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Cyclic meso-imides such as the cyclic cis-3&disubstituted succinimides 1 farm an interesting and useful 
class of starting mater% in the field of asymmetric synthesis. A single, enantioselective transfoxmation, naw9y 
a reduction of one of the carbonyls, leads to a product with three contiguous stereocenters. F- the 5- 
hydroxy-2-pyrmlidinones (2), beiig the products of such reductions, have been shown to be versatile building 
blocks for fhe synthesis of various natural product~.~ In recent years several research groups, including ours, 
have been interested in obtaining these hydroxylactams in optically pure form. Different methods have been 
studied for the asymmetric reduction of meso-imides in order to obtain the desired compounds, including yeast 

reductions and reductions of nreso-imides bearing a chiral N-substituent.3 Very recently, an enantioselective 
reduction method by using optically active BINAL-H complexes has been qortezd4 

Our qtion was drawn by the use ofchiral oxazaborolidines such as the a.adiphenyl-l-prolinol derived 
borane complex 3 in catalytic asymmetric reductions. Since the discovery of the high potential of these’complex- 
es as catalysts,5 a rapidly growing number of papers has appeared on the use of these oxazaborolidines.6~7 So 
far, however, they have mainly been used in the enantiose!ective reductions of ketones.8 In this paper, we 
describe the first enantiosel,~tive reductions of meso-imides using an oxazabo1olidinc/BH3 mixture. 

when the bexahy&qhth&nide derivative 4 was reacted with varying amounts of 3 and BH3, a mixtum 
of optically active cis- and nm-S-hydroxy-2-pyrrolidinones 5 was obtained (Scheme 1). The ratio of these two 
separable isomers was variable and dependent on the reaction con$litions. When the crude mixture was, 
however, immediately treated with EtOH/H2SO4. the tmnscthoxylactam 6 was isolated as a single product in 
good overall yiekl and with high specific rotation. The optimum conditions tumcd out to involve 0.75 equiv of 
BH3 and 0.5 equiv of 3. A smaller amount of 3 led to a lower specific rotation of 6 (e.g. with 0.2 equiv of 3, 
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the [a]D of product 6 -ased from -55.7 to -39.5 (c 1.2; cHc13)). The eaa&omer& excess (e-e.) was at fim 
assessed by converting the mixture 5 into the known iactone 7 using the two-step pmcedure of Mukaiyama et 
a1.% Comparison of the specific rotation with the literahne value for (+)-(1R,6S)_c~-8-oxalzicyclo[4.3.0l-nonan- 
7-oneg implied an optical purity of 80%. This value wps confitmed by 
Chiralpalc AS column, and it was established to be 75{zkl)%_ 

mcasuringthe4z.e.of6 byHPLCusinga 

Scheme 1 

After this encowging result, the reduction method was applied to several other substraws. The w4ults of 
this study sre dlected in Tabk 1. In every case, the same experimentd pmcedwe wss used for thednctions 
and ethanolysis reac&~.‘~ In entries 2 and 3, the optical purities were determined indinctiy by converting the 
hydroxylactams into the corresponding, known lactones, while in entries 4 and 5 chiral HPLC techniques were 
applied to determine the e.e.‘s. Furtherman?, in entries 1-3 the absolute configurations of the products an known 
and as indicatti while in entries 4 and 5 the absolute conjoins an5 yet unknown. 

