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The terminal olefinic carbon of N-methacryloyl-2-oxazolidinones is smoothly acetalized by alcohols 
in the presence of PdClz catalyst. The use of 4(S)-isopropyl-, phenyl-, and tert-butyl-2-oxazolidinones 
as the chiral auxiliary resulted in the formation of the corresponding (2'SI-acetals in 61,80, and 
95% de, respectively. Reductive removal of the auxiliary with LiAIH4 followed by deacetalization 
produced (R)-3-hydroxy-2-methylpropanal. The enantiomer of this compound, derived from 4(R)- 
substituted oxazolidinones, served as a building block for synthesizing a lj3-methylcarbapenem 
precursor in high enantiomeric excess. In the acetalization of 3',3'-dideuteriated methacryloyl-4- 
isopropyloxazolidinone with MeOH, one D-atom on the terminal olefinic carbon stereoselectively 
migrated to the chiral center in the product acetal. On the basis of this 1,a-hydride migration and 
the conformational preference of the methacryloyl moiety, the reaction pathway and the mechanism 
of the diastereoselection are discussed. 

Acetalization of alkenes under palladium catalysis, 
which has developed into an industrial process,l has a 
great deal of potential utility in synthetic chemistry. 
Development of an asymmetric version of this reaction 
would undoubtedly expand such possibilities.2 While 
monosubstituted alkenes with electron-withdrawing 
groups such as COOR and COR are smoothly acetalized 
by alcohols or diols,3 geminal disubstituted alkenes are 
less reactive because of ineffective coordination of Pd(I1) 
to the alkenes due to steric hindrance. For example, 
methacrylic esters undergo only -30% reaction under the 
same conditions in which acrylic esters are acetalized in 
more than 90% yield. If the reactivity of the methacryloyl 
moiety in 1 (Scheme 1) is enhanced by incorporating 
chiral oxazolidinone 4, diastereoselective acetalization of 
the prochiral alkenes becomes more accessible. Since 
reductive removal of the oxazolidinone auxiliary (X*) 
from acetal 2 proceeds nearly quantitatively: realization 
of asymmetric acetalization provides an entry into opti- 
cally active hydroxy acetals such as 3 which can serve 
as useful chiral building blocks. Pd(I1)-assisted asym- 
metric alkylatiodcarbonylation of monosubstituted al- 
kenes using chiral oxazolidinones, as recently reported 
by Hegedus et provides unique methodology for the 
synthesis of various natural products. The versatility of 
the oxazolidinone auxiliary developed by Evans6 is 
undoubtedly advanced by establishment of the reaction 
sequence depicted in Scheme 1. 

Apart from synthetic utility, realization of asymmetric 
acetalization offers profitable information on the mecha- 
nistic aspects of palladium ~hemistry.~ The acetalization 
of alkenes proceeds via nucleophilic attack of ROH on 
the alkene coordinated to Pd(II), followed by Pd-H 
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eliminati~n.~*g~ The pathways are quite fundamental for 
these types of reactions, such as the ketonization of 
alkenes with Hz0.9 Details of the mechanistic process 
will be revealed by the stereochemical outcome of the 
present acetalizations.10 Herein, we describe mechanistic 
details of the highly diastereoselective acetalization of 
methacryloyl derivatives 1 with alcohols, as well as the 
synthetic application of this new methodology. 

Results and Discussion 

General Survey. In order to survey the general 
features of the reaction, (4S)-N-methacryloyl-4-isopro- 
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Table 1. Acetalization of 1 (R1 = i-Pr) with Various 
Alcohols" 

Hosokawa et al. 

Scheme 2 

entry R2 (equiv) temp, "C time, h acetal 2 yield! % de: % 

1 Me(l0) 50 24 2a 72 43 
2 Et(l0) 50 24 2b 76 43 
3 n-Pr(l0) 50 24 2c 75d 48 
4 Me (25) 25 96 2a 66 61 
5 Me (50) 25 29 2a 54d 64 

The reaction was performed by using PdCl2 (10 mmol), CuCl 
(1 equiv), and alcohols in DME. Isolated yield unless otherwise 
noted. Diastereomer excesses were determined by GLC and/or 
270 MHz lH NMR. Determined by 270 MHz lH NMR. 

Table 2. Substituent Effect of R1 on % de 
product 

entry substrate R1 time, h yield, % de, % 

1 la i-Pr 2a 96 66 61 
2 lb Me 2d 96 61 23 
3 I C  PhCHz 2e 96 30 32 
4 Id Ph" 2f 24 92 71 
5 Id Phb 2f 96 88 80 

a Reaction was performed at 50 "C. CHzCl2 was used as 
solvent. 

pyloxazolidinone ( la)  was first acetalized (eq 1) with 
various alcohols under the conditions shown in Table 1. 

6 le  t-BU 2g 80 89 95 

1 R' 

a CPr 
b Me 

d Ph 
e f-Bu 

c PhCH2 

2 R' R2 
a CPr Me 
b CPr Et 
c CPr nPr  
d Me Me 
e PhCH2 Me 
f Ph Me 
g f-Bu Me 

As expected, the reaction proceeded smoothly to give 
acetals 2a-c in good yields. The diastereomeric excesses 
of the acetals were determined by GLC analysis using a 
capillary column and/or from lH NMR peak areas of the 
doublet signals due to the C'-2 methyl protons. 

As can be seen in Table 1, virtually no difference in 
selectivity and reactivity was observed with alcohol 
substituents R = Me, Et, and n-Pr (entries 1-3). The 
reaction rate and selectivity depended only on the reac- 
tion temperature. Decreasing the temperature from 50 
"C to 25 "C greatly retarded the reaction, but use of 
excess amounts of MeOH (25 equiv) at 25 "C allowed the 
acetalization to proceed to completion in 96 h (entry 4). 
Under these conditions, the selectivity increased from 
43% de to 61% de (entries 1 and 4). When MeOH was 
used as solvent (entry 5), the reaction was accelerated 
but resulted in accompanying side reactions such as 
deacylation of the methacryloyl moiety from the oxazo- 
lidinone. Thus, we decided to use 25 equiv of MeOH at 
25 "C in DME solvent as standard conditions. 

Table 2 shows that the diastereoselectivity is depend- 
ent on the steric bulkiness of the substituents (R) at the 
4-position of the oxazolidinone, and the % de follows the 
order of R = Me < CH2Ph -= i-Pr < Ph < t-Bu. The 
electronic nature of the substituent6dge does not appear 
to be associated with the selectivity. The highest selec- 

t-BuMe2Si0 0 
f-BuMe2SiCI i -Bu2AIH 

HO 0 

Me voMe "'H imidazole - 
(9 -5  6 

7 a 
1)(MeO),CMe2 HO OMe - Y O M e  

BF39Et2 

2) Bu~NF Me 'H 

tivity was attained with R= t-Bu (95% de) (entry 6). 
When the substituent R was an aryl group, as in Id (R 
= Ph), no appreciable reaction took place, presumably 
because of the substrate's low solubility in DME solvent. 
When Id was dissolved in DME at  a higher temperature 
(50 "C) (entry 41, the reaction proceeded well to afford a 
92% yield of acetal 2f with moderate selectivity (71% de). 
When Id was acetalized in CH2C12 at a lower tempera- 
ture (25 "C), the selectivity increased to 80% de. Thus, 
either DME or CHzClz can be used as the solvent, 
although the reaction of l a  (R = i-R) with MeOH in CH2- 
Clz rather than DME (25 "C) showed no improvement in 
diastereoselectivity . 

The newly created chiral center in product 2a was 
determined to be the 2'5 configuration by the following 
method. The acetal 2a (50% de) was converted into 
hydroxy acetal 3a upon treatment with LA& (eq 21, 
and (45)-isopropyloxazolidinone (4) was quantitatively 
recovered. The [ a l ~  value of the 3a obtained was +23.0" 

(c 0.92, CHC13). According to Scheme 2, the authentic, 
optically active 3b was prepared from methyl (S)-(+)-3- 
hydroxy-2-methylpropanate (5). Protection of the OH 
group of 5 with tert-butyldimethylsilyl chloride, followed 
by reduction with diisobutylaluminum hydride (DIBALH) 
and subsequent Swern oxidation, afforded aldehyde 8. 
Acetalization of 8 with 2,2-dimethoxypropane followed 
by desilylation gave hydroxy acetal 3b with [aIz5~ -26.2" 
(c 1.02, CHC13) (-57% eel (Experimental Section). 

Comparison of the [ah values of 3a and 3b allowed us 
to assign the absolute configuration of the product acetal. 
Namely, the use of (45)-oxazolidinones as chiral auxil- 
iaries, derived from natural L-amino acids, results in the 
formation of (2'5)-acetals 2, which lead to (R)-(+)-hydroxy 
acetal 3a. Of course, when (4R)-oxazolidinones are 
employed, acetals of the opposite configuration are 
produced (vide infra). For the preparation of optically 
active hydroxy acetal (R)-(+)-3a, the use of Id (R = Ph) 
or le (R = t-Bu) is optimal, since the product acetal 2f 
(R = Ph) or 2g (R = t-Bu) is readily purified to its single 
diastereomer upon one recrystallization. 

Camphor lactam skeletons such as If and l g  (eq 3) 
have recently been demonstrated to be effective chiral 
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Scheme 3 

1) (COCI)2, DMF cat. 
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auxiliaries.11J2 Their applicability to the present reaction 
was thus examined. The acetalization of methacryloyl- 

xc + MeOH - X c g l M e  (3) % 1 Me Me H 

Q 

k O O M e  

camphor lactam If with MeOH gave (2’R)-acetal2h in 
68% de (78% yield), whereas (2’S)-acetal2i was obtained 
from lg in 50% de (40% isolated yield). LiAlE reduction 
of 2h or 2i afforded (-)-3b or (+)-3a, respectively. 
Although the stereoselectivity was not high in either case, 
it is noteworthy that the opposite stereochemical outcome 
was produced by the two camphor lactam regioisomers. 
When (2S)-carbomethoxypyolidone was used as the 
chiral auxiliary, no higher stereoselectivity (40% de) was 
attained ( l h  - 2j). 

