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Alkylation of benzyl vinyl carbamate and propene with the anions of diethyl methylmalonate or dimethyl 
malonate in the presence of palladium(I1) chloride, followed by cross-coupling or carbonylative cross-coupling 
with organostamanea, effected an overall dialkylation or alkylation/acylation of the monoolefin substrate. Complete 
control of stereochemistry in this palladium(II)-assisted reaction was observed using optically active ene carbamates 
affording 6-amino-unsaturated keto esters in good chemical yields and excellent optical purity. 

Introduction 
Palladium-catalyzed cross-coupling and carbonylative 

coupling of trialkylorganostannanes with organic halides 
and triflates is among the most useful of transition- 
metal-catalyzed carbon-carbon bond forming reactions1 
and is finding increased use in organic synthesk2 The 
key steps in this process are the transfer of an alkyl group 
from tin to  a a-alkyl- or a-acyl-palladium(I1) complex, 
formed by oxidative addition of the substrate to the Pd(0) 
catalyst, followed by reductive elimination to form the 
carbon-carbon bond. a-Alkyl-palladium(I1) complexes, 
although quite unstable to @-hydrogen elimination, are also 
easily generated by the attack of nucleophiles on *-ole- 
fin-palladium(I1) c~mplexes .~  Treatment of these with 
trialkylorganostannanes should, in principal, also result 
in coupling via transmetalation/reductive elimination. The 
palladium(I1) assisted alkylation and carboacylation of 
optically active ene carbamates and its use in the synthesis 
of a key relay to (+)-thienamycin6 have recently been 
developed in these laboratories. Herein we report the 
results of combining these reactions to produce a-alkyl- 
and a-acyl-palladium(I1) complexes, followed by trans- 
metalation from tin, to  effect an overall dialkylation or 
alkylation/acylation of monoolefins and ene carbamates. 

Results and Discussion 
The alkene substrate and nucleophile initially chosen 

for these studies were benzyl vinyl carbamate (1) and the 
sodium salt of diethyl methylmalonate 2, since these 
reagents combine efficiently in the palladium(I1)-assisted 
alkylation of olefins a t  low temperaturesa4+ (Tri- 
methyl)(vinyl)tin coupled in good yields while the corre- 
sponding (tributyl) (viny1)tin coupled in only low yield 
under these same conditions. Other trimethyltin reagents 
also coupled, albeit in lower yields (eq 1). The vinyl ether 
3d was isolated as the methyl ketone since purification of 
the vinyl ether was difficult. 

(1) For a review see: Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986, 
25,508. 

( 2 )  For current applications see: Hegedus, L. S. Transition Metals in 
Organic Synthesis Annual Survey Covering the Year 1989. J. Organomet. 
Chem. 1990,392,285. 

(3) For reviews, see: Hegedue, L. S. Tetrahedron 1984, 40, 2415. 
Hegedus, L. S. Heteroatom Nucleophiles with Alkenes, Alkynes and 
Alka-1,3-dienes; Carbon Nucleophiles with Alkenes, Alkynes and Alka- 
1,3-dienes. In Comprehensiue Organic Synthesi8; Trost, B. M., Ed.; 
Pergamon Preee: New York, 1991. 

(4) Wieber, G. M.; Hegedue, L. S.; Akermark, B.; Michalson, E. T. J. 
Org. Chem. 1989,64, 4649. 

(5) Montgomery, J.; Wieber, G. M.; Hegedue, L. S. J. Am. Chem. SOC. 
1990, 112,6255. 
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The reaction was somewhat temperature sensitive and 
clearly must proceed in a stepwise manner. If insufficient 
time for the first alkylation step was allowed, homocoupled 
products from the reaction of 2 equiv of the organotin 
reagent with PdC12L2 resulted? Regardless of the con- 
ditions, @-elimination products were never observed, al- 
though reaction at  ambient temperature produced only low 
yields of the coupled product. This is consonant with 
earlier observations that a-complexes resulting from the 
alkylation of enamides were resistant to &hydride elimi- 
nation, probably because of stabilization by chelation to 
the carbamate carbonyl groupas 

Insertion of carbon monoxide into a-alkyl palladium(I1) 
complexes occurs readily a t  about -20 "C, and carbony- 
lative couplings with tin reagents are often more efficient 
than straightforward alkylative couplings.* This proved 
to be the case here, as well. Treatment of the u-complex, 
resulting from alkylation of 1 with the sodium anion of 
dimethyl malonate, with 1 atm of carbon monoxide for 2 
h a t  -20 O C ,  followed by addition of the tin reagent, pro- 
duced carbonylative coupled products in good yield (eq 2). 
At  temperatures below -20 "C, mixtures of coupled and 
carbonylatively coupled products were obtained, again 
indicating the requisite stepwise nature of the process. 

When propene was used as the olefin substrate in eq 1, 
competitive /3-hydrogen elimination occurred, giving mix- 
tures of mono- and dialkylation products. However, under 

(7) Tolstikov, G. A.; MifGkhov, M. S.; Danilova, N. A.; Vel'der, Ya. 

(8) See, for example: Gyorkos, A. C.; Stille, J. K.; Hegedus, L. S. J.  
L.; Spirikhin, L. V. Synthesis 1989,633. 
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carbonylative coupling conditions a clean reaction ensued 
(eq 3), indicating that CO insertion went more readily than 

(Eq. 3) 
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either &elimination or transmetalation. 
Previous studies in these laboratorie(J6 showed that chiral 

(both racemic and optically active) ene carbamates af- 
forded a high degree of asymmetric induction in the Pd- 
(11)-assisted carboacylation of these substrates. Similar 
results were obtained in the carbonylative coupling reac- 
tions studied in eqs 4 and 5. With syn (racemic) ene 

8 (racemic) 
0 

711.1 
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a' 65 ~ 5 4 ~  b' 68 .57" 

8' Ph--.'.-$ 69 +3O b3 76 3" 

assigned by analogy to  previous s t u d i e ~ . ~  The products 
derived from (R)-8 and (57-8 had equal but opposite ro- 
tations, indicating that they were indeed enantiomeric. 

The above chemistry permits the synthesis of highly 
functionalized, optically active compounds in a one-pot 
procedure, in high yield and with excellent stereoselec- 
tivity. Because the process must proceed in a stepwise 
fashion, stoichiometric quantities of palladium are re- 
quired, but the palladium can be recovered as the metal 
and recycled. Studies to  utilize the 8-amino-unsaturated 
keto esters in total synthesis are in progress. 

Experimental Section 
General. General instrumental and experimental data are 

identical with that previously reported.6 The following were 
prepared according to literature procedures: 0-benzyl-N-vinyl- 
carbamate,' (S)-phenylglycinol? (R)-phenylglycinol? (&)-syn- 
1,2-diphenylethanolamine,10 3-ethenyl-(S)-4-phenyl-2-oxazolidi- 
none: 3-ethenyl-(R)-4-phenyl-2-oxazolidinone,6 PdC12(MeCN)2,11 
PdC12(PhCN)2,'2 trimethylvinylstannane>s tributylvinylstannane,'9 
(E)-P-styryltrimethyl~hnane>~ isobutenyltrimethylstannane,ls 
(4-tert-butylcyclohexenyl)trimethylstannane,16 (1-ethoxpiny1)- 
trimethylstannane," phenyltrimethy1stannane,l8 (p-methoxy- 
phenyl)trimethylstannane,l* (p-tolyl)trimethylstannane,18 (p- 
chlorophenyl)trimethylstannane,18 (1-propyny1)trimethyl- 
stannane,lg (phenylethynyl)trimethyl~tannane,~~ 2-(trimethyl- 
stannyl)furan,20 2-(trimethyl~tannyl)thiophene.~ 

Preparation of (&)-syn -4,5-Diphenyl-3-vinyl-2-oxazoli- 
dinone (6). From 3.87 g (17.6 mmol) of Cr(CO)6 was prepared 
5.73 g (76 % ) of (*)-[ (1,2-syn-diphenylethanolamine)(methyl)- 
carbene]pentacarbonylchromium(O) according to literature pro- 
cedures.s 

To a solution of 5.73 g (13.3 mmol) of (*)-[(1,2-syn-di- 
phenylethanolamine) (methyl) carbene ] pentacarbony lchromium (0) 
in 50 mL of THF at room temperature was added 0.73 g (50% 
in oil, 15.0 mmol) of sodium hydride. After evolution of H2(g), 

R' Yield, % 7 R' Yield, % 7 

C pMePh 69 h -.=e-$ 71 

d Ph $ 3 7  1 Ph-sSe- 

e pClPh 25 

carbamate 6 a single (racemic) diastereoisomer of carbo- 
nylative coupling product was obtained with a range of 
vinyl-, alkynyl-, and aryltin reagents. With optically active 
ene carbamate 8, again very high diastereoselectivity was 
observed. The relative and absolute stereochemistries were 

(9) Itauno, S.; Hirao, A,; Nakahama, S.; Yamazaki, N. J. Chem. SOC., 
Perkin Trans. I 1983,1673. Aldrich Catalog Handbook of Fine Chem- 
icals, 1986-1987. 
(10) Wiejlard, J.; Pfister, K.; Swanezy, E. F.; Robinson, C. A.; Tishler, 

M. J. Am. Chem. SOC. 1951, 73, 1216. 
(11) Doyle, J. R.; Slade, P. E.; Jonasaen, H. B. Inorg. Synth. 1960,2, 

216. 
(12) Heck, R. F. Palladium Reagents in Organic Synthesis; Academic 

Press: New York, 1985. 
(13) Seyferth, D.; Stone, F. G. A. J. Am. Chem. SOC. 1967, 79, 515. 
(14) Labadie, J. W.; Tueting, D.; Stille, J. K. J.  Org. Chem. 1983,48, 

4634. 
(15) (a) Amamria, A.; Mitchell, T. N. J.  Organomet. Chem. 1980,199, 

49. (b) Sheffy, F. K.; Godschalx, J. P.; Stille, J. K. J .  Am. Chem. Soc. 
1984,106, 4833. 

