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It  has recently been shown in our laboratories that  un- 
saturated azlactones (3) can be prepared by treatment of 
N-cinnamoyl amino acids (1) with a pyridine perbromide- 
acetic anhydride-pyridine mixture.l This reaction most 
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likely proceeds through a dibromo saturated azlactone (Z), 
since we have shown1 that dibromodihydrocinnamoyl 
amino acids also afford 3 under these reaction conditions. 
The halogenated intermediate, 2, apparently undergoes a 
1,4-dehydrobromination, giving a pseudo oxazolone, 4, 
which again dehydrobrominates giving 3. It was shown 
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that the configuration of the 1-methylstyryl group was un- 
changed during the 1 -+ 3 conversion. Tf we assume trans 
bromination to give 2, then knowledge of the steric course 
of the 1,4-dehydrobromination step would allow us to infer 
the stereochemistry of the 1,6-dehydrobromination and, 
consequently, the configuration of the new double bond a t  
the 4 position. We chose to examine the stereochemistry 
of the 1,4 elimination by using thc. two diastereomers of 
an N-niandeloylphenylglycine derivative (s), since the re- 
quired chiraI starting materials are readily available. If 
the reaction occurs stereospecifically, the DD,LL racemate 
should afford one stereoisomer of the pseudo oxazolone, 6, 
while its diastereomer, the DI,,LD isomer, should give the 
other geometric isomer. Formation of the same isomer of 6 
from both diastereomers of 5 would indicate that the reac- 
tion is stereoselective. 

Racemic mandelic acid was 0-acetylated and coupled 
to racemic phenylglycine to give the rnandeloyl derivative 
5 ,  which consisted of a diastereomeric mixture. When 5 
was treated with an  acetic anhydride-pyridine mixtme 
the crystalline pseudo oxazolone 6 was formed. Recrystal- 
lization of crude 6 gave the pure compound having physi- 
cal properties C R  agreement with those previously reported 

by Adembk2 Liquid chromatography of crude 6 failed to 
show the presence of a second oxazolone and I3C nmr 
spectroscopy showed clearly that only one stereoisomer 
was present. This indicated strongly that the reaction was 
stereoselective, giving only the more stable product. 
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In order to check this result, the optically active man- 
deloylphenylglycines ( 5 )  were prepared. N-  (0- Acetyl-a (-) - 
mandeloyl)-D-( -)-phenylglycine3 and N-(O-acetyl-~ (-)- 
mandeloy1)-L( +) -phenylglycine were prepared by the 
same method used to prepare the racemate. When these 
isomers were subjected to the acetic anhydride-pyridine 
treatment, the pseudo oxazolone obtained was identical in 
all respects with that obtained from the racemate. We 
were concerned that the results of these experiments 
might be invalidated by the possibility of racemization of 
the mandelic acid chiral center during the Schotten-Bau- 
mann coupling of the acid chloride with phenylglycine. In 
order to check this, N-(0-acetyl)-D( -)-mandelic acid was 
coupled with each of the enantiomers of phenylglycine 
methyl ester using carbodiimide, and the ester functions 
were saponified to give both diastereomers of N-mande- 
loylphenylglycine (7 ) .  The acetic anhydride-pyridine re- 
agent converted these two compounds into the same pseu- 
do oxazolone 6 in yields almost identical with those ob- 
tained before. 
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We can conclude from these results that the 1,4 dehy- 
drobromination of intermediate 2 is stereoselective rather 
than stereospecific. This means that the overall conver- 
sion of 1 - 3 is most probably stereoselective. In the six 
cases that we have investigatedl so far, the 2 isomer is 
formed predominantly :?hen R is aliphatic and exclusively 
when R is aromatic. 

Experimental Section 
Infrared spectra were recorded on a Perkin-Elmer Model 257 

grating infrared spectrophotometer as Nujol mulls with polysty- 
rene as a standard. The proton nuclear magnetic resonance spec- 
tra were recorded on a Varian HA-100 spectrometer with tetra- 
methylsilane as  the internal or external standard. All chemical 
sh.ifts are reported in parts per million. The carbon-13 nuclear 
magnetic resonance spectrum was determined on a JEOL PFT- 
100 spectrometer. The ultraviolet-visible spectra were obtained 
on a Perkin-Elmer Model 202 spectrophotometer. Melting points 
were uncorrected and determined on a Nagle Model Y6 hot stage. 
Elemental analyses were carried out by Atlantic Microlabs, At- 
lanta, Ga. Observed rotat,ions were obtained on a Perkin-Elmer 
Model 141 polarimeter. 

