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order rate coefficient was calculated according to the following 
stoichiometry. 

2PhCHO + NHzCH~COZ- + PhCH-CHC02- + HzO 

d H  I&=CHPh 

A blank reaction under the reaction conditions without glycine 
shows a decrease in benzaldehyde below 47, in 2.5 hr which is 
negligibly small compared with the phenylserine formation (over 
70% conversion in 2.5 hr). Phenylserine was isolated from the 
reaction solution in a yield of 447,: mp 187-189" (lit. mp 192- 
194'); vmaY (KBr) 3500-2500 ("a+, OH), 1830 (Con-), 760 and 
710 cm-l (monosubstituted phenyl). 

Formation of the Schiff Base.-Condensation of ethyl glycinate 
with benzaldehyde in benzene containing anhydrous MgS04 as a 
dehydrating agent a t  room temperature gives X-benzylidenegly- 
cine ethyl ester almost quantitatively. This product was con- 
firmed by ir and nmr: vmtLX (KBr) 1740 (C=O), 1840 (C=X), 
1180 [CC(=O)O)], 750 and 688 cm-l (monosubstituted phenyl); 
T (CCla) 1.81 (s, CH=N, 1 H), 2.27-2.63 (m, aromatic H ,  5 H) ,  
5.73 [s, (C=N)CHn-, 2 HI, 5.85 [q, -CHg(CHa)] 2 HI, 8.75 (t, 
CH3,3 H). 

Condensation of glycine with benzaldehyde in benzene or 
ethanol containing anhydrous MgSOc gives N-benzylidenemethyl- 
amine and ~V-benzylidene(2-phenyl-2-hydroxyethyl)amine, but 
N-benzylideneglycine could not be isolated. The infrared spec- 
trum of the former was consistent with that of the authentic 
sample and the latter was identified by ir and nmr: mp 106- 
108'; vmax (KBr) 3350-3000 (NH, OH), 1650 (C=N), 750 and 

690 cm-1 (monosubstituted phenyl); T (DMSO) 1.74 (e, CH=N, 
1 H),  2.24-2.57 (m, aromatic H,  10 H),  4.59 (b, OH, 1 H), 5.06 

The infrared spectrum of the ethanolic mixture of benzalde- 
hyde, glycine, and potassium hydroxide at  an early stage of 
reaction had C=N absorption at  1640 cm-1. 

Reaction of Ethyl N-Benzylideneg1ycinate.-To a solution of 
KOH (5.61 g, 0.1 mol) and ethyl N-benzylideneglycinate (9.56 g, 
0.05 mol) in absolute ethanol (75 ml), there was added a solution 
of benzaldehyde (5.31 g, 0.05 mol) in absolute ethanol (25 ml). 
The mixture was allowed to stand a t  room temperature. A 
crystalline product was separated. Ethanol was decanted and 
the residual crystals were dissolved in a mixture of 2 N hydro- 
chloric acid (20 ml) and benzene (20 ml). The solution was 
concentrated under vacuum until all ethanol was removed. 
After neutralization with concentrated ammonia, crystalline 
phenylserine (2.52 g, 27%) was obtained, which was identified by 
ir and melting point with the authentic specimen. Phenylserine 
ethyl ester was separated from ethanol solution by means of tlc: 
vmax (KBr) 3450-3300 (NH2, OH), 1730 (C=O), 1210-1190 
[CC(=O)O], 750 and 700 cm-l (monosubstituted phenyl); 7 

(CDCla) 2.70 (m, aromatic H), 4.97 (s, OH, 1 H), 5.35 (d, CH, 

(9, CH, 1 H),  6.20 (d, CHz, 2H).  

1 H),  5.73 (d, CH, 1 H), 6.06 (9, CH2, 2 H), 7.24 (s, NHz, 2 H),  
9.24 (t, CHa, 3 H ) .  

Registry No.-Glycine, 56-40-6; benzaldehyde, 100-52-7; 
phenylserine, 1078-17-7; ethyl glycinate, 459-73-4; N-benzyl- 
ideneglycine ethyl ester, 40682-54-0 ; A'-benz ylidenemethylamine, 
622-29-7; N-benzylidene(2-phenyl-2-hydroxyethyl)amine, 25558- 
12-7; phenylserine ethyl ester, 40682-56-2. 
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The preparation and properties of 4,5-diphenyl-4-oxazolin-2-one (Ox) derivatives (1) of amino acids are 
described and these derivatives evaluated as protected intermediates in peptide synthesis. The Ox group -one 
of the few protecting groups which mask both hydrogens of a primary amino function-is unreactive undei the 
usual conditions used t o  remove protecting groups, but may be cleaved under mild reductive or oxidative condi- 
tions. The use of Ox protection for the €-amino group of lysine is described. 

The previously described properties of the 4,5- 
diphenyl-4-oxazolin-2-ones2 (1) have indicated the 
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potential of this heterocyclic system3 as a protecting 
group for primary amines, one of the few protecting 
groups which mask both hydrogens of a primary amine 
function. 

Compounds of this type are extremely stable and 
unreactive under a variety of rigorous conditions. 
Methods existed for the preparation of this cyclic 
system through the easily prepared benzoin urethanes. 
The oxazolinones are highly crystalline, yet reasonably 
soluble in organic solvents; because of the cis-stil- 
bene moiety present in the system, they are also 
highly fluorescent. Finally, possibilities existed for 

(1) Dedicated to  Professor Dr. Theodor Wieland on the occasion of his 

(2) J. C. Sheehan and F. Guziec, Jr . ,  J. Amer. Chem. Soc. ,  94, 6561 (1972). 
(3) Reviewed by R. Filler, "Advances in Heterocyclic Chemistry," Vol. 

60th birthday, June 5 ,  1973. 

IV,  Academic Press, New York, N. Y.,  1965, p 103. 

the removal of the protecting group under mild oxida. 
t'ive or reductive conditions. 

The proposed preparation of the 4,5-diphenyl-4- 
oxazolin-2-one (Ox) derivatives involved a two-step 
reaction sequence: the preparation of benzoin ure- 
thanes, followed by cyclization and simultaneous 
dehydration of the urethanes to  oxazolinones in an 
acid medium. 
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In  contzast t o  the usual met'hods of preparing ure- 
thanes, a novel method is available for the preparation 
of the benzoin urethanes. Treatment of benzoin 
with phosgene in the presence of N,N-dimethylaniline, 
followed by thermal cyclization of the intermediate, 
unstable chloroformat'e affords a cyclic unsaturated 
carbonate (4) in good yields4 Treatment of this 

(4) A minor by-product is desyl chloride, formed in a reaction analogous 
to  the thionyl chloride-pyridine chlorination of alcohols. This compound 
becomes the major product of the reaction unless N,N-dimethylaniline 
hydrochloride is removed prior to  the chloroformate cyclization. 
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TABLE I 
Ox AMINO ACID DERIVATIVES~ 

Registry no. .4mino acid Registry no! Yield? Mp,c oc Optical rotation, deg ( c ,  MeOH) 

56-40-6 GlY 40691-13-2 79 178-1 79 
77 202-204d (subl) [ a I z 6 D  - 3 1 . 5  (1 .02)  56-4 1-7 L-Ala 37628-69-2 