(16) Tueting, D. R.; Echavarren, A. M.; Stille, J. K. Tetrahedron 1989, 
45, 979. 

(17) Soderquist, J. A.; Hsu, G. J. Organometallics 1982, 1, 830. 
(18) Eaborn, C.; Waters, J. A. J .  Chem. SOC. 1962, 1131. 
(19) Logue, M. W.; Teng, K. J .  Org. Chem. 1982,47, 2549. 
(20) Pratt, J. R.; Pinkerton, F. H.; "hames, S. F. J. Organomet. Chem. 

1972, 38, 29. 
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the homogeneous amber red solution was transferred slowly (0.75 
h) via cannula to a slurry of 0.75 g (50% in oil, 15.5 mmol) of 
sodium hydride and 9.60 g (45.0 mmol) of diphenyl carbonate in 
350 mL of THF. After complete addition, the red-brown mixture 
was stirred for 4.0 h. The resulting solution was saturated with 
air (12 h) and fdtered through Celite, and the solvent was removed 
in vacuo. The residue was taken up in 250 mL of 1:l hexane/ethyl 
acetate, saturated with air, and placed in a light box (18 h) 
equipped with six 20-W Vitalite fluorescent lamps? Filtration 
of the resulting mixture through Celite followed by removal of 
the solvent in vacuo afforded the crude reaction mixture. The 
yellow oil was taken up in 200 mL of ether and washed sucwaively 
with 75 mL of 10% NaOH (2X), 100 mL of HzO, and 100 mL of 
brine and dried (MgS04). Removal of the solvent in vacuo and 
purification of the crude material by column chromatography 
(SiOz; 4 1  hexane/EtOAc; R = 0.34) afforded 2.80 g (81%; 61% 
from Cr(C0)s) of the ene car6amate as a white solid (mp 161-163 
"C). Spectroscopic data was identical with reported values: 

General Procedure: Preparation of 3a-d. To a stirred 
solution containing 130 mg (0.50 mmol) of PdC1z(MeCN)z in 10 
mL of THF at room temperature was added 105 mg (0.60 m o l )  
of 0-benzyl-N-vinylcarbamate. After 5 min, the amber red so- 
lution was cooled to -78 "C and treated with 100 mg (1.00 mmol) 
of triethylamine and 1.30 mL (0.50 M solution in THF, 0.65 m o l )  
of the sodium anion of diethyl methylmalonate. The mixture was 
allowed to warm to -60 "C and was stirred for 1.5 h. The resulting 
solution was then treated with a -30 "C solution (0 "C for 3a) 
of the trimethylorganostannane (1.00 f 0.02 mmol; a-d) in 5 mL 
of DMF. The mixture was slowly warmed to room temperature 
and stirred for 15-18 h. The resulting black solution was filtered 
through a pad of silica gel using ether as the eluent. The filtrate 
was washed successively with 30 mL of H20 (2x) and 30 mL of 
brine and dried (MgS04). Removal of solvent in vacuo and 
purification of the crude mixture by column chromatography 
@ioz) afforded the products 3a-d. 

3a. Purification by column chromatography (91 hexane/Et- 
OAc; R, = 0.39) afforded 145 mg (80%) of ethyl 3-[(benzyloxy- 
carbonyi)amino]-2-(ethoxycarbonyl)-2-methyl-5-hexen~te (clear 
oil): 'H NMR (300 MHz) 6 7.30 (s,5 H, CHPh), 5.75 (m, 1 H, 

5.03 (m, 2 H, CH-CH,), 4.19 (9, 2 H, J = 7.2 Hz, OCH2CH3), 
4.18 (m, 1 H, CHNH), 4.09 (q,2 H, J = 7.2 Hz, OCHzCH3), 2.39 
(m, 1 H, CH,), 2.17 (m, 1 H, CH,), 1.47 (8,  3 H, CH,), 1.25 (t, 3 

CH-CHJ, 5.49 (d, 1 H, J = 10.8 Hz, NH), 5.04 ( ~ , 2  H, CHzPh), 

H, J = 7.1 Hz, OCH&H3), 1.17 (t, 3 H, J = 7.1 Hz, OCHZCHJ; 
'W NMR (75.5 MHz) 6 170.9 (COzCHzCHS), 170.8 (COZCH2CH3), 
156.0 (NHC02CHzPh), 136.6 (CH-CHJ, 134.2,128.3,127.9,117.6 

55.1, 36.0, 19.3 (CH3(COzCHZCH3)z), 13.9 (OCHZCHS), 13.8 
(CH-CHJ, 66.5 (OCHZPh), 61.5 (OCHzCH3), 58.1 (OCHzCH3), 

(OCHZCH,); IR (neat) 3365, 1733, 1643 cm-'. Anal. Calcd for 
C d n N 0 6 :  C, 63.69 H, 7.12; N, 3.67. Found: C, 63.65; H, 7.21; 
N, 3.71. 

3b. Purification by column chromatography (9:l hexane/Et- 
OAc; R, = 0.11) afforded 122 mg (56%) of ethyl 3-[(benzyloxy- 
carbonyl)amino]-2-(ethoxycarbonyl)-2-methyl-6-phenyl-5-hexe- 
noate (white solid): 'H NMR (300 MHz) 6 7.24 (m, 10 H, 2Ph), 
6.39 (d, 1 H, J = 15.8 Hz, =CHPh), 6.12 (ddd, 1 H, J = 5.7,8.4, 
15.8 Hz, CH-CHPh), 5.57 (d, 1 H, J = 10.8 Hz, NH), 5.02 (d, 

4.29 (dt, 1 H, J = 3.4, 10.6 Hz, CHNH), 4.19 (q,2 H, J = 7.1 Hz, 
OCHzCH3), 4.11 (9, 2 H, J = 7.1 Hz, OCHzCH3), 2.58 (m, 1 H, 
CHz), 2.35 (m, 1 H, CH&, 1.52 (8,  3 H, CH,), 1.25 (t, 3 H, J = 7.2 

1 H, J = 12.3 Hz, CHzPh), 4.93 (d, 1 H, J = 12.3 Hz, CHzPh), 

Hz, OCHZCHS), 1.19 (t, 3 H, J = 7.2 Hz, OCHZCH3); 13C NMR 
(75.5 MHz) 6 171.0 (COZCHZCHJ, 170.9 (COZCHZCH,), 156.1 
(NHCOzCHzPh), 137.3, 136.6, 132.7, 128.5, 128.4, 127.9, 127.1, 
126.2, 126.1,66.6 (OCHzPh), 61.7,58.1, 55.4,35.5, 19.5 (CHS(C- 
OZCHzCH3)z), 14.0 (OCHZCH3), 13.9 (OCHzCH3); IR (neat) 3352, 
1731 cm-'; mp 78-80 OC. Anal. Calcd for CzsH31NOs: C, 68.86; 
H, 6.89; N, 3.09. Found: C, 68.68; H, 6.78; N, 2.98. 

3c. Purification by column chromatography (9:l hexane/Et- 
OAc; R, = 0.14) afforded 97 mg (50%) of ethyl 3-[(benzyloxy- 
carbonyl)amino]-2-(ethoxycarbonyl)-2-methyl-5-heptynoate 
(yellow oil): 'H NMR (300 MHz) 6 7.32 (m, 5 H, Ph), 5.63 (d, 
1 H, J = 10.5 Hz, NH), 5.13 (d, 1 H, J = 12.3 Hz, CHzPh), 5.04 
(d, 1 H, J 5.4, 7.6, 10.6 
Hz, CHNH), 4.17 (9, 2 H, J = 7.2 Hz, OCHZCH,), 4.09 (9, 2 H, 

12.3 Hz, CHzPh), 4.33 (ddd, 1 H, J 

J = 7.2 Hz, OCHzCH3), 2.47 (m, 2 H, CH,), 1.65 (t, 3 H, J = 2.4 
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Hz, CH3), 1.47 (8,3 H, CHS), 1.25 (t, 3 H, J = 7.1 Hz, OCHzCHS), 

(COZCHZCHS), 170.5 (COZCHZCHS), 156.0 (NHCOzCHzPh), 136.7, 
128.3, 128.0, 127.9, 78.1 (CCCHJ, 74.6 (CCCHJ, 66.6,61.6, 57.6, 

1.18 (t, 3 H, J = 7.1 Hz, OCHzCH&; 'W NMR (75.5 MHz) 6 170.7 

54.2,22.0, 19.3, 13.9 (OCHZCH~), 13.8 (OCHZCH~), 3.4 (CCm3); 
IR (neat) 3438,3364,2235,1733 an-'. Anal. Calcd for czlHnNo6: 
C, 64.77; H, 6.99; N, 3.60. Found C, 64.88; H, 7.14; N, 3.53. 

