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Abs~~ct: leave deo~ge~‘o~ of acerb a-h~dro~ lactams, read@ prepared from 

al~~ation of C2-symmetrical imides, with Et#H in the presence of Lewis acid displayed an 

extremely high stereoselectivity to provi& the corresponding Iactams. Stereo&em&y of the new 

stereogenic center generated has been confirmed unambiguously to be S, resulting from an 

unprecedented tram-selective reaction. by the traqfora&on into the known iactam. 

Owing to their useful structural features in the sythesis of chiral substances possessing a wide range of 

biological activity, asymmetric twctions employing teagents with a C2-axis of symmetry am of great interest1 

Over the last two decades they have led to a rapid growing speciality in the general field of synthetic organic 

chemistry. Therefore, a number of efficient techniques and synthetic strategies have appeared for the 

c~s~ction of those ~~~u~ in optically pure form 2 and further exploitation of much more convenient 

methods is subject to continual refinement. 

On the other hand, the synthetic utility of IFacytiminium ions obtained tim the pa& reduction of cyclic 

imides has been demonstrated in the preparation of nitrogen-containing natuml products such as alkaloids.3 In 

addition, very recently moderate cis-selective intermokcular alkylation of an a-alkoxy N-acyliminium ion was 

Crst reported4 as part of a radical cyclization meth~olo~ .5 In spite of the impressive behavior of such 

intermediates, little, if any, effort has been made for the utilization of the quarternary carbon center present in the 

a-hydroxy lactams (41.6 

As part of our recent continuing investigations designed to extend the employment of Q-symmetrical 

imide (2>, a diastereomer differentiated reaction’ and the application to the total synthesis of natural cerulenin, 

~tibiotic* have been developed from this laboratory. The central purpose of the present ~rnu~cati~ is to 

detail the unprecedented results that trans-selective (with respect to the C-4 substituent) &oxygenation of the 

quartenaty a-hydroxy lactams (4)9 could be accomplished exclusively. 

In order to introduce an alkyl group stereoselectively, homochiral imid (2a) prepared in one pot from L- 
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tartaric acid was fust reduced with NaBH4 to give a mixture of two stereoisomeric hydroxy lactams (3).‘0 As 

shown in Scheme 1, acid-induced alkylation of 3 proceeding via an N-acyliminium intermediate4~5 upon 

treatment with allyltrimethylsilane in the presence of BF3 l OEt2 resulted in the moderate &-selective formation 

of 5all at 0 ‘C (5a : 6a = 75.5 : 24.5 determined by HPLC12). Next, we investigated the utilization of the 

alkylated quarternary cc-hydtoxy lactam (4a) prepared by the Gtignard addition to 2a according to our method.7 

When 4a was treated with Et3SiH in the presence of BF3eOEt2 at 0 OC, it reversely afforded deoxygenated 

lactam 6a cleanly and #uns-selectively in the ratio of 89 : llfll 

H%&DH (75.5 : 24.5) 

HOOC COOH 

1 

&HpR 6a 

(89 : 11) 

Scheme 1. Reag/ents and conditions: (a) NaBH,, MeOH, -15 ‘C; 91%; (b) 1, allyltrimethyl- 
silane, BFs.OEt& CH&, 0 OC, 96%; 2, Hz, Pd/C, EtOH, 100%; (c) allylmagnesium bromide, 
THF, -78 - O°C, 74%; (d) Et&H, BF,*OEt,, CH,Cl,, 0 “C, 87%. 

With the above unusual stereoselective results in hand, we further examined the reactions with several 

types of 4 under similar conditions but at low temperature (-78 “C) in order to enhance the selectivity. The 

details are summarized in Table 1. The reaction proceeded in high yield in each case. Increasing the steric 

bulkiness of the silyl-protecting groups as well as lowering the reaction temperature led to an increase of the 

diastereosclectivity in the reaction (Entries 3:4 and 5:7), however, the products were still obtained with high 

selectivity even with TBS groups (Entries 1,2). A change from the benzyl substituent on the nitrogen atom to a 

smaller methyl group Ienhanced the selectivity a little (Entries 3:5 and 4~7). In the case of the reactions with a 

benzyl side chain, complete diastereodifferentiation was observed (Entries 6,9, and 10). 

R’MgX Et&H, BFs l OEtz 
- * 

THF 
A* 2 A1 4 

c!&clz-78 “c 

lil 6 
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Table 1 Reductive Deoygenation of qurutemary a-hyclroxy lactams (4)a) 

Entry RI Z R2 Yieldb) of Yieldb) of Rat& of 6 

4 (96) 6 (%) (ss) : (5R) 

1 PhCH2 TBS n-C3H7 

2 PhCH2 TBS n-C7His 

3 PhCH2 TBS n-C8Hl7 

4 PhCH2 TIPS n-C8H17 

5 CH3 TBS n-C8Hi7 

6 CH3 TBS PhCH2 

7 CH3 TIPS n-C@17 

8 CH3 TIPS n-C3H7 

9 CH3 TIPS PhCH2 

10 CH3 TIPS p-MeOPhCH2 

98 

95 

99 

100 

97 

91 

98 

95 

91 

78 (6a) 95.1 : 4.9 

91 (6b) 94.7 : 5.3 

76 (6~) 95.5 ; 4.5 

98 (6d) 97.2 : 2.8 

96 (6e) 97.2 : 2.8 

83 (69 >99: 1 

95 (6g) 98.5 : 1.5 

85 (6t1) >99 : 1 

70 (6i) >99: 1 

55 d) (6j) >99 : 1 

a) 5-10 equiv. of Et3SiH and BF3*OEt2 wem used. b) Isolated yield c) Determined by 
HPLC (Daicel Chiralpak AS) and 1% NMR. d) Based on 2. 

The stereochemistry of the newly created stereogenic center of 6 was proven by transformation into 

known iactam 9, as shown in Scheme 2. Compound 6b (Entry 2) was submitted to sequential desilylation and 

&hydration with triiodoimidaxole in the presence of Zn 7as13 followed by hydrogenation, leading to the 

saturated lactam (8). Finally, 8 was subjected to debenzylation to produce 9, which could be assigned as S 

form in comparison of its specific rotation with that reported9b 

b C 

- 0 - 0 

CH2Ph H 
6b 

CH,Ph 
7 

CH2Ph 
a 9 

[a]2’D-3.19 (c 1.60, CH$&) 

Scheme 2. Reagents and conditions: (a) coned. HCI, MeOH; 95%; (b) 1, triiodoimidazole, 
imidazole, Ph,P, Zn, toluene, 70 OC, 2, Mg, MeOH; 49% (2 steps); (c) Na, NH,, -78 OC; 97%. 

Although the reason why such an unusual rrans-selective deoxygeoation reaction was observed is not 

clarified at present, an effkient and general method to construct chiral alkylated lactams has been established by 
using C2-symmetrical imide as a template. This strategy provides a new synthetic opportunity for the synthesis 

of natnml indobdizine alkaloids. The following paper describes our faults concerning the total synthesis of 

biologically active lentiginosine. 
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