63-91-2 L-Phe 37628-66-3 84 196-197d (subl) [ a I z 6 D  -176 (1.02) 
72-18-4 L-Val 37628-67-4 75 234-236d (subl) [ a ] ' * D  -69 .3  (0 .99)  
61-90-5 L-Leu 407 19-38-8 85 203-204d [ a I z 6 D  -24 .6  (1 .02)  
73-32-5 L-Ile 40719-39-9 74 225-226d (subl) [ a I z 6 D  -44 .8  (1 .08)  
60-18-4 L-Tyr 407 19-40-2 70 198-202ddec [ a ] " D  -150 (1.00) 
63-68-3 L-Met 40719-41-3 82 168-169 [ C Y ] ~ ~ D  -51 .6  (1 .01)  

4071 9-34-4 L-Ser (DCHA salt) 40719-42-4 73 196-1986 dec [ a I z 4 D  - 4 . 3  (0 .97)  
56-85-9 L-Gln 50719-43-5 67 163.5-165' [ a I z 6 D  - 3 2 . 4  (1 .04)  

40719-35-5 CU-Z-L-LYS (DCHA 40719-44-6 82 147-14ge [ a l Z s D  $ 4 . 5  (1 .03)  
salt) 

a All compounds gave satisfactory elemental analyses. b Based on a single recrystallization. All melting points are uncorrected. 
f Recrystallized from acetone-water. d Recrystallized from ethyl acetate-pentane. 

Q Of Ox derivative. 
e Recrystallized from absolute ethanol-ether. 
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PhC-CHOH + COClz + PhNMez - PhC-CHOCC1 
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4 + RNH., - 2 * 3 

carbonate with a primary amine affords the benzoin 
urethane in high yield. 

Although urethanes of simple primary amines could 
be prepared without difficulty using the cyclic carbonate 
in organic solvents, the normal conditions of amino 
acid acylation in aqueous solvents led to  significant 
hydrolysis of the cyclic carbonate. The catalytic 
nature of this hydrolysis resulted in poor yields in the 
acylation reaction. The use of tetramethylammonium 
or l11,3,3-tetramethylguanidine salts of amino acids 
in anhydrous dimethylformamide, however, offered 
a reasonable alternative to aqueous systems. 

The tetramethylammonium salts of amino acids 
react with the cyclic carbonate to afford the benzoin 
urethanes in consistently high yields (70-85Oj,). The 
use of tetramethylguanidine as a base in the acylation, 
however, led to  high yields of the urethanes only when 
the amino acid salts were very soluble in dimethylform- 
amide. In  those cases where the amino acid salts were 
only moderately soluble, low yields of the urethanes were 
obtained due to the acylation of tetramethylguanidine 
by the cyclic carbonate. 

0 Ph 0 
/Ni\Tez 

Me2N 

C=KH + 4 + Phh-&HCdS=C 
\ 
/ 

MezN NMez 
\ 

5 

The benzoin urethanes prepared in the acylation 
reaction were obtained in two major isomeric forms. 
While the urethanes of glycine, L-alanine, and L- 
phenylalanine were always obtained as hydroxyoxa- 
zolidinone mixtures (3) [ir 1770-1750 cm-l; nmr 6 7.7-7.0 
(m, 10 H)], the urethanes of L-valine, L-leucine, 
L-isoleucine, and L-serine were obtained in either the 

hydroxyoxazolidinone form, or as the desyl urethanes 
(2) [ir 1735-1725cm-'; nmr 6 8.1-7.8 (m, 2H), 6 7.7-6.7 

Ph 

<OH 
0 Ph 0 
II I I1 

PhC-CHOCNHR G OKNR 

3 

(m, 8 H) 1, depending on the conditions of the acylation 
and work-up. Acylation or work-up conditions in- 
volving aqueous base led to the predominant formation 
of the desyl urethanes, while immediate acidification 
of an anhydrous acylation mixture led to the isolation 
of the urethane in the hydroxyoxazolidinone form. 
Because the dehydration of the hydroxyoxazolidinoncs 
to  oxazolinones occurs under conditions (trifluoro- 
acetic acid, 1-2 hr, quantitative yield) much milder 
than those required for the cyclization and dehydra- 
tion of desyl urethanesj5 the conditions favoring hy- 
droxyoxazolidinone formation were used in a general 
procedure for the preparation of oxazolinone derivatives 
of amino acids. The most convenient procedure for 
the synthesis of 4,5-diphenyl-4-oxazolin-2-one (Ox) 
derivatives of amino acids therefore involved the treat- 
ment of an amino acid tetramethylammonium salt 
in dimethylformamide at  room temperature with 1 
equiv of the cyclic carbonate, acidification and iso- 
lation of the resulting hydroxyoxazolidinone mixture, 
and dehydration of this mixture to the desired oxazo- 
linone in trifluoroacetic acid. Pure Ox derivatives 
of a variety of amino acids could be obtained in con- 
sistently high yields using this procedure (Table I). 
A single rccrystallization in each case afforded ana- 
lytically pure derivatives. 

0 O R  

( 5 )  M. Sarttone, J .  Ore. Chem., 31,  1989 (1966); K. Auivers and H. 
Mauss, Biochem. Z., 192, 200 (1928). 
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The Ox amino acids are generally high melting crys- 
talline solids. The infrared spectra of Ox deriva- 
tives typically exhibit an extremely intense band 
near 1750 cm-l and a band of moderate intensity 
near 1370 cm-’, characteristic of the oxazolinone car- 
bonyl.6a The nmr spectrum exhibits a characteristic 
pattern in the aromatic region, a broad singlet or mul- 
tiplet (5 H) near S 7.4 and a singlet (5 H) near S 7.2. 
The compounds show an intense absorption ( E  1.5 X 
lo4) in the ultraviolet near 287 nm (EtOH) and are 
extrcmely fluorescent upon irradiation with ultraviolet 
light [excitation (max) 312 nm, emission (max) 395 
nm], also characteristic of the 4,5-diphcnyl-4-oxazolin- 
2-0nes.~~ 

I n  an investigation of the stability of Ox derivatives 
under the normal conditions used in peptide synthesis, 
Ox-L-Ala was used as a model compound. This de- 
rivative was stable t o  aqueous sodium hydroxide (48 
hr at room tcmpcraturc), hydrazine (2 hr in refluxing 
ethanol), hydrogcn bromide in acetic acid (24 hr a t  
room temperature), trifluoroacetic acid (3 hr at re- 
flux), and anhydrous hydrogen fluoride (3 hr at  20”). 
In  each case recovered yields were greatcr than 95%, 
the compounds were homogencous on thin layer chro- 
matography, and melting point, spectra, and optical 
rotation remained unchanged. 

Although the Ox amino acid derivatives were found 
to be cxtremcly stable and unreactive under the normal 
conditions used t o  removc peptide protecting groups, 
two possible methods of rcmoval of the Ox protecting 
group werc evidcnt from the oxazolinonc structure. 
The 4,~-diphcnyl-4-oxazolin-2-ones could be con- 
sidcred “protectcd” N-carbobenzoxy-N-benzylamine 
derivatives; saturation of the doublc bond followed 
by clcavagc of thc bcnzyl urethanc and benzylamine 
bonds would free thc protectcd amine. Altcmatively, 
the vinyl oxygen, vinyl nitrogcn moieties of the ox- 
azolinone system could bc considercd as potential 
carbonyl functions. Oxidation of the oxazolinonc to 
a species equivalent to a dihydroxyoxazolidinone fol- 
lowed by solvolytic cleavage would also remove the 
protecting group. 