3d. Treatment of the resulting black solution with 10 mL of 
1.0 M HCl and 15 mL of ether at rt for 12 h followed by the usual 
workup and purification by column chromatography (41 hex- 
ane/EtOAc; R = 0.10) afforded 59 mg (31%) of ethyl 3-[(ben- 
zyloxycarbony~amino]-2-(ethoxycarbonyl)-2-methyl-5-hexanone 
(white solid): 'H NMR (300 MHz) 6 7.30 (8,  5 H, Ph), 5.54 (d, 
1 H, J = 10.4 Hz, NH), 5.06 (d, 1 H, J = 12.3 Hz, CHZPh), 5.00 
(d, 1 H, J = 12.3 Hz, CHzPh), 4.65 (ddd, 1 H, J = 4.7,7.9, 10.3 
Hz, CHNH), 4.15 (q,3 H, J = 7.1 Hz, OCHzCH3), 4.09 (q, 3 H, 

1.45 (8 ,  3 H, CH3), 1.23 (t, 3 H, J = 7.1 Hz, OCHzCH3), 1.18 (t, 
3 H, J = 7.1 Hz, OCHzCH3); "C NMR (75.5 MHz) 6 205.7 (CO- 
CH3), 170.6 (COZCHzCH3), 170.5 (COzCHzCHS), 155.7 
(NHC02CH2Ph), 136.4, 128.4, 128.1,66.8,61.8 (OCHzCH3), 61.7 
(OCHZCH,), 58.1,51.6, 46.0, 29.8,19.1, 13.88 (OCHZCHS), 13.86 

J = 7.1 Hz, OCH2CHS), 2.72 (m, 2 H, CH,), 2.15 (s,3 H, acyl-CHS), 

(OCHzCH3); IR (neat) 3928,1732,1716,1690 cm-'; mp 76-77 OC. 
Anal. Calcd for C d n N 0 7 :  C, 61.06; H, 6.92; N, 3.56. Found: 
C, 61.20; H, 7.12; N, 3.54. 

General Procedure: Preparation of 4a-k. To a stirred 
solution containing 65 mg (0.25 "01) of PdC1z(MeCN)z in 5 mL 
THF at room temperature was added 50 mg (0.28 mmol) of 
0-benzyl-N-vinylcarbamate. After 5 min, the amber red homo- 
geneous solution was cooled to -78 OC and treated with 50 mg 
(0.50 mmol) of triethylamine and 1.60 mL (0.20 M solution in 
THF, 0.32 mmol) of the sodium anion of dimethyl malonate. The 
mixture was allowed to warm to -50 "C and was stirred for 2.0 
h. The reaction vessel was evacuated (2X) and the atmosphere 
replaced with carbon monoxide (1 atm). The mixture was allowed 
to warm to -20 "C and was stirred for 2.0 h. The resulting black 
slurry was treated with the corresponding trimethylorgano- 
stannanes (0.51 f 0.02 mmol; a-k). The mixture was slowly 
warmed to room temperature and stirred 15-18 h. Filtration of 
the mixture through a pad of silica gel using ether or ethyl acetate 
as the eluent and removal of solvent in vacuo afforded the crude 
reaction mixture, which upon purification by radial-layer chro- 
matography (1 mm; SiOz) afforded the products 4a-k. 

4a. Purification by radial-layer chromatography (41 hex- 
ane/EtOAc; R, = 0.18) afforded 72 mg (79%) of methyl 3- 
[ (benzyloxycarbonyl)amino]-2-(methoxycarbonyl)-5-oxo-6- 
heptenoate (clear oil): 'H NMR (300 MHz) 6 7.31 (s,5 H, CHPh), 
6.26 (m, 2 H, =CH), 5.87 (dd, 1 H, J = 2.2,9.2 Hz, =CH), 5.77 
(d, 1 H, J = 9.7 Hz, NH), 5.05 (s, 2 H, CHzPh), 4.71 (m, 1 H, 

OCHS), 3.68 (8, 3 H, OCH,), 3.11 (dd, 1 H, J = 5.7, 17.4 Hz, CHz), 
2.90 (dd, 1 H, J = 7.0,17.4 Hz, CHJ; 1% NMR (75.5 MHz) 6 197.8 

52.7 (OCH3), 52.6 (OCH3), 47.1,41.7; IR (neat) 3377,1736,1613 
cm-'. Anal. Calcd for Cl8HZ1NO7: C, 59.50; H, 5.83; N, 3.85. 
Found: C, 59.35; H, 5.85; N, 4.00. 

4b. Purification by radial-layer chromatography (3:2 hex- 
ane/EtOAc; R, = 0.32) afforded 79 mg (72%) of (E)-methyl-3- 
[ (benzyloxycarbonyl)amino]-2-(methoxycarbonyl)-5-0~0-7- 
phenyl-6-heptenoate (clear oil): 'H NMR (300 MHz) 6 7.45 (m, 
6 H, =CHPh, =CHPh), 7.32 (s,5 H, CHzPh), 6.68 (d, 1 H, J = 
16.3 Hz, CH=CHPh), 5.84 (d, 1 H , J  = 9.6 Hz, NH), 5.06 (8,  2 
H, CHzPh), 4.77 (m, 1 H, CHNH), 4.02 (d, 1 H, J = 5.6 Hz, 
CH(C02CH3)2),3.71 (8, 3 H,0CH3),3.69 (s,3 H,0CH3),3.20 (dd, 

13C NMR (75.5 MHz) 6 197.3 (COCH=CHPh), 168.4 (COzCH3), 

(OCH3), 47.2,42.6; IR (neat) 3366, 1736, 1654, 1610 cm-'. Anal. 
Calcd for CuH&O+ C, 65.59; H, 5.73; N, 3.19. Found C, 65.34; 
H, 5.71; N, 3.14. 

4c. Purification by radial-layer chromatography (3:2 hex- 
ane/EtOAc; R, = 0.36) afforded 72 mg (74%) of methyl 3- 
[ (benzyloxycarbonyl)amino]-2-(methoxycarbonyl)-7-methyl-5- 
oxo-6-octenoate (clear oil): 'H NMR (300 MHz) 6 7.31 (s,5 H, 

CHNH), 3.96 (d, 1 H, J = 5.5 Hz, CH(COzCH3)2), 3.70 (8,  3 H, 

(COCH=CHz), 168.4 (COSCH,), 167.9 (COZCH,), 155.5 
(NHCOZCHzPh), 136.4,136.2,129.3,128.5,128.1, 128.0,66.8,53.7, 

1 H, J = 5.7,17.2 Hz, CHZ), 2.99 (dd, 1 H, J = 6.9, 17.2 Hz, CHZ); 

167.9 (COZCHS), 155.4 (NHCOZCHzPh), 143.7, 136.3, 134.0, 130.7, 
128.9, 128.4, 128.0, 127.9, 125.7, 66.7, 53.6, 52.7 (OCHS), 52.6 
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CHph), 6.00 (8, 1 H, CH=C(Me)J, 5.82 (d, 1 H, J=  9.7 Hz, NH), 
5.06 (s,2 H, CHPh), 4.68 (m, 1 H, CHNH), 3.96 (d, 1 H, J = 5.5 
Hz,CH(C0zCH3)z),3.69 (s,3 H,OCH,),3.67 (s,3 H, OCH,), 2.88 
(dd, 1 H, J = 5.5,17.4 Hz, CHJ, 2.71 (ad, 1 H, J = 7.1,17.4 Hz, 
CHZ), 2.11 (d, 3 H, J = 1.1 Hz, CH,), 1.85 (d, 3 H, J = 1.1 Hz, 
CH3); "C NMR (75.5 MHz) 6 197.5 (COCH=C(CH&Z), 168.5 
(COZCHJ, 168.0 (COZCH,), 157.2,155.5,136.5,128.4,128.1,128.0, 
123.2, 66.7, 53.8, 52.6 (OCH,), 52.5 (OCH,), 47.2, 46.0, 27.7 (C- 
H=C(CH&, 20.9 (CH=C(CH,),); IR (neat) 3368, 1733, 1618 
cm-'. Anal. Calcd for CzoHzaNO,: C, 61.37; H, 6.44; N, 3.58. 
Found C, 61.50; H, 6.50; N, 3.54. 

