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m /z (M+) calcd 466.0693, obsd 466.0682. 
General Procedure for the Reduction of 8,14, and 19 with 

Lithium Aluminum Hydride. To a suspension of lithium 
aluminum hydride (2 equiv) in 2% dry ether was added a 2.5% 
solution of substrate in dry THF at -78 "C under argon. The 
mixture was stirred for 45 min at  the same temperature, treated 
with a 4% HCl, and extracted with ether. The ether solution was 
dried (MgSO,) and evaporated in vacuo. 

6a. Reduction of 8 with lithium aluminum hydride, following 
the procedure described above, gave one diastereomer (98% yield). 

llc,d. Vi the procedure described above, reduction of 14 gave 
a diastereomeric mixture (96:4) of alcohols (93% yield). l l c  
(major): 'H NMR 6 4.18 (d, 1 H, J = 2.0 Hz), 5.67 (d, 1 H, J = 
2.0 Hz), 7.19-8.34 (m, 17 H, two diast.). l l d  (minor): 'H NMR 
6 4.27 (d, 1 H, J = 8.5 Hz), 5.47 (d, 1 H, J = 8.5 Hz), 7.19-8.34 
(m, 17 H, two diast.). 

1&. Reduction of 19 with lithium aluminum hydride, following 
the procedure described above, gave one diastereomer (98% ) and 
traces of the other isomers: 'H NMR 6 4.75 (d, 1 H, J = 9.2 Hz), 
5.04 (d, 1 H, J = 9.2 Hz), 7.02-8.40 (m, 17 H); MS m/z (M+) calcd 
for CzaHmO3SpHz0 450.0744, obsd 450.0751. 

General Procedure for the Reaction of 8 and 14 with 
Methylmagnesium Iodide. A 3% solution of the substrate in 
dry THF/ether (1:2.5) under argon was cooled to -78 "C. Me- 
thylmagnesium iodide (5 equiv) was added dropwise via syringe. 
The reaction mixture was treated with water and saturated 

aqueous Bm" chloride. The combined organic extracts were 
dried over anhydrous sodium sulfate. The product was purified 
by flash chromatography, eluting with the specified solvent. 

7a,b. Via the procedure described above, alkylation of 8 with 
methylmagnesium iodide gave a diastereomeric mixture (87:13) 
of alcohols (95% yield). The crude product was purified by flash 
chromatography, eluting with a gradient of petroleum ether- 
dichloromethane. 

12a,b. As described above, a single diastereoisomer was ob- 
tained from the reaction of methylmagneaium iodide with 14 (64% 
yield) as a light yellow solid after flash chromatography (di- 
choromethane): 'H NMR 6 2.25 (s, 3 H), 4.18 (8,  1 H), 6.75-8.31 
(m, 17 H). 
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The l,&dipolar cycloaddition of N-metalated azomethine ylides to chiral (E)-3-(1,3-disubstituted 4,5-di- 
phenylimidazolidin-2-y1)propenoates proceeded highly diastereoselectively. The previously unknown absolute 
configuration of optically pure 1,2-dianilino-1,2-diphenylethane was determined from the absolute configuration 
of the cycloadducts. What diastereotopic olefin face of the a,fl-unsaturated ester was attacked by the ylide was 
found to depend dramatically upon the nature of N substituents of the chiral Controller as well as upon the bulkin= 
of the ester moiety of the ylide. 

Introduction 
Despite ita potentially great utility in the synthesis of 

heterocycles, asymmetric l,&dipolar cycloaddition has 
been the subject of few reports.' Nitrones and nitrile 
oxides are among the l,&dipoles that have been relatively 
widely applied synthetically.28 Because few examples of 
efficient Lewis acid catalyzed stereocontrol of l,&dipolar 
cycloaddition are known,' the only way to achieve a high 
degree of asymmetric induction in 1,3-dipolar cycloaddition 
is by employing suitably designed chiral dipoles and di- 
polarophiles. 

a,@-Unsaturated carbonyl compounds bearing a chiral 
controller are attractive intermediates for use in synthetic 
chemistry because they can not only be utilized as acceptor 
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Scheme I 
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molecules in nucleophilic carbon-carbon bond-forming 
reactions but also serve as activated olefinic dipolarophiles 

(1) Padwa, A. l,%Dipolar Cycloaddition Chemistry; John Wiley & 
Sons: New York, 1984; Vole. 1 and 2. 

(2 )  For recent reviewe on nitrile oxides, we: (a) Caramella, P.; GN- 
nanger, P. Nitrile Oxides and Imines, in ref 1. (b) Curran, D. P. In 
Aduances in Cycloaddition; Curran, D. P., Ed.; JAI Press: Greenwich, 
1988, p 129-189. (c) Kanemana, S.; Tsuge, 0. Heterocycles 1990, So, 
719-736. 
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are@) face is sterically hindered if the olefii assumes as an 
anti-periplanar conformation. 

or dienophiles in cycloadditions that proceed under 
HOMO (dipole)-LUMO (dipolarophile) control. 

We recently reported' the asymmetric cycloaddition of 
azomethine ylidess to a,@-unsaturated esters bearing an 
aminal chiral controller at the @ pos i t i~n .~*~ Among such 
esters, bicyclic aminal A was especially useful because the 
pure enantiomer could be synthesized from proline. The 
high diastereoselectivity of its cycloadditions was also 
noteworthy. The exclusive participation of the thermo- 
dynamically less stable syn-periplanar conformer Az rather 
than the more stable anti-periplanar conformer Al was 
observed. Only the si(@) face of the unsaturated ester was 
open to attack by ylides (Scheme I). The intermediacy 
of a chelation-stabilized transition state may have been 
responsible for the si@) face selectivity.' 

We have studied the behavior of a,&unsaturated esters 
bearing an imidazolidine chiral auxiliary derived from a 
Cz-symmetric 18-diamine. Because both N substituents 
R of the l,&disubatituted t r a n s - 4 , 5 - d i p h e n y l d ~ l i ~ i e  
ring should arrange themselves trans to the adjacent C- 
phenyl groups, one side of the olefin face should be ste- 
rically shielded from attack by a l,&dipole (Scheme 11). 

The application of Cz-symmetric 1,2-diamine chiral 
controllers in asymmetric synthesis is of current interest! 
To the best of our knowledge, however, no reports that deal 
with 1,3-dipolar cycloadditions to a,@-unsaturated carbonyl 

(3) For recent reviews on nitronee, see: (a) Tufariello, J. J. Nitrones, 
in ref 1. (b) Confalone, P.; Huie, M. Org. React. 1988,36, 1-173. (c) 
DeShong, P.; Lander, W., Jr.; Leginus, J. M.; Dicken, C. M. In Advances 
In Cycloaddition; Curran, D. P., Ed.; JAI Prese: Greenwich, 1988; pp 
87-128. (d) T o w l l ,  K. B. 0. Nitrile Oxides, Nitrones, and Nitronates 
in Organic Synthesis; VCH Publishers: New York, 1988. (e) Breuer, E.; 
Aurich, H. G.; Nieleen, A. Nitrones, Nitronates and Nitroxides; Patai, 
S., Rappoport, Z., Eds.; John Wiley & Sons: New York, 1989. 

(4) (a) Kanemlwr, S.; Yamamoto, H. Tetrahedron Lett. 1990, 31, 
3633-3636. (b) Kanemaea, S.; Yamamoto, H.; Wada, E.; Sakurai, T.; 
Umhido, K. Bull. Chem. SOC. Jpn. 1990,63,2867-2886. 

(5) (a) Takahashi, T.; Kitano, K.; Hagi, T.; Nihonmatau, H.; Koizumi, 
T. Chem. Lett. 1989,597-698. (b) Garner, P.; Sunitha, K.; Ho, W.-B.; 
Yo-, W. J.; Kennedy, V. 0.; Djebli, A. J. Org. Chem. 1989, 64, 
2041-2042. (c) Rouden, J.; Rover, J.; Huseon, H.-P. Tetrahedron Lett. 
1989,30,6133-6136. (d) Garner, P.; Ho, W. B. J. Org. Chem. 1990,55, 
3973-3976. 

(6) Some a~-unaaturatad carbonyl compounds bearing a chiral aux- 
iliary of the aminal or acetal type have been described. See: (a) h i ,  
M.; Mukniyama, T. Chem. Lett. 1979, 589-572. (b) Mukaiyama, T. 
Tetrahedron 1981,97,4111-4119. (c) Abdallah, H.; Cree, R.; Carrie, R. 
Tetrahedron k t t .  1982,23,M)3-606. (d) B e d ,  A; Cardani, S.; Pilati, 
T.; Poli, G.; Scolastico, C.; Villa, R. J.  Org. Chem. 1988,63, 1600-1607. 
(e) Cardani, S.; Bernardi, A.; Colombo, L. Tetrahedron 1988, 44, 
5663-51572. (fJ Cardani, S.; Poli, G.; Scoleistico, C.; Villa, R. Tetrahedron 
1988,44,5929-5938. (9) Alexakis, A.; Sedrani, R.; Mangeney, P. Tetra- 
hedron Lett. 1990,91,345-348. 

(7) Mangeney, P.; Grojean, F.; Alexakis, A.; Normant, J. F. Tetrahe- 
dron Lett. 1988,29,2675-2676. 