Ph Ph 

1-[ r e d u c t i o n  ‘HH OTNR]- r e d u c t i o n  

RNH, + CO, + PhCH2CH2Ph 

oxida t ion  [ OKNR 0 

hydrolys is  

RNH? + C02 + [PhCOCOPh] 

Low-pressure catalytic hydrogenation using 10% 
palladium-on-charcoal catalyst was found t o  be the 
most convenient method of removing thc Ox group. 
Quantitative yields were obtained in the cleavage 
rcaction when the hydrogenations wcre carried out 
in ethanol or dimcthylformamide containing an equi- 
valent of aqueous acid. In  no case could any inter- 

(6) (a) R. Gompper and H. Herlinger, Chem. Ber. ,  89, 2825 (1956); (b) 
R. Gompper and H. Herlinger, zbid., 89, 2816 (1956). 

mediate hydrogenation product be detected under 
these conditions, even when the hydrogenation was 
interrupted prior t o  completion, suggesting that the 
slow step in the hydrogenation reaction is the satura- 
tion of the oxazolinone double bond. Bibenzyl, the 
by-product from the reaction, did not interfere with 
the isolation or characterization of hydrogenation prod- 
ucts. When anhydrous solvents were used for the 
hydrogenation reaction, the cleavage mas relatively 
slow, and small amounts of by-products presumed 
to be 1,2-diphenylethyl derivatives could be detected 
by thin layer chromatography during the course of 
the hydrogenation. 

In an alternative reductive procedure the Ox group 
could be removed from amino acids using sodium in 
liquid ammonia. Crude products were homogeneous 
on thin layer chromatography; ion exchange desalt- 
ing afforded pure amino acids in greater than 70% 
isolated yield. The main by-product in the reduction 
was not bibenzyl, but an ether-insoluble material 
presumed t o  be a bibenzyl polymer. 

Although oxidative removal of amine protecting 
groups has bcen limited due to the ready oxidation 
of a number of amino acids, an amine protecting group 
removed under very mild oxidative conditions would 
be very useful in peptide synthesis.’ Oxidation of 
the Ox group with 2 equiv of m-chloroperbenzoic 
acid in trifluoroacetic acid cleaves the protecting group 
in 85% yield. When 1 equiv of the oxidizing agent 
was used, 52% cleavage of the protccting group was 
observed along with 4oyO recovered starting material. 
Although these oxidativc conditions are too vigorous 
for general usc with sensitivc amino acids, it is possible 
that appropriately substituted oxazolinone groups 
will allow oxidativc cleavage under conditions suffi- 
ciently mild to be generally useful in peptide synthesis. 

Model Ox peptidc derivatives could be prepared in 
good yield using the water-soluble carbodiimide, 1- 
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro- 
chloride. In  contrast t o  the Ox amino acids which 
are generally highly crystalline compounds, the OX 
peptide derivatives often are difficult t o  crystallize 
even when pure. Cleavage of the protecting group 
followed by hydrolysis afforded pure peptides in good 
yield. No racemization in peptide couplings could 
be observed at  the 1% level using the “t\vo-spot” 
chromatographic method for determination of peptide 
diastereomerse8 

Alkaline hydrolysis of &-Ox dipeptide esters was 
hampered by simultaneous hydantoin formation. Al- 
though hydantoin formation has been noted in the 
alkaline hydrolysis of other protected peptide esters,$ 
the catalytic nature of the formation of the desyl 
hydantoin limits the usefulness of Ox protection 

0 R 

0 NCHCNHCHCOEt - Kill I l l  PhO [ 
CHRC0,- o R O  R O  

(7) M. Bodanszky and M. Ondetti, “Peptide Synthesis,” Interscience. 
Nem York, N. Y. ,  1966, p 32. 

( 8 )  E.  Tasohner, 8. Chimiak, J. Biernat, T. Solokowska, Ca. Wasielewski, 
and B. Rzesaotarksa, “Proceedings of the Fifth European Peptide Sympo- 
sium, Oxford, 1962,” PergamonPress, Oxford, 1963, p 109. 

(9) J. MacLaren, Aust. J .  Chem., 11, 360 (1968). 



4,5-DIPHENYL-4-OXAZOLIN-2-ONE GROUP J .  Org. Chem., Vol. 38, No.  17, 1973 3037 

for a-amino groups in conjunction with protecting 
groups cleaved with aqueous alkali. 

Because the Ox group is extremely stable under 
conditions used to remove most protecting groups, and 
because of its fluorescent properties, the protecting 
group was potentially useful for the protection of the 
€-amino function of L-lysine. To investigate this 
possibility the a-carbobenzoxy-~-(4,5-diphenyl-4-oxa- 
zolin-2-one) derivative of L-lysine (6) was prepared from 
a-carbobenzoxy-L-lysine in good yield according t o  the 
general procedure. This compound could be selectively 
hydrogenated to e-(4,5-diphenyl-4-oxazolin-2-one)-~- 
lysine (7), a potentially useful intermediate for the 

€-Ox 
I II?-Pd/C 

WZ-L-LYS + o~-Z-L-L~SO -DCHA+ - ~-OX-L-L~S 
6 7 

GlyOEt HC1 
water-soluble carbodiimide 

€-ox 
1. YaOH, H +  

2. dicyclohexylamine 

I 
L-Lis-Gly OEt. HBr .f- a-z-L-Lis-Glyom - €-Ox 

8 
€-Ox 

I 
a-Z-~-Lys-GlyO -DCHA+ 

2 = carbobenzoxy 

preparation of €-OX peptide derivatives. The di- 
protected lysine derivatives could be coupled with- 
out difficulty and either the carbobenzoxy or ester 
groups removed in excellent yield in the presence of 
Ox protection. Cleavage of the protecting groups 
under the usual conditions afforded L-lysylglycine 
hydrochloride in excellent yield. 

Experimental Section 
General.-Melting points were determined on a Fisher-Johns 

apparatus and are uncorrected. Infrared spectra were recorded 
on a Perkin-Elmer 237 spectrophotometer. Xuclear magnetic 
resonance spectra were recorded on a Varian T-60 instrument 
using tetramethylsilane or sodium 2,2-dimethyl-2-silapentane-5- 
sulfonate as an internal standard. Ultraviolet spectra were de- 
termined on a Cary Model 14 spectrophotometer. Optical 
rotations were measured at 546 and 578 nin on a Zeiss photoelec- 
tric precision polarimeter and [OI]D calculated in the usual man- 
ner. Elemental analyses were performed by Galbraith Labora- 
tories. 

