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Exchange of the tert-butyloxycarbonyl carbamate of 31 
for the acetamide (3.0 M HCl/EtOAc, 25 "C, 2 h; (CH,C- 
0)20, NaHC03, THF, 25 "C, 2 h, 89% overall) followed 
by hydrolysis of the C-9 methyl ester (LiOH.H20, 
THF/MeOH/H,O, 25 "C, 4 h, 93%) provided K-13 ([alZzD 
-5.6" (c 0.53, methanol) natural -3.4" (c 0.6, meth- 
anol)2), identical in all additional comparable respects with 
the naturally occurring material.17 
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Summary: A protected cis-dihydroxytartarimide with an 
appended chiral auxiliary undergoes highly selective re- 
duction of either carbonyl group, affording acyliminium 
ion precursors that are not readily available by conven- 
tional imide reduction techniques. 

Sir: Nucleophilic addition to acyliminium ions is a valu- 
able method for the preparation of nitrogen-containing 
natural products.' One reason for the popularity of this 
reaction is that acyliminium ions are very convenient to 
prepare, via simple hydride reduction of cyclic imides2 
followed by elimination. While this reaction sequence has 
most often been carried out on simple achiral imides, en- 
antiomerically pure chiral acyliminium ions such as 1 
(Scheme I) can be generated from imides with Czu sym- 
metry (in which the carbonyl groups are chemically 
e q ~ i v a l e n t ) , ~  while monosubstituted derivatives such as 
2 (Scheme I) have been prepared by regioselective re- 
duction of unsymmetrical imides derived from malic acid! 
This straightforward methodology is not applicable, how- 
ever, to the enantioselective preparation of cis-substituted 
hydroxy lacams such as 3 or 4 because the corresponding 
starting material is a meso imide and thus would give 
racemic product. We have investigated several potential 
solutions to this interesting dilemma, which presents itself 
in iminium ion cyclization routes to glycosidase inhibitors 
such as ~wainsonine,~ and in this communication we report 
our initial results on reductions directed by a stereogenic 
center attached at  nitrogen. 

(1) (a) Chamberlin, A. R.; Chung, J. Y. L. J .  Org. Chem. 1985,50,4425 
and references therein. (b) Hart, D. J.; Yang, T.-K. J .  Org. Chem. 1985, 
50, 235. (c) Wijnberg, J. B. P. A.; Speckamp, W. N. Tetrahedron Lett .  
1975, 3963. (d) For a review of acyliminium cyclizations in alkaloid 
synthesis, see: Speckamp, W. N. Recueil 1981,100,345. 

(2) (a) NaBH,/ethanol/acid: Hubert, J. C.; Wijnberg, J. B. P. A.; 
Speckamp, W. N. Tetrahedron 1975, 31, 1437. (b) NaBH4/MeOH: 
Chamberlin, A. R.; Nguyen, H. D.; Chung, J. Y. L. J.  Org. Chem. 1984, 
49, 1682. (c)  Diisobutylaluminum hydride: Hart, D. J.; Kanai, J. K. J .  
Am. Chem. SOC. 1983,105, 1255. 

(3) For examples, see: Wijnberg, B. P.; Speckamp, W. N. Tetrahedron 
Lett .  1980, 1987 and ref Id. 

(4) (a) Chamberlin, A. R.; Chung, J. Y. L. J.  Am. Chem. SOC. 1983,105, 
3653. (b) Hart, D. J.; Yang, T.-K. J .  Chem. Soc., Chem. Commun. 1983, 
135. 

(5) For a recent synthesis of (-)-swainsonine and references to previous 
syntheses, see: Dener, J. M.; Hart, D. J.; Ramesh, S. J.  Org. Chem. 1988, 
53, 6022. 