(8) (a) Tomioka, K.; Nakajima, M.; Iitaka, Y., K a, K. Tetrahedron 
Lett. 1988, 29, 573-576. (b) Yoshioka, M.; Kawzta ,  T.; Ohno, M. 
Tetrahedron Lett. 1989,30,1657-1660. (c) Corey, E. J.; Imwinkelried, 
R.; Pikul, 5.; Xiang, Y. B. J.  Am. Chem. SOC. 1989,111,649&6495. (d) 
Corey, E. J.; Yu, C.-M.; Kim, 5. S. J. Am. Chem. SOC. 1989, 111, 
6495-5406. (e) Owhi, T.; Hirama, M. J. Org. Chem. 1989,64,58565836. 
(0 Corey, E. J.; Jardine, P. D.; Virgil, S.; Yuen, P.-W.; Connell, R. D. J. 
Am. Chem. SOC. 1989,111,9243-9244. (g) Corey, E. J.; Yu, C.-M.; Lee, 
D.-H. J.  Am. Chem. SOC. 1990,112,878-879. (h) Corey, E. J.; Lotto, G. 
I. Tetrahedron Lett. 1990,3I, 2665-2668. 
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compounds bearing C,-sy"etric imidazolidine chiral 
controllers have appeared. 

In the work described here, two a,@-unsaturated esters 
bearing a Cz-symmetric imidazolidine chiral controller at 
the &position were prepared, and the cycloaddition of 
N-metalated azomethine ylides derived from N- 
benzylideneglycinates to the esters was examined. What 
diastereotopic face was attacked by the ylide was found 
to be dependent upon the nature of the N substituents of 
the chiral controller as well as upon the bulkiness of the 
ester moiety of the ylide. 

Results and Discussion 
Synthesis of the Chiral a,@-Unsaturated Esters 3 

and 4. The synthesis and resolution of racemic 1,2-di- 
anilino-1,2-diphenylethane (rac-1) have been reported. Of 
the reported syntheses of rac-1,9 the reductive coupling of 
N-benzylideneaniline induced by sodium metal in tetra- 
hydrofuran (THF) was the most practical and stereose- 
lective. rac-1 was obtained as the major product in 
quantitative yield.1° An undesired contaminant, meso-1, 
was removed by a single recrystallization of the crude 
product from methanol. The optically pure enantiomers 
(+l and (+)-l were separated by a modified (see Ex- 
perimental Section) preferential crystallization procedure 
(Scheme I1I).l1J2 The optical rotations of (4-1 and (+)-l 
so obtained were lower than those reported: (+)-l [aImD 
+176.0° (c  1.00, benzene) [lit.12 [c.Y]~~D +200° (c  1.53, 
benzene)]; (-)-I [ala6D +180.0° (c 1.00, benzene) [lit.12 [ala2D 

(9) (a) Smith, J. 0.; Ho, I. J. Org. Chem. 1972, 37, 653-666. (b) 
Mangeney, P.; Tejero, T.; Alexakin, A.; Grosjean, F.; Normant, J. Syn- 
thesis 1988,266-267. (c) Tanaka, H.; Dhimane, H.; Fyjita, H.; Ikemoto, 
Y.; Torii, S. Tetrahedron Lett. 1988, 29, 3811-3814. (d) T U ,  K.; 
Tsubaki, Y.; Tanaka, 8.; Beppu, F.; Fujiwara, Y .  Chem. Lett. 1990, 
203-204. 
(10) (a) Eisch, J. J.; h k a ,  D. D.; Peterson, C. J. J. Org. Chem. 1968, 

31, 453-468. (b) Smith, J. G.; Veach, C. D. Can. J.  Chem. 1966, 44, 
2497-2502. 
(11) Collet, A.; Brienne, M.-J.; Jacques, J. Bull. SOC. Chim. h.. 1972, 

336-342. 
(12) Stuhmer, W.; Mesawarb, G. Arch. Pharm. 19SS, 286, 221-231. 
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-204O (c 1.60, benzene)]. However, because (1) repeated 
crystallization did not improve the optical purity, (2) 
condensation of either enantiomer with (-)-myrtenal 
provided a pure diastereomeric product in each case (see 
Experimental Section), and (3) similar condensation of 
rac-1 with (-)-myrtenal gave a 1:l mixture of the same two 
diastereomeric products, the purity of the enantiomers was 
established. The absolute configurations of (-)-1 and (+)-l 
were previously unknown. Enantiomer (-)-1 was found 
to be the 1S,2S enantiomer on the basis of the X-ray 
crystallographic analysis of a derivative, as described below. 

Both enantiomers of 1,2- bis( methylamino) - 1,2-di- 
phenylethane (( 1S,2S)-(-)-2 and (lR,2R)-(+)-2)’ were 
prepared in excellent yield by a modified two-step proce- 
dure that involved the N-ethoxycarbonylation of the 
known enantiomers of l,2-diamino-l,2-diphenylethane&l3 
and subsequent reduction with lithium aluminum hydride. 
The enantiomeric purity of (lS,2S)-(-)-2 and (1R,2R)-(+)-2 
was determined by analysis of the derivatives (-)-4 and 
(+)-4 by HPLC with a chiral Chiralcel OD column (Daicel 
Chemical Co Ltd.). 

Condensation of the 1,2-diamines (-)-1 and (+)-1 with 
methyl (E)-4-oxo-2-butenoate took place smoothly in re- 
fluxing toluene with continuous removal of water as the 
water-toluene azeotrope or in refluxing chloroform in the 
presence of a catalytic amount of p-toluenesulfonic acid 
(PTSA) to give methyl (E)-3-( 1,3,4,5-tetraphenyl- 
imidazolidin-2-y1)propenoates ((-)-3 and (+)-3), respec- 
tively, in 88% yield (Scheme 111). Compound 3 is suffi- 
ciently stable to be purified by silica gel column chroma- 
tography. Such high chemical stability is presumably a 
result of the steric congestion in the vicinity of the aminal 
functional group. 

Similar condensations of the N-methyl derivatives 
(1S,2S)-(-)-2 and (1R,2R)-(+)-2 in the presence of pyri- 
dinium p-toluenesulfonate (PPTS) were complete in 10 
min at room temperature and gave quantitative yields of 
the methyl (E)-3- (1,3-dimethy1-4,5-diphenylimidazolidin- 
2-y1)propenoates ((lS,2S)-(-)-4 and (1R,2R)-(+)-4), re- 
spectively, after silica gel column chromatography. Al- 
though the pure aminal4 is sufficiently stable to be stored 
at room temperature, if not fully purified it undergoes slow 
decomposition to dark-colored products. 

The optically inactive a,@-unsaturated esters ruc-3 and 
ruc-4 were similarly prepared. X-ray crystallographic 
analysis of the two esters gave useful information on the 
conformations of the imidazolidine rings. As shown in 
Figure 1, in the solid state the imidazolidine ring of the 
N-phenyl-substituted ester ruc-3 is relatively flat compared 
to that of the N-methyl-substituted ester ruc-4. The rather 
flat geometry of the imidazolidine ring of ruc-3 is probably 
a result of the conjugation between the N-phenyl planes 
and the unshared electron pair of the nitrogen. 

Such anilino type conjugation of ruc-3 in the solid state 
is also operating in solution. Thus, the ‘H NMR spectra 
of the esters show that H-2, H-4, and H-5 of ruc-3 are much 
more deshielded (for H-2,6 = 6.15; for H-4 and H-5,6 = 
4.71,4.76) than the corresponding protons of ruc-4 (for H-2, 
6 = 4.34; for H-4 and H-5,6 = 3.59, 3.71). Inspection of 
molecular models shows that these hydrogens lie in the 
middle of the deshielding zone of the N-phenyl substitu- 
ents if the conformation of ruc-3 in solution is similar to 
that in the solid state (Figure 1). 

v w 

3 ra03 

MeOOC rae-3 MeOOC rae4 

Figure 1. Stable conformations of the imidazolidine rings of ruc-3 
and ruc-4 in the solid state (above, space-filling model; below, wire 
frame model). 

The widely spaced N-phenyl substituents of ruc-3 seem 
to unable to efficiently hinder the approach of a dipole to 
either of the diastereotopic faces of the carbon-carbon 
double bond of the a,@-unsaturated ester moiety. On the 
other hand, the N-methyl derivative ruc-4 assumes a 
twisted envelope conformation in the solid state (Figure 
1) in which both nitrogens are pyramidal. In this case, 
attack of a dipole at  the @ carbon of the a,@-unsaturated 
ester seems to be effectively restricted by one of the N- 
methyl groups. The significance of these points will be 
discussed later. 

What role the conformation of the a,@-unsaturated ester 
moiety plays in the diastereoselectivity of the cycloaddition 
remains unclear. The a,@-unsaturated ester moiety of ruc-3 
assumes an s-trans conformation in the solid state, whereas 
that of ruc-4 assumes an s-cis conformation. The s-cis 
conformation is that assumed in the transition state of 
cycloaddition, as described below. 

Cycloadditions of N-Lithiated Azomethine Ylides 
to @?-Unsaturated Esters rac -3 and rac -4. a,@-Un- 
saturated esters ruc-3 and ruc-4 served as dipolarophiles 
for the cycloaddition of N-metalated azomethine ylides. 
The N-lithiated azomethine ylide B (R’ = Me, M = Li) was 
generated from methyl (benzy1ideneamino)acetate (5, R’ 
= Me) by treatment with LiBr and l,&diazabicyclo- 
C5.4.01undec-7-ene (DBU) in THF.14 The reaction of the 
ylide with the N-phenyl-substituted a,@-unsaturated ester 
ruc-3 at room temperature for 6 h gave an 85:15 mixture 
of two diastereomeric cycloadducts, ruc-6a and ruc-6a’, 
which were separated by silica gel column chromatography 
(Scheme IV). The relative configurations of the pyrrol- 
idine rings of ruc-6a and ruc-68’ were established from 
spectroscopic data (see Experimental Section). 

The yield of cycloadducts was found to be highly sen- 
sitive to methanol that had been entrapped in ruc-3 during 
its purification by recrystallization.16 Therefore, before 
use, ruc-3 was freed of methanol by heating under reduced 
pressure. 

