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Anomalous threo-Diastereoselectivity in Allylic Silane- or Stannane-Aldehyde 
Condensation Reactions: New Interpretation of the Antiperiplanar vs. Synclinal 
Problem on the Transition-state Conformations 
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Unusual threo-diastereoselectivity has been observed in the intermolecular reactions of p-su bstituted crotyl-silane or 
-stannane with 2-benzyloxypropanal under chelation conditions, which implies preference for the synclinal over the 
antiperiplanar transition state. 

The carbonyl addition reaction of allylic organometaliic acidj. 1a,c,2 An antiperiplanar (ap) transition-state model (A) 
reagents is of current interest and of considerable synthetic has been proposed to explain the characteristic erythro- 
utility for acyclic stereocontrol.1 Among the various organo- diastereoselectivity (Scheme 1). k * a  Recently, Denmark has 
metallic reagents that have been successfully employed, reported the intramolecular reaction of allylic silanes or 
storable allylic silanes and stannanes comprise a unique group stannanes in which erythro-selectivity implies a preference for 
which undergo erythro-selective reaction with aldehydes a synclinal (sc) (D) over the other ap transition state (C) (not 
regardless of the allylic geometry (in the presence of a Lewis A).3 Herein, we report intermolecular reactions that show an 
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Table 1. Reaction of 2-benzyloxypropanal (1; R = Me) and crotylmetal (2)." 

Lewis acid 
Run (2>(M) (MLn) Yield(%) (3) : (4) : (5) : (6) 

l b  

2 
3 
4 
5 
6 
7 
8 
9 

10h 

(2a) (SnBu3)c MgBr2 
(E)(2a)( S ~ B U ~ ) ~  MgBrf 
(E)(2b)(SnB~3)~ MgBr2" 
(E)(2b)( SiMe3)d MgBrze 

TiC14 
ZnBrz 
SnC14 

( Z ) (  2b)( SiMe3)f SnC14 
BF3.OEt2g 
BF3.OEt2 

- 
80 
85 
80 
80 
70 
90 
85 
90 
90 

9 3 :  7 : o : o  
9 0 : l O : O : O  
2 4 : 7 6 : 0 : 0  
1 1 : 8 9 : 0 : 0  
3 6 : 6 4 :  0 :  0 
3 3 : 6 7 : 0 : 0  
3 : 9 7 : 0 : 0  
6 : 9 4 :  0 :  0 

2 6 :  0 : 6 6  : 8 
8 :  1 : 8 8  : 3 

a Unless otherwise noted, all reactions were run using 1.0 equiv. of Lewis acid and 2.2 equiv. of crotylmetal (2) in CH2C12 at 
-78 "C. b See ref. 2b (R = Bun). c E : Z  = 56:44. 90% E.  At -25 "C. Z .  g 2 Equiv. of BF3.OEt2 were 
used. h 2-Dimethyl-t-butylsiloxypropanal was used instead of 2-benzyloxypropanal (1; R = Me). 

[threO) 

unusual threo-selectivity implying a high preference for the sc 
(B) over the ap transition state (A). 

In the synthesis of the brassinolide side chain,4 we unexpect- 
edly observed that the reaction of P-methylcrotyltri-n-butyl- 
stannane with steroidal 22-benzyloxy-23-aldehydes under 
chelation conditions5 gave mainly the (chelation) threo (24- 
epibrassinolide type) product. Therefore, we examined the 
simple diastereoselectivity in the reactions of the 6-methyl- 
crotyl-stannane or -silane (2b) with 2-benzyloxypropanal(l; R 
= Me) (Scheme 2, Table 1). The reaction of the crotylstann- 
ane (2a) has been reported to provide predominantly the 
(chelation) erythro-adduct (3a) under chelation conditions 
(MgBr2) (run 1).2b In sharp contrast, the 6-methyl counterpart 
(2b) gave mainly the unusual (chelation) threo-product (4b) 
(runs 3-8).? It should be noted that SnC14 shows remarkably 

t We then focused our attention on the simple diastereoselection in 
the reaction with the achiral a-benzyloxyacetaldehyde (1; R = H). 
Here again unusual threo-selectivities were observed [MgBrz: 70% 
threo (80% yield); SnC14: 83% threo (96% yield)]. 

(A' 1 

i I.."..) 
(B' 1 

I 
[Y) 

Scheme 2. a; Rg = H 
b; RB = Me 

high threo-selectivity irrespective of the allylic geometry (runs 
7 and 8). 

The stereochemical assignments of the products deserve 
special comments. The threo-configuration of (4b) was con- 
firmed, after conversion to the a-methyl ketone (7), by 
correlation with the authentic ketone which was derived from 
the erythro-major ester (8) .6 The most distinguishing feature is 
the a-methyl 13C NMR signal.' 

The unusual threo-selectivity prompted us to gain an insight 
into the transition-state conformation which could explain the 
anomaly in diastereoselectivity . The observed threo-selectiv- 
ity implies a preference for the sc (B') over the ap (A') 
transition state (Scheme 3).$ In the chelation controlled 
reactions, the Lewis acids are complexed to the alkoxyalde- 
hydes (1) in a syn-fashion. Therefore, there remains an open 
space allowing the sc conformation (B') , which would be more 

$ The allylic stannane or silane reactions, even in an intermolecular 
fashion, do not necessarily arise from the antiperiplanar transition 
state as has been suggested. The antiperiplanar transition state C' 
leading to the threo-product will be destabilized by the steric repulsion 
of the y-methyl group and the chelated ring. 
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Scheme 3 

favourable than the ap conformation (A’). The sc preference 
might also be due to a ‘pinwheel’ shape8 for the ground-state 
conformer of (2b) (see A’) because of the 1,2-repulsiong 
between Rp (H) and MCHz. Thus, the ap transition state (A’) 
would be destabilized by the steric repulsion of the MCHz 
group [or Rp of Z-(2b)] and the chelated ring. 

These arguments on the threo-selectivity based on the 
chelation sc conformation (B’) lead us to predict erythru- 
selectivity in the non-chelation (anti-complexation) conditions 
via the ap transition state (A) because of the steric repulsion in 
the non-chelation sc conformation (B”). This is found to be 
correct. In the presence of BF3-OEt2 (2 equiv.), the (non- 
chelation) erythro-product (5b) was obtained predominantly 
(Table 1, run 9). 0 Furthermore, 2-dimethyl-t-butylsiloxypro- 
panal gave high level of (non-chelation) erythru-selectivity 
(run 10). 

We thank Professor K. Oshima, Kyoto University for 
providing an authentic steroid with the brassinolide side chain. 
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§ Furthermore, erythro-selectivity (85%) was also observed with 
a-benzyloxyacetaldehyde (1; R = H) under non-chelation conditions 
[BF3.0Et2 (2 equiv.)] (97% yield). 
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