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Abstract—The synthesis of N-acyl denvatives of aromatic a-amino acids § by the amidoalkylations of aromatic and
heterocychic compounds with glyoxylic acid amide adducts is described.

Aromatic amino acids of the phenylglycine type (1) have
found applications in the synthesis of semisynthetic
pencillins  and cephalosporins.’  Phenylglycine, p-
hydroxphenylglycine and 3,5-dichloro-4-
hydroxyphenylglycine are also present in the cyclic
depsipeptides Enduracidim A and B.' These amino acids
are generally prepared from the corresponding aldehydes
by the Strecker synthesis.
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In the course of a study on the chemistry of cyclic
acylimines and 2-alkoxylactams it was found that
S-methoxyhydantoins (2) will amidoalkylate aromatic
compounds in the presence of an acid catalyst to give
S-substituted hydantoins (3) which are known as synthetic
precursors, or derivatives, of a-amino acids:*
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The cyclic structure of the hydantoin is not essential for
the amidoalkylation of aromatic compounds. We have
synthesized a number of open chain glyoxylic acid amide
adducts of type 4 and found that they all will amidoalky-

late aromatic and heterocyclic compounds (Table 1) to
give, under acidic conditions, acyl derivatives of amino
acids of type §.

The glyoxylic acid-amide adducts (4) were prepared, in
high yields, from the commercially available glyoxylic
acid hydrate and primary amides or primary carbamates.’
The amidoalkylations of the less reactive aromatic
compounds such as chlorobenzene, benzene, toluene and
acetanilide were carried out in conc. sulfuric acid at room
temperature for 48 hr to give the corresponding N-acyl
derivatives of phenylglycine, p-chlorophenyiglycine, p-
methylphenylglycine and p-acetamidophenylglycine in
70-90% yield. In the case of the monosubstituted aromatic
compounds the crude product was, according to the NMR
spectrum, a mixture of ortho and para isomers. The para
isomers which predominated were obtained pure on
crystallization. The more reactive aromatic compounds
naphthalene, anthracene, anisole, phenol and thiophene
were amidoalkylated in a 10% (v/v) sulfuric-acetic acid
mixture at room temperature for 48 hr. In the diluted
sulfuric acid mixture the adduct of benzyl carbamate-
glyoxylic acid is stable and can be used in the
amidoalkylations of the more reactive aromatics. p-
Cresol and p-hydroxybenzoic acid afforded in addition to
the normal product the neutral coumaranones 6 in 65 and
42% yield.

Furan and S-methylfuran, which are very sensitive to
acidic conditions, were found to react with methyl a -
methoxy - N - benzyloxycarbonylglycine 7 in dry ether at
room temperature and in the presence of boron trifluoride
ctherate to give the products 8 in 67 and 84% yield.
The crystalline furylglycine derivative 8a was hydrolyzed

ArH + HO—CH—CO.H R Ar—CH—CO.H
NHCOR HN—COR
4 s
a: R=Ph a: Ar = Ph, R = Ph
b: R PhCH., b: Ar - Ph, R - PhCH.
¢: R—MceO c: Ar=p-MeC.H.. R - Ph
d: R =PhCH.O d: Ar = p-CIC.H,, R = Ph
e: Ar = p-AcNHC.H., R~Ph
{: Ar - p-McOC.H., R - Ph
0 & Ar—p-HOC.H.. R - Ph
0 h: Ar-C.H., R - MeO
R i: Ar—C.H,, R - McO
. j: Ar—p-HOC.H., R - PhCH.0
NHCOPh k: Ar=C.H.S, R = Ph
6
a: R Me
b: R=CO:H