A higher diastereomeric ratio, ruc-6a/ruc-6a’ = 91:9, was 
observed when the reaction was performed at  -78 “C 

(13) (a) Williams, 0. F.; Bailer, J. C., Jr. J. Am. Chem. SOC. 1969,81, 
4464-4469. (b) Saigo, K.; Kubota, N.; Takebayaahi, S.; Hasegawa, M. 
Bull. Chem. SOC. Jpn. 1986,69,931-932. (c) Bebchart, C.; Schmidt, B.; 
Seebach, D. Helo. Chim. Acta 1988,71,1999-2021. (d) Roskamp, E. J.; 
Pedersen, S. F. J. Am. Chem. SOC. 1987,109,3152-3154. 

(14) Tsuge, 0.; Kanemasa, 5.; Yoshioka, M, J. Org. Chem. 1988,53, 

(15) The addition of 1 equiv of MeOH to the reaction mixture slowed 
the rate of reaction and led to the formation of many side products. At 
-78 OC, in the presence of MeOH, rac-3 was quantitatively recovered. 

1384-1391. 
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Table I. Asymmetric 1,d-Dipolar Cycloaddition of N-Metalated Azomethine Ylider B to Chiral a&Unroturated Esten 8 and 
40 

reaction 
conditions 

entry base (equiv) imine 6 (equiv) olefii T ("C) t (h) product(8) yield (%)b  isomer ratioe 
1 LiBr/DBU (2.0/1.0) R 5 Me (2.0) 3 rt 6 6a + 68' 94 85:15 
2 LiBr/DBU (1.5/1.0) R = Me (1.5) 3 -78 24 6a + 68' 79 91:9 
3 LDA/MeOH (1.5/1.0) R = Me (1.5) 3 0 1 6a + 68' 97 8R13 
4 LDA/MeOH (1.5/1.0) R = Me (1.5) 3 -78 1.5 6a + 68' 89 96:4 
5 LDA/t-BuOH (1.5/1.0) R = Me (1.5) 3 -78 1.5 6a + 68' 80 96:4 
6 n-BuLi (1.5) R = t-BU (1.5) 3 rt 21 6b + 6b' 61 4555 
7 n-BuLi (1.2) R = t-Bu (1.5) 3 -78 2 6b + 6b' 20 2080 
8 LiBr/DBU (1.5/1.0) R = Me (1.5) 4 rt 2 6c' 90 one product 
9 LiBr/DBU (1.5/1.0) R = Me (1.5) 4 -78 5.5 6c' 80 one product 

10 LDA (1.5) R = Me (1.5) 4 -78 5.5 d 
11 LDA/MeOH (1.5/1.0) R = Me (1.5) 4 -78 1 6c' 98 one product 
12 n-BuLi (1.3) R = Me (1.2) 4 -78 2 d 
13 LiBr/DBU (2.0/1.0) R t-BU (2.0) 4 rt 40 min 6d' 94 one product 
14 n-BuLilMeOH (1.5/1.5) R = t-Bu (1.2) 4 -78 2 6d' 49 one product 

,I All reactions were performed in THF with 1 equiv of olefii 3 or 4. Isolated yield. In all cam, the unreacted olefin 3 or 4 was recovered 
quantitatively. CDetermined by lH NMR analysis of the crude product. dComplex mixture of products. 

Scheme IV 

PhCH=NCH2COOR' 5 Phh+ph R 

I M - 0  
rac-3 ,4  COOMe 

~ ~ i ) \ ~ R  B (4RS,5RS) 

HN-!, 
b h 

H N d  
Ph 

racbr:  R = Ph, R' = Me racbr':  R I Ph, R' = Me 
recab: R I Ph, R' = ?-Bu racbb': R = Ph, R' I ?-8u 
racbc: R =  R'=Me racbc': R I R' I Me 
racbd: R = Me, R' .I t8u racdd': R I Me, R' = ?-Bu 

(4RS,5RS,2'SR,3'SR,4W?,5aS) (4RS,SRS,Z'RS,3'RS,4'RS,5'SR) 

(Table I, entries 1,2). Because ylide B (R' = Me, M = Li) 
showed reduced reactivity toward rac-3 when generated 
from 5 by treatment with LiBr and NEt3,14 that method 
of azomethine ylide generation was abandoned. 

Previously, it was reportedle that the reactions of a,B- 
unsaturated esters like acrylates and crotonates with the 
ylide B (M = Li) generated from methyl (benzylidene- 
amino)acetate (5, R' = Me) by the action of lithium di- 
isopropylamide (LDA) in THF provided irreproducible 
yields of cycloadducts. In the reaction of ruc-3, similar 
difficulties, i.e., (1) formation of complex mixtures of 
products, (2) recovery of 3 even after prolonged reaction, 
(3) unsatisfactory yields of rac-6a and r ~ c - 6 8 ' ~  (4) a low 
rac-6alrac-6a' ratio (6040 to 80:20), and (5) lack of re- 
producible results, were encountered. 

However, constantly high yields (>80%) and a satis- 
factory diastereomeric excess (92% de) were obtained 
when the ylide B (R' = Me, M = Li) generated by the 
reaction of 5 with LDA in THF at -78 O C  was pretreated 
with an equimolar amount of an alcohol and the cyclo- 

(18) The reaction produced a complex mixture of products. Addition 
of a few equivalents of water to the reaction mixture reduced the number 
of producta (see ref. 14). 

addition to rac-3 was performed at that temperature (en- 
tries 3-5). The results are in striking contrast to those 
obtained by the use of DBU, mentioned above. The 
bulkiness of the alcohol used was not important because 
methanol and tert-butyl alcohol afforded comparable re- 
sults. That the diastereoselectivity could be improved by 
the use of an additive was observed previously in the 
Michael addition of lithiated camphor imines of amino- 
acetates." 

The reaction of the azomethine ylide B (R' = t-Bu, M 
= Li) with rac-3 gave quite different reaults. The reversible 
generation of ylide B (R' = t-Bu, M = Li) by the use of 
LiBr and DBU was totally ineffective. When generated 
from the tert-butyl ester 5 (R' = t-Bu) by treatment with 
butyllithium in THF, the ylide B (R' = t-Bu, M = Li) was 
less reactive than the ylide B (R' = Me, M = Li), and the 
rac-6blrac-6b' product ratio was much lower (entry 6). No 
signifcant differences in reactivity and diastereoselectivity 
were observed in the reactions shown in entries 6 and 7 
when they were performed in the presence of an alcohol 
additive. Reaction at -78 OC gave an 80:20 mixture of 
diastereomers, albeit in 20% overall yield. However, 
surprisingly, the major product was not rac-6b but racBb' 
(entry 7). The reasons for this reversed diastereoselectivity 
wil l  be discussed below. The relative configurations of the 
pyrrolidine rings of rac-6b and rac-6b' were assigned on 
the basis of the spectroscopic data (see Experimental 
Section). The determination of their absolute confqura- 
tions will be discussed later. 

The N-magnesioazomethine ylide B (R' = Me, M = 
MgCl),l8 generated by the reaction of 5 with tert-butyl- 
magnesium chloride in THF, also was only slightJy reactive 
toward rac-3 (room temperature, 17 h, 22% overall yield, 
ruc-6a/ruc-6a' = 61:39). 