Water-immiscible extracts were washed with saturated NaCl 
and dried over NazSO4. Benzene was dried over sodium wire. 
N,N-Dimethylaniline was distilled at  reduced pressure from a 
mixture with 2% acetic anhydride, and triethylamine distilled 
from a mixture with 2% phenyl isocyanate. Thin layer chroma- 
tography was performed on fluorescent Baker-Flex silica gel 
1B-F plates using the following solvent system: (A)  absolute 
ether; (B) 95% ethanol; (C) 1-butanol-acetic acid-water 
(3 : l : l  v/v); (D) pyridine-1-butanol-water (1:2:2 v/v upper 
phase). Reduced pressure evaporations were performed on a 
rotary evaporator. Reactions were run a t  25' unless other- 
wise stated. Typical spectra are reported; all compounds gave 
satisfactory spectral data. 

l,Z-Diphenyl-1,2-ethenediol Cyclic Carbonate (4).-1nto a 
cooled ( 5 " )  200-ml three-necked flask, equipped with Dry Ice- 
acetone condenser, gas-inlet tube, pressure-equalizing dropping 
funnel, and magnetic stirrer, and charged with a well-stirred 
suspension of 17.0 g (80 mmol) of benzoin in 100 ml of dry ben- 
zene, was distilled 6.4 ml (88 mmol) of liquefied phosgene. To 
the resulting mixture was added dropwise, over 30 min, 10.2 ml 
(80 mmol) of distilled N,N-dimethylaniline. The mixture 
slowly was allowed to come to room temperature, stoppered, and 
stirred in a room temperature water bath overnight. After 
cooling for a short time in an ice bath, the mixture was filtered 
from N,N-dimethylaniline hydrochloride and the hydrochloride 

washed with 20 ml of cold benzene. The combined benzene 
solutions were refluxed 3 hr, cooled to room temperature, con- 
secutively washed with 60 ml 0.5 N HC1 and 60 ml water, and 
dried. Removal of solvent under reduced pressure gave a pale 
yellow oil which crystallized from a minimum of warm 9,573 
ethanol upon scratching. The crude carbonate was recrystal- 
lized from ethanol, affording 12.5 g (66%) of the cyclic carbonate: 
mp 75-76'; ir (CCla) 1870, 1840 (sh), 1820 cm-l; nmr (CCl4) 
6 7.45 (m); mass spectrum molecular ion m/e 238. A 0.5-mol 
scale reaction required mechanical stirring; 400 ml of dry 
benzene was used and N,N-dimethylaniline added over 1 hr. 
The per cent yield was comparable to the small-scale reaction. 
The pure cyclic carbonate is stable indefinitely a t  room tempera- 
ture. 

Anal. Calcd. for ClaHloOa: C, 75.62; H,  4.23. Found: 
C, 75.62; H,  4.09. 

A small amount of desyl chloride generally contaminates the 
crude isolated carbonate: mp 66-67' [lit.lo 66-67']; ir (CCla) 
170.5, 1690 cm-l; nmr (CCla) 6 8.07 (d, 1 H), 7.94 (d, 1 H),  
7.61-7.24 (m, 8 H),  6.14 (s, 1 H). This by-product occasionally 
becomes the main product of the reaction unless N,N-dimethyl- 
aniline hydrochloride is removed from the mixture prior to re- 
fluxing. 
4,5-Dipheny1-4-oxazolin-Z-one Derivative of L-Phenylalanine,ll 

Ox-L-Phe. General Procedure.-A mixture of 3.30 g (20 mmol) 
of L-phenylalanine and 6.52 g (20 mmol) of tetramethylam- 
monium hydroxide solution (Aldrich, 27.9% in methanol, by 
titration) was evaporated on a rotary evaporator under reduced 
pressure. The residual oil was twice taken up in absolute 
ethanol (20 ml) and solvent removed under reduced pressure, 
yielding the amino acid tetramethylammonium salt as a colorless 
solid. The salt was taken up in 20 ml of dimethylformamide 
and the stirred suspension treated with 4.76 (20 mmol) of 1,2- 
diphenyl-1,2-ethenediol cyclic carbonate, giving an intense 
yellow color which rapidly faded. At 30 min the mixture was 
acidified with 20 ml 2 S HCl, diluted with 100 ml of ethyl 
acetate, washed with water (3 X 75 ml), and dried. Removal of 
solvent under reduced pressure afforded the hydroxyoxaxoli- 
dinone as a pale yellow foam. 

The foam was taken up in 20 ml of trifluoroacetic acid and 
allowed to stand 2 hr a t  room temperature, a t  which time most 
of the trifluoroacetic acid was removed at  room temperature 
under reduced pressure. The residue was taken up in 75 ml of 
methylene chloride, washed with water (3 X 30 ml), and dried. 
Removal of solvent under reduced pressure afforded a colorless 
fluorescent solid which was recrystallized from ethyl acetate- 
pentane, yielding 6.43 g (84%) of the oxaxolinone derivative as 
colorless crystals: mp 196-197' (sublimes); ir (KBr) 1755, 
1710, 1380 cm-1; nmr (CI)C14) 6 11.03 (s, 1 H) ,  7.46-6.59 (m, 
13 H), 4.33-3.14 (in, 3 H); [oc]~'D -176" (c 1.02, MeOH); 
uv (95% EtOH) Xmax 286 nm (e 1.5 X 10); fluorescence spectrum 
(absolute EtOH) excitation (max) 312 nm, emission (max) 
392 nm (at 312 nm). 

Anal. Calcd. for CWHI~NOL: C. 74.79: H ,  4.97; N,  3.63. 
Found: 

a-Phenylphenacyl [Bis( dimethylamino)methylene] carbamate 
(5).-To a stirred solution of 2.4 g (10 mmol) of 1,2-diphenyl- 
1,2-ethenediol cyclic carbonate (4) in 30 ml of dimethyl sulfoxide 
was added 1.2 g (10 mmol) of distilled 1,1,3,3-tetramethyl- 
guanidine. After stirring for 1 hr, the reaction mixture was 
diluted with 70 ml of ethyl acetate, washed with water (3 X 
35 ml), and dried. Removal of solvent under reduced pressure 
and recrystallization of the colorless solid residue from carbon 
tetrachloride afforded 2.2 g (61'%) of 5 as colorless crystals: 
mp 117-119"; ir (KBr) 1690, 1685 (sh), 1650, 1640 (sh) cm-l; 
nmr (CDCla) 8 8.13 (d, 1 H),  8.02 (d, 1 H),  7.72-7.23 (m, 8 H),  
6.73 (s, 1 H),  2.84 (s, 12 H). An analytical sample melted at  
118-119'. The yield of 5 was 50% using dimethylformamide 

C, 75.07; H,i.O6; N, 3.40. 

as a solvent. 

Found: C,  68.03: H ,  6.59: N ,  12.00. 
Anal. Calcd for C2oH23T\T303: C, 67.97; H,  6..36; N, 11.89. 