1571



5n

D Bex-Isiu et gl

Table 1. N-Acy] wromatic- e -amino acids

Molscular Calcd © Found A
Compound Tield b Mo °C formuln [« H L] C W “
sa 2 EPREL
o has 134 CI&"'S“! LM 5.61 5. 16 s 5.0
i Y R
5¢ L L) 16b Clb“lsmi 1.3 3.6 5.20 1.06 5.6 5
54 5 s C).SHIZ“.! 42 19 4.8 4,60 51,79 4 4an 4. at
= i ~ Fal %
e ¢ 87 Cl"“lh\‘znl 85.37 .50 .y 85 0k L. L]
8! 2 186 CI.A“‘SV‘I 67,38 5. a9 87 14 LAY 4.5t
Sz 4 ) Co by 44 FIE R A PY T O L S SR A L |
H ’ "~ ~ * 15
3 i 187 R N R I I B w14y LAY
S -8 04 r .P!':‘lﬂ‘ 63 4% 4.M8 .53 LA § 4 1 s
‘i R A Y L B Ed P )
5 196 CogMg#y 17 % .
" 92 148}
la Ly e r”H‘:\‘ﬂ‘Cl L 1 4.7n 4. 44 61 as 4.5 T
"y a 18 58.71 5.7% 9.99 S50 587 » 8"

REFUITAFL

1 The zospounds prepated showed charatveristic IR ar4orpriond a7 AWDIECO and

10201545 en”!

() and € ahaorptios at 1725.1748 ard IeA. 1610 emTC

cyne and a

tharscreriatts doublet tn the NHR of the 4 Sydrogon 2t ¢ 5 VAS B0 e 0 o R L0t

in HSo.d,

2. lef.n gives nop. 13a%,

1 Mf,’ givor mop 143.5-144.8
7 \ MeOCH—CO:Mce
R@ NHCO,CH.Ph
7
VAN
RS0 PSCH—COMe
NHCO.CH.Ph
B
a: R—H
b R =Mc

to the Cbz acid which was further hydrogenated to
a-tetrahvdrofurylglycine.

It was also found that glyoxylic acid bis ¢thyl
carbamatle (10} will also amidoalkylate benzene,
chlorobenzene and acetanilide to give the corresponding
N-carbethoxyphenylglycines. Under the same experimen-
tal conditions, conc. sulfuric acid, glyoxylic acid bisben-
zamide did not react with benzene or chlorobenzenc.
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a, Ar = p-CIC.H,
b, Ar--p AcNHC.H.

EXPERIMENTAL

M.ps are uncorrected, IR spectra were recorded on a
Perkin-Elmer 237 spectrometer and NMR spectra were oblained
on a Vanan T-60 spectromeler.

Sturting materials. a-Hydroxyhippuric acid. a - hydroxy - N .
benzyloxycarhonyl glycine and methyl a - methoxy - N
benzyloxycarbonylglycinate were prepared from glyoxylic acid

and benzamide or benzvl carbamate respectively.” Glvoxylic acid
bis ethy| carbamate (9) was preparcd [rom glyoxylic acid and ethy!
carbamate.”

a-Hydroxy-N-phenvigeervighicine (4b)

A mixture of phenylacetamide (6.75 g 0.05 mole) and glyoxyhe
acid monohydrate (5.4 g 0.07 mole) in acctone (75 ml) was refluxed
overnight (17 hrd. The solveat was evaporated and the residue was
triturated with dry ether. The solid was fillered off and washed
with dry ether; yield 8.1 g (77%), m.p. 90-517; IR (KBr) 3450 3000;
1700 and 163Scm ': NMR (DMSO-db)y: 6 891-873 (4. J -8 Hz
THY T3 (s, SHD S 33536 (¢, 1HD: 3 5045, TH). (Found: C, 5765 H,
S.44: N, 6,66, CoH, NOurequires. C.37.41 HL 500N 67067 ),

a-Hydrozy-N-methaxscarbonyiglycine (4¢)

A mixture of methyl carbamate (7.5 g 0.01 mole) and glyoxylic
acid monohvdralte (9.2 g 0.1 mole) in dry ether (100 ml) was stirred
at room temp overnight. The crystalline product was filtered off
and washed with dry ether to give 13 0g (865%) adduct: m.p. 65°;
IR (KBr) 3504-3300 (broad). 1700 and 150cm '; NMRIDMS()-
&) 8 783 (d. 1H, I-9Hz) $24d. 1H. J- 9Hzh 36 (s 3H)
tFound: C, V187 H,4.75: N, 921 C . H NO. requires: €, 3222, H,
4730 N, 940,

Amidoalkvlation of aromatics’

Procedure A To a cooled (07) suspension of the adduct 4a—d
10.02 mole) in conc. H:80, (20 ml, Merck %) there was added
with stirring the aromatic component (0.03-0.048 mole). Stirring
was continued for 48 hr and the mixture was poured into icc and
extracted with E10Ac. The EtOA¢ soln was washed with waler
dried over MgSO. filtered and evaporated. The residue obtained
after the removal of the solvent was triturated with CClL filtered
and crystallized from FiDAc-hght petroleum.