0-Acetyl-L(+)-mandelic Acid. A mixture of 7.2 g (0.0475 mol) 
of L(+)-mandelic acid, [CY]% +158" (c 1.0, HzO) [lit.4 [CY]% 
+157" (c 1.07, HzO)], and 20 ml (0.278 mol) of acetyl chloride was 
warmed on a water bath for 2 hr. The excess acetyl chloride was 
removed in uucuo, leaving a colorless oil which crystallized after 2 
days. Recrystallization from benzene-.n-hexane gave 59 g (69%) of 
the acid: mp 95-97.5" (lit.5 rnp 96.8"); [aIz7n 9148" (c 1.87, ace- 
tone) [ l k 6  [0i'l25D -t.153" (c 2.0, acetone)]; nmr (CDC13) 6 2.10 (s, 3 
H, CH3), 5.95 (s, 1 H, C&15CHO), 7.18-7.48 (m, 5 H, C&, ) ,  
11.70 ppm (s, 1 H, COOH); ir (Nujol) 1745 ('2-0 ester), 1700 
cm--l (C-0 acid). 
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O-Acetyl-D(-)-mandelic Acid. The method used was similar 
to that used for the L ( + )  isomer. Starting with 2.75 g (18 mmol) 
of D(-)-inandelic acid, [&I% -147" (c 1.67, 20% HCl) [ l k 4  [.]"D 
-154" (c  2.06, HzO)], and 8 ml of acetyl chloride, 2.77 g (79%), 
mp 80-81", of the acid was obtained: [aIz7o -155" ( e  1.34, ace- 
tone) llit.5 [ c Y ] ~ ~ D  -157" ( c  2.4, acetone)]; ir (Nujol) 1745 (C=O 
ester), 1695 cm-I (C=O acid); nmr (CDC13) 6 2.10 (9, 3 H. 
CHsCQO). 6.00 (s, 1 H, -OCHCOOH), 7.23-7.60 (m, 5 H ,  C6H5), 
11.50ppm (s, 1 H, COOH). 
N-[O-Acetyl-~~-mandeloyl]-~~-phenylglycine ( 5 ) .  To a solu- 

tion of 31.24 g (0.20 mol) of phenylglycine and 210 ml of 1 A' sodi- 
um hydroxide contained in a 500-ml, three-necked, round-bot- 
tomed flask equipped with two dropping funnels and a stirrer and 
cooled with an ice bath was added dropwise over a 1 hr period 
40.47 g (0.193 mol) of 0-acetyl-oL-mandeloy1 chloride? and 260 ml 
of 1 LV' sodium hydroxide. After an additional 30 min of stirring, 
the mixture was acidified, the combined extracts were dried with 
anhydrous magnesium sulfate and filtered, and the filtrate was 
evaporated zn cacuo, yielding 51.0 g (82%) of the crude product. 
Recrystallization from ethyl acetate-petroleum ether (bp 30-60") 
(6:l)  gave 42.6 g (69%) of the acid: mp 172-181"; ir (Nujol) 3375 
(YH), 2475-2600 (COOH), 1745 (CH3COO-), 1718 (COOH). 1625 
cm-l  (COSH-); nmr (TFA) 6 2.25 (s, 3 H,  CH3), 5.7 (d, 1 H,  
C,jH&HKH), 6.38 (s, 1 H, C6H6CHO-), 7.28-7.50 (m, 10 H,  2 
C6H5), 7.91 ppm (d, 1 H,  NH). 