Scheme I 

0 
2 

3 cH3sR CH 4 OH 

H J5.3 
(-)-Swainsonine 

For the initial studies, a chiral auxiliary was chosen so 
that several reduction modes could be examined: (a) in- 
tramolecular delivery of hydride, (b) chelation-controlled 
reduction (i.e., selective activation of one carbonyl group 
by auxiliary/metal/carbonyl chelation), and (c) sterically 
controlled reduction. The auxiliary selected based on these 
criteria was commercially available D-(-)-a-phenylglycinol: 

(6) This compound serves as chiral auxiliary for a related transfor- 
mation leading to lactones: Mukaiyama, T.; Yamashita, H.; Asami, M. 
Chem. Lett. 1983, 385. 
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Table I. Reduction Studies of Chiral Imides 7, 8, and 9 

0 .ap.(y$x:: (yyJ 
0 0 OH 

"R' 10-121 'S" 10-12b 

entry R H- reaction conditions % yielda ratio of S R  %de 
1 H LiAIHa EkO,  -109 "C, 5.5 h 75 39:61 22 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

H 
H 
H 
H 
MEM 
MEM 
TBS 
TBS 
TBS 
TBS 

Red- Ai 
Me,NHB( OAc)s 
Me4NHB(OAc)S 
L-Selectrideb 
LiAlH, 
L-Selectrideb 
LiAIHl 
Red-A1 
L-Selectrideb 
Me4NHB(OAc)3 

l . i T H F / E b O ,  -109 "C, 2 h 
MeCOMe/AcOH, 25 "C, 5 days 
CH3CN/AcOH, 25 "C, 14 days 
1.5 THF/EtzO, -109 "C, 5 h 
EtzO, -109 "C, 6 h 
EtzO, -109 "C, 7 h 
EbO,  -109 "C, 6 h 
1.5 THF/Et20,  -109 "C, 6 h 
EtzO, -109 "C, 5.5 h 
CH3CN/AcOH, 25 "C, 3 days 

80 
87 
63, 76c 
69 
78 
83 
91 
91 
98 
N.R. 

18:82 
4:96 
<1:99 
84:16 
54:45d 
9k9d 
54:46 
5050 
>99:1 

64 
92 

>98 
68 
8 

82 
8 
0 

>98 

Yield after purification. In all cases K-Selectride was less selective than L-Selectride. cYield based on recovered starting material. 
Absolute configuration was not determined. 
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"(a) Maleic anhydride, EtzO; (b) sodium acetate, acetic anhy- 
dride, 37%; (c) Os04, NMO, acetone/HzO, 86%; (d) l-methoxy- 
cyclohexene, mesitylenesulfonic acid, C&6, 77 % ; (e) HF,  CH3CN, 
93%; (f) MEM-Cl, CH2Cl2, ethyldiisopropylamine, 88%. 

which was first treated with benzyl chloroformate and 
sodium bicarbonate, followed by protection of the alcohol 
with tert-butyldimethylsilyl chloride (TBS-Cl). Depro- 
tection of the amine using 10% Pd/C and hydrogen (40 
psi) gave the TBS-protected phenylglycinol5 (Scheme 11) 
in 92% yield. All attempts to convert this amine directly 
into the desired tartarimide 7 by reaction with meso tar- 
taric acid derivatives failed. Instead, 5 was treated with 
maleic anhydride followed by sodium acetate in acetic 
anhydride to give the maleimide 6, which was catalytically 
osmylated and then protected (1-methoxycyclohexene, 
mesitylenesulfonic acid) to give the TBS-protected chiral 
imide 7. Removal of the silyl group with hydrofluoric acid 
in acetonitrile7 gave the alcohol 8, which was treated with 
MEM-C1 and ethyldiisopropylamine to give 9. This trio 
of derivatives (7, 8, and 9, Scheme 11) allowed all three 
modes of reduction to be tested. 

Initial attempts a t  selective reduction8 of one of the 
diastereotopic carbonyl groups relied upon the intramo- 
lecular reaction of an alkoxide/metal hydride speciesg 
formed from the alcohol 8. The conformation required for 
such a reaction places either phenyl or H approximately 
in-plane with the other carbonyl group, and the latter 
arrangement should be more favorablelo (eq 1). Initially 
the selectivities were disappointing: lithium aluminum 
hydride gave a diastereomeric excess (de)'l of only 22% 

H bl-- FNimmd 

(entry 1, Table I), while the use of Red-A1 resulted in a 
somewhat better 64% de. However, with tetramethyl- 
ammonium triacetoxyborohydride the stereoselectivity 
improved dramatically (entry 4, Table I), to levels ex- 
ceeding 98% de. This reducing agent has been reported 
to reduce fl-hydroxy ketones intramolecularlyg but is un- 
reactive in intermolecular reductions. The fact that re- 
duction of the protected alcohol 7 (entry 11, Table I) gave 
no hydroxy lactam is consistent with that reactivity pattern 