4,5-Diphenyl-4-oxazolin-2-one Derivative of 2-Phenethyl- 
amine.-To a stirred solution of 6.1 g (50 mmol) of 2-phenethyl- 
amine in 40 ml of dimethylformamide was added 11.9 g (50 mmol) 
of 1,2-dipheny1-1,2-ethenediol cyclic carbonate (4). After 1 hr 

(10) A. Ward, "Organic Syntheses," Collect. Vol. 11, Wiley, New York, 

(1 1) Alternatively, N-carboxy-N-(Z-hydroxy-l,Z-diphenylvinyl)-L-phenyl- 
N. Y. ,  1959, p 159. 

alanine r-lactone. 
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the solution was diluted with 75 ml of ethyl acetate, consecu- 
tively washed with 40 ml of 0.5 S HC1 and 80 ml of distilled 
water, and dried. After removal of solvent under reduced pres- 
sure, the residual yellow oil was taken up in 50 ml of trifluoro- 
acetic acid and allowed to stand 2 hr. After removal of most 
of the solvent under reduced pressure at  room temperature, the 
residue was taken up in 125 ml of methylene chloride, consecu- 
tively washed with water (2 X 50 ml) and 0.5 S NaOH (30 ml), 
and dried. Removal of solvent under reduced pressure and 
trituration of the residual oil with petroleum ether afforded a 
slightly yellow solid which was recrystallized from 95% ethanol, 
affording 13.5 g (797,) of the oxazolinone as colorless plates: 
mp 121-122"; ir (CHC1,) 1735, 1355 cni-l; nmr (CDCla) 6 
7.55-6.83 (m, 15 H ) ,  3.64 (m, 2 H) ,  2.78 (m, 2 H) ;  uv (95% 
EtOH) XmSx 288 nm (e 1.5 X lo4);  fluorescence spectrum 
(absolute EtOH) excitation (max) 316 nm, emission (max) 399 
nm (at 316 nm). An analytical sample melted at 123.5-124.5'. 

Anal. Calcd for C23Hl~N02: C, 80.91; H,  5.61; N, 4.10. 
Found: C, 81.16; H ,  5.61; X, 3.92. 

Investigation of the Stability of 4,5-Diphenyl-4-oxazolin-2-one 
Derivatives. A.  In 1 14' Na0H.-A solution of 618 mg of 
(2 mmol) Ox-L-Ala was dissolved in 10 ml of 1 X NaOH and 
allowed to stand at room temperature for 48 hr. The mixture 
was acidified with 8 ml of 2 Ar HCl and extracted with ethyl 
acetate (3 X 10 ml); the combined extracts were dried. Re- 
moval of solvent under reduced pressure afforded 610 mg (99%) 
of the starting oxazolinone, mp 201-202", [ a l z 6 D  -31.6' (c 
1.03, NeOH). The infrared spectrum was identical with the 
starting material's, spectrum and a single spot was observed on 
thin layer chromatography (B, C, D) .  

Upon Treatment with Hydrazine.-A solution of 618 mg 
(2 mmol) of Ox-L-Ala and 400 mg (8 mmol) of hydrazine hydrate 
in 20 ml of 95% ethanol was refluxed for 2 hr. The colorless 
mixture was cooled to room temperature, most of the ethanol 
removed under reduced pressure, the residue taken up in a 
mixture of 25 ml of ether and 20 ml of 1 N HC1, and the ether 
layer washed with 20 ml of 0.5 S HCl and dried. Removal of 
the solvent under reduced pressure afforded 589 mg (9570) of 
the starting oxazolinone as a colorless solid which turned slightly 
yellow on standing, mp 201-203", [CY] 2 6 ~  -30.0" (c 0.88, RIeOH). 
The material was homogeneous on tlc and had an infrared spec- 
trum identical with that of the starting material. 

C. Upon Treatment with Mineral Acids.--A solution of 
618 mg (2 mmol) of Ox-L-Ala in 15 g of 45% HBr in acetic acid 
was stirred overnight at room temperature, protected by a cal- 
cium chloride drying tube. The mixture was diluted with 150 
ml of absolute ether and cooled to 0" for 1 hr. When no cloudi- 
ness appeared, the mixture was washed with water (3 X 100 ml) 
and dried; the solvent was removed under reduced pressure, 
yielding 583 mg (94y0) of the starting oxazolinone as a slightly 
yellow solid, mp 202-203", [cY]*'D -31.9' (c 0.97, MeOH), 
homogeneous on tlc, and with unchanged infrared spectrum. 

In Refluxing Trifluoroacetic Acid.-A solution of 618 mg 
(2 mmol) of Ox-L-Ala in 5 ml of trifluoroacetic acid was refluxed 
3 hr, protected by a drying tube. The colorless solution was 
cooled, the solvent removed under reduced pressure, and the 
residual oil triturated with ethyl acetate-petroleum ether afford- 
ing GO7 mg (98%) of the oxazolinone as colorless crystals, mp 
202-203", [CY]"D -31.6' (c 0.97, NeOH), homogeneous on tlc, 
and with unchanged infrared spectrum. 

In Anhydrous Liquid Hydrogen Fluoride.-A solution of 
309 mg (1 mmol) of Ox-L-Ala in 15 ml of liquid hydrogen fluoride 
was stirred for 2 hr at 20" in a polypropylene reaction vessel, 
a t  which time the colorless solution was allowed to evaporate a t  
room temperature, affording colorless crystals of the oxazolinone. 
This residue was taken up in 20 ml of ether, washed with water 
(2 X 20 ml), and dried. Removal of the solvent under reduced 
pressure afforded 294 mg (95%) of the starting oxazolinone, mp 
201-203', [ c Y ] ~ ~ D  -31.7' (c 0.91, MeOH), homogeneous on tlc, 
and with unchanged infrared spectrum. 

Removal of the 4,5-Diphenyl-4-oxazolin-2-one Group. A. 
By Hydrogenation.-A mixture of 100 mg of 107, palladium on 
charcoal moistened with 1.00 ml of 2 N HC1 and 618 mg (2 
mmol) of Ox-L-Ala in 20 ml of absolute ethanol was hydro- 
genated overnight in a low-pressure hydrogenation apparatus 
(reaction vessel thoroughly cleaned with warm nitric acid) a t  
35 psi. When no fluorescent material was noted on thin layer 
chromatography (B,C,DL_ the mixture was filtered through 
Celite, the Celite washed with a small amount of 95% ethanol, 
and the filtrate evaporated under reduced pressure. The residue 

B. 

D. 

E. 

was taken up in a minimum of absolute ethanol and absolute 
ether added to precipitate L-alanine hydrochloride: 238 mg 
(95%); ir (KBr) 1730 (sh), 1720; nmr (D20) 6 4.17 (q, 2 H),  
1.58 (d, 3 H ) .  The hydrochloride was converted into the free 
amino acid either by ion-exchange desalting on a 50W-X8 
column or by treating a warm solution of the hydrochloride in 
absolute ethanol with excess pyridine and cooling. The result- 
ing amino acid was chromatographically pure (B,C,D) and was 
identical with authentic L-alanine (ir, nmr, optical rotation). 

Evaporation of the ethanol-ether filtrate, trituration of the 
residual oil with a small amount of warm 95% ethanol, and cool- 
ing afforded 336 mg (92%) of bibenzyl as colorless crystals: 
mp 51.542' [lit.l2 52'1; ir (CHCl,) 1600 cm-1; nrnr (CCla) 
6 7.09 (s, 10 H),  2.82 (s, 4 H).  Hydrogenations also proceeded 
without difficulty using purified dimethylformamide with a 
slight excess of aqueous acid as a solvent. 

By Sodium in Liquid Ammonia Reduction.-To a solution 
of 927 mg (3 mmol) of Ox-L-Ala in 100 ml of liquid ammonia 
(redistilled from sodium) was added, in small portions, metallic 
sodium (ca. 520 mg, 23 mmol) until a distinct blue color persisted 
for 1 min. The excess sodium was destroyed by addition of 
solid NHdCl, and the ammonia allowed to evaporate at room 
temperature. The solid residue was taken up in a mixture of 
30 ml of ether and 30 ml of 0.5 il; HCl; a slightly yellow residue 
remained. The aqueous extract was separated and exhibited a 
single ninhydrin active spot on tlc (B,C,D). Ion-exchange de- 
salting afforded 201 mg (75%) of L-alanine as a colorless solid, 
identical with authentic L-alanine (ir, optical rotation, homo- 
geneous on tlc). The yellow residue from the reduction ex- 
hibited an intense, very broad, infrared absorption near 1590 
cm-l (film deposited with CHC13). 