4d. Purification by radial-layer chromatography (41 hex- 
ane/EtOAc; Rf = 0.23) afforded 82 mg (70%) of methyl 3- 
[ (benzyloxycarbonyl)amino]-6-(4-tert-butylcyclohexenyl)-2- 
(methoxycarbonyl)-5-oxopentanoate (clear oil): 'H NMR (300 

5.82 (d, 1 H, J = 9.6 Hz, NH), 5.05 (8, 2 H, CHzPh), 4.70 (m, 1 

H, OCH,), 3.67 (s, 3 H, OCH,), 3.14 (m, 1 H, COCHz), 2.90 (m, 
1 H, COCH,), 2.48 (m, 1 H, CHz), 2.27 (m, 1 H, CH,), 1.92 (m, 
3 H, CHC(CH3),, CH,), 1.21 (m, 1 H, CHz), 1.02 (m, 1 H, CHz), 

M H Z )  6 7.31 ( ~ , 5  H, CHPh), 6.91 (d, 1 H, J 5.0 Hz, =CHCHz), 

H, CHNH), 3.96 (d, 1 H, J = 4.8 Hz, CH(COzCH,)z), 3.69 (8, 3 

0.85 (8,s H, CHC(CH&; "C NMR (75.5 MHz) 6 198.2 (COC= 
CH), 168.6 (COZCHJ, 168.1 (COzCHJ, 155.5 (NHCOZCHzPh), 
141.9, 141.8, 139.0, 136.4, 128.4, 128.0, 127.9, 66.7, 53.7, 52.7 
(OCHJ, 52.6 (OCH,), 47.6, 43.3, 39.4, 32.1,27.9,27.0, 24.4, 24.3, 
23.3; IR (neat) 3370, 1736, 1662, 1643 cm-'. Anal. Calcd for 
C&ssNO,: C, 65.94; H, 7.45; N, 2.96. Found C, 65.71; H, 7.40; 
N, 2.95. 
4e. Purification by radial-layer chromatography (3:2 hexane- 

/EtOAc; Rf = 0.42) afforded 79 mg (77%) of methyl 3-[(benzy- 
loxycarbonyl)amino]-2- (methoxycarbonyl)-5-oxo-5-phenyl- 
pentanoate (clear oil): 'H NMR (300 MHz) 6 7.92 (d, 2 H, J = 
7.5 Hz, o-COPh), 7.56 (m, 1 H, p-COPh), 7.44 (m, 2 H, m-COPh), 
7.32 (s,5 H, CHPh), 5.88 (d, 1 H, J = 9.4 Hz, NH), 5.06 (s,2 H, 
CHzPh), 4.86 (m, 1 H, CHNH), 4.07 (d, 1 H, J = 5.6 Hz, CH- 
(CO2CH,),), 3.70 (8,  3 H, OCH,), 3.68 (a, 3 H, OCH,), 3.52 (dd, 
1 H, J = 5.3, 17.6 Hz, CHZ), 3.30 (dd, 1 H, J 7.1, 17.6 Hz, CHZ); 
"C NMR (75.5 MHz) 6 197.5 (COPh), 168.6 (COzCHS), 168.0 
(COZCH,), 155.5 (NHCOZCHzPh), 136.43, 136.40, 133.6, 128.7, 
128.5, 128.13, 128.07,128.0, 66.8, 53.7, 52.7 (OCH,), 52.6 (OCH,), 
47.4, 40.9; IR (neat) 3378, 1736, 1681 cm-'. Anal. Calcd for 

N, 3.45. 
4f. Purification by radial-layer chromatography (7:3 hexane- 

/EtOAc; R, = 0.27) afforded 102 mg (95%) of methyl 3-[(ben- 
zyloxycarbonyl)amino]-2-(methoxycarbonyl)-5-oxo-5-(p-tolyl)- 
pentanoate (clear oil): 'H NMR (300 MHz; Me,Si, 0 ppm) 6 7.83 
(d, 2 H, J = 8.1 Hz, o-COAr), 7.31 (e, 5 H, CHPh), 7.24 (d, 2 H, 
J = 8.1 Hz, m-COAr), 5.92 (d, 1 H, J = 9.5 Hz, NH), 5.07 (8 ,  2 
H, CHzPh), 4.87 (m, 1 H, CHNH), 4.09 (d, 1 H, J = 5.6 Hz, 
CH(C0zCH,)z),3.71 (8, 3 H,0CH3),3.69 (e, 3 H,0CH3),3.50 (dd, 

2.40 (s,3 H, ArCHJ; 13C NMR (75.5 MHz) 6 197.0 (COAr), 168.5 

133.9, 129.3, 128.4,128.2,128.0,127.9,66.7,53.7,52.7 (OCHJ, 52.6 
(OCHJ, 47.3,40.7, 21.6 (ArCH,); IR (neat) 3374, 1732,1678, 1606 
cm-'. Anal. Calcd for CUHzaN0,: C, 64.63; H, 5.90; N, 3.28. 
Found: C, 64.61; H, 6.01; N, 3.32. 

4g. Purification by radial-layer chromatography (3:2 hex- 
ane/EtOAc; Rf = 0.36) afforded 103 mg (93%) of methyl 3- 
[ (benzyloxycarbonyl)amino]-2-(methoxycarbonyl)-5-oxo-5-(p- 
methoxypheny1)pentanoate (clear oil): 'H NMR (300 MHz) 6 7.89 
(d, 2 H, J = 8.9 Hz, o-COAr), 7.30 (s,5 H, CHzPh), 6.90 (d, 2 H, 
J = 8.9 Hz, m-COAr), 5.93 (d, 1 H, J = 9.6 Hz, NH), 5.05 (e, 2 
H, CH,Ph), 4.84 (m, 1 H, CHNH), 4.07 (d, 1 H, J = 5.6 Hz, 
CH(C0zCH3)z), 3.83 (s, 3 H, ArOCH,), 3.69 (8, 3 H, OCH,), 3.67 
(8, 3 H, OCH,), 3.45 (dd, 1 H, J = 5.4, 17.3 Hz, CH,), 3.21 (dd, 

136.3, 130.4,129.4,128.44, 128.39,128.0,127.9, 113.8,66.7, 55.4, 
53.6,52.7 (OCH,), 52.6 (OCHI), 47.4, 40.4; IR (neat) 3370, 1736, 
1674 cm-'. Anal. Calcd for CaH&08: C, 62.30; H, 5.68; N, 3.16. 
Found: C, 62.09; H, 5.70; N, 3.17. 

4h. Purification by radial-layer chromatography (7:3 hex- 
ane/EtOAc; R, = 0.28) afforded 66 mg (59%) of methyl 3- 
[ (benzyloxycarbonyl)amino]-2-(methoxycarbonyl)-5-oxo-5-(p- 

CaHaNO,: C, 63.92; H, 5.61; N, 3.39. Found C,64.18; H, 5.81; 

1 H, J 5.4,17.5 Hz, CHJ, 3.26 (dd, 1 H, J = 7.1,17.5 Hz, CHZ), 

(COZCH,), 168.0 (COZCH,), 155.5 (NHCOZCHzPh), 144.4,136.3, 

1 H, J = 7.1, 17.3 Hz, CH2); 'Bc NMR (75.5 MHz) 6 195.9 (COAr), 
168.6 (COZCHJ, 168.0 (COZCH,), 163.8, 155.5 (NHCOZCHzPh), 
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chloropheny1)pentanoate (clear oil): 'H NMR (300 MHz) 6 7.86 
(d, 1 H, J = 8.5 Hz, o-COAr), 7.41 (d, 1 H, J = 8.5 Hz, m-COAr), 
7.31 (s,5 H, CHPh), 5.84 (d, 1 H, J = 9.4 Hz, NH), 5.05 (s,2 H, 
CHzPh), 4.82 (m, 1 H, CHNH), 4.04 (d, 1 H, J = 5.5 Hz, CH- 
(CO,CH,),), 3.70 (8,  3 H, OCH,), 3.68 (8, 3 H, OCH,), 3.48 (dd, 
1 H, J = 5.6,17.4 Hz, CHJ, 3.24 (dd, 1 H, J = 6.9,17.4 Hz, CH2); 
13C NMR (75.5 MHz) 6 196.3 (COAr), 168.5 (COZCH3), 167.9 

128.5,128.1,128.0,66.8,53.7,52.8 (OCH,), 52.7 (OCHJ, 47.3,40.8; 
IR (neat) 3377,1735 an-'. Anal. Calcd for CaHzzNO,C1: C, 59.00, 
H, 4.95; N, 3.13. Found C, 58.86; H, 5.22; N, 3.13. 