Procedure B. To a cooled (09 suspension of the adduct ds—d
10.02 mole) in & mixture of H.80, (2 mly AcOH (18 mb there was
added with strring the aromatic component (0.03.0.04 mole).
Surring was continued for 48 hr and the mixture was treated as
described above. In the case of the less volatle aromatics the
products were purified by alkali extraction and reacidification
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Amidoalkylation of p-cresol (o gite 6a

p-Cresol (6.4g. 0.06 mole) was amidoalkylated with a-
hydroxyhippuric acid ($.85 g 0.03 mole) in H,SO,-AcOH mixture
(30 mi) as described above in procedure B. Dry ether (S0 ml) was
added and the solid which separated was filtered. tnturated with
cther and filtered again. It was crystallized from EtOAc-light
petroleum m.p. 228-229 vield §.26 (65.5% ); IR (KBr): 3290, 1840,
1670 and 15%0cm '. NMR (CDCIL - TFA): 8 6.93-7.96 (m, 9H):
S63-S8S(d TH. J - TH2): 2325, 3H) (Found: €. 71.48. H, 4 93,
N, $.12. C, H.\NO, requires: €, 71.90; H, 4.90; N, $.24%). The
filtrate was poured into ice + water and extracted with E1OAc
(3x75ml). The organic layer was washed with NaHCO,aq
acidificd and extracted again with EtOAc to give N - benzov] - 2 -
hydroxy - § - methylphenylglycine which was recrystallized from
E1OAc-light petrolcum (40-60%); m.p. 175-176°, yield 1.73g
(20.0%). IR (KBr): 3420, 3160 (broad) 1715, 1625 and 1510cm ',
NMR (CDC) - TFA): 6 815675 (m. 9H) 6.20-6.00 (d. IH.
J=TH2230(s, 3H). (Found, C,66.97. H, 5.38: N, 4.98.C,.H,.NO,
requires: C, 67.36; S.30; N. 4.9170).

Preparation of coumaranone 6b. This compound was prepared
by procedure A from p-hvdroxybenzoic acid (2.7 g 0.02 mole) and
a-hydroxyhippuric acid (195g 001 mole) 1in 10ml H.SO..
Addition of dry cther (50 ml) precipitated 6b which was filtered off
triturated with ether and crystallized from EtOAc-light petroleum
(40-60'): m.p. 298- 299 yield 1.25 g (42.3%). IR (KBr): 3360-3240,
1750, 1710, 1600, 1640 and 1540cm ': NMR (CDCI, + TFA): 6,
8.43-7.25(m. 9H) S.65-583 (m, 1H). (Found: C.60.21; H, 3.89: N,
4.31. CuH, \NO. requires: C, 64.64; H, 3.73, N, 4.71%).

Methyl-N-benzvloxycarbonyl-a - furviglycinate

To a soln of methyl a - methoxy - N - benzyloxycarbonyl -
glycine” (7.59g 0.03mole) in 120ml dry ether was added
consequently 6 ml BE .- etherate (dist.) and 9 ml furan (dist.). The
mixture was stirred at ambient temp for 72 hr, and then poured
into a mixture of EtOAc (100ml) and ice-saturated NaHCO,
(S0ml). The aqueous phase was further extracted with E1OAc
(2xS0Omi), the orgamic extract was washed with water, dricd
(MgS0.) and evaporated to dryness in tacuo. The crude product
solidified upon standing. It was chromatographed on a flonsil
column (220 g, 60- 100 mesh) and cluted with benzene-methylene
chlonde (1:1). Taturation with light petroleum cther afforded the
crystalline product (67% ) which melted at 78-79 after crystalliza-
tion from EtOAc-light petroleum: IR (CHC): 3410, 1730 and
1710cm " NMR(CDCL): 8,736 s, 3H), 6.344d, 2H, J - 0.5H2),
S510d, 1H, J = 8H2), S13 (s, 2H) and 3.37 (s, 3H). (Found: C,
6214, H, S17: N, 489 C,.H..NO. requires. C.62.28: H, $23; N,
4.84%).