By Oxidation.-To a solution of 1.36 g (4.0 mmol) of the 
Ox derivative of 2-phenethylamine in a mixture of 1.00 g (8.8 
mmol) of trifluoroacetic acid and 10 ml of methylene chloride 
was added dropwise over 10 min 0.75 g (4.0 mmol) of m-chloro- 
perbenzoic acid (92Y0 by titration)13 in 20 ml of methylene chlo- 
ride, and the reaction was allowed to  proceed overnight. The 
mixture, negative to KI-starch, was evaporated to dryness 
under reduced pressure, and the residue taken up in 8 ml of 1 N 
ethanolic HC1. Upon addition of absolute ether a colorless solid 
separated. Filtration afforded 0.25 g (52%) of phenethylamine 
hydrochloride, ir (KBr) 1600, 1480 (sh), 1415, 1455 cm-l (identi- 
cal with the authentic hydrochloride). The filtrate was evapo- 
rated to dryness under reduced pressure, the residue taken up 
in 25 ml of ether, washed with 0.5 M NaHC03, and dried, and 
the solvent removed under reduced pressure. Crystallization 
of the residue from ethanol-water with seeding afforded 0.54 
g (407,) of the starting oxazolinone, mp 120-122'. 

Oxidation of Ox-L-Ala (1.54 g, 5 mmol) with a twofold excess 
of the peracid in 10 ml of trifluoroacetic acid and similar work-up 
afforded 0.54 g (8570) of the amino acid, isolated as the hydro- 
chloride. 

Attempted oxidations without added trifluoroacetic acid led 
to mixtures of amine oxidation products. 

The Coupling of 4,5-Diphenyl-4-oxazolin-2-one Derivatives of 
Amino Acids, Ox-L-Ala-Gly-0Et.-To a cooled (0 ' )  stirred 
mixture of Ox-L-Ala (2.78 g, 10 mmol), glycine ethyl ester hydro- 
chloride (1.40 g, 10 mmol), and purified triethylamine (1.40 g, 
10 mmol) in 30 ml of methylene chloride was added l-ethyl-3- 
(3-dimethylaminopropyl) carbodiimide hydr~chloride'~ (1.92 g, 
10 mmol). The mixture was stirred at  0' for 1 hr and allowed 
to come to room temperature over 2 hr. The solvent was re- 
moved under reduced pressure, and the residue taken up in a 
mixture of 30 ml of ethyl acetate and 30 ml of water. The or- 
ganic layer was consecutively washed with excess, 1 N HCI, 
water, 0.5 S KaHC03, and water, and dried. Removal of 
solvent under reduced pressure yielded a colorless oil which was 
crystallized from ethyl acetate-pentane, affording the protected 
dipeptide as colorless plates: 3.17 g (8170), mp 129.5-130'; 
ir (CHC13) 1750, 1735 (sh), 1680, 1385 cm-l; nmr (CDCls) 
6 7.52 (9, 5 H), 7.47 (br s, 1 H) ,  7.23 ( s ,  5 H),  4.51-4.02 (m, 
5 H), 1.58 (d, 3 H),  1.24 (t, 3 H); [ c Y ] ~ ~ D  $3.4' (c 0.99, MeOH). 

Anal. Calcd for C22H22N20;: C, 66.99; H ,  5.62; N ,  7.10. 

B. 

C. 

Found: C, 67.16; H, 5.66; N, 6.92. 

(12) R. Shriner and R.  Fuson, "The Systematic Identlfication of Organic 

(13) D. Swern, "Organic Peroxides," Vol. 1, Wiley-Interscience, New 

(14) 3. C. Sheehanand P. Cruickshank, OW. Sun., 48, 83 (1968). 

Compounds," Wiley, New York, N. Y., 1964, p 358. 

York, N. Y., 1970, p 498. 
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The following were prepared analogously. 
1. Ox-Val-L-Val-0Me.-Recrystallization from ether-pen- 

tane (seeded with material which spontaneously crystallized) 
afforded the protected compound as colorless crystals in 75% 
yield: mp 67-88'; ir (KBr) 1735, 1715 (sh), 1675, 1360 cm-1; 
the nmr was consistent with the proposed structure. 

Anal. Calcd for Cz6HaoNzOs: C, 69.31; H,  6.71; N, 6.22. 
Found: 
2. Ox-L-Phe-Gly-0Et.-The compound was obtained as a 

colorless foam in 82% yield: ir (CCL) 1755, 1730 (sh), 1680, 
1375, 1365 cm-1; the nmr was consistent with the proposed 
structure; the compound was homogeneous on tlc (A,B). 

3.  Ox-L-Phe-L-Val-0Me.-The compound was obtained as 
a colorless foam in 84% yield: ir (CCL) 1760, 1740, 1680, 1360 
crn-l; the nmr was consistent with the proposed structure; 
the compound was homogeneous on tlc (A,B). 
4. Ox-L-Ser-L-Ser-0Me.-The compound was obtained as 

a colorless oil in 80% yield: ir (CHCl,) 1745, 1725 (sh), 1690, 
1370 cm-I; the nmr was consistent with the proposed structure; 
the compound was homogeneous on tlc (A,B,C). 

Alkaline Hydrolysis of Ox Dipeptide Derivatives.-To a solu- 
tion of 1.97 g (5 mmol) of Ox-L-Ala-Gly-OEt in 25 ml of dioxane 
(distilled from LiAlH4) was added 5.5 ml of 1.0 N NaOH. The 
solution immediately turned bright yellow. After 1 hr the 
mixture was diluted with 100 ml of water and extracted with 
ether (3 X 25 ml); the aqueous solution was acidified to pH 1 
with 2 N HCl. Extraction with ether (3 X 30 ml), drying, and 
solvent removal afforded a yellow oil: ir (CHCla) 1770, 1745, 
1720 cm-1; nmr (CI)Cla) 6 8.2-7.8 (m, 2 H), 7.6-7.2 (m, 8 H), 
6.9 (d, 1 H), 4.7-4.3 (m, 2 H), 1.8-0.7 (m, 3 H);  consistent 
with a desyl hydantoin structure. 

Removal of the Protecting Group from Peptide Esters. L- 
Valyl-L-valine.-A mixture of 1.8 g (4 mmol) of Ox-L-Val-L- 
Val-OMe in 45 ml of absolute methanol, and 400 mg of 10% 
palladium on charcoal moistened with 2.0 ml of 2.0 iV HCl was 
hydrogenated a t  30 psi overnight. The mixture was filtered 
through Celite, 10 ml of 1 N NaOH added, and the solution 
allowed to stand 30 min at  room temperature. Removal of 
methanol under reduced pressure, extraction with ether (3 X 
5 ml), and desalting of the aqueous solution on IRC-50 ("a+) 
and 50 W-X8 (H+) columns followed by removal of water under 
reduced pressure afforded the crude peptide as a colorless solid. 
Recrystallization from aqueous acetone afforded 0.71 g (82%) 
of the peptide as colorless crystals: mp 271-274' dec [lit.': 
250-260"]; [ a j Z 6 D  +14.9' ( ~ 0 . 9 8 ,  1 N HCl) [lit.15 [a lZoD +15.1" 
(c 1.0, 1 N HCl)] ; homogeneous on tlc (C,D). 