The reaction of the N-methyl-substituted ar,&unsatu- 
rated ester rac-4 with the ylide B (R' = Me, M 3: Li) 
generated from 5 by treatment with LiBr and DBU gave 
excellent yields (>E@%) of the corresponding cycloadduct, 
rac-6c, as single diastereomer (Scheme IV and Tables I, 
entries 8,9). That the product was assigned rac-6c', not 
rac-Gc, indicated that the N-phenyl a,&unsaturated ester 
rac-3 and the N-methyl a,&unsaturated ester rac-4 were 

~~~~ ~ ~ ~ ~ ~ ~ 

(17) Kanemana, S.; Tataukawa, A.; Wada, E.; Tsuge, 0. Chem. Lett. 
1989,1301-1304. Kaaemsrra, S.; Tataukawa, A; Wada, E. J. Org. Chem. 
1991,66,2876-2889. 

(18) Kanemsrra, 5.; Uchida, 0.; Wada, E. J. Org. Chem. 1990, 66, 
4411-4417. 
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attacked by ylide B from opposite diastereotopic faces. 
The ylide generated by the use of LDA or butyllithium 

alone reacted with ruc-4 to yield a complex mixture of 
products (entries 10, 12). However, pretreatment with 
methanol again improved the chemical yield and diaster- 
eoselectivity of the cycloaddition (entry 11). In contrast 
with the extremely low reactivity displayed by ruc-3 toward 
the tert-butyl ester ylide B (R' = t-Bu, M = Li), ruc-4 was 
sufficiently reactive to give ruc-6d' in high yield as the sole 
diastereomer (entries 13, 14), even at  room temperature 
(entry 13). 

Enantioselective Synthesis of Pyrrolidines and 
Determination of Their Absolute Configurations. A 
mixture of two optically active cycloadducts, 6a and 6a', 
was obtained from the reaction of the ylide B (R' = Me, 
M = Li) and the optically pure a,@-unsaturated ester (-)-3. 
Diastereomer 6a, the major product, was separated from 
6a' by column chromatography (Scheme V). The absolute 
configurations of both the starting &unsaturated ester 
(-)-3 and the pyrrolidine ring of cycloadduct 6a were un- 
known at this stage. Therefore, the pyrrolidine ring was 
detached from 6a and its absolute configuration was de- 
termined. Compound 6a was quantitatively tosylated to 
give 7a, which was further transformed to acetal 8 by a 
literature pr~cedure.~ Earlier, it was reported4b that the 
absolute configuration of the cycloaddud 9 was determined 
by X-ray crystallography, and 9 was then converted to 
(2S,3S,4S,5R)-(+)-8~b From the sign of its optical rotation 
and the result of HPLC analysis with a Chiral Pack OD 
column, the enantiomer 8 derived from 7a was shown to 
be (2R, 3R ,4R, 5s)  - (-) - 8. 

Now that the pyrrolidine ring of 7a was known to pos- 
sess the 2R,3R,4R,5S configuration, an X-ray structure 
analysis of 7a was performed. In Figure 2, the X-ray 
determined 4S,5S,2'R,3'R,4'R,5'S configuration of 7a is 
depicted with a space-filling molecular model. Thus, 
(-)-l,2-dianilino-l,2-diphenylethane [ (-)-11 was the lS,2S 
stereoisomer, and, therefore, (3 -3  was the 4S,5S stereo- 
isomer. 

Figure 2. 
molecular 

X-ray-determined stereostructure of 7a (space-filling 
model). 

Scheme VI 

B (M = Li) 
6c*,d' 4 

(Optically active) 

Ts N <  a: R = M e  
Ph 10a,b b: R'St-Bu 

(4R,5R,2'R,3'R, 4'R,5'S) 

The major diastereomer 6b' obtained from the reaction 
of (4R,5R)-(+)-3, the antipode of (4S,5S)-(-)-3, and the 
tert-butyl ester ylide B (R' = t-Bu, M = Li) was found to 
be the 4R,5R,2'R,3'R,4'R,5'S stereoisomer on the basis of 
the results of the following experiments. Optically pure 
6b' was converted to the N-tosyl derivative 7b. This was 
refluxed in methanol in the presence of a catalytic amount 
of concentrated sulfuric acid. Both conversion of the am- 
inal to a dimethyl acetal and transesterification took place 
to give 8 in quantitative yield (Scheme V). The retention 
time of the enantiomer 8 on the chiral HPLC column 
indicated that it was (2R,3R,4R,5S)-(-)-8. 

It was now clear that the methyl ester ylide B (R' = Me) 
and the tert-butyl ester ylide B (R' = t-Bu) attacked op- 
posite diastereotopic faces, the si(@) and re(@) faces re- 
spectively, of the N-phenyl-substituted a,@-unsaturated 
ester (4S,5S)-(-)-3. 

It was found that the methyl ester ylide B (R' = Me, M 
= Li) showed opposite diastereofacial selectivities in its 
reaction with the N-phenyl-substituted ester 3 and the 
N-methyl-substituted ester 4. Reaction of B (R' = Me, M 
= Li) with (4R,5R)-(+)-4 provided the optically pure cy- 
cloadduct 6c' after purification by column chromatogra- 
phy. This was then tosylated in the aforementioned 
manner to give loa (Scheme VI). Treatment of loa with 
methanol containing a catalytic amount of sulfuric acid 
gave the acetal (2R,3R,4R,5S)-(-)-8. 

The optically pure cycloadduct 6d' obtained from the 
reaction of the tert-butyl ester ylide B (R' = t-Bu, M = 
Li) with (4R,5R)-(+)-4 was identified as the 
4R,5R,2'R,3'R,4'R,5'S stereoisomer because it could be 
similarly transformed to the N-tosyl derivative lob and 
eventually to (2R,3R,4R,5S)-(-)-8 (Scheme VI). Thus, the 
methyl ester ylide B (R' = Me) and the tert-butyl ester 
ylide B (R' = t-Bu) both attacked the same diastereotopic 
face of the N-methyl-substituted ester 4. In contrast, when 
allowed to react with the N-phenyl-substituted ester 3, 
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The chelated transition state of 
the cycloaddition of N-metalated 
azomethine ylides 

(4Ssq-3 (sp) (4S5q-4 (sp) 
Figure 3. Conformations of (4S,5S)-(-)-3 and (4S,5S)-(-)-4, up 
and sp  conformers, assumed in the transition state of cyclo- 
addition. 

each ylide preferentially attacked a different diastereotopic 
face. 

Nature of the Transition State. It has been proposed 
that the cycloaddition of N-metalated azomethine ylides 
to a,@-unsaturated ester proceeds through a rigid chela- 
tion-stabilized transition state, as shown in the inset in 
Figure 3.17-19 In the transition state, the a,@-unsaturated 
ester assumes an s-cis conformation when the alkoxy group 
(R’O) of the ylide B and the @ substituent of the a,@-un- 
saturated ester, a chiral auxiliary (AUX*) in this case, are 
sufficiently bulky. 

In Figure 3, the X-ray crystallographically determined 
structures of the anti-periplanar conformers, (4S,5S)-3 (up) 
and (4S,5S)-4 (up), are depicted again by space-filling 
molecular models (top). Therein the original s-trans 
conformer of 3 has been converted to the s-cis conformer 
by rotating the methoxycarbonyl group 180” about the 
C(a)-C(carbony1) bond. The bottom two structures rep- 
resent the syn-periplanar conformers (4S,5S)-3 (sp) and 
(4S,5S)-4 (sp) ,  which were produced from (4S,5S)-3 (sp)  
and (4S,5S)-4 (sp) ,  respectively, by rotating the meth- 
oxycarbonyl group 180” about the C(2)-C(@) bond. 

Although the four molecular models shown in Figure 3 
represent relatively stable ground-state conformations, it 
is still important to recognize differences in their respective 
topologies in a consideration of the transition state. The 
imidazolidine ring of the N-phenyl-substituted a,@-un- 
saturated ester 3 is somewhat flat. Consequently, the two 
C-phenyl groups protrude out of the plane of the imida- 
zolidine ring, while the planes of the two N-phenyl groups 
are nearly coplanar with that of the imidazolidine ring. 

(19) (a) Kanemasa, S.; Yoshioka, M.; Tsuge, 0. Bull. Chem. SOC. Jpn. 
1989,62,86%874. (b) Kmemasa, S.; Yoshioka, M.; Tsuge, 0. Bull. Chem. 