4i. Purification by radial-layer chromatography (3:2 hexane- 
/EtOAc; Rf = 0.27) afforded 59 mg (59%) of methyl 3-[(benzy- 
loxycarbonyl)amino]-5-( 2-furanyl)-2-(methoxycarbonyl)-5-oxo- 
pentanoate (clear oil): 'H NMR (300 MHz) 6 7.56 (m, 1 H, 
CH=CHO), 7.30 (8, 5 H, CHPh), 7.22 (d, 1 H, J = 3.4 Hz, 

5.83 (d, 1 H, J = 9.4 Hz, NH), 5.05 (8,  2 H, CHzPh), 4.81 (m, 1 

H, OCH,), 3.67 (8,  3 H, OCH,), 3.35 (dd, 1 H, J = 6.0, 16.9 Hz, 

6 186.1 (CO furan), 168.4 (CO,CH,), 167.8 (C02CH3), 155.4 

112.4,66.8, 53.8, 52.7 (OCH,), 52.6 (OCH,), 47.3,40.8; IR (neat) 
3366,1733,1673 cm-'. Anal. Calcd for C&zlNOs: C, 59.55; H, 
5.25; N, 3.47. Found C, 59.69; H, 5.25; N, 3.56. 

4j. Purification by radial-layer chromatography (3:2 hexane- 
/EtOAc; R, = 0.38) afforded 65 mg (62%) of methyl 3-[(benzy- 
loxycarbonyl)amino]-2-(methoxycarbonyl)-5-0~0-5-( 2- 
thiophene-y1)pentanoate (clear oil): 'H NMR (300 MHz) 6 7.74 
(d, 1 H, J = 3.4 Hz, CH=CHS), 7.64 (dd, 1 H, J = 1.1, 5.0 Hz, 
@-CHCH=CHS), 7.31 (s, 5 H, CHPh), 7.11 (m, 1 H, yCH= 

(m, 1 H, CHNH), 4.04 (d, 1 H, J = 5.6 Hz, CH(COzCH3)z), 3.71 
(8,  3 H, OCHJ, 3.68 (s, 3 H, OCH,), 3.45 (dd, 1 H , J  = 5.7, 16.7 

MHz) 6 190.3 (CO thiophene), 168.5 (COZCH3, 167.9 (COzCH3), 

128.1, 128.0,66.8, 53.7, 52.8 (OCH,), 52.7 (OCH,), 47.6, 41.5; IR 
(neat) 3364,1732, 1659 cm-'. Anal. Calcd for CmHZlNO7S: C, 
57.27; H, 5.05; N, 3.34. Found C, 57.30; H, 5.10; N, 3.57. 
4k. Purification by radial-layer chromatography (3:2 hex- 

ane/EtOAc; R = 0.36) afforded 64 mg (69%) of methyl 3- 
[ (benzyloxycarbonyl)amino]-2-(methoxyc~bonyl)-5-0~~6-~ty- 
noate (yellow oil): 'H NMR (300 MHz) 6 7.32 (s, 5 H, CHPh), 
5.68 (d, 1 H, J = 9.6 Hz, NH), 5.06 (8 ,  2 H, CHzPh), 4.76 (m, 1 

H, OCH,), 3.68 (8, 3 H, OCH,), 3.03 (dd, 1 H, J = 6.5, 17.5 Hz, 

'% NMR (75.5 MHz) 6 184.4 (COCCCH,), 168.2 (COzCH3),167.7 

(COCCCH,), 79.9 (COCCCH3), 66.9, 53.7, 52.8 (OCH,), 52.7 
(OCH3), 47.6, 46.9, 4.1 (COCCCH,); IR (neat) 3335, 2221, 1735, 
1670 cm-'. Anal. Calcd for C1&zlNO,: C, 60.80, H, 5.64; N, 3.73. 
Found: C, 60.61; H, 5.70; N, 3.55. 

General Procedure: Preparation of 5a-d. A balloon of 
propene was attached to the side arm of a flask containing 130 
mg (0.50 mmol) of PdC1z(MeCN)z in 7 mL of THF at room 
temperature. After an amber red homogeneous solution resulted, 
the mixture was cooled to -78 OC and treated with 100 mg (1.00 
mmol) of triethylamine and 3.00 mL (0.20 M solution in THF, 
0.60 mmol) of the sodium anion of dimethyl malonate. The 
mixture was warmed to -60 OC and was stirred for 2.0 h. The 
reaction vessel was evacuated (2X), the atmosphere replaced with 
carbon monoxide (1 atm), and the mixture was allowed to warm 
to -30 OC and was stirred for 2.0 h. The resulting black slurry 
was treated with the corresponding t r imethylorganos te  (0.80 
f 0.01 mmol; a-d), slowly allowed to warm to room temperature, 
and stirred 15-18 h. Filtration of the mixture through a pad of 
silica gel using ether as eluent and removal of solvent in vacuo 
afforded the crude reaction mixture, which upon purification by 
radial-layer chromatography (1 mm; Siob afforded products Sa-d. 

5a. Purification by radial-layer chromatography (4:l hex- 
ane/EhO; Rf = 0.19) afforded 93 mg (73%) of methyl 2-(meth- 
oxycarbonyl)-3,7-dimethyl-5-ox~6-octenoate (clear oil): 'H NMR 
(300 MHz) 6 6.04 (m, 1 H, CH=C(CH3)z), 3.70 (s, 6 H, 20CH3), 

(COZCHJ, 155.5 (NHCOZCHzPh), 140.1,136.3,134.7,129.5,129.0, 

O-CHCH=CHO), 6.51 (dd, 1 H, J = 1.6, 3.5 Hz, ?-CH=CHO), 

H, CHNH), 4.00 (d, 1 H, J = 5.4 Hz, CH(COZCH,)z), 3.71 (8,  3 

CHZ), 3.11 (dd, 1 H, J = 6.8, 16.9 Hz, CHZ); '9C NMR (75.5 MHz) 

(NHCOZCHzPh), 152.3, 146.8, 136.3, 128.4, 128.03, 127.97, 117.9, 

CHS), 5.86 (d, 1 H, J = 9.6 Hz, NH), 5.06 (8,  2 H, CHzPh), 4.81 

Hz, CHZ), 3.21 (dd, 1 H, J = 7.0, 16.7 Hz, CHZ); "C NMR (75.5 

155.5 (NHCOZCHzPh), 143.7, 136.4, 134.4, 132.7, 128.5, 128.3, 

H, CHNH), 3.88 (d, 1 H, J = 5.2 Hz, CH(COzCH,)z), 3.71 (8 ,  3 

CHZ), 2.85 (dd, 1 H, J = 6.6, 17.5 Hz, CHZ), 1.98 (8, 3 H, CH3); 

(COZCH,), 155.4 (NHCOZCHzPh), 136.4, 128.5, 128.1, 128.0, 91.9 
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3.41 (d, 1 H , J  = 6.8 Hz, CH(CO,CH,),), 2.78 (m, 1 H, CHCH,), 
2.62 (dd, 1 H, J 4.8, 16.4 Hz, CH,), 2.33 (dd, 1 H, J = 8.5, 16.4 
Hz, CH,), 2.12 (d, 3 H, J = 1.1 Hz, CH=C(CH&), 1.71 (d, 3 H, 
J = 1.1 Hz, CH=C(CH&), 0.99 (d, 3 H, J = 6.8 Hz, CHCH,); 
'9C NMR (75.5 MHz) 6 199.0 (COCH9C(CH&), 169.1 (C02CH3), 
169.0 (COZCHd, 155.6 (CH=C(CH&, 123.8 (CH+(CH&J, 56.2, 
52.3, 48.2, 29.5, 27.6, 20.7, 17.6; IR (neat) 1751, 1736, 1686 cm-'. 
Anal. Calcd for Cl3H20O6: C, 60.92; H, 7.87. Found C, 61.09; 
H, 7.73. 
5b. Purification by radial-layer chromatography (41 hex- 

ane/EhO; R, = 0.18) afforded 104 mg (75%) of methyl 2- 
(methoxycarbonyl)-3-methyl-5-oxo-5-phenylpentanoate (clear oil): 
'H NMR (300 MHz) 6 7.96 (m, 2 H, 0-COPh), 7.54 (m, 1 H, 
p-COPh), 7.44 (m, 2 H, m-COPh), 3.73 (8 ,  3 H, OCH,), 3.71 (8,  
3 H, OCH,), 3.51 (d, 1 H, J = 6.4 Hz, CH(COpCH3),), 3.25 (dd, 
1 H, J = 3.6, 15.6 Hz, CH,), 2.93 (m, 2 H, CH2, CHCH,), 1.07 (d, 

52.35 (OCH,), 52.32 (OCH,), 42.6, 29.6,17.8; IR (neat) 1751, 1734, 
1684 cm-'. Anal. Calcd for C15H1805: C, 64.74; H, 6.52. Found: 
C, 64.64; H, 6.61. 