The following were prepared analogously. 
1. L-Alanylglycine.-Recrystallization from water-ethanol 

afforded colorless crystals of the peptide in 86% yield mp 230- 
231' dec [lit.lO 230-231.5' dec]; [aIa4D +50.7" (c 2.03, HzO) 
\lit.18 [U]~'D +50.5" (c 2.0, HzO)]; homogeneous on tlc (C,D). 
2. L-Phenylalanylglycine.-Recrystallization from water- 

acetone afforded slightly yellow crystals of the peptide in 76% 
yield: mp 255-261' [lit.16 258-262'1; [ a I z 6 ~  $95.2' (c 2.0, 
HzO) [lit.15 [a] 2 0 ~  $99.8' (c 2.0, HzO)]. 
3. L-Phenylalanyl-L-valine.-Recrystallization from water- 

acetone afforded colorless crystals of the peptide in 83% yield: 
mp 260-262' dec [lit." 256-258'1; [ a l z 5 ~  +16.8" (c 1.0, 1 N 
HCl) [lit." [ c u ] ~ ~ D  +16.8" (c 1.0, 1 Ai HCl)]. 

Test for Racemization. The "Two-Spot Method."B-Two 
samples of 1,-phenylalanyl-L-valine, prepared in the usual 
manner using the water-soluble carbodiimide and either Ox or 
carbobenzoxy amine protection, and a sample consisting of the 
LL and DL peptides prepared from DL-carbobenzoxyphenylalanine 
in the usual manner were chromatographed on Whatman No. 1 
chromatography paper using two solvent systems: SI, ethyl 
acetate-pyridine-acetic acid-water (5: 5: 1 : 3), and Sz, pyridine- 
water (4: l ) .  The spots were visualized with ninhydrin. The 
LL-dipeptides gave single spots in each solvent system (SI, Rr 
0.87; SZ, Rr 0.68) even when 100-pg samples were chromato- 
graphed (slight tailing). A 2-pg sample of the diastereomeric 
mixture exhibited a double spot (SI, RI 0.87, 0.75; Sz, Rf 0.68, 
0.57) suggesting that less than 1% racemization occurred upon 
coupling of the Ox group using water-soluble carbodiimide. 

C, 69.14; H, 6.77; N, 5.97. 

(15) D. Stevenson and G. Young, J. Chem. SOC. C,  2389 (1969). 
(16) F. Stewart, Aust. J. Chem., 19, 1067 (1966). 
(17) E. Schnabel, H. Klustermeyer, J. Dahlmans, and H. Zahn, Justus 

Liebigs  Ann. Chem., 707,227 (1967). 

e-(4,5-Diphenyl-4-oxazolin-2-one) Derivative of a-Carbobenz- 
oxy-L-lysine Dicyclohexylammonium Salt, e-Ox-a-Z-~-Lys. 
DCHA (6).-The compound was prepared according to the gen- 
eral procedure on a 30-mmol scale from a-carbobenzoxy-L-lysine,ls 
yielding a colorless oil which could not be crystallized. The oil 
was taken up in 10 ml of warm absolute ethanol and treated 
with 5.43 g (30 mmol) of dicyclohexylamine in 20 ml of absolute 
ether. Absolute ether was added until the solution grew cloudy, 
and the mixture was scratched until the salt crystallized. Cry- 
stallization in two crops afforded 16.7 g (81.670) as colorless 
fluorescent rosettes: mp 147-149"; ir (KBr) 1745, 1700, 1625, 
1370 cm-l; nmr (CDCla) 6 7.57 (m, 5 H) ,  7.40 (s, 5 H), 7.27 
(s, 5 H), 5.75 (d, 1 H),  5.13 (s, 2 H),  4.09-3.68 (m, 1 H),  3.58- 
2.57 (m, 4 H), 2.15-0.76 (m, 28 H); [cY]~*D +4.5' (c 1.08, 
MeOH). An analyticalsamplemeltedat 151-152O, [a]26~ f4.5' 
(c 1.03, MeOH). 

Anal. Calcd for CalH&z06: C, 75.22; H,  7.54; N, 6.16. 
Found: 
e-(4,5-Diphenyl-4-oxazolin-2-one) Derivative of L-Lysine 

Hydrate, E-OX-L-LYS. HsO (7).-A solution of 1.366 g (2 mmol) 
of S-OX-CY-Z-L-LYS. DCHA ( 6 )  was hydrogenated at  atmospheric 
pressure in 50 ml of 98% ethanol containing 1 ml of acetic acid 
using 137 mg of 10% palladium-on-charcoal catalyst. At  1.5 
hr tlc (B,C) indicated a single fluorescent spot, which was nin- 
hydrin active. The mixture was filtered through Celite (Celite 
washed with small amount of 95% ethanol) and the solvent re- 
moved under reduced pressure yielding a colorless oil which 
crystallized under trituration with ethanol-water. The solid 
was dissolved in 20 ml of 2 N NHaOH and extracted with ethyl 
acetate (3 X 10 ml), the aqueous solution evaporated under re- 
duced pressure, and the colorless residue recrystallized from 
ethanol-water in two crops, affording 707 mg (92.5%) ~-OX-L- 
Lys.Hz0 (7): mp 172-174" dec; ir (KBr) 1745, 1730 (sh), 
1630 cm-l; nmr (TFA) 6 7.62 (m, 5 H),  7.49 (br s, 5 H),  7.33 
(s, 5 H) ,  4.68-4.21 (m, 1 H), 4.02-3.44 (m, 2 H),  2.46-2.0 (m, 

Anal. Calcd for C21H24N206: C, 65.61; H,  6.29; N, 7.29. 

~-Carbobenzoxy-t-(4,5-diphenyl-4-oxazolin-2-one)-~-lysylgly 

C, 72.31; H,  7.60; N, 6.20. 

2 H), 2.0-1.36 (m, 4 H) ;  [orIz6D +11.8' ( ~ 0 . 9 6 ,  1 N HC1). 

Found: C, 65.71; H,  6.08; N,  7.14. 

cine Ethyl Ester, a - Z - ~ - O ~ - ~ - L ~ ~ - G l y - O E t  (8).-A mixture of 
finely powdered ~-carbobenzoxy-~-(4,5-diphenyl-4-oxazolin-2- 
one)-L-lysine dicyclohexylammonium salt (6) (6.82 g, 10 mmol), 
30 m14 N HC1, and 30 ml of ethyl acetate was vigorously shaken 
in a separatory funnel until homogeneous. The organic phase 
was dried and evaporated under reduced pressure and the cou- 
pling performed as usual using the water-soluble carbodiimide. 
Recrystallization of the oily residue from ethyl acetate-pentane 
in two crops afforded 4.7 g (80%) of the protected peptide ester 
as colorless crystals: mp 112-113'; ir (KBr) 1740, 1725 (sh), 
1715 (sh), 1680, 1640 cm-I; nmr (CDCla) 6 7.44 (m, 5 H), 7.33 
(s, 5 H) ,  7.23 ( s ,  5 H) ,  6.82 (t, 1 H),  5.62 (d, 1 H),  5.08 (s, 2 H),  
4.35-3.87 (m, 5 H),  3.43 (m, 2 H),  2.00-1.08 (m, 9 H); [a]"D 
-9.1' (c 0.99, MeOH). 