It can be seen f&n the Table that al1 reactions described pmcce&d in good overall yields. The cthoxy- 
ktams wixe obtained with complete nrurJI-stereoselectivity snd high enantioselectivity by a simple two-step 
procedun. This first series of reactions show that it is possible to obtain a range of optically active S-hydroxy-2- 
~~~, although the e.e.‘s still need to be optimized. One factor that might influence the ste~~selectivity 
of the rc&ctlon is the natum of the N-substituent. However, when the N-benyl gmup in 4 was mplaced by a 
methyl group. the reaction sequence as indicated in Scheme 1 sfforded lactone 7 with a similar yieMand optical 
rotation. We are currently investigating the eff&t of other IV-substituents on the tea&m as well als several other 
variables, such as the structure of the hydride donor* 1 and the oxa&orolidine. 

Scheme 2 

=@@w 
[a]D -59.3 (c 1; CHCI,) 

e.e. (HPLC) 76(&l)% 

The synthetic utility of 5~o~-2-p~~es is based on the possibility to effect C-C bond foamation 
at the S-position via Wacyliminium chemistry. As examples of this, ethoxybqam 6 was reacta under L&is 
acidic conditions wifh two types of carbon nucleophiles, namely sllylhimethydlane and trimethylsilyl cyanide, 
furnishing optically active derivatives 20 and 2 1 as single diiv respectively (Scheme 2). The e-e. of 
20 was also measured by using chiraI HPW and established at 76&l)%. In a similar way, ethoxyhtctam 14 
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was reacted with allyltrimethylsilane to give the corresponding allyl-derivative 18 (see Table 1). The 
functionalities, introduced in this way, Can he used as -1s in further synthetic operations. 

In conclusion, we have shown that several cyclic meso-imides can he reduced with high enan&electivi- 
ty by using the oxazabnrolidine 3 as chiral catalyst. The optically active lactams and ktones obtained in this way 

may serve as starting matexials for various synthetic purpose~.‘~ 
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10. All compounds described in this paper were appropriately chamc&rized by IR, ‘H NMR, 13C NMR sod HRMS. A typical 
experimental procedure: pscparation of 6. The chiral catalyst (3) was prepared by heating a mixture of a,adiihenyl-l-proIino1 

and BH3 (3 epuiv) in THF’at rellux for 17 h under ao Argon atmosphere, followed by removal of the volatiles using a vacuum 

pump. A solution of 3 (0.50 mmol) in THF (1.5 mL) was added at 0 aC to a solution of imide 4 (167 mg, 1.00 mmol) in THF 

(5.0 mL). ARer the addition of BH3 (0.75 mL of a 1 M solution in THF. 0.75 mmol), the mixture was allowed to warm up to 

rt and stirring was continued for 2 h. After cooling to 0 C, the reaction mixture was quenched with 5% aq HCl, and exhacted 

with ether (3 X). The combined organic layers were dried (Na2SO4) and concentrated in wlcuo to give a c&&a mixture of 
hydroxylactams. which was dissolved in EtOH (10 mL), acidif& to pH = 2 with 2 M H2SO4 in EtOH, and stirred for 3 h. 

After careful neutralization using 5% KOH in EtOH, the solvent was removed in vacua The residue was dissolved in CH2Cl2 

(IO mL), poured out into aq saturated NaHC03 and extracted with CHCl3 (3 x). Drying of Ihe combined organic layers 

(N&$04). removal of the solvent in vuciw and purification by flash chromatogmphy afforded 6 (210 mg. 0.77 mmol, 77% 
yield based ou 4) as a yellow oil, RfO.64 (CH2Cl2/acctoue 95:5). ‘H NMR (400 MHz, CDC13): 7.35-7.25 (m, 5 H. Ph CHZ). 

4.99 (AB d, 1 H. J = 14.7 Hz. Ph-CIIH), 4.10 (s, 1 H, NCH-OEt), 4.01 (AB d, 1 H.J = 14.7 Hz, Ph-CHH). 3.48-3.38 (m, 2 

H. OCH2CH3). 2.88-2.79 (m. 1 H. CH C(0)). 2.24-2.18 (m. 2 H. CHH-CHC{O) and CH CHOEt). 1.64-1.50, 1.19 and0.74 

(m. 7 H, C(O)CHCHH (CII 2)3). 1.18 (I. 3 H, J = 7 Hz. GCH2CH3)_J3C-NM.R (50 MHz. CDC$): 176 (C(O)N). 136.8, 

128.4, 128.3, 127.3 (Ph), 92.1 (CHOEt). 63.2 (OCH2CH3). 44.3 (CH2Ph). 3b6 (CHC(O)), 37.6 (CHCHOEt), 26.7, 23.4, 
22.8.22.78 ((CH2)4), 15.2 (OCH2CH3). HRMS calcd forC17H23NG2 273.1729, found 273.1736. 

11. Upon using catech~lbcswe as lhe hydride donor no reduction was observed. 

12. These compounds could. for example, be used as intcrmediites in the synthesis of cerIain indoliiidii alkaloids. See, e.g.: 

Maggini, M.; Praio, M.; Ranclli, M.; Scorrano. G. Te~mhedronLerr. 1992, 33, 6537. 

(Received in UK 29 October 1993; revised 7 December 1993; accepted 10 December 1993) 


