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Intramolecular cyclization of an N-chloroacetyl-2-phenylglycine ethyl ester occurs in the presence of various

bages to produce the corresponding 2-phenyl-4-oxoazetidine.

A similar cyclization of the N~(3-chloropropionyl)

homolog to an oxopyrrolidine has been observed. The facile ring cleavage of the oxoazetidines yielded a series

of novel 2-phenylaspartic acid derivatives.

Large geminal coupling constants from the pmr spectra of the

N-phenyl- and N-benzyl-2-phenylaspartic acid derivatives support restricted rotational conformations for these

compounds.

When N-chloroacetyl-N,2-diphenylglycine ethyl
ester (1)! reacts with sodium cyanide, ethyl 4-oxo-1,2-
diphenylazetidine-2-carboxylate (2)? is formed in good
yield, rather than the N-cyanoacetyl derivative.
Although 1 fails! to yield 2 in the presence of triethyl-
amine, the reaction is successful? when carried out in
the presence of basic anion exchange resin. Sheehan
and Bose® report the intramolecular cyclization of
diethyl N-arylhaloacetamidomalonates in the presence
of triethylamine to l-aryl-2,2-dicarbethoxy-4-oxoazeti-
dines. Similarly, Deshpande, Mukerjee, and Dey"*
prepare 2,2-diearbethoxy-1-phenyl-3-phthalimidometh-
yl-4-oxoazetidine from diethyl N-(3-phthalimido)-2-
bromo-~N-phenylpropionamidomalonate.

Sodium cyanide is apparently a strong enough base
to form the carbanion (la) which by intramolecular
nucleophilic displacement of Cl gives 2. Other bases
(e.g., NaH, NaOR, NaQAc, and NHj;) behave similarly,
and may be preferred cyclization reagents (Scheme I).

1,4-Diethyl N,2-diphenylaspartate (3) was obtained
in 849 yield by the addition of an excess (1.3 equiv) of
NaQOEt to 1 in EtOH. When 1 equiv of NaOEt was
added rapidly to 1, compound 3 was the major reaction
product. The localized excess of NaOEt presumably
opens up the initially formed azetidine ring to give 3
and a lesser amount (269;) of 2. As expected, when 2
was treated with NaOMe-MeOH the analogous ester,
1-ethyl 4-methyl N,2-diphenylaspartate (4), was ob-
tained.

Mild hydrolysis?—* of 2 (1 equiv) at room temperature
in a 0.59, solution of KOH (1 equiv) in 95%, EtOH
produced the azetidinecarboxylic acid 5. When the
reaction was repeated with MeOH as solvent, the
chief product was the ring-opened diester 4 with only a
minor amount of 5 being isolated. Refluxing 3 for 5
min in a 1.69% NaOH (2.4 equiv) aqueous EtOH solu-
tion allowed selective hydrolysis of the 4-carbethoxy
group, giving an 80% yield of l-ethyl N,2-diphenyl-
aspartate (6). Compound 6 was prepared by: (a)
selective hydrolysis of 3 with hot dilute HSO,, or (b)

* Agthor to whom correspondence should be addressed.

(1) A. K. Bose, B. N. G. Mazumdar, and B. G. Chatterjee, J. Amer,
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the ring cleavage of 2 with concentrated H,SOs. More
drastic hydrolysis of either 2 or 3 with excess NaOH in
refluxing aqueous dioxane produced N,2-diphenyl-
aspartic acid (7).

Other investigators® obtained N-phenylaspartic acid
by hydrolysis of 2,2-dicarbethoxy-1-phenyl-4-oxoazeti-
dine with KOH, followed by decarboxylation. The
dimethyl ester was obtained® by treatment with
diazomethane. « esters are less readily available than
B or v esters of monoaminodicarboxylic acids. Klieger
and Gibian® found that benzyloxyecarbonyl-t~glutamic
acid anhydride reacts with ROH in the presence of
dieyclohexylamine to produce the o ester dicyelo-
hexylammonium salt. The a esters may also be
prepared® by taking advantage of the difference in the
dissociation constants of the o~ and y-carboxyl groups
of N-acylglutamic acids. The reaction is carried out

(5) E. Klieger and H. Gibian, Justus Liebigs Ann, Chem., 688, 195
(1962).