N-Benzvloxvearbonyl-a - funslglveine

To a soln of methyl « - fury] N benzyloxycarbony Igly cinate
(2.89g 0.01 mole} in 40 m! FtOH (95%) was added at once KOH
(0.75g 0.011 mole) pellets. The hydrolysis was allowed to proceed
at ambient temp during 48 hr. (the pH of the soin should be kept
basic). The EOH was removed in tacuo and the residuce
dissolved in water (S0ml) and washed three times with cther
(3 < S0ml). The aqueous phase was added dropwise into an ice
cooled acidic soln of phosphoric acid (10773 The acidic soln was
extracted with E1OA¢ (3> "Smll and the combined extracts
washed once with water. dnied over MgSQ.. then evaporated to
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dryness in tacuo. The residue afforded after trituration with ether
84.5% crude acid: m.p. 127 °

For analysis the acid was recrystalhized from methyvlene
chlonide: m.p. 124.5-125.0° it can be recrystallized also from
McOH m.p. 123-124°). IR (CHCL): 3410, 1750 and 1710¢m
NMR(CDCL): 8 10.4(s, 1H), 74015, SH). 641 (d.2H. ) - 0.5HN
S80 (s, IH, broad). $.56td. IH. ] 8Hz). S1605, 2H) [In D.O the
doublet at S.56 turned into a singlet and the singlet ot S K
disappeared. (Found' ¢, 6098. H, 473, N, $20. (', H..NO.
requires: C, 61.09; H, 476 N, S.09¢).

a-Tetrahydrofurvglycine

A soln of N - benzyloxycarbonyl  a  furviglycine (1.36 ) 1n
40ml McOH containing 170mg Pd:C 1077 was subjected 1o
hydrogenolysis at ambtent temp and 32.0 psi pressure for 40 hr
Filtration and evaporation a tacuo gave the amino acd, m.p.
213821887 (dec) in 607¢ vield. For analysis the acid was
recrystalhized from MeOH: m.p. 226 227 IR (KBr) 400, 2650,
1645 and 1870cm " NMR(D,0): 8 274 tm, 3H) 1.17-0.6 0m, 4H 1.
(Found: C, 49.48; H, 7.52: N, 9.54. (C.H,\NO, requires (', 49.64;
H, 764, N, 9.657%).
Methyl N - benzyloxycarbonyl - S - methyl 2 funviglvane

This compound was prepared from methyl a - methovy - N -
benzyloxycarbonylglycinate (5.06 g, 0.02 mole) and 2-methylfuran
(7.2ml, 0 08 mole) in dry cther (80 mh) and in the presence of BF,
ctherate (4 ml) as descnbed above. The oily product which was
oblained after chromatography crystallized on trituation with
hexane: vield 84.8% m.p. S3-547 IR (CHC)L) 3438, 1748, 1720 and
1500cm ; NMR (CDC)y): 8 7.08 (s, SH) 6.28 (d. 1H: J =Y H7)
S.98 (m. 1H). .7 (shoulder, 1H) S.S(d, 1H.J 8H2z). $19 (s, 2H)
38 (s, 3H) 229 (s, 3H) (Found: C, 63.18; H, $.52: N, 458
CeH,:NO,requires: (C,63.36:H. S.65, N . 4.627): MS:- m 1¢ 303.

The methy! ester was hydroly 2ed to the corresponding Chz acid
as deseribed above. mop. 7374 IR (CHCL . 3580, 3430, 1730 and
1560cm s NMR(CDCL,): 8 736 (5. SH), 6.28 (d. 1H. J - 3H2),
SOI(d 2H ) - 3H2L S460d. THL ) 9HA S 12108 2H), 2 230,
JH). (Found: C. 62.45: H, S.41; N, 475 (. H,NO, requires: C,
62.28, H, S.23 N 48470,
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