Mechanistic Study. The present acetalization cre- 
ates the chiral center via incorporation of a hydrogen 
atom onto the prochiral sp2 carbon of the methacryloyl 
moiety of 1. In order to determine the origin of the H 
atom, the acetalization of la (R = i-Pr) was performed 
with CH30D (10 equiv) (DME, 50 “C, 24 h). However, 
virtually no D-atom incorporation was observed in prod- 
uct 2a (80% yield, 50% de) by NMR spectroscopy. This 
means that simple addition of MeOH to the methacryloyl 
moiety does not take place. An alternative possibility for 
creation of the chiral center is intramolecular H atom 
migration h m  the terminal olehic proton to the prochiral 
C-2’ carbon. To investigate this possibility, dideuteriated 
alkene 11 was prepared from 1,l-dideuteriated methyl 
methacrylate 913 (Scheme 3) obtained from Mannich-type 

(11) Boeckman, R. K., Jr.; Nelson, S. G.; Gaul, M. D. J. Am. Chem. 
SOC. 1992,114,2258. We are grateful to Prof. R. K. Boeckman, Jr., for 
informing us of the procedures for the preparation of If and lg. 
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(13) Michailov, M.; Dirilikov, S.; Peeva, N.; Georgiva, Z. Mucromol- 
ecules 1974, 789. 
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condensation of CDzO with 2-methylmalonic acid mono- 
methyl ester. Hydrolysis of 9 followed by treatment with 
oxalyl chloride gave the corresponding acid chloride 
which was then reacted with (4S)-isopropyloxazolidinone 
lithium salt to give dideuteriated substrate 11. 

The acetalization of 11 with MeOH (DME, 50 “C, 76 
h) gave a 3:l mixture (50% de) of (2’S)-12a and (2’R)- 
12b in 82% yield (eq 4). In the ‘H NMR spectrum of this 

O O D  
PdCIz , CUCI 

+ MeOH 
o2 * 

DME, 50 “C 
(4) 

mixture, the methyl protons at C-2‘ appeared essentially 
as two sets of singlet peaks, indicating that the D atom 
is incorporated at this position. Thus, the stereoselective 
1,2-migration of an H(D) atom onto the terminal olefinic 
carbon creates the chiral center. In order to evaluate the 
extent of D-atom incorporation, each of the diastereomers 
12a and 12b was isolated and subjected to lH NMR 
analysis. The methyl signal of the major diastereomer 
(2’S)-12a consisted of a single peak at 6 1.24 and a small 
doublet (6 1.16, J = 6.7 Hz). Similarly, the methyl signal 
of the minor diastereomer (2’R)-12b appeared as a singlet 
at 6 1.16 and a doublet at 6 1.17 (J = 6.7 Hz). A quartet 
due to the proton incorporated at C-2’ was observed at 6 
4.39. Irradiation of the C-2’ proton changed the doublet 
signal at 6 1.17 to a singlet, indicating that the doublet 
at 6 1.17 can certainly be ascribed to the C-2’ methyl 
signal. The extent of D-atom incorporation was deter- 
mined by comparing peak areas of the singlet and doublet 
signal and was found to be 92% for (2’S)-12a and 79% 
for (!2’R)-12b. Factoring in the ratio of (2W-12a to (2%)- 
12b formed, it was found that the extent of D-atom 
incorporation was 89%. Analysis of D-atom content by 
mass spectrometry also showed a 90% D atom incorpora- 
tion in acetal 12. Namely, ea. 10% of the D atoms were 
lost during the reaction, and the €I atom of MeOH was 
incorporated into the product to the extent of -10%. This 
result is different from that obtained when MeOD was 
used, where no D-atom incorporation took place. 

The proposed reaction pathway leading to (2’S)-acetal 
is shown in Scheme 4 where a (4R)-oxazolidinone serves 
as the chiral auxiliary. Among the various conformations 
of substrate 1, the s-trans conformer shown in Scheme 4 
is more stable than the s-cis isomer, because of steric 
interference between the methyl group on the olefin and 
the substituent R on the oxazolidinone. An MM2 calcu- 
lation using the Tektronix CAChe system14 supports this 
view. PdC12 approaches the s-trans olefin from its re- 
face where no bulky substituent R is present. Subse- 
quent nucleophilic attack of MeOH on the olefin in a 
trans fashion produces o-bonded Pd(I1) intermediate 14 
from which p-Pd-H elimination takes place. Readdition 
of Pd-H to the resulting vinyl ether 15 from the same 
face (re) creates the chiral center in 16. Thus, stereose- 

(14) We are indebted to SONY Tektronix for the MM 2 caluculation 
of this compound. 
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14 
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I 1 MeOH 

0 

OMe 
(2'5)-2 

Scheme 5 
n 

17 

lective 1,2-H(D) migration results. The C-Pd bond in 
16 is then displaced by MeOH to give the product acetal 
(2'S)-2.15 In the case of 1,l-dideuteriated alkene 11, vinyl 
ether complex 15 bearing XPd-D is formed. Compared 
to XPd-H, readdition of XPd-D is retarded by the 
isotope effect, and thus vinyl ether is liberated from the 
palladium to some extent. Therefore, Michael addition 
of MeOH to the vinyl ethel.3 gives rise to D-atom loss in 
the product. 

Scheme 5 shows an alternative pathway leading to 
acetal (2'5)-2, in which nucleophilic attack of MeOH on 
vinyl ether complex 15 with loss of HX produces 17, from 
which reductive elimination leads to acetal 2 along with 
Pd(0). Although this mechanism cannot be rigorously 
excluded from the present results, it seems unlikely 
because Pd(0) was not observed in the present acetal- 
ization as reported previously.16 In addition, the pathway 
shown in Scheme 4 has the following support. The 
readdition process of Pd-H to coordinated alkenes such 
as 15 - 16, which occurs fast, is very common in 
palladium ~hemistry, '~ and the Wacker oxidation of 
ethylene to acetaldehyde involves readdition of Pd-H to 
a vinyl alcohol intermediate.7b The displacement of a 

(15) (a) Lee, H.-B.; Henry, P. M. Can. J .  Chem. 1976,54, 1726. (b) 
Uemura, S.; Zushi, K; Okano, M. J.  Chem. Soc., Chem. Commun. 1972, 
234. 

(16) Hosokawa, T.; Ataka, Y.; Murahashi, S.-I. Bull. Chem. SOC. Jpn. 

(17)(a) Reference 7b, pp 84-133. (b) Portnoy, M.; Milstein, D. 
1990, 63, 166. 

Organometallics 1994, 13, 600. 

I I  re 
PdC12 

a-C-Pd bond by MeOH to form a C-OMe bond has been 
documented in the literature.l8 This process results in 
the formation of an HPdX species which reacts with 0 2  

to give PdOOH as the catalytically active species. A 
catalytic cycle involving this species is also reasonable 
with respect to our previous r e s ~ l t s . ~ * J ~  

The conformational preference of the methacryloyl 
moiety is an important factor controlling the stereose- 
lectivity. As is common in oxazolidinone chemistry, the 
rotation about the C-1'-N bond must be fmed via 
chelation of the carbonyl groups to the metal salts 
present.lg This is also applicable to the case of camphor 
lactam If. The conformational preference about the 
C-1'-N bond as well as that of the methacryloyl moiety 
in lP1 as shown in Scheme 6 allows palladium to 
approach the si face of the olefin, resulting in the 
formation of (2'R)-acetal2h. In the case of lg, a similar 
model accounts for the formation of (2'S)-acetal2i. 

Synthetic Application. Enantiomerically pure al- 
dehyde 19 bearing an a-methyl substituent, as shown 
below, serves as a useful synthetic building block for 
intriguing natural products.20 The aldehyde is obtainable 
from hydroxy ester 18a. The preparation of this ester is 

OH 0 

o P H  0 V O R '  e +OH 
Me Me Me 

16a: (R'=Me) 
b: (R'= H) 0 OR2 

at present dependent on the fermentation of isobutyric 
acid by Psuahmonas putida to give (25')-3-hydroxy-2- 
methylpropanoic acid (18b).21 However, the yield is not 
high (48%). While aldehyde 19 is prepared from Ma, as 
shown in Scheme 2 (vide supra), via reduction of 6 
followed by Swern oxidation, the present, asymmetric 
acetalization provides an alternative route to the alde- 
hyde synthon, starting from methacryloyl chloride (Scheme 
1).22 Since the oxazolidinone moiety in 2 can be trans- 
formed into an ester or carboxylic acid,6fph the present 

(18) (a) Kurosawa, H. J .  Synth. Org. Chem. Jpn. 1978, 36, 30. (b) 
Takeuchi, R.; Ishii, N.; Sugiura, M.; Sato, N. J .  Org. Chem. 1992,57, 
4189. (c) For heterolytic cleavage of the Pd-C bond, see: Heumann, 
A,; Waegell, B. New. J .  Chem. 1977, I ,  277. 

(19) (a) Castellino, S. J.  Org. Chem. 1990, 55, 5197. (b) Castellino, 
S.; Dwight, W. J. J.  Am. Chem. Soc. 1993, 115, 2986. 
(20) Collum, D. B.; McDonald, J. H., 111; Still, W. C. J.  Am. Chem. 

Soc. 1980, 102, 2118. Nakata, T.; Kishi, Y. Tetrahedron Lett. 1978, 
31, 2745. Nagaoka, H.; Kishi, Y. Tetrahedron 1981,37,3873. Mulzer, 
J.; Duprb, S.; Buschmann, J.; Luger, P. Angew. Chem., Int. Ed. Engl. 
1993,32, 1452. 
(21) Goodhue, C. T.; Schaeffer, J. R. Biotechnol. Bioeng. 1971, 13, 

203. 
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HO OMe PhCHzO OMe 

(S)-(-)-3b me 22 lire 23 

24 25 
R' = - C H ( P M ~ O C ~ H ~ ) ~  

method also offers a route to j3-functionalized a-methyl 
substituted acetals such as 20 and 21 in optically active 
forms (eq 5). 