(8) M. Bodanszky and M. A. Ondetti, *‘Peptide Synthesis,” G. A. Olah,
Ed., Interscience, New York, N. Y., 1966, p 62.
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with RX in the presence of 1 equiv of a strong base.
The mixed diesters can be obtained® from the « esters by
several procedures.

The N-methyl and N-benzyl analogs of 1 were also
prepared for cyeclization to the corresponding oily
oxoazetidines of type 2. The crude oxoazetidines were
treated with excess alkali in a manner similar to that
used for the preparation of 7 from 2. In both examples,
however, the azetidine ring was more resistant to
cleavage than 2 as shown by the isolation of azetidine-
carboxylic acids 8 and 9 (Table I). The N-substituted
2-phenylaspartic acids 10 and 11 were obtained in lower
yield.

During the intramolecular eyclization of 1 with
NaOMe, transesterification also occurred giving 12.
The reaction of 12 with NH; in MeOH under pressure
at room temperature gave three products: the suc-
cinamide 13, the 4~-oxoazetidine-2-carboxamide 14, and
the succinimide 15. Compound 14 is believed to be the

o=]——
NaOMe
1 + —>
MeOH N———CO,Me
CH, CeH;
12
NH;
(MeOH)
0
CH,CONH, NHC,H,
CbHaNHC\CONHQ III‘_-—CONHz CeH,
CH, c, et 0 1‘|I 0
14
13 H
15

initial produet of ammonolysis which reacts further
with ammonia to produce the ring-cleavage product 13.
Pathways to 15 might include (a) ring cleavage of 14
with MeOH to yield an hypothetical intermediate 15a,
followed by the loss of MeOH, or (b) the intramolecular

NHCH;
CeH;

14 + MeOH W — 15 +
MeO,C CONH,

15a MeOH

rearrangement of 14. Sheehan and Bose® prepared
N,N’~dibenzyl-2-anilinosuceinamide by the action of
benzylamine upon (a) N-phenylaspartic acid dimethyl
ester or (b) 2-carbethoxy-2-carboxy-l-phenyl-4-oxo-
azetidine.

Ring cleavage of 14 with alkali has afforded a method
for preparing the o amide, 3-anilino-3-phenylsuccin-
amic acid (16). A standard method’ for preparing

CH,CO,H
14 4+ 2 NOR o NHOCONE
4+ o 6 2
s H s
16

(7) 8. W. Tanenbaum, J. Amer. Chem. Soc., T8, 1754 (1953).,
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3-aminosuccinamic acid has involved the reaction
between N-phthaloylaspartic anhydride and ammonia.
As ring opening of the anhydride may occur in two
different ways, mixtures may result by this method.
Using N -(3-chloropropionyl)~N,2-diphenylglycine
ethyl ester (17) as the intermediate, ethyl 5-oxo-1,2-

C|H2CH2C1
NaOEt
0=C CHCOE: + ] ] :COgEt
S 2 EtOH
Y e, TN e
CeH; CsH;
17 18 (an oil)
| ]:COQH 280, I:CONHQ
0 IT CeH; b. NH,OH 0 T CeH;
CeH; CeH;
19 20

diphenylpyrrolidine-2-carboxylate (18) was prepared
under conditions similar to those used for the prepara-
tionof 2. Compound 18 (an oil) was readily hydrolyzed
to the crystalline acid 19, which was then converted to
the amide 20. Similarly, the cyclization of diethyl
N-(3-bromopropionyl)anilinomalonate to 2,2-dicar-
bethoxy-1-phenyl-5-oxopyrrolidine is reported.? 2

A method® for the preparation of 2,5-dioxopiper-
azines by the action of NH; in MeOH upon o-halo-
acetyl derivatives of amino acid esters was applied to
the chloroacyl intermediates 1 and 17. However, the
products isolated were compounds 14 and 21 (Table I),
respectively, resulting from expected intramolecular
cyclizations.