Anal. Calcd for C18H17N05: C, 66.05; H,  5.23; N, 4.28. Found: 
C, 65.83: H, 5.27; X, 4.19. 
lv-[O-Acetyl-~(+)-mandeloyl]-~( -)-phenylglycine ( 5 ) .  This 

compound was prepared by condensation of 16.63 g (0.11 mol) of 
D(-)-phenylglycine with 25.5 g (0.12 mol) of 0-acetylc(+)-man- 
deloyl chloride.8 A 33.0-g (84%) yield of crude product was recrys- 
tallized from an ethyl acetate-petroleum ether mixture, giving 
22.2 g (57%)) mp 193-197", of pure acid. The analytical sample 
was recrystallized from an acetic acid-Hz0 mixture: mp 199- 
203"; [ u I z 0 ~  -53.11" ( e  3.82, HOAc); ir (Nujol) 3295 (NH), 2490 
(COQW), 1720 (CH&OO), 1600 cm-I (CONH); nmr (TFA) 6 2.18 

OAc), 7.20-7.49 (m, 10 H, 2 c&) ,  7.92 ppm (d, 1 H,  NHCO). 
Anal Calcd for CISH17NO5: C, 66.05, H ,  5.23; K, 4.28. Found: 

C, 66.02; H, 5.35; Ii. 4.28. 
lv-[O-Acetyl-o( -)-mandeloyl]-~( -)-phenylglycine ( 5 ) .  The 

procedure used was the same used in preparing the racemic 5 and 
the 1 . ~ 4 .  A 67% yield, mp 188-198", of the acid was obtained. The 
analytical sample was recrystallized from acetic acid-water: mp 
202-205": 1 0 1 1 ~ ~ ~  -62.0" ( e  1.23. HOAc): ir (Nuiol) 3300 (NH) ,  

(s, 3 H,  CH3C02), 5.68 (d, 1 H,  OCHNH), 6.30 (s, 1 H, OCH- 

1748 (CH3C60-),  1723 (COOH), 1660 cm-I (LCONH-); nmr 

(s. 1 H ,  C6H5CHO), 7.18-7.58 (m, 10 H,  2 CeH5), 8.0 ppm*(d, 1 
[(CD3)2C0] 6 2.09 (s, 3 H ,  cI13), 5.55 (d, 1 H, CeH5CHNH-), 6.12 

H,  NH) .  
Anal. Calcd for C18H17N05: C, 66.05; H, 5.23; K, 4.28. Found: 

C, 65.80; H, 5.30; N, 4.32. 
N- LO-Acetyl-L (+)-mandeloyl]-~( -)-phenyl glycine Methyl 

Ester. To a suspension of 2.09 g (10.4 mmol) of D(-)-phenylgly- 
cine methyl ester hydrochloride9 in 30 ml of methylene chloride 
was added 1.45 (10.4 mmol) of triethylamine. After 25 min at  
room temperature 2.0 g (10.4 mmol) of 0-acetyl-I.(+)-mandelic 
acid was added followed by 2.18 g (10.6 mmol) of A',iV'-dicyclo- 
hexylcarbodiimide (DCC). The light green solution was stirred at  
room temperature for 2 hr and cooled in an ice bath. Excess DCC 
was destroyed with trifluoroacetic acid, and the N,W-dicyclohex- 
ylurea (2 .1  g, 89%) was filtered. The filtrate was washed with 5% 
sodium bicarbonate and 0.5 N hydrochloric acid, dried with an- 
hydrous sodium sulfate, clarified with Norit, and evaporated to 
dryness in uacuo, leaving a solid residue, 3.4 g. The crude product 
was recrystallized from methylene chloride-hexane, giving 2.38 g 
(67%), mp 154-157"> of the diester: [aI3'D - 24.8" (c 0.56, MeOH); 
ir (Nujol) 3315 (NH), 1750 (COOCH3): 1725 (CHsCOO), 1695 
cm-1 (-CONH-); nmr (CDC13) 6 2.05 (s, 3 H, CH&OO), 3.55 (s? 

6.95--7.5 ppm (m, 11 H,  2 CsH5, NH). 
Anal. Calcd for C19H19N05: C, 66.85; H,  5.61; N, 4.10. Found: 

C; 66.64; H,  5.69; N, 4.11. 
1, (t-)-Nlandeloyi-D (-)-phenylglycine (7) .  To a suspension of 

1 . 2  g (3.53 mmol) of the ester in 14 ml of methanol was added 8.0 
ml of 1 N sodium hydroxide. After standing at room temperature 
for 19 hr. the solution was cooled and acidified with concentrated 
hydrochloric acid to pH 2.5. The precipitate was filtered and 
dried in ~'acuo, giving 0,791 g (79%), mp 190-194", of the hydroxy 
acid: [ c Y ] ~ ~ D  -120" ( e  1.20, EtOH); ir (Nujol) 3410--3430 (OH). 
3370 (IiH), 1729 (COOH),  1614 cm-I (-CONH-); nmr (DMSO- 

3 H,  COOCH3), 5.4 (d, 1 H, -CHNH), 5.95 (s, 1 H,  -CHOAC), 

de) 6 2.07 (s, 1 H, OH), 5.07 (s, 1 H, CsHjGHOH), 5.38 id, 1 H, 

CeHsCHNH), 7.18-7.55 (m, 10 H, 2 C6H5), 8.36 ppm (d, 1 H,  
NH). 