5c. Purification by radial-layer chromatography (4:l hex- 
ane/EhO; R, = 0.08) afforded 85 mg (63%) of methyl 542- 
furanyl)-2-(methoxycarbonyl)-3-methyl-5-oxopentanoate (clear 
oil): 'H NMR (300 MHz; Me4Si, 0 ppm) 6 7.59 (dd, 1 H, J = 0.8, 

OCHS), 3.74 (s, 3 H, OCH,), 3.50 (d, 1 H, J = 6.7 Hz, CH- 
(C0,CHJ2), 3.08 (dd, 1 H, J = 4.5, 15.8 Hz, CH,), 2.94 (m, 1 H, 

3 H, J = 6.7 Hz, CHCH,); 13C NMR (75.5 MHz) 6 198.7 (COPh), 
169.1 (COZCHJ, 169.0 (COZCH,), 137.0, 133.1, 128.6, 128.1, 56.2, 

1.7 Hz, CH=CH-O), 7.26 (dd, 1 H, J = 0.8,3.6 Hz, j3-CHCH- 
CHO), 6.54 (dd, 1 H, J 1.7,3.6 Hz, y-CH=CHO), 3.75 ( ~ , 3  H, 

CHCHS), 2.80 (dd, 1 H, J = 8.4, 15.7 Hz, CH,), 1.09 (d, 3 H, J 
= 6.7 Hz, CHCH,); '9C NMR (75.5 MHz) 6 187.6 (COfurm), 169.0 
(COZCH,), 168.9 (COZCH,), 152.7, 146.4, 117.4, 112.2, 56.1, 52.4 
(OCH,), 52.3 (OCH,), 42.4, 29.7, 17.7; IR (neat) 1752, 1734, 1675 
cm-'. Anal. Calcd for C13H1806: C, 58.20; H, 6.01. Found: C, 
57.98; H, 6.03. 

5d. Purification by radial-layer chromatography (41 hex- 
ane/EhO; R, = 0.17) afforded 98 mg (65%) of methyl 2-(meth- 
oxycarbonyl)-3-methyl-5-oxo-7-phenyl-6-heptynoate (yellow oil): 
'H NMR (300 MHz) 6 7.55 (m, 2 H, Ph), 7.38 (m, 3 H, Ph), 3.73 
(8,  6 H, 2OCH,), 3.45 (d, 1 H, J = 6.6 Hz, CH(CO,CH,),), 2.91 
(m, 2 H, CHCH,, CH,), 2.66 (dd, 1 H, J = 9.5, 17.7 Hz, CH,), 1.07 

(COCCPh),87.8 (COCCPh), 55.9,52.4 (OCH,),49.5, 29.4, 17.6; 
IR (neat) 2202, 1732, 1682, 1668, 1652 cm-'. Anal. Calcd for 
C17HleO5: C, 67.54; H, 6.00. Found: C, 67.64; H, 6.11. 

General Procedure: Preparation of 7a-i and 9a14-b'-3. To 
a stirred solution containing 77 mg (0.20 mmol) of PdC12(PhCN)2 
in 5 mL of THF at room temperature was added 75 mg (0.28 
mmol) of (i)-syn-4,5-diphenyl-3-vinyl-2-oxazolidinone (6) or 50 
mg (0.26 mmol) of (S)- or (R)-3-ethenyl-4-phenyl-2-oxazolidinone 
(8a or 8b). After 5 min, the amber-red homogeneous solution was 
cooled to -78 OC, treated with 40 mg (0.40 mmol) of triethylamine 
and 1.40 mL (0.20 M solution in THF, 0.28 mmol) of the sodium 
anion of dimethyl malonate, and was stirred for 2.5 h (5.0 h for 
7a-i). The reaction vessel was evacuated (2X), the atmosphere 
replaced with carbon monoxide (1 atm), and the mixture was 
slowly allowed to warm to -20 OC. The black slurry was treated 
with the corresponding trimethylorganostannanes (0.41 i 0.02 
mmol), slowly allowed to warm to room temperature, and stirred 
15-18 h. Filtration of the mixture through a pad of silica gel using 
ether as the eluent and removal of solvent in vacuo afforded the 
crude reaction mixture, which upon purification by radial-layer 
chromatography (1 mm; SOz) afforded the products 7a-i and 

7a. Purification by radial-layer chromatography (7:3 hex- 
ane/EtOAc; R, = 0.20) afforded 79 mg (88%) of methyl 2- 
(methoxycarbonyl)-5-oxo-3-N-[ (i)-syn-4,5-diphenyl-2-oxazoli- 
dinonyl]-6-heptenoate (clear oil): 'H NMR (300 MHz) 6 6.95 (m, 
10 H, 2Ph), 6.11 (m, 2 H, CH=CH,), 5.80 (d, 1 H, J = 8.2 Hz, 

J = 8.2 Hz, PhCHN), 4.43 (dt, 1 H, J = 4.7, 7.8 Hz, CHN), 4.06 

3 H, OCH,), 3.54 (dd, 1 H, J = 7.8, 17.9 Hz, CH,), 2.99 (dd, 1 H, 

CH,), 168.0 (CO,CH,), 167.6 (CO,CH,), 157.2 (CO oxa), 135.6, 

(d, 3 H, J = 6.8 Hz, CHCH,); 13C NMR (75.5 MHz) 6 185.9 
(COCCPh), 168.8 (CO&H,), 133.1 130.8, 128.6, 119.8, 91.0 

9a1-3-b1-3, 

PhCHO), 5.76 (dd, 1 H, J = 4.7,6.8 Hz, CH=CH2), 5.26 (d, 1 H, 

(d, 1 H, J = 6.4 Hz, CH(COzCH,),), 3.77 (9, 3 H, OCH,), 3.60 (9, 

J 4.7, 17.9 Hz, CH,); 13C NMR (75.5 MHz) 6 196.4 (COCH= 
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134.6, 134.3, 129.0, 128.4, 128.3,128.2, 127.8, 127.6, 125.6,80.0, 
67.1, 53.9,52.9 (OCH,), 52.7 (OCH3), 49.4,41.1; IR (neat) 1755, 
1676,1615 cm-'. Anal. Calcd for CzaHzsNO7: C, 66.51; H, 5.58; 
N, 3.10. Found: C, 66.39; H, 5.73; N, 2.91. 

7b. Purification by radial-layer chromatography (7:3 hex- 
ane/EtOAc; Rr = 0.20) afforded 67 mg (70%) of methyl 2- 
(methoxycarbonyl)-7-methyl-5-oxo-3-N-[ (&)-syn-4,5-diphenyl-2- 
omlidinonyl]-6-~noate (clear oil): 'H NMR (300 MHz) 6 7.00 
(m, 10 H, Wh), 5.87 (m, 1 H, CH=C(Me),), 5.80 (d, 1 H, J =  8.2 
Hz, PhCHO), 5.28 (d, 1 H, J = 8.2 Hz, PhCHN), 4.43 (dt, 1 H, 

3.77 (s, 3 H, OCH,), 3.61 (s, 3 H, OCH,), 3.35 (dd, 1 H , J  = 7.9, 
J = 4.5, 7.8 Hz, CHN), 4.00 (d, 1 H, J = 7.7 Hz, CH(COzCH&, 

17.7 Hz, CHZ), 2.81 (dd, 1 H, J = 4.7, 17.7 Hz, CH,), 1.95 (d, 3 
H, J = 1.0 Hz, CHJ, 1.80 (d, 3 H, J = 1.2 Hz, CH3); "C NMR 
(75.5 MHz) 6 196.1 (COCH=C(CHJz), 168.1 (CO&H,), 167.8 
(COZCH,), 157.3, 157.0, 134.9,134.5,128.33,128.27, 128.18,127.8, 
127.6,125.7,122.8,80.1,67.0,54.1,52.9 (OCHJ, 52.7 (Om,& 49.5, 
45.5, 27.7 (CH=C(CH,),), 20.8 (CH=C(CH,),); IR (neat) 1756, 
1686,1619 cm-'. Anal. Calcd for CZ7HsNO7: C, 67.63; H, 6.10; 
N, 2.92. Found: C, 67.56; H, 6.11; N, 2.79. 

7c. Purification by radial-layer chromatography (7:3 hex- 
ane/EtOAc; R, = 0.21) afforded 68 mg (66%) of methyl 2- 
(methoxycarbonyl)-5-oxo-3-N- [ (i)-syn-4,5-diphenyl-2-oxazoli- 
dinonyl]-5-(p-tolyl)pentanoate (clear oil): 'H NMR (300 MHz) 
6 7.69 (d, 2 H, J = 8.1 Hz, o-COAr), 7.19 (d, 2 H, J = 8.1 Hz, 
m-COAr), 7.00 (m, 10 H, P h ) ,  5.83 (d, 1 H, J = 8.2 Hz, PhCHO), 
5.32 (d, 1 H, J = 8.2 Hz, PhCHN), 4.59 (dt, 1 H, J = 4.1,7.8 Hz, 

J = 8.2, 18.0 Hz, CH,), 3.80 (s,3 H, OCH,), 3.57 (s,3 H, OCH ) 
3.30 (dd, 1 H, J = 4.3, 18.0 Hz, CH,), 2.37 (8,  3 H, ArCH,); 'k 
NMR (75.5 MHz) 6 195.8 (COAr), 168.2 (CO,CH,), 167.9 (COz- 

127.9,127.7, 125.8,80.2,67.4,54.1,52.9 (OCH,), 52.8 (OCHd,49.9, 
40.2, 21.7 (ArCH,); IR (neat) 1755,1680,1607 an-'. Anal. Calcd 
for C30HBN07: C, 69.89; H, 5.67; N: 2.72. Found: C, 69.65; H, 
5.87; N, 2.55. 