0 OMe 

~ i o ~ n  B n o v O M e  
Me'" H l a  - (4S, 25)-2a - 

LiOOH 

9 OMe 

'OMe 
Me H 

\ 
HO* . . ..* 

Using this methodology, we synthesized optically active 
azetidinone 26 in high enantiomeric excess as shown in 
Scheme 7. The azetidinone 26 is a precursor of the 
antibiotic lj3-methylcarbapenem and has the (l'S)-con- 
figuration on the chiral center of the side chain.23 An 
acetalization using a (a)-substi tuted oxazolidinone would 
give (4R,2R')-acetal 2 which could give rise to (25')- 
aldehyde 23 leading to (1's)-26. Methacryloyl ( a ) -  
oxazolidinone li (R = Ph), prepared from D-phenylgly- 
cine, was thus acetalized with MeOH (50 "C, CH2C12) on 
a gram scale to  afford an 80% de of acetal 2k as a 
colorless crystal in 88% yield. As mentioned earlier, the  
single diastereomer of ( a  2'R)-2k was readily obtained 
after one recrystallization from hexane-diisopropyl ether 
[60% yield from ( a ) - l i I .  Reduction of pure 2k with 
LiAlH4 gave hydroxy acetal (S)-(-)-3b (60% after puri- 
fication). Protection of the OH group in (S)-(-)-3b with 
benzyl bromide afforded 22 (58%). 

In the subsequent deacetalization, suppression of ra- 
cemization was crucial for the synthesis of 23. The use 
of Amberlyst-15 as a catalyst24 in aqueous acetone at 25 
"C gave aldehyde 23 quantitatively, but 35% racemiza- 
tion took place. When pyridinium tosylate (PPTS)25 was 
used as a catalyst, a 98% ee of aldehyde 23 was obtained 
in  99% yield. The optical purity of aldehyde 23 was 
determined by HPLC analysis using a chiral column 

(22) The aldehyde synthon is also obtainable from the reaction of 
titanium enolate of (4S)-N-propionyl-4-benzyl-2-oxazolidinone with 
orthoformate; see ref 6j. 
(23) Kawabata, T.; Kimura, Y.; Ito, Y.; Terashima, S. Tetrahedron 

1988,44,2149. 
(24) Coppola, G. M. Synthesis 1984, 1021. 
(25) Sterzycki, R. Synthesis 1979, 724. Parrinello, G. J. Am. Chem. 

Soc. 1987, 109, 7122. 
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(CHIRAPAK OJ), after 23 was converted into benzoyl 
ester 26 by LiAlH4 reduction followed by esterification 
(eq 6). The aldehyde 23 was then reacted with di-p- 

'1 LiA1H4 PhCHz0 OCOPh 
2) PhCOCl 

23 - u (6) 
1 
Me 
26 

anisylmethylamine to  give imine 24. According to the 
procedure of Terashima el al.,23 the reaction of imine 24 
with diketene (toluene, -20 "C) gave azetidinone 26 and 
a small amount of its diastereomer (8:l) (41% yield from 
23). 

In summary, the present acetalization of methacryloyl 
derivatives offers a route for synthesizing (R)- or (SI-3- 
hydroq-2-methylpropanal dimethyl acetal, a useful build- 
ing block in organic synthesis. In addition, a mechanistic 
study of the acetalization revealed that the chiral center 
of the product acetal is created by trans-oxypalladation 
and 1,2-stereoselective hydride migration, if the confor- 
mational preference of the substrate 1 is valid. 

Experimental Section 
Materials. L-Valine, L-alanine, L-tert-leucine, L-phenylgly- 

cine, and D-phenylglycine were commercially available. (a)- 
Benzyl-2-oxazolidinone and methyl (S)-(+)-3-hydroxy-2-meth- 
ylpropionate were also commercially- available. PdClz was 
obtained from nakalai tesque. Commercially available CuCl 
was purified by literature procedure.26 Formaldehyde& (30% 
in DzO, stabilized with CD30D) was obtained from Merck 
Chemical Co., Ltd. Tetrahydrofuran (THF) and benzene were 
distilled from benzophenone ketyl under argon atmosphere. 
Dimethoxyethane (DME), dichloromethane, dimethylforma- 
mide (DMF), diisopropylamine, triethylamine, and dimethyl 
sulfoxide (DMSO) were distilled over calcium hydride under 
argon atmosphere. Methanol and ethanol were distilled over 
magnesium alkoxide. 

Optically pure 4(S)-isopropyl-2-oxazolidinone was prepared 
by the literature procedurez7 which involves esterification of 
L-valine and protection of the amino group by benzyl chloro- 
formate followed by cyclization with sodium hydroxide. Other 
oxazolidinones were prepared by reduction of amino acids with 
diborane followed by condensation of diethylcarbonate.6g 

Typical Procedure for the Preparation of N-Meth- 
acryloyloxazolidinones: Preparation of (4S)N-Meth- 
acryloyl-4-phenyl-2-oxazolidinone (Id). Into a soultion of 
(S)-4-phenyloxazolidinone (20.0 g, 123 mmol) in dry THF (180 
mL) was added slowly a solution of n-BuLi (1.1 equiv, 135 
mmol) in hexane (1.60 M, 85.0 mL) at  -78 "C under argon 
atmosphere, and the solution was stirred at -50 "C for 60 min. 
Methacryloyl chloride (13.8 mL, 141 mmol) was added slowly 
to the above solution, and the flask was warmed to room 
temperature. After the mixture was stirred for 1 h, hexane 
(200 mL), ethyl acetate (120 mL), water (120 mL), K&O3 (3.0 
g), and glycine (750 mg) were successively added, and the 
mixture was stirred for 30 min at room temperature. The 
aqueous layer was extracted with ethyl acetate (200 mL x 3). 
The organic layers were combined, washed with brine (100 mL 
x 2), and dried over MgSOd. Removal of the solvent followed 
by recrystallization from hexane-ethyl acetate gave (4s)- 
(-)-3-(methacryloyl)-4-phenyl-2-oxazolidinone Id (R = Ph) in 
94% yield. Spectral and analytical data of methacryloylox- 
azolidinones la-d are as follows. 

la  (R = i-Pr): 99%; mp 68-69 "C; IR (Kl3r) 3005, 1790, 
1685, 1225 cm-I; lH NMR 6 0.91 (d, J = 6.1 Hz, 3H), 0.94 (d, 
J =  6.8Hz, 3H), 2.04(dd, J =  1.5, LOHz, 3H), 2.39(dqq, J =  
4.2, 6.8, 7.1 Hz, lH), 4.20 (dd, J = 9.0, 4.6 Hz, lH), 4.33 (dd, 

(26) Keller, R. N.; Wycoff, H. D. Inorg. Synth. 194f3, 2 ,  1. 
(27) Nakano, M.; Atsumi, S.; Koike, Y.; Tanaka, S.; Funabashi, H.; 

Hashimoto, J.; Ohkubo, M.; Morishima, H. Chem. Lett. 1990, 505. 
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J=9.0,8.5Hz,lH),4.50(ddd,J=8.5,4.5,4.2H~,lH),5.40- 
5.43(m,2H);13CNMR6 14.9,17.8,19.2,28.3,58.2,63.6,129.5, 
139.9, 153.4,171.1; [aIz4~ +98.3" (c 1.11, CHCl3). Anal. Calcd 
for C10H15N03: C, 60.90; H, 7.67; N, 7.10. Found: C, 61.10; 
H, 7.64; N, 7.07. 

lb (R = Me): 65%; mp 48-49.5 "C; IR (KBr) 1780, 1690, 
1385, 1340, 1225, 1130 cm-l; lH NMR 6 1.33 (d, J = 5.9 Hz, 
3H), 2.02 (dd, J = 1.7, 1.0 Hz, 3H), 3.98 (dd, J = 8.2, 5.0 Hz, 
lH), 4.48 (t, J = 8.2 Hz, lH),  4.55 (m, lH), 5.42 (dq, J = 1.7, 
0.7 Hz, lH), 5.43 (dq, J = 0.7, 0.7 Hz, 1H); 13C NMR 6 18.5, 
18.9,50.7,69.1,120.7,139.8,153.1,171.1; [aIz4~ +96.4"(~ 1.17, 
CHC13). Anal. Calcd for C~H11N03: C, 56.80; H, 6.55; N, 8.28. 
Found: C, 56.88; H, 6.58; N, 8.20. 

IC (R = CHZPh): 73%; mp 69-70 "C; IR (KBr) 1790,1685, 
1395, 1355, 1220, 760, 700 cm-'; 'H NMR 6 2.04 (dd, J = 1.7, 
l.OHz, 3H), 2.85 (dd, J =  13.4,9.0Hz, lH), 3.34(dd, J=  13.4, 
3.4 Hz, lH), 4.17 (dd, J = 9.0, 4.9 Hz, lH), 4.25 (dq, J = 9.0, 
7.6 Hz, lH), 4.71 (dddd, J = 9.0, 7.6,4.9,3.4 Hz, lH), 5.43 (m, 
2H), 7.20-7.37 (m, 5H); 13C NMR6 19.0,37.5,55.2,66.4,120.6, 
127.3, 128.9, 129.4, 135.0, 139.6, 152.8, 171.0; EaIz4~ +73.3" (C 
0.58, CHC13). Anal. Calcd for C14H15N03: C, 68.56; H, 6.16; 
N, 5.71. Found: C, 68.62; H, 6.22; N, 5.67. 

Id (R = Ph): mp 162-165 "C; IR (KBr) 1790,1690, 1390, 
1330,1235,1210,1065,740,700 cm-l; lH NMR 6 2.02 (dd, J 
= 1.6, 1.1 Hz, 3H), 4.25 (dd, J = 8.9, 6.5 Hz, lH), 4.71 (t, J = 
8.9 Hz, lH), 5.47 (dd, J=  8.9,6.5 Hz, lH), 5.49 (m, 2H), 7.26- 
7.39 (m, 5H); 13C NMR 6 18.7, 58.1, 69.9, 121.9, 126.1, 128.9, 
129.2, 138.0, 139.3, 153.2, 170.3; [alZ4~ +71.6" (C 0.82, CHC13). 
Anal. Calcd for C13H13N03: C, 67.52; H, 5.67; N, 6.06. 
Found: C, 67.28; H, 5.72; N, 5.98. 

l e  (R = t-Bu): 94%; mp 61-64 "C; IR (KBr) 3030, 1780, 
1685, 1325, 1185, 1110,910, 760 cm-'; 'H NMR 6 0.95 (s,9H), 
2.07 (dd, J = 1.5, 1.0 Hz, 3H), 4.29 (d, J = 5.4 Hz, lH), 4.29 
(d, J = 5.4, lH), 4.54 (t, J = 5.4 Hz, lH), 5.50-5.53 (m, 2H); 
13C NMR 6 19.1, 25.4, 35.8, 60.3, 64.9, 121.8, 139.6, 153.8, 
171.4; [a]24~ +65.1" (c  1.26, CHC13). Anal. Calcd for CllH17- 
NO3: C, 62.54; H, 8.11; N, 6.63. Found: C, 62.15; H, 8.03; N, 
6.61. 