Anal Calcd for C16HlsN04: C, 67.36, H, 5.30; N, 4.91. Found: 
C, 67.11, H, 5.34; N, 4.99. 

N-[0-Acetyl* (-)m&ndeloyl]-o (-)-phenylglycine Methyl 
Ester. The method used was similar to that used for the L ( + )  iso- 
mer. From 2.09 g (10.4 mmol) of D(-)-phenylglycine methyl ester 
hydrochloride and 2.0 g (10.4 mmol) of O-acetyl-D( -)-mandelic 
acid was obtained 2.59 g (73%): mp 169-172"; [aI3O~ -147" (5  
0.52, MeOH); ir (Nujol) 3332 (NH), 1741 (COOCH3, CH3COO), 
1665 cm-I (-CONH-); nmr (CDC13) 6 2.16 (s, 3 H,  CH&OO), 

CeH&HOAc), 7.18-7.45 ppm (m, 11 H, 2 CoH5, NH). 
Anal Calcd for C19H19N05: C, 66.85; H ,  5.61; N, 4.10. Found: 

C, 66.61; H,  5.72; N, 4.11. 
D( -)-Mandeloyl-D(-)-phenylglycine. The procedure used for 

preparation of L(+)-mandeloyl-D( -)-phenylglycine was used for 
this isomer also. From 2.5 g (7.34 mmol) of the diester was ob- 
tained 1.85 g (88%), mp 148-150", of the hydroxy acid: [ n I z 5 ~  
-112" ( c  1.20, EtOH), ir (Nujol) 3400 (OH), 3275 (NH) ,  1729 
(COOH), 1652 cm-l  (-CONH-); nmr (DMSO-&) d 2.10 (s. 1 H, 

7.54 (m, 10 H ,  2 C & , ) ,  8.40 ppm (d, 1 H, NH). 
Anal Calcd for C16H15N04: C, 67.36; H. 5.30; N, 4.91. Found: 

C, 67.09; H,  5.29; N, 4.94. 
2-Benzylidene-4-phenyl-3-oxazolin-5-one (6). To 1.0 g (3.06 

mmol) of 5 was added 15 mi of acetic anhydride and 1.0 ml (12.4 
mmol) of dry pyridine. The yellow solution was stirred a t  room 
temperature for 1 hr and poured into ice water where it was 
stirred for 1 hr. Filtration gave 0.68 g (89%) of crude pseudo oxa- 
zoline, which was recrystallized from isopropyl alcohol to give 
0.403 g (53%), mp 237-139" ( l k 2  mp 136-137.5"), of yellow 
needles: ir (Nujol) 1782 ( G - O ) ,  1645 (C==N), 1598 cm-I ( c ~ H 5 ) ;  
1H nmr (CDC13) 6 6.43 ( 8 ,  1 H,  HP) ,  7.27-7.54 (m, 6 H, Ha),  
7.70-7.85 (m, 2 H,  &, HD), 8.30-8.45 ppm (m, 2 H,  HA,  HB); 13C 
nmr (CDC13, on crude compound) 113.67 (CS), 128.52-132.66 (aro- 
matic C's), 151.19 (Cz), 152.94 (Cd), 162.69 ppm (C5); uv (95% 
EtOH) A,,, 249 nm (log e 3.93), 258 (shoulder, 3.81). 396 (4.451, 
413 (4.46). 

3.68 (s, 3 H,  COOCHB), 5.55 (d, 1 H,  CGH~CHNM-),  6 10 (s, 1 N, 

OH), 5.09 (s, 1 H,  CeH5CHOH), 5.40 (d, 1 H, CsHoCHNH), 7.2- 

HE 

HE 
H 
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