SOC. Jpn. 1989,62,2196-2200. (c) Kanemasa, S.; Uchida, 0.; Wada, E.; 
Yamamoto, H. Chem. Lett. 1990,105-108. 

Therefore, it can not be expected that the N-phenyl groups 
will effectively differentiate attack by the N-metalated 
azomethine ylide B on the si(@) and re(@) faces. 

The imidazolidine ring of the N-methyl-substituted 
a,@-unsaturated ester 4 assumes a zigzag shape so that the 
C-phenyl groups are accommodated in the imidazolidine 
plane and the N-methyls protrude. Therefore, one side 
of each of the olefin faces is sterically hindered by the 
adjacent cis N-methyl substituent. 

Attack of the methyl ester ylide B (R’ = Me, Li) on 
(4S,5S)-3 at the si(@) face of the thermodynamically more 
stable conformers 3 (ap) appears to be difficult as a result 
of the pronounced mutual steric repulsion of the R’O and 
4-Ph moieties. Attack at the re(@) face of 3 (up) is also 
sterically hindered. Thus, an opportunity exists for the 
thermodynamically less stable conformer 3 (sp) to par- 
ticipate in the cycloaddition. Because approach to the 
re(@) face of 3 (sp) is sterically hindered by the 4-Ph 
moiety, attack at the si(@) face of 3 (sp) occurs preferen- 
tially to give (4S,5S,2’R,YR,4’R,5’S)-6a. 

When ylide B bears a bulky tert-butyl group (R’ = t-Bu, 
M = Li), the steric effects of the N-phenyl substituents 
inhibit the involvement of 3 (sp) in the cycloaddition. The 
rate and the diastereoselectivity of the cycloaddition de- 
crease. The re(@) face of 3 (up) is relatively more open to 
the attack by N-lithiated ylide B (R’Q = t-BuO). 

In the case of the N-methyl-substituted a,@-unsaturated 
ester (4S,5S)-4, the approach of the ylide B (R’ = Me or 
t-Bu) to either the si(@) or re(@) face of the ap conformer 
is seriously hindered, by the 4-Ph group in the former 
instance and by the N-Me substituents in the latter in- 
stance. Approach to the re(@) face of 4 (sp) is much more 
favorable. Products of attack at the re(@) face are, in fact, 
those that are obtained. 

In conclusion, the presence of a chiral C2-symmetric 
imidazolidine controller at the @ position of the a,@-un- 
saturated esters 3 and 4 insured that a satisfactory degree 
of asymmetric induction was observed in the cycloaddition 
of N-metalated azomethine ylides B to the esters. The 
dramatic differences in the observed diastereoselectivity, 
which depend upon the nature of the N substituents of the 
olefins and the bulkiness of the ester moiety of ylides B, 
indicate that some degree of stereocontrol can be imposed. 
Other asymmetric reactions utilizing the chiral olefins 3 
and 4 are under study. The results of these studies will 
be reported in due time. 

Experimental Section 
General. Melting points are uncorrected. The X-ray dif- 

fraction data were collected with graphite-monochromatized Mo 
Ka radiation (A = 0.71069). Structure analyses were performed 
with a TEXSAN system.% The structure was solved by the MI- 
T H R I L ~ ~  direct method and defined by full-matrix least squares. 
Wako C-200, Wako C-300, and Merck silica gel 60 were used for 
preparative column chromatography. High performance liquid 
chromatography (HPLC) was performed with a Chiralcel OD 
column (Daicel Chemical Co Ltd.). 

Optical Resolution of  ( 1RS ,2RS)- 1,2-Dianilino- 1,2-di- 
phenyletbane (rac-1). A modified procedure for the isolation 
of optically pure (lS,2S)-l and (lR,2R)-l by preferential crys- 
tallization was used.” Thus, seed crystals of (+)-I were prepared.12 
To a hot solution of ruc-1 (3.6 g) in MeOH (300 mL) was added 
a piece of seed crystal. The mixture was kept at 45 OC for 24 h. 
The prismatic crystals formed were collected and washed with 
a small amount of cold MeOH to give 0.35-0.5 g of (+)-I. A new 
portion of ruc-1 (equal weight) was added to the filtrate and 
dissolved by heating under reflux. The mixture was kept at 45 

(20) TEXSAN; TEXRAY Structure Analysis Package, Molecular 
Structure Corporation (1985). 

(21) Gilmore, C. J. J.  Appl, Crystallogr. 1984,17, 42. 
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OC for 24 h. The crystals formed (0.35-0.5 g) were collected and 
washed with a small amount of cold MeOH to give (-1-1. Each 
enantiomer (+)-l and (-1-1 was prepared by repeating this pro- 
cedure. Each enantiomer was purified by crystallization from 

+179.0° (c 1.00, benzene) [lit.12 [a]"D +200' (c 1.53, benzene)]. 

benzene) [lit.12 [a]=D -204' (c 1.60, benzene)]. 
Condensation of (lR,2R)-(+)-l or (lS,2S)-(-)-l with 

(-)-Myrtenal. A mixture of (+)-l (0.364 g, 1 mmol), (-)-myrtenal 
(0.46 mL, 3 mmol), and a catalytic amount of p-toluenesulfonic 
acid was refluxed in toluene (10 mL) for 12 h. The mixture was 
concentrated in vacuo. The residue was purified by column 
chromatography on silica gel (hexane/EtOAc, 201) to give a pure 
diastereomer of the condensation product (0.333 g, 67%): colorless 
prisms (MeOH); mp 93-95 "C; 'H NMFt (C&a) 8 0.19,1.12 (each 
s, each 3 H, Me), 1.32 (d, J = 8.4 Hz, 1 H, one of H-79, 1.87 
(m, 1 H, H-5'),2.22 (m, 2 cH-4'),2.45 (dt, Jgem = 8.4 and J7,-1, 
= J7,+ = 5.5 Hz, 1 H, the other of H-7'1, 2.64 (dt, J1,-,, = Jl3-68 
= 5.5 and J11-3, = 1.5 Hz, 1 H, H-l'), 4.86,4.99 (each d, Jca = 7.7 
Hz, each 1 H, H-4 and H-5), 5.79 (br s, 1 H, H-3'),6.11 (8, 1 H, 
H-2), 6.6-7.3 (m, 20 H, Ph); 'Bc NMR (CDClJ S 19.77,26.52 (each 
Me), 31.36,31.72,37.97,40.06,43.20 (CH2, CH, and C), 70.44,73.03 

126.46,127.45,127.64,127.73,128.00,128.53,128.58,128.65,140.25, 
140.34, 143.19, 147.57, 148.13 (Ph and olefinic); MS m/z (re1 
intensity) 496 (M+, 121,376 (311,375 (base peak), 315 (481,274 
(29), 272 (16), 247 (17), 246 (80), 180 (21), 104 (15), 77 (23). Anal. 
Calcd for C,H,N2: C, 87.05; H, 7.31; N, 5.64. Found C, 87.28; 
H, 7.26; N, 5.70. 

Similarly, (-)- 1 and (-1-myrtenal gave another diastereomer 
of the condensation product (62%): colorless prisms (MeOH); 
mp 96-98 OC; 'H NMR (C6DB) S 0.15, (d, Jm = 8.8 Hz, 1 H, one 
of H-7'1, 0.97, 1.25 (each s, each 3 H, Me), 1.81 (m, 1 H, H-59, 
1.97 (dt, JsOm = 8.8 and J7t-1t = J~t-~t = 5.5 Hz, 1 H, the other of 
H-7'), 2.13,2.22 (each dt, J = 18.0 and J4t-38 = J4qt = 2.9 Hz, 
each 1 H, H-4'), 2.57 (dt, z p - 7 a  = 51'-6' = 5.5 and &3' = 1.5 Hz, 
1 H, H-1'1, 4.81,4.92 (each d, Jca = 7.3 Hz, each 1 H, H-4 and 
H-5), 5.68 (br s, 1 H, H-3'),6.05 (s, 1 H, H-2), 6.6-7.3 (m, 20 H, 
Ph); 'Bc NMR (CDCld 6 21.67,26.29 (each Me), 30.18,31.36,38.10, 

128.51,128.53,128.58, 140.24,140.67,143.61,146.98,147.76 (Ph 
and olefinic); MS m/z (re1 intensity) 496 (M', 17), 376 (301,375 
(base peak), 315 (521,274 (301,272 (13), 247 (171,246 (861,180 
(15), 104 (14),77 (23). Anal. Calcd for CsHSBN2: C, 87.05; H, 
7.31; N, 5.64. Found C, 87.07; H, 7.39; N, 5.62. 

(1RS ,2RS)-1,2-Bis(methylamino)-1,2-diphenylethane 
(rac-2). To a solution of ra~-1,2-dipheny1-1,2-ethanediamine'~ 
(0.106 g, 0.5 mmol) in EtOH (2 mL) was added ethyl chloroformate 
(0.48 mL, 5 mmol). The mixture was stined at room temperature 
for 10 min, then was poured into ice water (20 mL), and was 
extracted with CH2C12 (20 mL X 2). The combined extracts were 
dried (MgSO,) and concentrated in vacuo. The residue (0.172 
g, 97%) was almost pure diethyl N,"-(1,2-diphenylethylene)- 
biscarbamate ['H NMR (CDClJ: S 1.20 (t, J = 6.7 Hz, 3 H X 
2, COOEt), 4.19 (4, J = 6.7 Hz, 2 H X 2, COOEt), 5.02 (m, 2 H, 