7d. Purification by radial-layer chromatography (1:l hex- 
ane/EkO; R = 0.18) afforded 37 mg (37%) of methyl 2-(meth- 
oxycarbonyl~-5-oxo-5-phenyl-3-N- [ (i)-syn-4,5-diphenyl-2-oxa- 
zolidinonyljpentanoate (clear oil): 'H NMR (300 MHz) 6 7.79 
(m, 2 H, 0-COPh), 7.53 (m, 1 H, p-COPh), 7.39 (m, 2 H, m-COPh), 
7.00 (m, 10 H, 2Ph), 5.83 (d, 1 H, J = 8.2 Hz, PhCHO), 5.32 (d, 
1 H, J = 8.2 Hz, PhCHN), 4.60 (dt, 1 H, J = 4.4, 7.8 Hz, CHN), 
4.16 (d, 1 H, J = 4.4 Hz, CH(CO,CH,),), 3.98 (dd, 1 H, J = 8.0, 
18.0 Hz, CH,), 3.81 (a, 3 H, OCH,), 3.58 (s,3 H, OW3), 3.36 (dd, 
1 H, J = 4.4,18.0 Hz, CHJ; '% NMR (75.5 MHz) 6 196.2 (COPh), 
168.2 (CO,CH,), 167.8, (COzCH,), 157.4 (CO oxa), 134.8, 134.5, 
133.3, 128.6, 128.5, 128.34, 128.30, 128.1, 127.9, 127.7, 125.8,80.2, 
67.4,54.1, 52.9 (OCH,), 52.8 (OCH,), 49.9, 40.3; IR (neat) 1755, 
1684 cm-'. Anal. Calcd for C&InN07: C, 69.45; H, 5.43; N, 2.79. 
Found: C, 69.38; H, 5.40; N, 2.97. 

7e. Purification by radial-layer chromatography (32 hexane- 
/EtOAc; R, = 0.24) afforded 27 mg (25%) of methyl 2-(meth- 
oxycarbonyl)-5-oxo-5-(p-chlorophenyl)-3-N- [ (f)-syn-4,5-di- 
phenyl-2-oxazolidinonyl]pentanoate (clear oil): 'H NMR (300 
MHz) 6 7.71 (d, 1 H, J = 8.7 Hz, o-COAr), 7.36 (d, 1 H, J = 8.7 
Hz, m-COAr), 7.00 (m, 10 H, 2Ph), 5.83 (d, 1 H, J = 8.2 Hz, 
PhCHO), 5.29 (d, 1 H, J = 8.2 Hz, PhCHN), 4.56 (dt, 1 H, J = 

(dd, 1 H, J = 7.8, 17.9 Hz, CH,), 3.81 (8, 3 H, OCH,), 3.59 (8,  3 
H, OCH,), 3.34 (dd, 1 H, J = 4.6, 17.9 Hz, CH,); 13C NMR (75.5 
MHz) b 195.0 (COAr), 168.1 (C02CH3), 157.3 (CO oxa), 134.7, 
134.4, 129.6,128.9,128.6,128.4, 128.3, 127.9,125.8,80.2,67.4,54.0, 
53.0 (OCHJ, 52.8 (OCH,), 49.9,40.3; IR (neat) 1755,1682,1589 
cm-'. Anal. Calcd for CmHSNO7C1: C, 64.99; H, 4.89; N, 2.61. 
Found: C, 64.90; H, 4.69; N, 2.69. 

7f. Purification by radial-layer chromatography (73 hexane- 
/EtOAc; R = 0.19) afforded 64 mg (65%) of methyl 542- 
furanyl)-2-( methoxycarbonyl)-5-oxo-3-N- [ (*)-syn-4,5-diphenyl- 
2-oxazolidinonyl]pentanoate (clear oil): 'H NMR (300 MHz) 6 
7.52 (dd, 1 H, J = 0.7,1.7 Hz, OCH=CH), 7.05 (m, 11 H, 2Ph, 

5.82 (d, 1 H, J = 8.2 Hz, PhCHO), 5.28 (d, 1 H, J = 8.2 Hz, 
PhCHN), 4.54 (dt, 1 H, J = 5.5, 8.0 Hz, CHN), 4.15 (d, 1 H, J 
= 8.1 Hz, CH(CO,CH,),), 3.80 (s, 3 H, OCH,), 3.66 (dd, 1 H, J 
= 7.3, 17.3 Hz, CH,), 3.60 (s, 3 H, OCH,), 3.32 (dd, 1 H, J = 5.5, 

CHN), 4.14 (d, 1 H, J = 7.6 Hz, CH(CO,CH&, 3.98 (dd, 1 H, 

CH3), 157.4 (CO om), 134.8,134.5,133.6,129.3,128.5,128.3,128.2, 

4.6, 7.8 Hz, CHN), 4.16 (d, 1 H, J = 7.9 Hz, CH(C02CH,),), 3.89 

P-CHCH=CHO), 6.47 (dd, 1 H, J = 1.7, 3.6 Hz, y-CH=CHO), 
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17.3 Hz, CHz); 13C NMR (75.5 MHz) 6 184.9 (CO furan), 168.0 
(COzCH3), 167.7 (COzCH3), 146.6 (CO oxa), 134.6, 134.5, 128.5, 
128.4,128.2,127.9,127.8,127.7,125.8,117.8,112.3,80.2,67.2,54.0, 
52.9 (Om,), 52.8 (OCH,), 49.8,40.0; IR (neat) 1755, 1673 cm-'. 
Anal. Calcd for CnHzaNO8: C, 65.98; H, 5.13; N, 2.85. Found: 
C, 65.76; H, 5.28; N, 2.76. 

7g. Purification by radial-layer chromatography (2:3 hex- 
ane/EhO; R = 0.29) afforded 69 mg (68%) of methyl 2-(meth- 
oxycarbonyl~-5-oxo-3-N-[ (f)-syn-4,5-diphenyl-2-oxazolidino- 
nyl]-5(2-thiophene-yl)pentanoate (clear oil): 'H NMR (300 MHz)  
6 7.64 (dd, 1 H, J = 1.1,3.8 Hz, CHS), 7.59 (dd, 1 H, J = 1.0,5.0 
Hz, 8-CHCH-CHS), 7.00 (m, 11 H, 2Ph, r-CH=CHS), 5.82 (d, 
1 H, J = 8.2 Hz, PhCHO), 5.30 (d, 1 H, J = 8.2 Hz, PhCHN), 4.56 

(COZCH,),), 3.79 (8, 3 H, OCH,), 3.78 (dd, 1 H , J  = 7.5, 17.1 Hz, 
CH,), 3.59 (s, 3 H, OCH,), 3.39 (dd, 1 H, J = 5.3, 17.1 Hz, CHJ; 
I3C NMR (75.5 MHz) 6 189.0 (CO thiophene), 168.0 (COzCH3), 
167.7 (COzCH3), 157.3 (CO oxa), 143.5, 134.6, 134.4,134.1,132.4, 
128.5,128.3, 128.2,128.1,127.8, 127.7, 125.8,80.2,67.2,54.0, 52.9 
(OCHJ, 52.8 (OCH3), 50.1,40.7; IR (neat) 1756,1670 an-'. Anal. 
Calcd for C,H&JO,S: C, 63.77; H, 5.15; N, 2.75. Found C, 63.78; 
H, 5.18; N, 2.69. 

7h. Purification by radial-layer chromatography (7:3 hex- 
ane/EtOAC; R, = 0.18) afforded 66 mg (71%) of methyl 2- 
(methoxycarbonyl)-5-oxo-3-N-[ (f)-syn-4,5-diphenyl-2-oxazoli- 
dinony1]-6-&ynoate (yellow oil): IH NMR (300 MHz) 6 7.00 (m, 
10 H, 2Ph), 5.79 (d, 1 H, J = 8.2 Hz, PhCHO), 5.22 (d, 1 H, J 
= 8.2 Hz, PhCHN), 4.44 (dt, 1 H, J = 4.9,7.7 Hz, CHN), 4.05 (d, 
1 H , J  = 8.2 Hz, CH(C02CH3)z), 3.78 (8,  3 H, OCH,), 3.62 (8,  3 
H, OCH,), 3.43 (dd, 1 H, J = 7.5, 18.2 Hz, CHz), 3.02 (dd, 1 H, 

om), 134.5,134.3,128.5,128.3,127.8,127.7,125.7,91.8 (COCCCHJ, 
80.1 (COCCCHJ, 79.3,67.0,53.8,52.9 (OCH,), 52.8 (OCHJ, 49.1, 
47.0,4.1 (COCCCHJ; IR (neat) 2222,1756,1672 Anal. Calcd 
for CBHzaNO7: C, 67.38; H, 5.44; N, 3.02. Found: C, 67.23; H, 
5.54; N, 2.86. 