(lR,4S)-3-Methacryloyl- 1,7,7-trimethyl-3-azabicyclo- 
[2.2.1]heptan-3-one (If). A solution of (lR,4S)-1,7,7-trimeth- 
yl-3-azabicycl0[2.2.l]heptan-2-one~~ (769 mg, 3.16 mmol) in 2 
mL of THF was added slowly to a suspension of NaH (60% 
dispersion in oil) (1.2 equiv, 3.79 mmol, 152 mg) in 5 mL of 
THF at 0 "C. Once addition was complete, the mixture was 
warmed to room temperature and stirred for 10 h. Methacryl- 
oyl chloride (1.2 equiv, 396 mg) was then added to  the above 
solution at 0 "C, and the mixture was stirred for 10 min and 
for 3 h at  room temperature. Saturated NH&l solution (0.5 
mL) was added, and the volatiles were evaporated in uucuo. 
The residue was dissolved in a minimum amount of saturated 
NaHC03 solution and extracted with ether (50 mL x 3). The 
combined organic extracts were washed with brine and dried 
over MgS04. Filteration, concentration in uucuo, and Si02 
column chromatography (16 g, 1.5 x 20 cm, hexandether = 
3/1) gave If as a colorless oil (198 mg, 28%): IR (neat) 2970, 
1750, 1670, 1340 cm-l; lH NMR 6 0.95 (s, 3H), 0.99 (9, 3H), 
1.06 (s,3H), 1.54-1.88 (m, 4H), 1.99 (dd, J =  1.7,l.O Hz, 3H), 
4.20 (d, J = 2.4 Hz, lH), 5.31 (dq, J = 1.0, 1.0 Hz, lH), 5.36 
(dq,J=1.7,1.0Hz,1H);13CNMR69.4,17.6,18.5,18.9,26.6, 
30.6, 47.4, 56.2, 64.5, 119.4, 141.1, 170.2, 177.4. 
(1R,4S)-2-Methacryloyl-1,7,7-trimethyl-2-azabicyclo- 

[2.2.l]heptan-3-one (lg). Compound l g  was prepared from 
(1R,4S)-1,7,7-trimethyl-2-azabicyclo [2.2.1Iheptan-3-0ne~~ by 
the same procedure as above. lg: 18%; mp 85-87 "C; 'H 
NMR 6 0.94 (9, 3H), 1.09 (s, 3H), 1.43 ( 8 ,  3H), 1.63 (m, lH), 
1.83 (m, lH), 1.99 (dd, J = 1.2, 1.2 Hz, 3H), 2.01-2.21 (m, 
2H), 2.38 (d, J = 4.4 Hz, lH), 5.46-5.48 (m, lH), 5.50-5.51 
(m, 1H); 13C NMR 6 12.6,17.6,18.6,18.7,24.2,31.9,47.8,55.5, 
72.7,122.4, 142.2, 172.4, 177.3; [a1 2 8 ~  f10.70" (c 1.24, CHCld; 
HRMS calcd for C13H23N05 221.1416, found 221.1395 (M+). 

Methyl (5S)-N-(Methacryloyl)-2-p~lidone-S-c~~~- 
ylate (lh). Compound lh was similarly prepared from methyl 
(S)-2-pyrrolidone-5-carboxylate obtained by esterification of 
(S)-( -)-2-pyrrolidone-5-carboxylic acid (Aldrich). lh: 75%; 
colorless oil; IR (neat) 2959,1748 1682,1638,1439,1373,1325, 
1281 , 1215, 1150, 1080, 1042, 993; 'H NMR 6 2.02 (dd, J = 

Hosokawa et  al. 

1.0, 1.5 Hz, 3H), 2.11 (dddd, J = 13.9, 4.5, 3.6 Hz, lH), 2.40 
(ddd, J = 18.0, 13.0, 9.0 Hz, lH), 2.58 (dd, J = 4.5, 9.0 Hz, 
lH), 2.69 (dd, J = 18.0, 9.0 Hz, lH), 3.79 (9, 3 H), 4.77 (dd, J 
= 3.7, 9.0 Hz, lH), 5.43-5.40 (m, 2H); 13C NMR 6 18.7, 21.8, 
31.5,52.6,57.9, 120.5, 140.3, 171.3, 171.4,173.2. Anal. Calcd 
for C10H13N04: C, 56.87; H, 6.20; N; 6.63. Found: C, 56.57; 
H, 6.05; N, 6.62. 

General Procedure for Pd(I1)-Catalyzed Acetalization 
of 1 with Alcohols. In a 25 mL round-bottomed flask 
equipped with rubber balloon filled with oxygen and a mag- 
netic stirring bar were placed PdClz (9 mg, 0.05 mmol), CuCl 
(50 mg, 0.5 mmol), and 1 (0.5 mmol). To the flask was added 
dry DME (1.0 mL) and an alcohol (25 equiv) via syringe. The 
resulting mixture was stirred at room temperature (25 "C), 
and the progress of reaction was monitored by GLC. When 
the reaction was completed (24-96 h), the resulting mixture 
was filtered through a pad of Florisil(2.0 g, 1.2 x 2.5 cm, ether, 
150 mL). Removal of the solvent followed by Si02 column 
chromatography (hexane/AcOEt = 812) gave pure acetal 2. 
Results of the acetalization of la  (R = i-Pr) with various 
alcohols are given in Table 1. Chemical yields and diastere- 
omeric excesses of 2a-g are shown in Table 2, and those of 
2h-j are shown below. Spectral and analytical data of major 
diastereomers of 2a-j are listed below. 

2a: bp 160-180 "C (1 mmHg); IR (neat) 2900,1789,1700, 
1385, 1300, 1240, 1205, 1115, 710 cm-l; lH NMR 6 0.88 (d, J 
= 7.0 Hz, 3H), 0.92 (d, J = 7.0 Hz, 3H), 1.22 (d, J = 7.0 Hz, 
3H), 2.35 (m, lH), 3.33 (s, 3H), 3.35 (s, 3H), 4.19 (dd, J =  7.0 
Hz, lH), 4.27 (dd, J =  7.0 Hz, lH), 4.41-4.47 (m, lH), 4.60 (d, 
J = 8.0 Hz, 1H); 13C NMR 6 13.5, 14.7, 17.8, 28.5, 40.2, 51.6, 
55.4, 58.5, 63.3, 105.2, 153.6, 174.0. Anal. Calcd for C1zHz1- 
NO5: C, 55.58; H, 8.16; N, 5.40. Found: C, 55.81; H, 8.01; N, 
5.51. 

2b: bp 200 "C (1 mmHg); IR (neat) 2940,1780,1700,1460, 
1305, 1300, 1200, 1120, 710 cm-l; lH NMR 6 0.88 (d, J = 7.1 
Hz, 3H), 0.92 (d, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H), 
1.20(t,J=7.1Hz,3H),1.22(d,J=7.1Hz,3H),2.34(dqq,J 
=4.2,7.1,7.1Hz,lH),3.49(dq,J=9.8,7.1Hz,lH),3.56(q, 
J =  7.1Hz, lH),3.60(q, J =  7.1Hz, 1H),3.69(dq, J =  9.8, 7.1 
Hz, lH), 4.06-4.32 (m, 3H), 4.42 (ddd, J = 7.5, 4.2, 3.4 Hz, 
lH), 4.68 (d, J = 8.1 Hz, 1H); 13C NMR 6 13.6, 14.7, 14.9,15.1, 
17.9, 28.8, 40.9, 58.7, 60.1, 63.1, 63.4, 103.7, 153.8, 174.3. 
Anal. Calcd for C14H25N05: C, 58.52; H, 8.77; N, 4.87. 
Found: C, 58.55; H, 8.73; N, 4.90. 

2c: colorless oil; IR (neat) 2880, 1786, 1703, 1462, 1385, 
1300,1235,12904,1142,1119,1167,991,955,775,710 cm-l; 
iHNMR60.87(t ,  J=7 .1Hz ,3H) ,0 .88 ( t ,  J = 7 . 1 H z , 3 H ) ,  
0.92 (t, J =  7.1 Hz, 3H), 0.94 (t, J =  7.1 Hz, 3H), 1.22 (d, J =  
6.8 Hz, 3H), 1.52 (tq, J = 7.1, 7.1 Hz, 2H), 1.59 (tq, J = 7.1, 
7.1 Hz, 2H), 2.35 (dqq, J =  4.2, 7.1, 7.1 Hz, lH), 3.36 (dt, J =  
9.3, 6.6 Hz, lH), 3.48 (dt, J = 6.6, 6.6 Hz, lH), 3.49 (dt, J = 
6.6,6.6Hz,lH),3.61(dt,J=9.3,6.6Hz,lH),4.20(d,J=7.1 
Hz, lH), 4.21 (d, J = 7.1 Hz, lH),  4.29 (dq, J = 8.1, 6.8 Hz, 
lH), 4.40 (ddd, J = 7.1, 4.2, 4.2 Hz, lH), 4.67 (d, J = 8.1 Hz, 
1H); 13C NMR 6 10.5, 10.7, 13.5, 14.9, 17.9, 22.9, 23.1, 28.8, 
40.7, 58.7, 63.4, 66.0, 69.7, 103.9, 153.8, 174.4; MS (EI) 256 
(M+ - OPrn); MS (CI) 316 (M + l), 256 (M+ - OPr"). 