Pmr Spectra.—The proton magnetic resonance spectra
of the substituted 4-oxoazetidines show marked magnetic
nonequivalence of the two protons in position 3 caused
by the asymmetric carbon atom 2 (Table II). The
geminal coupling constants are in the normal range for
methylene protons in four-membered ring compounds®
having a planar configuration and one adjacent =«
bond.’ No cross-ring coupling was observed in 8 or 9
between the hydrogens at position 3 and the methyl or
benzylic protons as was reported by Barrow and Spots-
wood.® The two substituents at position 2 must force
the N substituent into the plane of the ring thereby
destroying the transoid pathway necessary for long-
range coupling.

The absolute values of the geminal coupling con-
stants observed for the N-phenyl- and N-benzyl-2-
phenylaspartic acid derivatives are very large, especi-
ally for those spectra taken in trifluoroacetic acid
solution. These values require a large population of
restricted rotational conformations with the plane of
the carbonyl group bisecting the H-C~H bonds of the
methylene group.® Conformational restrictions im-
posed by rotational hindrance of the two benzene rings,
and probably enhanced by intramolecular hydrogen
bonding of the acidic hydrogen to the adjacent carbonyl
group, allow a preferred conformation for the 2-phenyl-
aspartic acid derivatives which approaches that of the
cyclic compounds.

(8) Y. T. Pratt in Heterocycl. Compounds, 8, 438 (1957).

(9 K. D. Barrow and T. M, Spotswood, Tetrahedron Lett., 87, 3325
(1965).

(10) M. Barfield and D. M. Grant, J, Amer. Chem. Soc., 85, 1899 (1663).
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The coupling constants were obtained directly from
the spectra, while the chemical shift values were ad-
justed using the formula!! for the deviation from first-
order treatment. The signs of the coupling constants
were not determined, but the geminal coupling constants
are probably negative.

Experimental Section

The ir spectra of all the described compounds are consistent
with the assigned structures. The g-lactam carbonyl bands were
in the expected range? of 5.65-5.75 u. The pmr data were ob-
tained from spectra taken with a Varian A-60A spectrometer,
using TMS as internal reference. The melting points are eor-
rected (Thomas-Hoover capillary apparatus).

The N-substituted 2-phenylglycine ethyl esters were prepared
as described. 1243 N-Benzyl-2-phenylglycine ethyl ester-HCI was
obtained in a yield of 75%,, mp 182.5~183.5° dec, after recrys-
tallizing from anhydrous EtOH.

Anal. Caled for Ci7H1,NO.-HCl: C,66.77; H, 6.59; N, 4.58;
Cl, 11.60. Found: C, 66.76; H, 6.72; N, 4.49; Cl, 11.77.

The N-chloroacyl derivatives were prepared in warm (50-60°)
benzene solution according to a similar pracedure.’* N-Chloro-
acetyl-N-methyl-2-phenylglycine ethyl ester was obtained in a
yield of 69%, mp 50-52°, after recrystallizing from EtOAc-
Skellysolve B.

Anal. Caled for CisHeCINO;: C, 57.88; H, 5.98; N, 5.19.
Found: C, 57.77; H, 6.06; N, 5.22.

N-Benzyl-N-chloroacetyl-2-phenylglycine ethyl ester was ob-
tained in yield of 35%, mp 82.5-84.5°, after recrystallizing from
EtOAc-Skellysolve B. _

Anal. Caled for CioHoCINOs: C, 65.99; H, 5.83; N, 4.05;
Cl, 10.26. Found: C, 66.15; H, 5.90; N, 4.14; C], 9.85.