7i. Purification by radial-layer chromatography (4:l hexane- 
/EtOAc; R, = 0.10) afforded 95 mg (90%) of methyl 2-(meth- 
oxycarbonyl)-5-oxo-7-phenyl-3-N-[ (f)-syn-4,5-diphenyl-2-oxa- 
mlidinonyl!-6-heptynoate (light yellow oil): 'H NMR (300 MHz) 
6 7.40 (m, 5 H, Ph), 7.00 (m, 10 H, Ph), 5.81 (d, 1 H, J = 8.2 Hz, 
PhCHO), 5.26 (d, 1 H, J = 8.2 Hz, PhCHN), 4.53 (dt, 1 H, J = 

(s, 3 H, OCH,), 3.64 (8, 3 H, OCH,), 3.56 (dd, 1 H , J  = 7.2, 18.2 

(CO om), 134.5,134.3,133.2,130.9,128.6,128.5,128.3,127.8,127.7, 
125.7,119.5,92.1 (COCCPh), 87.1 (COCCPh), 80.2,67.2,53.8,52.9 
(OCH,), 52.8 (OCH,), 49.3,47.0; IR (neat) 2202,1756,1670 cm-'. 
Anal. Calcd for C31H27N0,: C, 70.85; H, 5.18; N, 2.67. Found: 
C, 70.63; H, 5.42; N, 2.54. 

9a1 and 9b1. Purification by radial-layer chromatography (2:l 
hexane/EhO; R/ = 0.12) afforded 49 mg (65%; ["ID 54.0 (c 4.40, 
CHZClz)) of (+)-methyl 2-(methoxycarbonyl)-5-oxo-3-(R)-N-[4- 
(S)-phenyl-2-oxezolidinonyl]-6-heptenoate (9a') and 51 mg (68%; 
["ID -56.8 (c  1.20, CHzClz)) of (-)-methyl 2-(methoxy- 
carbonyl)-5-oxo-3-(S)-N-[4-(R)-phenyl-2-oxazolidinonyl]-6- 

(dt, 1 H, J = 5.3, 7.6 Hz, CHN), 4.15 (d, 1 H, J = 7.8 Hz, CH- 

J = 4.9, 18.2 Hz, CHJ, 1.91 ( ~ , 3  H, CH3); 'SC NMR (75.5 MHz) 
6 183.4 (COCCCHS), 167.9 (COZCH,), 167.4 (COZCHS), 157.1(CO 

5.0, 7.2 Hz, CHN), 4.14 (d, 1 H, J = 8.2 Hz, CH(COZCHJz), 3.80 

Hz, CHJ, 3.22 (dd, 1 H, J = 5.0, 18.2 Hz, CHZ); "C NMR (75.5 
MHz) 6 183.1 (COCCPh), 167.9 (COZCHJ, 167.5 (COZCH,), 157.1 
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heptenoate (9b1) (clear oils): 'H NMR (300 MHz) 6 7.35 (m, 5 
H, Ph), 6.08 (dd, 2 H, J = 5.8,0.5 Hz, CH-CHZ), 5.74 (t, 1 H, 
J = 5.8 Hz, CH-CHJ, 4.96 (dd, 1 H, J 6.1,8.9 Hz, OCH#XN), 
4.55 (t, 1 H, J = 8.8 Hz, OCH&HN), 4.32 (ddd, 1 H, J = 5.5,7.2, 
8.4 Hz, CHN), 4.20 (dd, 1 H, J = 6.1, 8.8 Hz, OCHZCHN), 4.04 

3 H, OCHa), 3.35 (dd, 1 H, J = 7.2,17.3 Hz, CHZ), 2.89 (dd, 1 H, 
( d , l H , J  = 8.4 Hz,CH(COzCH3)z), 3.75 (8, 3 H, OCH,), 3.62 (8, 

J = 5.5, 17.3 Hz, CHz);13C NMR (75.5 MHz) 6 196.5 (COCH= 
CHz), 168.0 (CO2CH3), 167.6 (COzCH3), 157.3 (CO oxa), 137.8, 
135.7,129.3, 129.2, 129.0,127.8,70.2,61.7,53.4,52.9 (OCH,), 52.8 
(OCHJ, 48.8,40.9; IR (neat) 1747,1732,1708 an-'; mass spectnun 
m/e CI(NH3) 376 (M + l)+. Anal. Calcd for C&21NO7: C, 60.79; 
H, 5.63; N, 3.73. Found C, 60.62; H, 5.59; N, 3.60. 

9a2 and 9b2. Purification by radial-layer chromatography (1:l 
hexane/EhO; R = 0.32) afforded 61 mg (76%; ["ID 31.6 (c 1.10, 
CHzClz)) of (+{-methyl 2-(methoxycarbonyl)-7-methyl-5-oxo- 
3-(R)-N-[4(S)-pheny1-2-oxmlidinonyl]-6-&noate (Saz) and 67 
mg (83%; ["ID -32.4 (c 1.20, CHzClZ)) of (-)-methyl 2-(meth- 
oxycarbonyl)-7-methy1-5-oxo-3-(S)-N- [4-(R)-phenyl-2-oxazolidi- 
nonyl]-6-&noate (9b2) (clear oils): 'H NMR (300 MHz) 6 7.34 
(m, 5 H, Ph), 5.83 (m, 1 H, CH=C(CHJz), 4.98 (dd, 1 H, J = 6.1, 

(dt, 1 H, J = 5.3, 7.9 Hz, CHN), 4.16 (dd, 1 H, J = 6.1, 8.7 Hz, 

H, OCH,), 3.60 (s,3 H, OCH,), 3.18 (dd, 1 H, 7.6,17.3 Hz, CH,), 

CH=C(CHa)J, 1.79 (d, 3 H, J = 1.1 Hz, CH=C(CHJJ; 'w NhfR 

8.9 Hz, OCH&HN), 4.54 (t, 1 H, J = 8.9 Hz, OCHZCHN), 4.33 

OCHZCHN), 3.94 (d, 1 H, J 8.2 Hz, CH(COzCH,)z), 3.73 (8,  3 

2.66 (dd, 1 H, J 5.3, 17.3 Hz, CHZ), 1.98 (d, 3 H, J = 1.0 Hz, 

(75.5 MHz) 6 196.0 (COCH=C(CHS)Z), 168.0 (COzCH3), 167.7 
(COZCHJ, 157.4,156.7,138.3,129.2,129.1, 127.7, 122.9,70.3,61.6, 
53.7, 52.8 (OCH,), 52.7 (OCH,), 48.9,45.5,27.7 (CH=C(CH3)2), 
20.8 (CH=C(CH,)Z); IR (neat) 1760-1730, 1660 cm-'; mass 
spectrum m / e  (relative intensity) E1 403 (1, M+). Anal. Calcd 
for CZ1Hz5NO7: C, 62.52; H, 6.24; N, 3.47. Found C, 62.41; H, 
6.20; N, 3.34. 

9a3 and 9b3. Purification by radial-layer chromatography (3:2 
hexane/EtOAc; Ri = 0.28) afforded 62 mg (69%; ['Y]D 2.9, (c 1.60, 
CHzClz)) of (+)-methyl 2-(methoxycarbonyl)-5-oxo-7-phenyl-3- 
(R)-N-[4-(S)-phenyl-2-oxazolidinonyl]-6-heptynoate (sas) and 68 
mg (76%; ["ID -3.0 (c 1.40, CHZClz)) of (-)-methyl 2-(methoxy- 
carbonyl)-5-oxo-7-phenyl-3-( S)-N- [4-(R)-phenyl-2-oxazolidino- 
nyll-6-heptynoate (9b3) (light yellow oils): 'H NMR (300 MHz) 
6 7.39 (m, 10 H, Ph), 4.96 (dd, 1 H, J = 6.4,8.9 Hz, OCHzCHN), 

(d, 1 H , J  = 8.7 Hz, CH(COzCH3)z), 3.78 (8 ,  3 H, OCH,), 3.66 (8, 
3 H, OCH,), 3.35 (dd, 1 H, J = 6.6, 17.6 Hz, CHz), 3.10 (dd, 1 H, 

167.9 (COZCH3), 167.5 (COzCH3), 157.2 (CO oxa), 137.5, 133.3, 
131.0, 129.5, 129.4, 128.6, 127.9, 119.6, 92.1 (COCCPh), 87.1 
(COCCPh), 70.3, 61.8, 53.3, 53.0,52.9, 48.6, 46.9; IR (neat) 2203, 
1755,1670 cm-'; mass spectrum m/e  CI(NH3) 449 (M+). Anal. 
Calcd for CdDNO7: C, 66.80; H, 5.15; N, 3.11. Found C, 67.03; 
H, 5.35; N, 2.96. 
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4.56 (t, 1 H, J = 8.9 Hz, OCHZCHN), 4.41 (ddd, 1 H, J = 5.9,6.6, 
8.7 Hz, CHN), 4.22 (dd, 1 H, J = 6.5, 8.9 Hz, OCHZCHN), 4.11 

J = 5.9, 17.6 Hz, CHZ); "C NMR (75.5 MHz) 6 183.2 (COCCPh), 