2d bp 180-190 "C (1 mmHg); IR (neat) 2990,1780,1700, 
1460,1390,1345,990,950,765,695 cm-'; 'H NMR 6 1.19 (d, 
J=7.1Hz,3H),  1.4O(d,J=6.4Hz,3H),3.33(~,3H),3.35(~, 
3H), 3.97 (dd, J = 8.6, 2.7 Hz, lH), 4.18 (dd, J = 8.1, 7.1 Hz, 
lH),  4.43 (dd, J = 8.6, 5.4 Hz, lH), 4.50-4.64 (m, lH), 4.59 
(d, J = 8.1 Hz, 1H); 13C NMR 6 13.2, 19.1, 40.3, 50.6, 51.8, 
55.4, 68.9, 105.3, 174.0, 174.3. Anal. Calcd for CIZHZINO~: 
C, 51.94; H, 7.41; N, 6.06. Found: C, 51.87; H, 7.21; N, 6.08. 

2e: IR (neat) 1780, 1700, 1455, 1385, 760, 705 cm-l; lH 
NMR 6 1.24 (d, J = 6.8 Hz, 3H), 2.78 (dd, J = 13.4, 9.5 Hz, 
lH), 3.25 (dd, J = 13.4,3.4 Hz, lH), 3.33 (s, 3H), 3.36 (s, 3H), 
4.10-4.26 (m, 3H), 4.62 (d, J = 7.0 Hz, lH), 4.68 (ddt, J = 
9.5,3.4, 7.1 Hz, lH), 7.19-7.36 (m, 5H); 13C NMR6 13.2,37.9, 
40.3, 51.7, 55.3, 55.4, 66.0, 105.3, 127.3, 128.9, 129.4, 135.2, 
153.0, 174.1; HRMS calcd for C16H21N05 307.1420, found 
307.1411. 

2E mp 118.0-120.0 "C; IR (KBr) 2980, 1790, 1710, 1475, 
1380, 1240, 1120,1060, 770 cm-'; 'H NMR 6 1.12 (d, J = 7.1 
Hz, 3H), 3.33 (s, 3H), 3.37 (s, 3H), 4.25 (dd, J = 8.8, 3.2 Hz, 
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Table 3. Experimental Details for LiAlI& Reduction of 
2a and 2h-ja 

acetal LiAlH4 yield of 3* [ah 
(mg, mmol) % dec (mg, mmol) product (mg, %) (c, CHCls) 

2a (232, 0.89) 50 114, 3.00 (+)-3a 69, 58 +23.0" (0.92)d 

2i (300, 1.06) nd 121,3.18 (+)-3a 84, 59 +3.29" (0.30) 
2j (530, 1.94) nd 243,6.42 (-)-3b 71, 27 -18.8" (0.79) 

2h(80, 0.28) 68 33, 0.87 (-)-3b 37, 98' f 

a In the case of 2a, 4 mL of THF was used as the solvent. 
Isolated yield as the pure compound unless otherwise noted. 
The % de of acetal used in this experiment. The 'H NMR 

spectrum of 3a upon addition of Eu(tfc)3 (3aEu* = 15 mg/6 mg) 
showed 50% de. e Estimated from a mixture of 3b and chiral 
auxiliary by 'H NMR. fThe configuration of (-)-3b was deter- 
mined by 'H NMR spectrum upon addition of Eu(tfc)a (3b/Eu* = 
20 mg/lO mg). 

lH), 4.25 (dq, J = 7.1, 8.1 Hz, lH), 4.55 (d, J = 8.1 Hz, lH), 
4.67 (dd, J = 8.8, 8.6 Hz, lH), 5.43 (dd, J = 8.6, 3.2 Hz, lH), 
7.25-7.41 (m, 5H); I3C NMR6 13.2,40.4,51.7,55.5,57.7,69.8, 
105.2, 125.6, 128.6, 129.2, 139.2, 153.3, 173.5; [ a I z 5 ~  +112.0" 
(c 1.07, CHC13). Anal. Calcd for C15H19N05: C, 61.42; H, 6.53; 
N, 4.78. Found: C, 61.32; H, 6.40; N, 4.81. 

2g: IR (KBr) 2970, 1765, 1710, 1380, 1320, 1230, 1185, 
1115, 1045, 970, 705 cm-1; 1H NMR 6 0.93 (5, 9H), 1.25 (d, J 
= 7.1 Hz, 3H), 3.32 (s, 3H), 3.34 ( s ,  3H), 4.17-4.33 (m, 3H), 
4.43 (dd, J = 7.2, 1.8 Hz, lH), 4.57 (d, J = 8.3 Hz, 1H); 13C 
NMR6 14.0,25.7,35.7,40.0,5.13,55.6,61.1,65.2,105.4,154.4, 
174.2; MS (EI) 273 (M+), 242 (M+ - OMe), 131, 99, 75. Anal. 
Calcd for C13H23N05: C, 57.13; H, 8.48; N, 5.12. Found: C, 
56.93; H, 8.30; N, 5.08. 

2h: 78% (96 h), 68% de; 'H NMR 6 0.92 (s, 6H), 1.05 (s, 
3H), 1.16 (d, J = 6.8 Hz, 3H), 1.50-2.05 (m, 4H), 3.32 (9, 6H), 
4.23 (dq, J = 6.8, 8.1 Hz, lH), 4.31 (d, J = 2.7 Hz, lH), 4.56 
(d, J = 8.1 Hz, 1H); 13C NMR 6 9.5, 13.0, 17.7,18.4,26.7,30.1, 
41.4, 46.9, 51.5, 55.2, 56.4, 63.6, 105.8, 173.7, 178.5. 

2i; 52% (96 h), 66% de; 'H NMR 6 0.91 (s,3H), 1.01 (s, 3H), 
1.15 (d, J = 6.8 Hz, 3H), 1.50 (s, 3H), 1.65 (m, lH), 1.84 (m, 
lH), 2.00 (m, 2H), 2.34, (d, J = 6.8 Hz, lH), 3.32 (s, 3H), 3.33 
(s, 3H), 4.23 (dq, J = 6.8, 7.8 Hz, lH), 4.54 (d, J = 7.8 Hz, 
1H); 13C NMR 6 13.7, 13.9, 17.6, 18.6, 23.2, 32.0, 42.5, 47.2, 
51.7, 55.2, 55.4, 73.3, 105.8, 175.9, 178.3. 
2j: 67% yield (48 h); 52% de; 'H NMR 6 1.19 (d, J =  7.0 Hz, 

3H), 2.80-2.00 (m, 4H), 3.34 (s, 3H), 3.35 (s, 3H), 3.76 (s,3H), 
4.19 (dq, J = 7.0, 8.0 Hz, 1H) 4.61 (d, J = 8.0 Hz, lH), 4.78 
(dd, J = 2.5, 9.5 Hz, 1H); 13C NMR 6 12.9, 21.1, 32.1, 41.7, 
51.9, 52.6, 55.0, 58.0, 105.3, 171.6, 174.0, 174.9; MS (EI) 272 
(M+ - 11, 242 (M+ - OMe). 

L i A l a  Reduction of Acetals 2a and 2h-j: General 
Procedure. To a solution of acetal 2 in dry THF was slowly 
added LiAlH4 at 0 "C. The solution was stirred at room 
temperature for 20 h, and then water was slowly added. After 
the solution was dried over MgS04, the reaction mixture was 
filtered off and washed with ether. Removal of the solvent 
gave a mixture of 3a (or b) and chiral auxiliary. Kugelrohr 
distillation (80-100 "C/lO mmHg) followed by preparative 
GLC gave pure 3a (or b): lH NMR 6 0.90 (d, J = 6.8 Hz, 3H), 
2.04 (dddq, J = 6.6, 6.8, 4.9, 6.8 Hz, 1 H), 2.68 (br, 1 HI, 3.37 
(s, 3H), 3.43 (s, 3H), 3.55 (d, J = 6.8 Hz, lH), 3.56 (d, J = 6.8 
Hz, lH), 4.22 (d, J = 6.6 Hz, 1H); 13C NMR 6 12.2, 37.7, 53.0, 
55.3, 65.2, 109.1. Si02 chromatography of the distillation 
residure (CH2C12/AcOEt = 1/1) gave the chiral auxiliary. The 
experimental details for 2a and 2h-j are summarized in Table 
3. 

