Tetrahedron: Asymmetry Yol. 1, No. 1, pp. 13-16, 1990 0957-4166/90 $3.00+.00
Printed in Great Britain Pesgamon Press pke

Acyclic Stereocontrol Based on Chelation-Controlled Ene
Reaction with Chiral o- and -Alkoxyaldehydes

Koichi Mikami®, Teck-Peng Loh, and Takeshi Nakai*

Department of Chemical Technology, Takyo Institute of Technology, Meguro-ku, Tokyo 152, Japan
(Received 21 November 1989)
Abstract: The Lewis acid-promoted ene reactions with chiral «- and B-benzyloxyaldehydes
have been developed and shown to afford high levels of both diastereofacial (chelation) selection
and simple diastereoselection (anti), thus providing an efficient method for stereocontrol over
three contiguous chiral centers.

1
From the synthetic point of view, the ene reaction involving aldehydes as enophiles should constitute an
efficient altemative to the carbonyl adéimon reaction of allylmetals which has now become one of the most useful

methods for acyclic stereoselection. However, only limited types of aldehyde enophile have been explored

thus far. = Herein we wish to report the new type of ene reaction using chiral a- and B-alkoxyaldehydes as
cnophiles (alkoxyaldehyde ene mactzon) which proceeds under cffective chelation control with a high anti-

diastereoselectivity (Scheme 1 and II).

Scheme |

BnQ “\/k ) B0 B BnQ

+/\5/\(+ '
OH OH

%.

(o]
1 MLn syn,anti-3 syn,syn-3 4
(chelation) (chelation) (non-chelation)
6H 6H OMe
5 6

The reaction of chiral at-benzyloxyaldehyde (1)56 ([(:t][)20 -64.60 © (neat)) and isobutylene (2a) was found
to give indeed the ene products (3a and 4a) in good yield, when carried out using an appropriate Lewis acid
(Table 1). Except for entries 1 and 6, all the enc reactions afforded o, B-syn (chelation) product 3a * with high
selectivity and in high yicld.7 Of special value is the SnCl4-promoted reaction (entry §) which provides 3a
quantitatively with more than 99% selectivity. Thus this new type of ene reaction is proved to proceed under
effective chelation control.
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Table 1. Ene reaction of isobutylene (2a) with 1.

entry MLn %yield 3a (syn) : 4a (anti)d
1 TiCly <S ---

2  CI3Ti(OPr-i) 70 95 . §

3 Me2AICI 80 85 : 15

4 McAl(OTf)y 82 >99 : <1

5 SnClg 97 >99 : <1

6  BFjOERb 40 15 : 85

2 Determined by capillary GLC analysis (XE-50, 50 m, 150 ©C).
b Two equiv of BF30E12 to 1 were used.

Next, the reaction of 2-methyl-2-butene (2b) with 1 was examined, which would present the problem of

stereocontrol over three contiguous chiral centers (Table 2). The best result was obtained, as expected, with
SnCl4 which showed unprecedented levels (>99%) of both simple diastereoselection (B,y-anti) and chelation
(o,B-syn) diastereofacial selection. Thus, (ot,B-syn, B,y-anti)-3b was obtained as a single stereoisomer in good

9
yield (entry 1). The stercochemistry of the major product was assigned, after conversion to B,y-anti aldol §

Table 2. Enec reaction of 2-methyl-2-butene (2b) with 1.

entry MLn %yicld syn,anti-3b : syn,syn-3b : 4b2
1 SnCilg 90 >99 : <1 : 0
2 MeAl(OT) 80 80 :20: O
3  CI3Ti(OPr-i) 70 95 :5 : 0
4 MgBrpb 85 97 :3 : 0

8 Determined by capillary GLC analysis (PEG-20M, 50 m, 200 ©C). b Run at 20 ©C.

‘ 5f
which was correlated to the corresponding B,y-syn isomer derived from the stereochemically-defined ester 6.
10
The observed anti-diastereoselectivity  is rationalized in terms of the reasonable postulate that the present ene
reaction proceeds preferentially through a cyclic (synclinal) transition state (A).  The synclinal transition state
(A) is in direct contrast to the antiperiplanar transition state (B) widely-accepted for crotyl-stannane and -silane

reactions leading to syn-diastereoselection. ~ Thus, the ene and allylmetal methods are complimentary in a
stereochemical sense.

A (synclinal) B (antiperiplanar)



Chelation-controlled ene reaction

The SnCl4-promoted ene reaction of isobutylene (2a) with chiral B-benzyloxyaldehyde (7)5d ([a10275+29 o

a
(c 1.16, CHCl3) was also found to provide a high level of chelation (anti in this case) selection to give8a  asa
single stereoisomer in 95 % yield (Scheme .6
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In view of the high level of chelation selectivity, this alkoxyaldehyde ene mctliodology was applied to the
steroid side chain synlg‘c:sis. Thus, (208, 22R)-22-alkoxy-23-aldehyde (9), easily obtainable via the
glyoxylate ene reaction, was reacted with 2a in the presence of SnCl4 (eq 1). The desired chclatzion product

10a was obtained as a single stercoisomer in quantitative yield after column chromatography.  Sclective
hydrogenation (H2/PtO2) of the 25,26-olefin followed by deprotection of the MOM group (6N HC)) of 10a
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gave norbrassinolide-type side chain 11 in 95% overall yield.
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In conclusion, the alkoxyaldehyde ene methodology thus developed is more advantageous than the allylmetal
methodology for acyclic stereocontrol in terms of the easy availability of the olefin (ene) and the operational
simplicity, along with the high level of both diastereofacial (chelation) selection and anti-diastereoselection.
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