o b H  ethyl
3 4 H propyl
ad H i-propy!
4e H butyl
4 H pentyl
49 H benzyl
4h CH3O propyl
* ethyt chioroacetate was used. 41 CHsO butyl

Scheme 1 — Synthesis of N-aryl phenylglycine O-alkyl esters 4a~i.
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"ring breaking"

o} NaOH( KOH),
water O-Na(K)
N-H —m————
methanol, 30min PD/Nf"/ NHg

30~40°C o
2
[¢]

©\'/Ps-o -Na(K)
PO

R"-X
DMF, 1h,

Q reflux
c-0-R"
QNH + KBr or NaCl
R

4

Scheme 2 - Proposed mechanism for the basic hydrolysis of 1,5-
diphenylhydantoins and concomitant O-Alkylation.

=313} ester =(4a-gr] 3
59 o2l para-
FEAE @, 4)= T4}

iso-propyl, butyl, pentyl, benzyV1&
o} &= 23 F 739 aromatic 1] F
methoxy”]7} TR €
St

BaseZ &2 & hydantoin F-E32] 7k WHE-2 Klosa
o oafl BE v} QJrh® Scheme 2014 K= nig} Z2o) 15
diphenylhydantoin 1014 Ax}H 2= §He] 399} 49 Alo]e]
A2 2] hydantoic acid salt 22 ¥A$kA]7| 12, AoJo]A 19]
9} 2%} Aloi8l N-C Z%%= 238lA1AH amino acid =4 38 4
QA0 oju] ARRSE FI197) 52 IR RAINES FHEHAILL
HoF HFA7|=d o) A2 LsiAle] E4 slellM LA ¢
5} ko] Qo 4= 9= FH2 leaving groups 7HA 1L Tk,
2uk2 0] 242 291 & 2529 alkyl halidest DMFE 7}
o}J‘ FFAIZIE 32 A7 FAE who} A7l vk 1At
ol ol &A= HE ester 42 LUt YHtA ©F hydantoin
ringZ 97 27 3lllA AgstARE 1-9] 9 5-317F ]#kEoI9]
= T2 hydrolysis7} o1&l o2 Bugnt gloy”
H 2% 9] 1,5-diphenythydantoin®] 7%= 238F 27 slof|A
= 3 g FRE Atk

H% hydantoin®] hydrolysisel] ¢85+ 7Pg AREAQl alkali
1= barium hydroxide®]%1 2} caustic, ammonium sulfide®= A}
Lx)ojal 4= 9ok, gt B AgeMi & sodium hydroxide
I+ potassium hydroxide® ©]-8-3}5] 2., U]-fi BHH © 7 3=
triethylamine¥} sodium ethoxide® A3l HE3-2] F01& 1)
watlovt Ad Hile diFE fARISI A hydantom%

phenyls 7131

rU{N
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Meshs @AY S22+ 31§Eo wel Hy,0, methanol,
ethanol& }%3}‘”\?? Ethanots: ARS-8131E w) RES &0 v
nA FRE], olE A 7k oM 27 o wo] gbE
T A7l WFo® Agzhsir}, 223 N-p-methoxyphenyl
phenylglycine O-alkyl esters(dh, 4i)%} ¥4 oA+ triethyl-
amines 7}5F. methylene chloride -2l kol 2ol 247k
Z st vhgoll B&E spoto] LERTE o] 7R HE-S
A712] A7)1Ee] AdEgio] AAY amino acid7HA] F-ai= ATt
Finkbeiner’} R 1.3t hydantoin® ©]-8-%$F amino acid® A%
3= W2 3-9]9l] phenyle] =¥ hydantoinsS ARE-EH Zlo)
QY B *‘340117\1 *]-%—Q hydantoins> 3-$]7} *|3k=)#] ¢k
g0l AES-2 A o)FolA AlEERl FallE4
o7 EI—L amino acid TI’EX'"U]'X] =30}
F BAEE9 #9& IRY NMR spectrum < 3|4 2
t} Haks] & 4= ok IR spectraclAE 3400 cm™! 2ol A
NH bandE°] Vepte™ 1730 cm™ $-2olA carbonyle] 241
ol &3 NMR spectrumellA= 5.9 ppm 522 NH peak
9} 5.1 ppm F-22] CH peak’} A= couplingdty ls°] A&
Aol skew dALO 7 BEE|QC) T oxygenol] sl Q=
alkyl group®l methylene(CH,)712| peak 4.0 ppmel] VRS,
o, o] Y5 hydantoin 122]2] nitrogen®ll Z3¥ methylene
712] 3.5ppm peakoll B]&)A z}o]7} = Zlolt) o] O-
alkylationll 2]} nitrogen®t} 7] St 7
Z=]o] down shiftslsls-& Wehll= Zojct
AEXR o R 1 Aor aromatic L& F 7 72 )
T MZEE unnatural amino acid %3] 4a~i%E diphenyl-
hydantoins®] base-catalyzed hydrolysis®} O-alkylation®] 7FH3%t
one-pot HH O 2 A ZH

S} oxygenol| 2

ZAte] asg

T-(R04-2002-000-00079-0) X 4o FY5om 2 o]of 7ZkA}L
=)

it

=8
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