Preparation of Authentic (S)-3-(tert-Butyldimethylsil- 
oxy)-2-methylpropanal Dimethyl Acetal (3b). To a stirred 
solution of methyl (S)-(+)-3-hydroxy-2-methylpropionate (4.73 
g, 40 mmol, commercially available) in dry DMF (25 mL) were 
added tert-butyldimethylsilyl chloride (7.24 g, 48 mmol) and 
imidazole (4.09 mg, 60 mmol) at  0 "C under argon atmosphere. 
After the solution was stirred for 5 h at room temperature, 
the mixture was successively diluted with hexane (100 mL), 
water (10 mL x 51, and brine (10 mL). The organic layer was 
dried over MgS04 and evaporated in uacuo. Distillation (86- 
89 "C/7 mmHg) gave compound 6 (7.52 g, 86%): IR (neat) 2955, 
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1745,1260, 835, 775 cm-l; 'H NMR (60 MHz, CDCM 6 0.01 
(9, 6H), 0.88 (s, 9H), 1.14 (d, J = 7.1 Hz, 3H), 2.65 (ddq, J = 
6.8, 6.1, 7.1 Hz, lH), 3.65 (dd, J = 9.8, 6.1 Hz, lH), 3.68 (9, 
3H), 3.78 (dd, J = 9.8, 6.8 Hz, LH); I3C NMR 6 -5.5, 13.4, 
18.2, 25.7, 42.5, 51.4, 65.3, 175.4. To a solution of 6 (6.97 g, 
30 mmol) in dry toluene (25 mL) was added a solution of 
DIBALH (1.50 M solution in toluene, 42.0 mL) under argon 
atmosphere while the temperature was kept under -60 "C. 
After the solution was stirred for 30 min at -60 "C and for 30 
min at -30 "C, the mixture was poured into cold water (50 
mL). After filtration, the organic layer was separated, washed 
with brine, and dried over MgSO4. Concentration followed by 
distillation (95 "C/8 mmHg) gave (S)-3-(tert-butyldimethylsil- 
oxy)-2-methylpropano1(7) (3.09 g, 50%): IR (neat) 3320,2955, 
1255, 1090, 835, 755 cm-1; 1H NMR 6 0.10 (s, 6H), 0.86 (d, J 
= 6.8, 7.8 Hz, 3H), 0.92 (8, 9H), 1.86-2.03 (m, lH), 2.85 (br, 
lH), 3.56 (dd, J = 9.8, 7.8 Hz, lH), 3.60 (br, 2H), 3.74 (dd, J 
= 9.8, 4.6 Hz, 1H); 13C NMR 6 -5.5, -5.6, 13.1, 18.2, 25.7, 
37.1, 68.2 68.7. To a stirred solution of oxalyl chloride (1.4 
mL, 16.2 mmol) in dichloromethane (35 mL) at -60 "C was 
slowly added DMSO (32 mmol, 2.3 mL) dropwise at constant 
temperature.28 After the mixture was stirred for 20 min, a 
solution of compound 7 (2.8 g, 14.7 mmol) in dichloromethane 
(7.0 mL) was added dropwise to the above mixture. After the 
mixture was stirred for 15 min, triethylamine (10 mL) was 
added dropwise. The mixture was further stirred for 30 min 
at the same temperature and allowed to warm to room 
temperature. The reaction was then quenched with water, and 
the aqueous layer was extracted twice with ethyl acetate. The 
combined organic layers were washed with water and brine, 
dried over MgS04, and evaporated. Distillation (97-101 "C/ 
28 mmHg) gave compound 8 (1.72 g, 58%): IR (neat) 2960, 
1475, 1380,1360, 1255,835, 775 cm-l; lH NMR 6 0.05 (s, 6H), 
0.87 (9, 9H), 1.08 (d, J = 7.1 Hz, 3H), 2.52 (m, lH), 3.79 (dd, 
J =  10.0, 6.1 Hz, lH), 3.85 (dd, J =  10.0,5.1 Hz, lH), 9.72(d, 
J =  1.5 Hz, 1H); 13C NMR 6 -5.6, -5.5, 10.3, 18.2,25.8, 48.8, 
63.4,204.5; [aI2'~ +25.5" (c 2.23, CHC13). To a solution of 2,2- 
dimethoxypropane (0.92 mL, 7.5 "01) in dry acetone (5.0 mL) 
were added BF30Et2 (10 ,uL) and compound 8 (500 mg, 2.5 
mmol). After the solution was stirred at  room temperature 
for 3 h, triethylamine (50 pL) was added to the mixture. 
Volatiles were evaporated, and dichloromathane (100 mL) was 
added to the residue. The solution was washed with saturated 
N d C 0 3  (10 mL) and brine (10 mL x 2) and dried over MgS04. 
Evaporation followed by a short column chromatography (SiOz, 
3.0 g, hexane/AcOEt/triethylamine = 19/1/0.1) gave (S)-l-(tert- 
butyldimethylsiloxy)-2-methylpropanal dimethyl acetal (414 
mg, 67%): IR (neat) 2960, 1575, 1380, 1360, 1255, 835, 775 
cm-l; 'H NMR 6 0.04 ( s ,  6H), 0.90 (s, 9H), 0.93 (d, J = 6.8 Hz, 
3H), 1.91 (m, lH), 3.36 (s, 3H), 3.37 (s, 3H), 3.53 (dd, J = 9.6, 
5.7 Hz, lH), 3.59 (dd, J = 9.6,5.0 Hz, lH), 4.23 (d, J = 6.4 Hz, 
1H); 13C NMR 6 -5.5, 11.6, 18.3, 25.9, 38.7, 53.9, 54.7, 64.4, 
106.5; [ a I z 8 ~  +5.55" (c 0.79, CHC13). Into a solution of this 
acetal (360 mg, 1.45 mmol) in dry THF (1.0 mL) were added 
BuNF (1.0 M in THF, 3.0 mL, 3.0 mmol) at  0 "C. The solution 
was stirred at  room temperature for 1 h. After evaporation 
of solvent, dichloromathane (100 mL) was added to the residue. 
The solution was washed with brine (20 mL x 3) and dried 
over anhydrous MgS04. Evaporation followed by a short 
column chromatography (SiOz, 8.0 g, hexane/AcOEt = 6/41 
gave acetal (S)-3b (240 mg, quantitative yield) which was 
purified by preparative GLC: lH NMR 6 0.91 (d, J = 7.0 Hz, 
3H), 2.04 (dddq, J = 6.8, 6.6, 4.9, 6.8 Hz, lH), 2.68 (br, lH), 
3.37 (s, 3H), 3.43 (s, 3H), 3.56 (d, J= 6.8 Hz, lH), 3.56 (d, J = 
6.0 Hz, 2H), 4.22 (d, J = 4.9 Hz, 1H); 13C NMR 6 12.1, 37.7, 
53.0, 55.3, 65.0, 109.0; [ a ] 3 O ~  -26.2' (c 1.02, CHC13). The 
optical purity of this compound was decreased down to -57%, 
because the aldehyde 8 is sensitive toward racemization. 

Pd(I1)-Catalyzed Acetalization of la  with Methanol- 
dl (MeOD). According to  the general procedure, the acetal- 
ization was performed by using 0.2 mL of methanol-dl (0.2 mL, 
nakalai tesque). When the reaction was completed after 24 
h, the reaction mixture was filtered through a pad of Florisil 
(2.0 g, 1.2 x 2.5 cm, ether, 150 mL). Removal of the solvent 

(28) Tidwell, T. T. Synthesis 1990, 857. 
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gave crude acetal 2a (108 mg, 83%), the D-atom content of 
which was analyzed by 270 MHz 'H NMR. 

Preparation of l,2-Dideuteruated Methyl Methacryl- 
ate (10). The compound 10 was prepared from dimethyl 
2-methylmalonate as shown in Scheme 3.13 Into a solution of 
sodium methoxide (200 mmol) in methanol was added methyl 
malonate (26.4 g, 200 mmol) at 0 "C. After the solution was 
heated to 50 "C, methyl iodide (18.1 mL, 290 mmol) was added 
dropwise over 30 min. The reaction mixture was heated at 
55 "C for 2.5 h and then neutralized with glacial acetic acid. 
After evaporation of methanol in uucuo, the resulting sodium 
iodide was dissolved in water (70 mL) containing concd HCl 
(1.0 mL). The organic layer was separated, and the aqueous 
layer was extracted with ether (100 mL x 2). The organic 
layers were combined, dried by shaking quickly with CaClz, 
and filtered immediately. The organic layer was washed with 
water (30 mL) containing NaOH (10 g) and then 2 N HCl(30 
mL) and dried over MgS04. The solvent was evaporated in 
uucuo to give dimethyl 2-methylmalonate (22.0 g, 75%): 'H 
NMRS 1.43 (d, J =  7.3 Hz, 3H), 3.46(q, J =  7.3 Hz, lH), 3.74 
(s, 6H). A solution of dimethyl 2-methylmalonate (19.4 g, 134 
mmol) in methanol (135 mL) containing KOH (8.9 g, 134 m o l )  
was stirred at room temperature for 24 h. Methanol was 
evaporated in uucuo, and the residue was diluted with HzO 
(100 mL) and extracted with CHzClz (50 mL x 1). The aqueous 
layer was acidified to pH -2 with concd HCl and extracted 
with CHzClz (100 mL x 3) and ether (100 mL x 2). The 
extracts were combined, dried over MgS04, and evaporated 
in uucuo to give crude oil. Distillation (125-127 "C/12 mmHg) 
gave 2-(methoxycarbonyl)propanoic acid (15.4 g, 88%): IR 
(neat) 1720, 1035, 879 cm-I; lH NMR 6 1.46 (d, J = 7.3 Hz, 
3H), 3.51 (9, J = 7.3 Hz, lH), 3.77 (s, 3H) 9.70-10.1 (br, 1H); 
I3C NMR 6 13.5,45.8,52.6,170.3,175.6. 2-(Methoxycarbonyl)- 
propanoic acid (7.47 g, 56.6 mmol) and diethylamine (3.92 g, 
53.6 mmol) were added to 30% CDzO in DzO (Merck, 5.0 mL, 
50.6 mmol) at 0 "C, and the mixture was stirred at room 
temperature for 40 h. The organic layer was separated, and 
the aqueous layer was saturated with KzCO3 and extracted 
with ether (50 mL x 2). The organic layers were combined, 
washed with 2 N HCl(30 mL) and brine (30 mL), and dried 
over MgS04. Evaporation of ether gave 9 (3.27 g, 63%): 'H 
NMR 6 1.94 (s, 3H), 3.75 (s, 3H); 13C NMR d 18.0, 51.6, 136.0. 
A solution of 9 (3.27 g, 32 mmol) in THF (180 mL) and water 
(90 mL) containing LiOH.H20 (13.4 g, 320 mmol) was stirred 
at room temperature for 24 h. THF was evaporated in uucuo, 
and the residue was extracted with ether (50 mL x 1). The 
aqueous layer was acidified to pH -2 with concd HC1 and 
extracted with ether (100 mL x 4). The extracts were 
combined, dried over MgS04, and evaporated in uucuo to give 
a crude oil. Kugelrohr distillation (80-90 "C/lO mmHg) gave 
10 (1.49 g, 53%): 'H NMR 6 1.95 ( 8 ,  3H), 8.0-10.3 (br, 1H); 

NMR 6 17.7, 127.5, 135.6, 172.9. The D-atom content of 
10 was -100% by 'H NMR. 