Anal. Calcd for CgH3&E07: C, 67.68; H ,  6.02; N, 7.18. 
Found: 

~-Carbobenzoxy-e-(4,5-diphenyl-4-oxazolin-2-one)-~-lysylgly- 
cine Dicyclohexylammonium Salt .-Hydrolysis of crude 8 
in dioxane with 1 N NaOH in the usual manner afforded a color- 
less oil which could not be crystallized. The oil was taken up in 
a minimum of warm absolute ethanol and treated with 1.6 g 
of dicyclohexylamine in 20 ml of absolute ether; ether was 
added until the mixture turned cloudy. The salt crystallized 
in two crops totaling 2.5 g (68% overall), as colorless crystals: 
mp 146-148'; ir (KBr) 1745, 1715, 1665 (sh), 1630 crn-'; 
nmr consistent with proposed structure; [a]"D -8.2" (c 1.02, 
MeOH ) . 

Anal. Calcd for Ca3Ha4N407: C, 69.90; H,  7.37; N, 7.58. 
Found: 

e-Ox-L-Lys-Gly-OEt HBr.-Treatment of 1.17 g (2 mmol) of 
8 with 5 ml of 45y0 hydrogen bromide in acetic acid over 2 hr 
followed by addition of absolute ether (60 ml) afforded the crude 
hydrobromide as a hygroscopic, slightly yellow gum: ir (CHC13) 
1740, 1690, 1375 cm-1; nmr consistent with the proposed struc- 
ture 

L-Lysylglycine Hydrochloride.-Hydrogenation of a crude 
a-carbobenzoxy-e-(4,5-diphenyl-4-oxazolin-2-one) - L -1ysylglycine 

C, 67.48; H ,  6.03; N, 7.08. 

C, 69.76; H, 7.29; N,  7.42. 

(18) B. Bezas and L. Zervas, J .  Amer. Chem. SOC., 88, 719 (1961). 
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(551 mg, I inmol) in 20 ml of dimethylformamide containing 
1.1 ml of 2 N HC1 over 100 mg of 10% palladium-on-charcoal 
catalyst, filtration through Celite, and removal of solvent under 
reduced pressure afforded a colorless solid which was treated 
with 3 in1 of 1 N ethanolic HCl, and filtered. The filtrate was 
immediately treated with 5 ml of pyridine and cooled. The crude 
peptide hydrochloride separated as an amorphous solid which 
crystallized from water-methanol in two crops totaling 201 mg 
(88%): homogeneous on tlc (C,D); [a Iz5D +69.1" (c  1.06, 
HzO) [lit.16 [ a l Z 0 ~  +69.5" ( c  1.0, HzO)]. 
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The preparation of the 15-oxa steroid 29 is described, using the half-ester 3~-acetoxy-l5,17-seco-D-nor-5a- 
androstane-l 5,17-dioic acid 17-methyl ester (5b) as starting material. Treatment of 5b with lead tetraacetate 
affords the diacetate 9 which upon hydrolysis and reacetylation gave the acid 26. Conversion to the diazo ketone 
28  followed by treatment with boron trifluoride causes spontaneous ring closure to give 3P-hydroxy-15-oxaAa- 
androstan-17-one (29). Its conversion to 15-oxaestrone (1) is described. 

The steroid nucleus has over the past number of 
years undergone numerous structural modifications 
in an attempt to bring about an increase in biological 
activity as well as attempting to  control or minimize 
undesirable side effects. One such modification is the 
insertion of an oxygen atom in place of a methylene 
group. This type of transformation has in several 
cases produced derivatives possessing interesting bio- 
logical properties.' A review of the publications in 
this field reveals that the introduction of an oxygen 
atom into the steroid nucleus has produced synthetic 
modifications which can be generally classified into two 
main categories. The first of these is the formation 
of a lactone via an oxygen insertion a to a lieto g r o ~ p . ~ - ~  
This type of transformation would be expected to  alter 
considerably the chemical nature of the original car- 
bonyl function. 

In  the second category, the oxa steroid takes the form 
of a cyclic ether. In  this class of compounds the hetero- 
atom takes the place of a carbon atom in a position 
which is known to effect greatly the biological activity 
of the parent steroid, e .g . ,  C-l l>  C-17.j16 

The aim therefore of this present work mas to  pre- 
pare an oxa steroid in such a manner so as to  (1) not 
compromise the functionality of the original carbonyl 
groups, and ( 2 )  replace a methylene for an oxygen 
atom while at the same time not affecting those posi- 
tions which are known to be essential for biological 

(1) (a) S. D. Levine, J. Med. Chem., 8 ,  537 (1965); (b) It. Pappo and 
C. J. Jung, Tetrahedron Lett., 365 (1962); (0) H. D. Lennon and F. J. Saun- 
ders, Steroids, 4 (1964). 

(2) R W. Kierstead and A. Farone, J .  070. Chem., 32, 704 (1967). 
(3) A .  IC Banerjee and M. Gut,  J. Ora. Chem., 34, 1614 (1969). 
(4) C. C. Bolt, R e d .  Trau. C h i n .  Pays-Bas, TO,  940 (1957). 
( 5 )  S. Rakhit and M. Gut ,  J. Ow. Chem., 29, 229 (1964). 
(6) Ch. R. Engel and M. V. R.  Chowdhury, Tetrahedron Lett., 2107 

(1968). 

activity. 
ture 1. 

Such a compound is represented by struc- 

0 

1 

The starting material in our synthesis was 34- 
hydroxy- 16,17-seco- 16-nor-5 a-andros tan - 15 - (2' - indox- 
yliden)-l7-oic acid (3) which was obtained from 
the reaction of 3p-hydroxy-5a-androstan-17-0ne (2) 
with o-nitrobenzaldehyde.' Esterification and ace- 
tylation of 3 afforded 4b which has been reported to  
give 3~-acetoxy-15,17-seco-D-nor-5a-androstane-15,17- 
dioic acid 17-methyl ester (5b) when oxidized with 
chromium trioxide in acetic acid3t8 (Scheme I). 

We have found that the chromium trioxide oxida- 
tion of 4b produced an acid whose melting point of 
152-158' differed sharply from the reported figure 
of 2040a but was in fact consistent with a second re- 
ported value of 158-160°.8 As a means of verifying 
structure 4, and the acid ester obtained from its oxida- 
tion with chromium trioxide, a reductive ozonization 
was carried out which produced the aldehyde 6 in 
high yield. The nmr confirmed both the secondary 
nature of the aldehydic group and the axial confor- 
fomation of the C-14 proton: 6 9.72 (d, 1, J = 3.5 Hz, 
CHO), 2.58 (d of d, 1, J = 3.5, 11 Hz, C-14 H). Fur- 
thermore, chromium trioxide oxidation of the alde- 

(7) A. Hassner, M. J. Haddadin, and P. Cataoulaoes, J. Ora. Chen.,  81, 

(8) M. Fetiron and N. Moreau, Bull. 8 0 0 .  C h i n .  Fr., 4385 (1969). 
1363 (1966). 