(8) Reductions were carried out as indicated (Table I), and product 
ratios were determined by proton NMR integration. The analysis of 
product ratios is complicated by the possibility that the two reduction 
"regio-isomers" (which are of course really diastereomers) can themselves 
consist of diastereomeric pairs (a- or @-OH); in all cases, however, no more 
than two diastereomers are produced, each of which is cleanly converted 
under basic conditions to a more stable diastereomer that is identical with 
an authentic hydroxy lactam prepared independently. (Authentic sam- 
ples were prepared from D-(-)-lyXOSe and D-(-)-ribonolactone and com- 
pared with the 01 epimers of the reduction products. Synthesis details 
will appear in the full paper.) This behavior is consistent with kinetically 
controlled formation of the &hydroxy lactams in the reduction, indicating 
that delivery of hydride occurs in all cases from the convex face of the 
heterobicyclo[3.3.0] ring system, as expected. 

10.12s 10.12d 
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in alkenes. See: Karabatsos, G. J.; Fenoglio, D. J. Top. Stereochern. 1970, 
5 ,  167. 

(11) Diastereomer ratios are reported as % de in order to reflect the 
enantiomeric excesses expected if the chiral auxiliary were to be removed. 
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Roberts, S. M. Tetrahedron Lett .  1979, 3981. 
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and provides evidence that the highly selective reduction 
of 8 is indeed intramolecular. Furthermore, the stereo- 
chemistry of the major product is that expected for re- 
duction in the H in-plane conformer proposed above. 
Presumably, the lower selectivity of Red-A1 and lithium 
aluminum hydride are due to competitive intermolecular 
reduction; note that L-Selectride (entry 5, Table I), which 
is unlikely to deliver hydride intramolecularly, favors re- 
duction of the opposite carbonyl group. 

In contrast to the predictable selectivity of the intra- 
molecular reductions, it was much less clear what result 
to expect when the alcohol group is capable of chelation. 
Nonetheless, several reductions of the MEM ether 9, which 
can chelate metal ions and thereby (in principle) activate 
one of the carbonyl groups toward nucleophilic hydride 
attack, were attempted. Some representative examples are 
included in the table, but in general only poor selectivity 
was noted (e.g., entry 6). Although a better ratio (82% de) 
was observed with L-Selectride, this probably is not due 
to chelation but instead is consistent with steric control 
(see below). 

For derivatives incapable of intramolecular hydride 
delivery or chelation, it is even more treacherous to predict 
which carbonyl group should be reduced because there are 
a number of conformations available to the chiral auxiliary, 
none of which is strongly preferred by inspection of models 
or by molecular mechanics calculations. We therefore were 
not surprised to discover that the reduction of 7 with 
LiA1H4 or Red-A1 (Aldrich) gave virtually no selectivity. 
In  direct contrast, however, reaction with L-Selectride 
gave a nearly quantitative yield of a single diastereomer 
(>98% de). This unanticipated yet remarkable result is 
consistent with reduction of the alternative H in-plane 
conformer12 (eq 2) compared with that postulated for the 

Communications 

~~~ 

(12) We have obtained a single-crystal X-ray structure of imide 7 that 
shows two different conformers in the unit cell, each with the H ap- 
proximately in plane, phenyl anti to the protected diol, and TBS siloxy 
methyl s y n  (see supplementary material for structures). 

5 

I 
Ph Phl 

intramolecular reduction. The selectivity may be attrib- 
utable to impeded approach of the hydride reagent by the 
pendant phenyl group, analogous to Speckamp's obser- 
vation that unsymmetrically substituted imides are re- 
duced preferentially a t  the more highly a-substituted 
carbonyl group,13 or to an unfavorable nonbonding inter- 
action in a late transition state between the developing 
alkoxide and the tert-butyl group positioned above the less 
reactive carbonyl group.12J4 Regardless of the reason for 
the high diastereoselectivity, this result complements the 
intramolecular reaction and allows the highly selective 
reduction of either carbonyl group of the imide via a single 
chiral auxiliary. Analogous reductions of other, more 
highly substituted imide derivatives are currently being 
investigated. 
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