Preparation of Oxazolidinone 11. Into a solution of 10 
(160 mg, 1.57 mmol) and a catalytic amount of DMF (10 pL) 
in dry methylene chloride (1.0 mL) was slowly added oxalyl 
chloride (273 yL, 3.13 mmol) at 0 "C, and the mixture was 
stirred at room temperature for 2 h. Solvent and excess oxalyl 
chloride were evaporated in uucuo to give 1,l-dideuteriated 
methacryloyl chloride. In a 25 mL round-bottomed flask 
equipped a magnetic stirring bar were placed (S)-4-isopropyl- 
oxazolidinone (710 mg, 5.50 mmol) and dry THF (5 mL) under 
argon, and the solution was stirred at -78 "C. To the flask 
was slowly added a solution of n-BuLi in hexane (1.53 M, 3.95 
mL, 6.04 mmol), and the solution was stirred at  -50 "C for 40 
min. To this solution was slowly added a THF (10 mL) 
solution of 1,l-dideuteriated methacryloyl chloride prepared 
above, and the mixture was warmed to room temperature. Into 
the resulting mixture was successively added hexane (6 mL), 
ethyl acetate (4 mL), and water (4 mL), and the mixture was 
stirred for 30 min at room temperature. The aqueous layer 
was extracted with ethyl acetate (30 mL x 3). The organic 
layers were combined, washed with brine (30 mL x 21, and 
dried over MgS04. Removal of the solvent followed by Si02 
column chromatography (20 g, hexane/AcOEt = 85/15) gave 
3',3'-dideuteriated (4S)-N-methacryloyl-4-isopropyl-2-oxazoli- 
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dinone (11) (166 mg, 54%): IR (KBr) 3000,1790, 1685,1370, 
1300,1215,1120, 1060,1015, 750 cm-l; lH NMR 6 0.84 (d, J 
= 6.8 Hz, 3H), 0.86 (d, J =  6.8 Hz, 3H), 1.96 (s, 3H), 2.42 (dqq, 
J = 4.2, 6.8, 6.8 Hz, lH), 4.13 (dd, J = 4.9, 9.0 Hz, lH), 4.25 
(dd, J = 8.6,g.O Hz, lH), 4.13 (ddd, J = 4.2,4.9, 8.6 Hz, 1H); 
13C NMR 6 14.8, 17.7, 19.0, 28.2, 58.2, 63.5, 139.6, 119.5 (m), 
153.3, 171.0; HRMS calcd for C10H14DzN03 199.1175, found 
199.1164. 

Pd(I1)-Catalyzed Acetalization of Oxazolidinone 11. 
In a 25 mL round-bottomed flask equipped with rubber balloon 
filled with oxygen and a magnetic stirring bar were placed 
PdClz (5.3 mg, 0.03 mmol), CuCl (30 mg, 0.3 mmol), and 11 
(60 mg, 0.3 mmol). To the flask were added dry DME (0.6 
mL) and methanol (0.12 mL), and the mixture was stirred at 
50 "C. The progress of reaction was monitored by GLC 
analysis. When the reaction was completed after 36 h, the 
resulting mixture was filtered through a pad of Florisil(2.0 g, 
1.2 x 2.5 cm, ether, 150 mL). Removal of the solvent gave a 
crude oil from which a mixture of 12a and 12b (64 mg, 82%, 
12d12b = 3.04.0; 50% de by 'H NMR) was isolated by 
preparative TLC (hexane/AcOEt = 7/3, Rf 0.5): HRMS calcd 
for ClzH19DzNOs 261.1545, found 261.1561. Each of 12a and 
12b was isolated by flash column chromatography (hexane/ 
AcOEt). The D-atom content of 12a or 12b was, respectively, 
estimated by 270 MHz lH NMR and E1 mass spectrum. No 
D-atom loss was observed during the workup process. 

12a (major diastereomer): lH NMR 6 0.88 (d, J = 6.8 Hz, 
3H), 0.92 (d, J =  7.1 Hz, 3H), 1.21 (~,2.76H, CDCH3), 1.22 (d, 
0.24H, -CHCH3), 2.34 (dqq, J =  4.0, 7.1, 6.8 Hz, lH), 3.32 (8 ,  
3H),3.35(~,3H),4.20(dd,J=9.0,3.1Hz,lH),4.27(dd,J= 
9.0, 7.9 Hz, lH), 4.45 (ddd, J = 7.9, 7.1,3.1 Hz, 1H); I3C NMR 
6 13.5, 14.7, 17.9, 28.7, 51.3, 55.4, 58.5, 63.3, 153.7, 174.2; 
MS(E1) 261 (M+, 0.57), 246 (M+ - Me, 18311,230 (M+ - OMe, 
loo), 229 (32.23). 

12b (minor diastereomer): lH NMR 6 0.90 (d, J = 7.0 Hz, 
3H), 0.91 (d, J =  7.0 Hz, 3H), 1.21 (8 ,  2.40H, CDCH3), 1.22 (d, 
J = 6.8 Hz, 0.60H, -CHCH3), 2.34 (dqq, J = 4.0, 7.0, 7.0 Hz, 
lH), 3.34 ( 8 ,  3H), 3.34 (s, 3H), 4.18 (dd, J = 9.0, 3.8 Hz, lH), 
4.26 (dd, J = 9.0, 8.3 Hz, lH), 4.36 (9, J = 6.8 Hz, 0.20H, 

6 12.4, 14.5, 17.8, 28.3, 51.8, 55.0, 63.0, 153.8, 174.3; MS(E1) 
261 (M+, 1.381, 246 (M+ - Me, 14.95),230 (M+ - OMe, 1001, 
229 (14.47). 

Transformation of (4S,2'S)-2a into Benzyl (S)-3,3- 
Dimethoxy-2-methylpropanonate (20). To a magnetically 
stirred, cooled (-10 "C) solution of lithium benzoxide,6'pre- 
pared from benzyl alcohol (433 mg, 4.0 mmol) in THF (5.0 mL) 
and n-BuLi (1.52 M in hexane, 3.0 mmol), was added a solution 
of 2a (518 mg, 2.0 mmol) in THF (2.5 mL) over 0.5 h period. 
The reaction mixture was warmed to 0 "C, stirred for 1.5 h, 
and then quenched by addition of saturated aqueous am- 
monium chloride. Volatiles were removed in uucuo, and the 
product was extracted with dichloromethane (50 mL x 3). The 
combined organic extracts were successively washed with 
water and brine, dried over anhydrous MgSOr, and concen- 
trated in uucuo to  give a yellow oil (920 mg). Si02 column 
chromatography (20 g, 1.5 x 20 cm, hexane/AcOEt = 10/1,8/2, 
0/10) afforded 20 (335 mg, 70%, 50% ee) as a colorless liquid. 
Further elution with ethyl acetate gave 4-isopropyl-2-oxazo- 
lidinone (234 mg, 91%). The % ee of 20 was determined by 
270 MHz lH NMR using the shift reagent of Eu(tfc)3 to be 50% 
ee. 20: bp 165 "C/1 mmHg; lH NMR 6 1.19 (d, J = 7.1 Hz, 
3H), 2.83 (dq, J = 7.8, 7.1 Hz, lH), 3.33 (s, 3H), 3.34 (9, 3H), 
4.52 (d, J = 7.8 Hz, lH), 5.15 (s, 2H), 7.30-7.37 (m, 5H); 13C 
NMR 6 12.5, 43.4, 53.2, 54.7, 66.2, 105.4, 128.0, 128.1, 128.5, 
136.1, 173.3; [ u ] Z ~ ~  +6.34" (c 1.07, CHCl3) (50% eel. Anal. 
Calcd for C13H1804: C, 65.53; H, 7.61. Found: C, 65.36; H, 
7.53. 

Transformation of (2S, 2S)-2a into 3,3-Dimethoxy-2- 
methylpropanoic Acid (21). Into a solution of 2a (130 mg, 
0.5 mmol) in THF (7.5 mL) and HzO (2.1 mL) was added 30% 
HzOz (0.40 mL, 4.0 mmol, 8.0 equiv) and then LiOH.Hz0 (42 
mg, 1.0 mmol) a t  0 "C. The resulting mixture was stirred at 
room temperature for 15 h, cooled to 0 "C, and treated with a 
solution of Na~S03 (0.56 g, 4.4 mmol) in HzO (3.0 mL) and 
then 0.5 N NaHC03 (5 mL). THF was evaporated in uucuo, 

-CHCH3), 4.48 (ddd, J =  8.3,4.0,3.8 Hz, lH, NCH); 13C NMR 
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and the aqueous residue was diluted to  50 mL with H2O and 
extracted with dichloromethane (50 mL x 4). The extracts 
were combined, dried over NazSO4, and evaporated in uucuo 
to give 4-isopropyl-2-oxazolidinone (61 mg, 95%). The aqueous 
phase was acidified to pH -2 with 6 N HC1 and extracted with 
ethyl acetate (75 mL x 4). The extracts were combined and 
dried over Na2S04. Evaporation in uucuo gave 21 (70 mg, 
95%): IR (neat) 3050,1710,1460,1110,970,735 cm-l; IH N M R  
61.22(d,J=7.1Hz,3H),2.8O(dq,J=7.3,7.1Hz,lH),3.38 
(s, 3H), 3.41 (s, 3H), 4.52 (d, J = 7.3 Hz, lH), 8.80-9.80 (br, 
1H); 13C NMR 6 12.3, 43.2, 53.5, 55.0, 105.2, 179.0. 