CH), 6.28 (br, 2 H, NH), 7.0-7.3 (m, 10 H, Ph)]. It was used in 
the following reaction without further purification. 

To a suspension of LiAlH4 (0.086 g, 2.26 mmol) in dry THF 
(1.5 mL) was added drop-by-drop at 0 'C, a solution of the 
carbamate (0.134 g, 0.38 mmol) in THF (1.5 mL). The mixture 
was refluxed for 9.5 h and then was cooled to 0 'C. EtOH (2 mL) 
and aqueous Na&03 were added. The mixture was extracted with 
EhO (20 mL x 4). The combined extracts were dried (MgSO,) 
and concentrated in vacuo to give rac-2 (0.088 g, 98%). From 
optically pure (lR,2R)-(+)-1,2-di~henyl-1,2-ethanediamine.~~ 

MeOH. (lR,w)-(+)-I: 

(ls,W-(-)-l: [ a l n ~  -125.8' (C 1.03, CHClJ; 

[ C Y ] ~ D  +127.9' (C 0.50, CHCl3); [CX]~D 

-180.0' (C 1.00, 

((2-4 and C-5), 83.42 (C-2), 114.58,118.17,118.74,119.20,125.34, 

40.64,42.27 (CHZ, CH, and q-C), 70.74,73.04 ((2-4 and C-5), 84.84 
(C-2). 114.68,118.12,118.89,119.31,125.71,126.40,127.54,127.67, 

Opt idy  pure (1R,w)-(+)-2 Was O b - & & &  [(l l la3~ +16.4' (C 1.34, 
CHC13) [lit? [.IUD +20' (c  0.15, CHC13)]. 

Me thy l  ( 4 R S  .5RS ) - ( E  )-3-( 1.3.4.S-Tetrabhenvl- 
imidazofidin-2-yl)pr&n&& (kc-3). .A'shution of r&-1 ($67 
g, 10 mmol), methyl (E)-4-0~0-2-butenoate~ (1.37 g, 12 mmol), 
a catalytic amount of PTSA, and CHC13 (30 mL) was refluxed 

(22) Bohlmann, F.; Inhoffen, E. Chem. Ber. 1966,89, 1276-1281. 

for 5 h. The mixture was cooled to room temperature, and sat- 
urated aqueous NaHC03 (1 mL) was added. The mixture was 
extracted with CH2C12 (50 mL X 3). The combined extracts were 
dried (MgS04) and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (hexane/CH&b, 
1:3) to give rac-3 (4.4 g, 96%): colorless prisms (MeOH); mp 
202.5-203.5 'C; IR (KBr) 1720,1590,1490,1265,745,685 cm-'; 
'H NMR (CDCld 6 3.68 (s,3 H, COOMe), 4.71,4.76 (each d, Jca 
= 7.3 Hz, each 1 H, H-4 and H-5), 6.15 (d, J 2 g ~  = 7.7 Hz, 1 H, 
H-2), 6.33 (d, Jew = 15.8 Hz, 1 H, =CH(a)), 6.6-6.8 (m, 6 H, 

1 H, =CH(B)), 7.0-7.3 (m, 14 H, Ph); '8c NMR (CDCl3) S 51.72 
(COOMe), 69.99, 73.12 (each C-4 and C-5), 78.90 (C-2), 113.57, 
118.50,119.31,120.28,124.42,126.72,127.38,127.87,128.71,128.75, 
129.07,138.63,139.59,143.09,144.76,145.87 B h  and -CHI, 166.20 
(COOMe); MS m/z (re1 intensity) 460 (M+, l l ) ,  375 (a), 280 (12), 
279 (611, 221 (181,220 (base peak), 181 (141,180 (131,104 (161, 
77 (31). Anal. Calcd for C31H28N202: C, 80.84; H, 6.13; N, 6.08. 
Found C, 80.70; H, 6.26; N, 6.10. Optically active samples, 
(4S,5S)-3 and (4R,5R)-3, were obtained starting from optically 

X-ray Structure Analysis of "-3. A single crystal grown 
from MeOH had space group P212121, a = 14.524 (7), b = 17.644 
(61, and c = 9.9978 (4) A, V = 2562 (2) AB, 2 = 4. The final R 
factor was 0.043 for 1533 observed reflections.% 

Methyl (4RS ,5RS )- (E)-34 1,a-Dimet hyl-4,s-diphenyl- 
imidazolidin-2-y1)propenoate (rac-4). To a solution of rac-2 
(2.58 g, 10.7 mmol) in CHzC12 (30 mL) was added methyl (E)-4- 
0xo-2-butenoate~ (1.35 g, 11.8 "01) at room temperature. After 
a few minutes, saturated aqueous NaHC03 (5 mL) was added. 
The mixture was extracted with CH2C12 (30 mL X 3). The com- 
bined extracts were dried (MgS04) and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel 
(hexane/EtOAc, 101). The solid so obtained was recrystallized 
(MeOH) to give rac-4 (2.13 g, 59%): colorless needles; mp 104-110 
'C; IR (KBr) 1725,1440,1280,765,710 cm-'; 'H NMR (CDCl,) 
6 2.26,2.19 (each s, each 3 H, NMe), 3.59,3.71 (each d, Jca = 8.4 
Hz, each 1 H, H-4 and H-5), 3.79 (s,3 H, COOMe), 4.34 (d, JHH 
= 8.8 Hz, 1 H, H-2), 6.15 (d, J- 15.4 Hz, 1 H, =CH(a)) 6.9-7.3 
(m, 11 H, Ph and =CH@)); '9 NMR (CDClJ 8 34.50,37.91 (each 
NMe), 51.67 (COOMe), 76.59, 77.94 (each C-4 and C-5), 84.81 
(C-2), 123.26 (=CH(a)), 127.53, 127.63, 127.83, 128.09, 128.13, 
128.16, 138.53, 138.93 (each Ph), 147.76 (=CH(B)), 166.53 
(COOMe); MS m/z (re1 intensity) 336 (M+, 61,335 (16), 251 (37), 
218 (121,217 (82), 159 (131,158 (base peak), 98 (11). Anal. Calcd 
for CzlHuN2O2: C, 74.97; H, 7.19; N, 8.33. Found C, 75.10, H, 
7.05; N, 8.24. 

Optically pure (4R,5R)-(+)-4 was obtained from o p t i d y  pure 

X-ray Structure Analysis of rac-4. A single crystal grown 
from MeOH had s ace group R1/n, a = 9.78 (2), b = 5.751 (61, 
and c = 33.33 (5) 1, @ = 96.4 (l)', V = 1902 (5) As, 2 = 4. The 
final R factor was 0.076 for 559 observed reflections.Pg 

General Procedure for the Cycloadditions of N-Metalatad 
Azomethine Ylides B to rac-3 and rac-4. Method 1. To a 
solution of rac-3 (0.231 g, 0.5 mmol), LiBr (0.065 g, 0.75 mmol), 
and dry THF (3 mL) were slowly added, by syringe, at -78 "C 
under N2, a solution of methyl (benzy1ideneamino)actate (0.133 
g, 0.75 mmol) in THF (1 mL) and DBU (0.076 g, 0.5 mmol), in 
that order. The mixture was stirred at -78 OC for 24 h, then 
treated with saturated aqueous NH4Cl (10 mL), and extracted 
with EgO (20 mL X 3). The combined extracts were dried 
(MgS04) and concentrated in vacuo. A solution of the residue 
in hexane/EtQAc (21) was passed through a short column of silica 
gel. The eluate was concentrated in vacuo. *H NMR analysis 
of the residue (0.252 g, 79%) showed it to be a 91:9 mixture of 
diastereomers. The major diastereomer, rac-6a, was isolated by 
chromatography on silica gel (hexane/EtOAc, 4:1), 

Method 2. To a solution of i-Pr2NH (0.11 mL, 0.75 mmol) in 

O- and p-H of NPh), 6.98 (dd, J- = 15.8 and Jcn-2 = 7.7 Hz, 

pure 1. (4S,5S)-(-)-3: [ a I 2 ' ~  -218.4' (C 1.04, CHCla). 
(4R,5R)-(+)-3: [.]%D +223.9' (C 1.06, CHC13). 

(1R,=)-(+)-2. (4R,5R)-(+)-4: [cY]~D +45.0° (C 0.60, CHCl3). 

~ ~~~~ 

(23) The authors have deposited atomic coordiiateg for thin etructure 
with the Cambridge Crystallographic Data Centre. The coordinatm can 
be obtained on request from The Director, Cambridge Crystallographic 
Data Centre, University Chemical Laboratory, Lensfield Road, Cam- 
bridge CB2 lEW, U.K. 
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dry THF (3 mL) were added, drop-by-drop by syringe, at -78 “C 
under Na BuLi (1.65 M in hexane, 0.48 mL, 0.75 mmol), a solution 
of methyl (benzylideneamino)acetate (0.138 g, 0.75 m o l )  in THF 
(1 mL), MeOH (0.013 mL, 0.5 mmol), and a solution of roe3 (0.23 
g, 0.5 mmol) in THF (1 mL), in that order. The mixture was 
stirred at -78 OC for 1.5 h, treated with saturated aqueous NH4Cl, 
and extracted with EhO (20 mL X 3). The combined extracts 
were dried (MgS04) and concentrated in vacuo. Purification by 
silica gel column chromatography of the crude product gave tac-6a 
(0.285 g, 89%, 96:4). Results are listed in Table I. 

mc-6a: colorless prisms (MeOH); mp 167-168 OC; IR (KBr) 
1740,1600,1500,760,705 cm-’; ‘H NMR (CDC13) 6 3.08 (s,3 H, 
4’-COOMe), 3.28 (dd, J4*+, = 8.1 and J41-3t = 4.4 Hz, 1 H, H-49, 
3.73 (s,3 H, 2’-COOMe), 3.79 (dt, Jscr = 6.6 and J3#-,’ = J 3 c 2  = 

= 8.1 Hz, 1 H, H-5’),4.65,4.99 (each d, J66 = 7.7 Hz, each 1 H, 
H-4 and H-5), 6.18 (d, JS3, = 4.4 Hz, 1 H, H-21, 6.7-7.3 (m, 25 
H, Ph); I3C NMR (CDClJ 6 51.17, 52.25 (each COOMe), 53.00, 

4.4 Hz, 1 H, H-3’), 4.34 (d, J y q  6.6 Hz, 1 H, H-2’), 4.42 (d, J 6 q  

53.39 ((2-3’ and C-49, 62.83 (C-2’),65.74 (C-5’), 71.26,75.61 (C-4 
and C-5), 79.81 (C-2), 116.21, 120.05,120.89,121.31,126.72,126.91, 
127.56,127.63,127.74, 128.15,128.43,128.46,128.79,129.23,138.44, 