N-(3-Chloropropionyl)-N ,2-diphenylglycine ethyl ester (17)
was obtained in a yield of 35%,, mp 84.5-85.5°, after recrystal-
lizing from EtOAc—Skellysolve B.

Anal. Caled for CioHyCINO;:  C, 65.99; H, 5.83; Cl, 10.26.
Found: C, 65.79; H, 5.46; Cl, 10.32.

A. Ethyl 4-Oxo0-1,2-diphenylazetidine-2-carboxylate (2).%—A
suspension of 0.025 mol of the chloro intermediate 1,! 1.5 g
(0.0306 mo!) of NaCN, and 18 ml of dimethylformamide (DMF')
was heated at 50-60° for 2 hr. After adding 10 ml of H.0, the
resulting solution was heated at 95-100° for 0.5 hr. The reaction
mixture was diluted with H;O to give an oil which crystallized
from aqueous EtOH, yield 4.8 g (65%,).

B.—A solution of 1 g (0.0435 g-atom) of Na dissolved in 60 ml of
anhydrous EtOH was added slowly (10 min) to a stirred suspen-
sion of 14.4 g (0.0435 mol) of 1 in 80 ml of anhydrous EtOH,
The reaction temperature increased from 25 to 30° during the
addition. After slowly heating the mixture to reflux and main-
taining this temperature for 1 hr, the neutral suspension was
allowed to stand overnight. The solid (chiefly NaCl) was
collected on a filter, washed with EtOH, and discarded. The
filtrate was concentrated to a small volume and the resulting
white solid was collected, yield 12 g (93%). When this reaction
was repeated, omitting the heating step, a 799, yield was ob-
tained. When the reaction was carried out under rapid addition
of NaOEt, this compound was obtained in only 26%, yield. The
major product was ring-cleaved 1,4-diethyl N,2-diphenyl-
aspartate (3).

C.—An equivalent of NaH (dispersion 54.3%, in mineral oil)
was added to a cold (3-5°) mixture of 8.3 g (0.025 mol) of 1 and
25 ml of DMF. After 3 hr at room temperature and 1 hr at
50-55°, the resulting neutral reaction mixture was diluted with
15% NaCl solution. The compound was isolated by extracting
with CesHs, yield 4.1 g (56%,).

D. 1,4-Diethyl N,2-Diphenylaspartate (3).—A solution of 100
ml of anhydrous EtOH containing 2.3 g (0.1 g-atom) of dissolved
Na was added to a suspension of 25.5 g (0.077 mol) of 1 and 200
ml of anhydrous EtOH. The reaction temperature increased

(11) J. A. Pople, W. G. Schneider, and H. J. Bernstein, “High-Resolution
ngclear Magnetic Resonance,” McGraw-Hill, New York, N. Y., 1959, p
120.

(12) J. Klosa, Arch. Pharm., 285, 401 (1952).

(13) C. Bischoff, Ber., 80, 2305 (1897).

(14) T. A. Martin, D. H, Causey, A. L, Sheffner, A, G. Wheeler, and J.
R. Corrigan, J. Med. Chem., 10, 1172 (1967).
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from 25 to 30°. The mixture was warmed at 35-40° for 0.5 hr
and then heated under reflux for 1 hr. After standing overnight
at room temperature, the solid was collected and washed first
EtOH and then with H,0, yield 22 g (84%) of white solid.

E.—A mixture of 2.5 g (0.0085 mol) of 2 and 50 ml of anhy-
drous EtOH containing 0.1 g (0.0044 g-atom) of dissolved Na was
warmed slowly to 50° and the reaction temperature was maintained
at 50-680° for 1 hr. During the heating time, solution resulted fol-
lowed by precipitation of the product. After cooling, the white
solid was collected and washed with EtOH, yield 1.8 g (62%).