Pure diastereomer of (4S,2'S)-acetal 2g (R = t-Bu) was 
similarly transformed into (S)-21. Treatment of this compound 
with CH2Nz gave the optically pure methyl ester of (S)-(+)- 
21: 65%; IR (neat) 1740, 1460 cm-l; IH NMR 6 1.17 (d, J = 
7.1 Hz, 3H), 2.79 (dq, J = 7.8, 7.1 Hz, lH), 3.35 (5, 3H), 3.38 
(s, 3H), 3.70 (s,3H), 4.50 (d, J =  7.8 Hz, 1H); 13C NMR 6 12.5, 
43.2, 51.7, 53.2, 54.8, 105.5, 174.0; [ a I z 9 ~  +13.4" (c 0.484, 

Large Scale Preparation of Acetal 2k (R = Ph). In a 
300 mL round-bottomed flask equipped with rubber balloon 
filled by oxygen and a magnetic stirring bar were placed PdC1, 
(709 mg, 4.0 mmol), CuCl (792 mg, 8.0 mmol), and (4R)-N- 
methacryloyl-4-phenyl-2-oxazolidinone (li) L9.28 g, 40 mmol, 
[ a I z 5 ~  -76.7' (c 0.55, CHC13)l under an oxygen atmosphere. 
To the flask were added DME (160 mL) and methanol (16 mL, 
400 mmol). After being stirred at 50 "C for 40 h, the resulting 
mixture was cooled to room temperature, ether (150 mL) was 
added, and the mixture was filtered through a short column 
of Florisil (50 g, 3.0 x 15 cm, ether, 150 mL) to remove 
catalysts. Evaporation of the solvent gave colorless crystal 2k 
(10.5 g, 88%) which was recrystallized from hexane-diisopro- 
pyl ether to give 2k as a single diastereomer (7.16 g, 60%): 
mp 118.0-120.0 "C; IR (KBr) 2980, 1790, 1710, 1475, 1380, 
1240, 1120, 1060, 770 cm-'; IH NMR 6 1.12 (d, J = 7.1 Hz, 
3H), 3.33 (s, 3H), 3.37 (9, 3H), 4.25 (dd, J = 8.5, 3.2 Hz, lH), 
4.25 (dq, J = 7.1, 8.1 Hz, lH), 4.55 (d, J =  8.1 Hz, lH), 4.67 
(dd,J=8.8,8.6H~,lH),5.43(dd,J=8.6,3.2H~,lH),7.25- 
7.41 (m, 5H); 13C NMR 6 13.2,40.4,51.7,55.5,57.7,69.8,105.2, 
125.6,128.6, 129.2, 139.2, 153.3,173.5; [ a I z 5 ~  -116.3"(c 0.873, 
CHC13). Anal. Calcd for C15H19N05: C, 61.42; H, 6.53; N, 4.78. 
Found: C, 61.32; H, 6.40; N, 4.81. 
(S)-l-(Benzyloxy)-3,3-dimethoxy-2-methylpropane (22). 

The compound (R)-(-)-2k (2.34 g, 8.0 mmol) was treated with 
LiAlH4 (910 mg, 24.0 mmol) in THF (80 mL), as montioned 
above, to give (S)-(-)-3b (711 mg, 66%, bp 120-125 "C). Into 
a THF solution (11 mL) of (S)-(-)-3b (698 mg, 5.21 mmol) was 
added potassium tert-butoxide (680 mg, 6.06 mmol) at 0 "C, 
and the mixture was stirred at 0 "C for 1 h. Benzyl bromide 
(1.08 g, 6.86 mmol) was then added, and the mixture was 
stirred at room temperature for 60 h. The reaction mixture 
was poured into HzO (50 mL), extracted with ether (25 mL x 
41, and dried over MgSO4. Concentration in vacuo followed 
by Si02 column chromatography (35 g, 2.4 x 15 cm, hexane/ 
AcOEt = 19/1) gave 22 (680 mg, 58%): IR (neat) 2880,1495, 
1455, 1072, 740, 700 cm-l; IH NMR 6 0.99 (d, J = 6.8 Hz, 3H), 
2.08 (m, lH), 3.35 (9, 3H), 3.36 (s, 3H), 3.37 (dd, J = 9.2, 6.2 
Hz, lH), 3.49 (dd, J = 9.2, 5.2 Hz, 1H) 4.25 (d, J = 6.1 Hz, 
lH), 4.49 (s, 2H), 7.23-7.34 (m, 5H); 13C NMR 6 12.1, 36.9, 
54.4, 54.6, 72.0, 73.1, 106.6, 127.4, 127.5, 128.3, 138.7. 
(S)-3-(Benzyloxy)-2-methylpropanal(23). To a solution 

of the acetal 22 (157 mg, 0.7 mmol) in acetone (7.0 mL) 
containing water (130 pL) was added pyridinium tosylate (53 
mg, 0.3 equiv, 0.21 mmol). The mixture was stirred at 60 "C 
for 4 h and cooled to room temperature. The product was 
extracted with ether (50 mL), washed with water (25 mL x 
31, and dried over MgS04. Filtration followed by evaporation 
gave essentially pure (S)-(23) (125 mg, 100%): IR (neat) 2930, 
1725,1455,1360,1100,740,700 cm-'; 'H NMR 6 1.14 (d, J = 
7.1Hz,3H),2.66(m,lH),3.63(dd,J=9.3,5.4Hz,lH),3.69 
(dd, J =  9.3,6.5 Hz, lH), 4.52 (s,2H), 7.23-7.34 (m, 5H), 9.73 
(d, J = 1.7 Hz, 1H); 13C NMR 6 10.7, 46.8, 70.2, 73.3, 127.6, 
127.7, 128.4, 138.0, 203.7. 

CHC13). 
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(SS,4R)-l-(Di-p-aniaylmethyl)-3-acetyl-4-[ (R)-l-(benzyl- 
oxymethyl)ethyl]-2-azetidinone (25). The imine 24 was 
prepared from di-p-ani~ylmethylamine~~ (170 mg, 0.70 mmol) 
and 23 (125 mg, 0.70 mmol). According to the procedure of 
T e r a ~ h i m a , ~ ~  the imine 24 was reacted with diketene (295 mg, 
3.5 mmol) a t  -20 "C. Usual workup gave a diastereomer 
mixture of 25 (136 mg, 41% yield, diastereomer ratio = 8/11 
which was subjected to medium pressure chromatography 
(Si02 50 g; 0.5 kg/cm; hexane/2-propanol= 97/31. The fraction 
(40 mL), obtained afler 200 mL elution was passed, gave 
(3S,4R,l'R)-azetidinone 25. From the 'H NMR (270 MHz, 
CDCl3) spectrum of this compound using Eu(tfc),, the optical 
purity was determined to be 92% ee. 25: IR (neat) 2855,1755, 
1710,1610,1510, 1250,1175 cm-l; IH NMR 6 0.88 (d, J = 7.1 
Hz, 3H), 1.80-1.95 (m, lH), 2.19 (6,  3H) , 3.21 (dd, J = 9.3, 
4.9 Hz, lH), 3.30 (dd, J = 9.3, 4.9 Hz, lH), 3.77 (9, 3H), 3.79 
(5, 3H), 4.12 (dd, J =  5.6,2.4 Hz, lH), 4.20 (d, J =  2.4 Hz, 1H) 
4.35 (d, J = 11.8 Hz, 1 H), 4.41 (d, J = 11.8 Hz, lH), 6.8-7.4 
(m, 13H); 13C NMR 6 14.1, 30.0, 34.9, 55.2, 57.8, 62.1, 65.2, 
71.9,73.5,113.9, 113.9,127.7,127.8,128.4,129.2, 129.3,131.2, 
138.0, 159.0, 159.1, 163.4, 200.7; HRMS calcd for C30H34N05 
(M + H+) 488.2437, found 488.2442. A sample from the 
following elution (30 mL) showed [a122~ -49.3' (c 0.609, 
CHC13). The decrease in % ee in the present experiment, 
compared to that (95% ee) of the l i t e r a t ~ r e ? ~  is probably due 
to  the use of higher temperature (-20 "C). 
Determination of % ee of 23. Into a suspension of LiAlH, 

(7.0 mg, 0.18'mmol) in dry THF (2.0 mL) were added a solution 
of (S)-(23) (62 mg, 0.35 mmol) in dry THF (3.0 mL) over 15 
min under argon, and the solution was stirred at room 
temperature for 1 h. To this was added slowly saturated 
ammonium chloride (0.1 mL) and ether (50 mL), and the 
mixture was dried over MgS04 and filtered. Evaporation of 
solvent gave pure (R)-3-(benzyloxy)-2-methyl-l-propanol (56 
mg, 89%): IR (neat) 3430, 2955, 1095, 1040, 735, 700 cm-l; 
IH NMR 6 0.89 (d, J = 7.1 Hz, 3H), 1.98-2.14 (m, lH), 2.2- 
2.6 (br, lH), 3.42 (dd, J = 9.0, 7.8 Hz, lH), 3.54 (dd, J = 9.0, 
4.6 Hz, lH), 3.61 (m, 2H), 4.52 (s, 2H), 7.2-7.4 (m, 5H); 
+17.0° (c 0.271, CHC13) (lit. [aIz5~ +13.0°19). A solution of (R)- 
3-(benzyloxy)-2-methyl-l-propanol(36 mg, 0.20 mmol) in dry 
CHzClz (2.0 mL) were added 4-(N,N-dimethylamino)pyridine 
(DMAP) (49 mg, 0.4 mmol) and benzoyl chloride (26 pL, 0.22 
mmol) under argon. The solution was stirred at  room tem- 
perature for 2 h. To this was added glycine (15 mg), K2CO3 
(27 mg), and water (4.0 mL) to  remove unreacted benzoyl 
chloride. m e r  being stirred for 1 h, the mixture was extracted 
with dichloromethane (50 mL). The extract was washed with 
2 N HCl(20 mL), saturated NaHC03 (20 mL), and brine (50 
mL) and dried over MgS04. Evaporation of solvents followed 
by Si02 short column chromatography (1.0 g, 1 x 3 cm, hexane/ 
AcOEt = 1/1) gave pure benzoate 26 (49 mg, 88%). Enantio- 
meric excess determined by HPLC (CHIRALPAK OJ, 1.0% 
2-propanol in hexane) was >98% ee: IR (neat) 1720, 1605, 
1450,1275,1110,1025,735,710 cm-'; IH NMR 6 1.07 (d, J = 
7.1 Hz, 3H), 2.28 (m, lH), 3.45 (dd, J = 9.3, 5.9 Hz, lH), 3.50 
(dd,J=9.3,6.4Hz,lH),4.27(dd,J=10.7,6.1Hz,lH),4.34 
(dd, J = 10.7, 6.1 Hz, lH), 4.52 (s, 2H), 7.2-8.2 (m, 10H); 13C 
NMR 6 14.2, 33.6, 66.9, 72.2, 73.1, 127.5, 127.5, 128.3, 129.5, 
130.5, 132.8, 138.4, 166.5; [ a ] 2 2 ~  +3.00" (c 1.20, CHCl3); HRMS 
calcd for C18H2003 (M+) 284.1412, found 284.1418. 

Supporting Information Available: IH and 13C NMR 
spectra of compounds for which no elemental analysis was 
obtained (36 pages). This material is contained in libraries 
on microfiche, immediately follows this article in the microfilm 
version of the journal, and can be ordered from the ACS; see 
any current masthead page for ordering information. 
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