138.73, 139.91, 143.83, 148.30 (each Ph), 173.21, 173.60 (each 
COOMe); MS m/z (15 eV, re1 intensity) 638 (M+ + 1, 13), 456 
(5), 377 (321,376 (base peak), 279 (4). Anal. Calcd for C41H&04: 
C, 77.21; H, 6.16; N, 6.59. Found: C, 77.33; H, 6.27; N, 6.83. 

roc-68’: colorless prisms (MeOH); mp 194-200 “C; IR (KBr) 
1720,1580,1480,730,680 cm-’; ‘H NMR (CDC13) 6 2.81 (s,3 H, 
4’-COOMe), 3.57 (dd, J4qi 8.4 and J41-3’ = 5.1 Hz, 1 H, H-4’), 

3.91 (s,3 H, 2’-COOMe), 4.09 (d, Jr9? = 8.8 Hz, 1 H, H-2’), 4.60 
(d, J6,-,, = 8.4 Hz, 1 H, H-5’1, 4.82, 5.07 (each d, J4+ = 7.6 Hz, 
each 1 H, H-4 and H-5), 6.52 (d, J2-3t = 2.9 Hz, 1 H, H-2), 6.6-7.4 
(m, 25 H, Ph); I3C NMR (CDCl3) 6 50.97, 51.00, 51.79, 52.45 
(COOMe X 2, C-3’ and C-4‘),62.06 (C-2’),65.27 (C-5’),69.69,77.26 

126.63,127.34,127.77,127.87,127.97,128.04,128.42,128.66,128.69, 
129.33, 140.43, 142.95, 149.60 (each Ph), 172.39, 172.74 (each 
COOMe); MS m/z (re1 intensity) 637 (M’, 31,376 (30), 375 (base 
peak), 272 (14), 180 (17), 104 (151, 77 (19). Anal. Calcd for 
c&&o4: C, 77.21; H, 6.16; N, 6.59. Found: C, 77.49; H, 6.13; 
N, 6.59. 

rm-6b’: colorless prisms (MeOH); mp 180-182 OC; IR (KBr) 
1730,1600, 1590,1155,760,705 cm-’; ‘H NMR (CDC13) S 1.68 
(8,  9 H, COOBu-t), 2.78 (8,  3 H, COOMe), 3.55 (dd, J41-61 = 8.1 

4.58 (d, 4 7 4 ,  = 8.1 Hz, 1 H, H-5’),4.85,5.09 (each d, Jb6 = 7.7 
Hz, each 1 H, H-4 and H-5), 6.52 (d, J2-31 = 2.6 Hz, 1 H, H-2), 
6.6-7.4 (m, 25 H, Ph); ’% NMR (CDC13) 6 28.31 (COOBu-t), 50.90 
(G3’),51.24 (C4’),52.17 (COOMe), 62.69 (GY), 65.21 (G5’),69.39, 

119.19,120.40,126.42,126.52,127.22,127.79,127.89,127.93,128.04, 
128.36,128.68,128.74, 129.18,137.84,140.43,140.76,142.86,149.80 
(each Ph), 171.34,172.48 (COOMe and COOBu-t); MS m/z (re1 
intensity) 680 (M+ + 1,5), 679 (M+, lo), 498 (21,497 (4), 377 (5), 
376 (311,375 (base peak), 321 (2). Anal. Calcd for CuH6N304: 
C, 77.73; H, 6.67; N, 6.18. Found: C, 77.46; H, 6.79; N, 6.18. 

roc-6b: colorless prisms (MeOH); mp 103-104 OC; IR (KBr) 
1700,1580,1475,1430,1140,730,680 cm-I; ‘H NMR (CDC13) 6 
1.55 (8,  9 H, COOBu-t), 3.09 (s,3 H, COOMe), 3.40 (dd, J4t-6, = 

4.28 (d, J6,-,, = 7.7 Hz, 1 H, H-5’1, 4.67, 4.97 (each d, Jk6 = 8.1 
Hz, each 1 H, H-4 and H-5), 6.16 (d, J2-3, = 3.7 Hz, 1 H, H-2), 
6.7-7.3 (m, 25 H, Ph); NMR (CDCld d 28.16 (COOBu-t), 51.11 
(COOMe), 53.32 (C-3’),54.84 (C-4’),63.86 (C-21,65.80 (C5’),71.99, 

121.49,122.46,126.68,126.82,127.54,127.81,128.13,128.33,128.49, 
128.75, 128.82, 129.15, 137.91, 144.13, 147.80 (each Ph), 171.96, 
173.27 (COOMe and COOBu-t); MS m/z (re1 intensity) 679 (M+, 
161,376 (32), 375 (base peak). Anal. Calcd for CUHaN3O4: C, 
77.73; H, 6.67; N, 6.18. Found: C, 77.71; H, 6.56; N, 6.14. 

rac-60’: colorless prisms (MeOH); mp 134-135 OC; IR (KBr) 
1725,1430,1155,760,700 an-’; ‘H NMR (CDCls) 6 2.10,2.57 (each 
s, each 3 H, NMe), 3.10 (br, 1 H, NH), 3.20 (s,3 H, 4’-COOMe), 
3.26 (m, 1 H, H-3’1, 3.69 (dd, J4!+t = 7.7 and J41-y = 4.4 Hz, 1 H, 

3.73 (ddd, J3t-p 8.8, J3,4 = 5.1, and Jy-2’ = 2.9 Hz, 1 H, H-3’), 

(C-4 and C-5), 78.17 (C-2), 116.91,118.89,119.35, 120.54,126.48, 

and J4t4 
and J3q = 2.6 Hz, 1 H, H-3’), 4.02 (d, Jy-3, 

5.1 Hz, 1 H, H-43, 3.60 (ddd, J3J-r = 9.2, J3t-4‘ = 5.1, 
9.2 Hz, 1 H, H-2’), 

77.39 ((2-4 and C-5), 78.21 (C-2), 82.30 (COOBU-t), 116.87,118.61, 

7.7 and J4c3 ,  
= J34t 

3.7 Hz, 1 H, H-4’),3.70 (ddd, J 3 q  7.0 and J 3 q  
3.7 Hz, 1 H, H-3’), 4.22 (d, Jy-3. = 7.0 Hz, 1 H, H-2’), 

74.66 ((2-4 and C-5), 80.76 (C-2), 82.26 (COOBU-t), 115.84,119.59, 
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H-4’), 3.75 (d, J44 = 9.0 Hz, 1 H, H-4), 3.87 (8,3 H, 2’-COOMe), 
3.98 (d, JM = 9.0 HZ, 1 H, H-5), 4.17 (d, Jy+ = 7.3 Hz, 1 H, H-2‘1, 
4.25 (d, J%y = 2.2 HZ, 1 H, H-2), 4.85 (d, JV+i 7.7 Hz, 1 H, H-5’1, 
7.2-7.4 (m, 15 H, Ph); ’9c NMR (CDCls) 6 35.29,42.53 (each NMe), 
51.24 (C-3’),52.084C-4’), 52.35,52.73 (each COOMe), 63.15 ((2-2‘1, 

128.10, 128.25,128.51, 128.64,128.85, 138.51, 138.54, 139.49 (each 
Ph), 173.51, 173.77 (each COOMe); MS m/z (re1 intensity) 514 
(M+ + 1,5), 513 (M+, 121,252 (191,251 (base peak), 178 (3). Anal. 
Calcd for C&&&O& C, 72.49; H, 6.87; N, 8.14. Found: C, 72.28, 
H, 6.87; N, 8.04. 

rac-6d’: colorless prisms (MeOH); mp 127-128 OC; IR (KBr) 
1705,1430,1140,750,700 cm-’; ‘H NMR (CDCl,) 6 1.58 (8,s H, 
COOBu-t), 2.02,2.60 (each s, each 3 H, NMe), 3.05 (br, 1 H, NH), 
3.15 (m, 1 H, H-39, 3.20 (s, 3 H, COOMe), 3.72 (dd, Jdt-6* = 7.3 
and J4,+ = 3.7 Hz, 1 H, H-49, 3.76,3.96 (each d, J4-6 = 8.8 Hz, 
each 1 H, H-4 and H-5), 4.04 (d, JY+ = 7.7 Hz, 1 H, H-2’), 4.30 

7.2-7.4 (m, 15 H, Ph); NMR (CDCls) 6 28.19 (COOBu-t), 34.74, 
42.86 (each NMe), 51.14 (C-3’), 52.67,52.91 ((2-4’ and COOMe), 

66.72 (C-5’), 74.74,77.62 (C-4 and C-5), 85.76 (C-2), 127.48,127.77, 

(d, 52-3, = 1.8 Hz, 1 H, H-2), 4.84 (d, J6t-C. = 7.3 Hz, 1 H, H-5’), 

64.03 (C-2’), 66.87 (C-5’), 74.73, 78.14 (C-4 and C-5), 81.64 
(COOBU-t), 85.64 (C-2), 126.46, 127.34, 127.43, 127.76, 128.19, 
128.23, 128.78, 138.41, 138.79, 139.56 (each Ph), 172.16, 173.86 
(COOMe and COOBu-t); MS m/z (re1 intensity) 555 (M’, 5), 252 
(19), 251 (base peak), 210 (5). Anal. Calcd for CaH41N304: C, 
73.48; H, 7.44; N, 7.56. Found C, 73.51, H, 7.24; N, 7.62. 

Tosylation of (4S,SS)-6a To Yield 7a. To a solution of 
(4S,5S)-6a (0.36 g, 0.564 mmol), TsCl (0.161 g, 0.85 mmol), and 
CHC13 (10 mL) was added NEt3 (0.12 mL, 0.85 mmol) at room 
temperature. The mixture was refluxed for 12 h. Saturated 
aqueous NaHC03 (10 mL) was added and the mixture was ex- 
tracted with CHzClz (20 mL X 3). The combined extracts were 
dried (MgS04) and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel (hexane/EtOAc, 
3:l) to give 7a (0.334 g, 75%): colorless prisms (MeOH); mp 
247-250 O C ;  IR (KBr) 1740,1600,1490,1355,1170,760,700 cm-’; 
‘H NMR (CDCl,) 6 2.38 (e, 3 H, p-Me), 2.78 (dd, J41-31 = 12.5 and 
JdC6, = 9.5 Hz, 1 H, H-49, 3.24 (8,  3 H,4’-COOMe), 3.37 (8,  3 H, 
2’-COOMe), 4.10 (d, Jc6 = 8.1 Hz, 1 H, H-4 or H-5), 4.28 (ddd, 
J3r-4, = 12.5, J y 4  = 9.5, and J3q = 1.5 Hz, 1 H, H-3’), 4.92 (d, 
Jy-g = 9.5 Hz, 1 H, H-2’), 4.96 (d, J V ~ I  = 9.5 Hz, 1 H, H-5’),5.12 
(d, JM = 8.1 Hz, 1 H, H-5 or H-4), 5.99 (d, J2+ = 1.5 Hz, 1 H, 
H-2), 6.5-7.4 (m, 27 H, Ph), 7.72 (d, J = 8.4 Hz, 2 H, Ar); ’% NMR 
(CDClJ 6 21.53 (p-Me), 44.88 (C-4’),50.14 (C-3’),51.50,52.28 (each 
COOMe), 61.28 (C-29, 64.62 (C-5’), 70.43, 75.88 ((2-4 and (2-51, 

128.06,128.28,128.35,128.79,129.18,129.73,134.08,138.44,138.73, 
139.66, 142.23, 143.78, 148.92 (Ph and Ar), 169.30, 170.29 (each 
COOMe); MS m/z (re1 intensity) 791 (M’, l), 377 (5), 376 (31), 
375 (base peak). Anal. Calcd for C&,,JV30& C, 72.80; H, 5.73; 
N, 5.31. Found: C, 72.59; H, 5.74; N, 5.09. 

X-ray Structure Analysis of 7 a  A single crystal grown from 
EtOAc had space group P212121, a = 10.810 (2), 6 = 23.581 (2), 
and c = 16.916 (2) A, p = 107.66 A, V = 4190 (1) A3, 2 = 4. The 
final R factor was 0.05 for 2676 observed reflections.22 

Tosylation of (4S$S)-6b’ Leading to 7b. A procedure similar 
to that described above was used. A mixture of (48,5S)-6b‘ (0.16 
g, 0.235 mmol), TsCl (0.067 g, 0.353 mmol), NJZh (0.05 mL, 0.353 
mmol), and CHC13 (5 mL) was refluxed for 5 h. Silica gel column 
chromatography (hexane/EtOAc, 3:l) gave 7b (0.156 g, 80%): 
colorless prisms (MeOH); mp 197.5-198.5 OC; IR (KBr) 1700,1590, 
1270,1150,750,700,660 cm-’; ‘H NMR (CDC13) 6 1.72 (e, 9 H, 