F. 1-Ethyl N,2-Diphenylaspartate (6).—A mixture of 3.4 g
(0.01 mol) of 3, 50 ml of EtOH, and 12 ml of 2 N NaOH was
heated under reflux for 5 min. After cooling, the precipitate
was collected and dried to give 1.2 g of white solid of mp >300°.
It was dissolved in warm H,0, and 5 ml of 1 N HCl was added
to precipitate 6, yield 0.6 g. An additional quantity (1.9 g) was
obtained by acidification of the original filtrate, total yield 2.5 g
(80%).

Compound 6 was also prepared by acid hydrolysis from either
compound 3 or 2. Compound 3 (6.5 g, 0.019 mol) was heated to
90° in 56 g of 659, H,80,. The solution was poured onto ice
water. The product was extracted with EtOAc to give 5 g
(859%). Similarly, a solution of 3 g (0.01 mol) of 2 in 6 ml of
concentrated H,SO, was allowed to stand overnight, yield 1.4 g
45%).

G. 4-Oxo-1,2-diphenylazetidine-2-carboxylic Acid (5).—Hy-
drolysis? of the carbethoxy group in 2 was achieved by slowly
adding 100 ml of 959, EtOH containing 1.1 g (0.020 mol) of
KOH to a stirred suspension of 6 g (0.02 mol) of 2 in 100 ml of
95% EtOH. After 5 min, a complete solution resulted. The
reaction mixture was allowed to stand overnight and concen-
trated to a white solid, yield 5.5 g (909) of the K salt. A solution
of this solid in 30 ml of H,O was acidified. The product was
isolated by extracting with Et,O and concentrating the extract to
give an oil. This material was slurried with EtOAc—Skellysolve
B to give 2 g (73%) of product.

When this reaction was repeated using anhyd MeOH as the
solvent, only 0.4 g (7%) of 5 was obtained. Compound 4 was
isolated as the chief product (2.4 g, 37%,).

H. N,2-Diphenylaspartic Acid (7).—A mixture of 15 g (0.05
mol) of 2 and 0.16 mol of NaOH in 230 ml of 65%, aqueous dioxane
was heated under reflux for 3 hr and then concentrated. After
adding 160 ml of 1 N HCl, 10 g (70%,) of 7 precipitated. When 3
was employed as the intermediate, a 56%, yield of 7 was obtained.

J. 2-Anilino-2-phenylsuccinamide (13).—To 300 ml of MeOH
saturated with NH; at 10° was added 11.7 g (0.041 mol) of 12.
The cold suspension was stoppered and allowed to stand at room
temperature for 4 days with careful agitation at the end of the
first day to complete the solution. The flask was cooled and
opened and the white solid was collected, yield 1.5 g (13%).
A second crop was recovered from the filtrate by concentrating
to one-half volume, slurrying the resulting solid with hot MeOH,
total yield 2 g (17%).

K. 4-Oxo-1,2-diphenylazetidine-2-carboxamide (14).—The
solid, which precipitated from the above methanolic filtrate, was
recrystallized twice from MeOH to give 2 g (18%) of product.

2-Anilino-2-phenylsuccinimide (15).—A third crop (3.2 g) of
crude material was obtained from the above filtrate (method K).
Three recrystallizations from MeOH gave 1.2 g (11%,) of purified
solid. An additional recrystallization by dissolving the sample
in 15 m] of DMF, followed by dilution with 5 ml of H;0, gave
15 melting at 212.5-214°: A< 2,95, 5.58, 5.82, 6.24, 6.64, 13.32,
14.38 p; 8(CF3C00M 389 4.08 (J = 18.8 cps), 10.08 (NH).

Anal. Caled for C,¢H1uN:Oy: C, 72.16; H, 5.30; N, 10.52.
Found: C, 72.18; H, 5.60; N, 10.36.

L.—Compound 14 was also obtained by bubbling NH; into
a stirred mixture of 33.2 g (0.1 mol) of 1 and 300 ml of MeOH.
The resulting solution was allowed to stand at room temperature
fo??i g(a)ys at the end of which time a solid had formed, yield 8.3
g ©):

M. Methyl 5-Oxo-1,2-diphenylpyrrolidine-2-carboxylate (21).
-—Compound 17 (10.4 g, 0.03 mol) was added to 150 m] of MeOH
saturated with NH; at 10°. After standing at room temperature
for 10 days, the solution was concentrated to an oily solid. This
material was slurried with EtOAc to give 1.5 g of NH,Cl. The
filtrate was diluted with Skellysolve B to precipitate 2.5 g (28%)
of product. Its structure was further supported by hydrolysis
to 19 as follows: A mixture of 0.1 g of 21, 1 ml of 2 N NaOH,
and 2 ml of MeOH was warmed slightly for a few minutes and
then allowed to stand for 3 hr. The carboxylic acid 19 was
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isolated by concentrating the reaction mixture to yield a solid,
dissolving in H,0, and acidifying, yield 0.1 g.

N. 3-Anilino-3-phenylsuccinamic Acid (16).—A solution of 2.7
g (0.01 mol) of 14 and 40 ml each of EtOH, dioxane, and 1 N
NaOH was allowed to stand overnight. After neutralizing with
40 ml of 1 N HC], the reaction mixture was concentrated, yield
2 g (70%).
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The preparation and intramolecular cyclizations of 5-phenyl-5-(3-hydroxypropyl)hydantoin tosylate, 4, and
5-phenyl-5-(4-hydroxybutyl)hydantoin tosylate, 5, are described. No products involving the imide nitrogen in
the cyclizations could be obtained. Proof of structure of the compounds involving the amide nitrogen in the

cyclization is discussed.

Previous reports have indicated that intermolecular
alkylations of 5,5-disubstituted hydantoins, 1, proceed

exclusively at the imide nitrogen (N-3).2 Amino-
0]
R 4
5 sNH
R* N-%
H (0]
1

methylations utilizing formaldehyde,® aminoethylations
with ethylenimine,* and Michael condensations’
have also demonstrated a preference for the acidic
imide function. Amide nitrogen (N-1) alkylations
oceur under more rigorous reaction conditions during
which both nitrogens are alkylated. Mono N-I1-
alkylated hydantoins can be obtained by protecting the
imide nitrogen with an aminomethyl group followed by
alkylation of the amide nitrogen and then the removal
of the protecting group by mild aqueous base hydroly-
sis.8

Intermolecular acylations have been reported to
oceur exclusively at the amide nitrogen and the intra-
molecular cyclization of the hydantoin propionic acids
2a’ and 2b? yield only the amide cyclized products 3a
and 3b, respectively.
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b, R = CH,, CsH;

In these laboratories the base-catalyzed eyclizations
of 5-phenyl-5-(3-hydroxypropyl)hydantoin tosylate, 4,
and 5-phenyl-5-(4-hydroxybutyl)hydantoin tosylate, 5,
produced only amide eyclized monomers. The syn-
thesis of 4 and 5 and the proof of structure of the cyeclized
products are described below.

The conversion of 3-benzoylpropionic acid, 6a, and
4-benzoylbutyric acid, 6b, to 4-hydroxybutyrophenone,
8a, and 5-hydroxyvalerophenone, 8b, was performed by
a lithium aluminum hydride reduction of the corre-
sponding ethylene ketal monoethylene glycol esters 7a
and 7b followed by acid hydrolysis according to the
method of Pasto and Serve?® (Scheme I).

The two keto alcohols, 8a and 8b, were converted to
the 5-phenyl-5-(hydroxyalkylyhydantoins, 9a and 9b,

(9) D. J. Pasto and M. P. Serve, J. Amer. Chem. Soc., 87, 1515 (1965).