COOBu-t), 2.28 (8 ,  3 H,p-Me), 2.67 (s, 3 H, COOMe), 3.65 (dd, 

H-29, 4.68,4.70 (each d, J4-a = 7.3 Hz, each 1 H, H-4 and H-51, 

6.4-7.5 (m, 29 H, Ph and Ar); ’% NMR (CDCld 6 21.48 @-Me), 
28.15 (COOBu-t), 47.20 (C-43, 51.19 (C-3’ and COOMe), 63.96 

81.06 (C-2), 117.45,118.15, 124.19, 125.01,127.20,127.43,128.03, 

J 4 . 4  = 9.9 and J 4 q  = 8.8 Hz, 1 H, H-4’), 3.79 (ddd, J3qJ = J3i-y 
= 8.8 and J 3 q  = 2.9 Hz, 1 H, H-3’), 4.44 (d, Jy-3-s. = 8.8 Hz, 1 H, 

4.93 (d, Jsqt = 9.9 Hz, 1 H, H-59, 6.35 (d, J s y  = 2.9 Hz, H-21, 

(C-2’),66.02 (C-5’),69.75,76.37 (C-4 and C-5),77.20 (C-2), 82.81 
(COOBU-t), 117.07,118.27,119.16,120.92, 126.49,127.50,127.58, 
127.66,127.90,128.00,128.40,128.43,128.65,129.41,133.36,138.58, 
140.11, 140.30, 142.85, 143.65, 149.31 (Ph and Ar), 168.91,170.62 
(COOMe and COOBu-t); MS m/z (re1 intensity) 833 (M+, l), 390 
(12), 376 (31), 375 (base peak), 246 (121,203 (131, 182 (36), 181 
(121, 180 (E), 144 (20), 143 (171, 117 (14),56 (12). Anal. Calcd 
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for C61H61N308S: C, 73.44; H, 6.16; H, 5.04. Found: C, 73.51; 
H. 6.23: N. 5.08. , , I  

Conversion of 7a to (2R,3R,4R,55)-(-)-8. Dry HC1 was 
bubbled through a solution of 7a (0.158 g, 0.2 mmol) in CHzClz 
(6 mL) and MeOH (10 mL) at 0 ‘C for 20 min. The solution was 
then stirred at room temperature for 30 min, then neutralized 
with aqueous NaHC03, and extracted with CH2Clz (60 mL X 3). 
The combined extracts were dried (MgS04) and concentrated in 
vacuo. The residue was purified by column chromatography on 
silica gel (hexane/EtOAc, 2:l) to give (2R,3R,4R,5S)-(-)-8 (0.79 
g, 80%): [alaD -40.90’ (c 1.00, CHC13), [lit.& [aImD -40.36’ (c 
0.99, CHCln)]. 

ConverGon of 7b to (2R,3R,4R,55)-(-)-8. To a solution of 
7b (0.115 g, 0.14 mmol), CHC13 (5 mL), and MeOH (5 mL) at room 
temperature was added concentrated H2SO4 (0.3 mL). The 
mixture was refluxed for 12 h, then neutralized with aqueous 
NaHC03, and extracted with EhO (30 mL X 3). The combined 
extracts were dried (MgS04) and concentrated in vacuo. The 
residue was purified by silica gel column chromatography (hex- 
ane/EtOAc, 2:l) to give (2R,3R,4R,5S)-(-)-8 (0.055 g, 81%). Its 
absolute configuration and enantiomeric purity were determined 
by HPLC analysis. The retention time (tR) was 21.21 min under 
the conditions employed. Column: Chiralcel OD; eluent: hex- 
ane/i-PrOH, 9/1; flow rate: 0.5 mL/min). The antipode, (+)-& 
had tR  = 18.48 min. 

Tosylation of (4R,5R)-6c’ To Yield loa. To a solution of 
(4R,5R)-6c’ (0.2 g, 0.39 mmol), TsCl (0.082 g, 0.42 mmol), and 
CHC13 (10 mL) at rwm temperature was added NEt, (0.06 mL, 
0.42 ”01). The mixture was refluxed for 1.5 h, then treated with 
saturated aqueous NaHC03 (10 mL), and extracted with CH2C12 
(20 mL X 3). The combined extracts were dried (MgS04) and 
concentrated in vacuo. The residue was recrystallized (MeOH) 
to give 1Oa (0.242 g, 93%): colorless prisms (MeOH); mp 214-215 
‘C dec; IR (KBr) 1720,1160,1020,760,700 cm-’; ’H NMR CCDClJ 
d 1.86,2.20 (each s, each 3 H, NMe), 2.39 (s,3 H, p-Me), 3.28 (s, 
3 H, 4’-COOMe), 3.36 (dd, J4t-3p = 11.7 and J4t-6, = 9.5 Hz, 1 H, 

1 H, H-4),3.80 (s,3 H, 2’-COOMe), 4.21 (d, JH = 10.2 Hz, 1 H, 

1 H, H-5’), 7.1-7.6 (m, 17 H, Ph and Ar), 7.71 (d, J = 8.1 Hz, 2 
H, Ar); ‘3c NMR (CDClJ 6 21.54 (p-Me), 38.66,39.88 (each NMe), 
47.17 (C-3’),50.86 (C-41, 51.68,52.53 (each COOMe), 62.72 ((2-29, 

H-4’), 3.39 (d, 52-38 
Jg-r 9.2, and J 3 q  

H-5), 4.53 (d, 523-3, 

2.9 Hz, 1 H, H-2), 3.68 (ddd, 5 3 ’ 4  = 11.7, 
2.9 Hz, 1 H, H-3’),3.71 (d, Jd-5 = 10.2 Hz, 

9.2 Hz, 1 H, H-2’1, 5.36 (d, J S t d ,  = 9.5 Hz, 

65.87 (C-5’), 72.#,73.14 ((2-4 and C-5), 87.14 (C-2), 12760,127.66, 
127.77,127.89,127.94,128.07,128.16,129.43,129.99,134.83,1%.46, 
138.34,138.66,143.80 (Ph and Ar), 169.51,172.29 (each COOMe); 
MS m / z  (re1 intensity) 667 (M+, l), 393 (5 ) ,  252 (41), 251 (base 
peak), 170 (8), 138 (19), 133 (21), 124 (lo), 92 (10). Anal. Calcd 
for C3sH41N306S: C, 68.27; H, 6.18; N, 6.29. Found C, 68.16; 
H, 6.17; N, 6.26. 

Tosylation of (4R,5R)-6d’ To Yield lob. In a similar manner, 
a mixture of (4R,5R)-6d’ (0.261 g, 0.47 mmol), TsCl (0.178 g, 0.93 
mmol), NEt, (0.13 mL, 0.93 mmol), and CHC13 (10 mL) was 
refluxed for 12 h. The usual hydrolytic workup and silica gel 
column chromatography (hexane/EtOAc, 31) gave lob (0.291 g, 
93%): colorless prisms (MeOH); mp 174.5-175.5 ‘C; IR (KBr) 
1720,1140,740 cm-’; ‘H NMR (CDC13) 6 1.61 (s,9 H, COOBu-t), 
1.85, 2.25 (each s, each 3 H, NMe), 2.41 (s, 3 H, p-Me), 3.23 (a, 
3 H, COOMe), 3.28 (overlapping, 1 H, H-4’),3.47 (d, J2-31 = 2.2 

Hz, 1 H, H-3’), 3.66, 4.08 (each d, Jcs = 9.5 Hz, each 1 H, H-4 

1 H, H-5’1, 7.1-7.6 (m, 17 H, Ph and Ar), 7.82 (d, J = 8.0 Hz, 2 
H, Ar); ‘3c NMR (CDClJ 6 21.55 @-Me), 28.06 (COOBu-t), 38.93, 
39.58 (each NMe), 46.28 (C-39,5083 (C-4’),51.58 (COOMe), 64.84 

Hz, 1 H, H-2), 3.59 (ddd, J 3 * 4  = 10.7, J3t-2, = 9.5, and Jy-2 

and H-5), 4.26 (Jy-3, = 9.5 Hz, 1 H, H-2’), 5.27 (d, J h q t  = 9.5 Hz, 

2.2 

(C-2’),65.93 (C-5’),72.99, 73.19 (C-4 and C-5), 82.20 (COOBU-t), 
86.62 (C-2), 127.51, 127.57,127.63,127.79, 127.93, 128.06, 128.12, 
128.36,128.56,129.56,129.56,129.73,134.29,136.09,138.43,139.22, 
143.78 (Ph and Ar), 169.56,170.00 (each COOMe and COOBu-t); 
MS m / z  (re1 intensity) 709 (M+, l), 289 (5), 252 (19), 251 (base 
peak). Anal. Calcd for C11H4,N306S: C, 69.67; H, 6.67; N, 5.92. 
Found C, 69.27; H, 6.48; N, 5.89. 

Conversion of 10a to (2R,3R,4R,5S)-(-)-8. A procedure 
similar to that applied to 7a was used. Thus, a mixture of 10a 
(0.134 g, 0.2 mmol), concentrated H 8 0 4  (0.3 mL), MeOH (5 mL), 
and CHC1, (3 mL) was refluxed for 10 h. Workup and silica gel 
column chromatography (CHClJ gave (2R,3R,U,59-(-)-8 (0.094 
g, 95%). Its absolute configuration and enantiomeric purity were 
determined by HPLC analysis. 

Conversion of 10b to (2R,3R,4R,55)-(-)-8. A procedure 
similar to that applied to 7a was used. Thus, a mixture of 10b 
(0.1 g, 0.14 mmol), concentrated H#Ol (0.3 mL), MeOH (5 mL), 
and CHC13 (3 mL) was refluxed for 15 h. Workup and silica gel 
column chromatography (CHCld gave (2R,3R,U,59-(-)-8 (0.066 
g, 95%). Its absolute configuration and enantiomeric purity were 
determined as described above. 
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The hydrogenation of nitroarenes to aminoarenes using formate salts as hydrogen donors and Pd/C as catalyst 
in a liquid/liquid/solid system was found to be a true hydrogen-transfer process. The mechanism of the reaction 
comprises successive adsorption of all three substrates to a single catalytic active site in the following order: 
nitroareane, formate anion, and water. Optimal concentrations of the substrates should be maintained to attain 
maximum reaction rate and overall yield. A general reaction mechanism is proposed. 

Introduction amines,’O and hydroaromatic derivatives.” Of particular 
interest are the alkali metal formate salts, which are very Numerous hydrogen donors were reported for the liq- 

uid-phase catalytic transfer hydrogenation of nitroarenes - -  
to the corresponding aminoarenes both under homoge- 
neous and heterogeneous Typical examples 
are alcohols,’ formic acid and its derivatives,” cyclic 
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