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A SYNTHESIS OF (-)-‘IEIRAHYDROLR’STATIN IN WHICH THE RELATIVE 
STEREOCHEMISTRY IS CONTROLLED BY A F5ENYLDIMETHYLSILYL GROUP 

Ian Fleming* and Nicholas J. Lawrence 
(University Chemical Laboratory, Lensfield Road, Cambridge CB2 lEW, England) 

Srumrnq-The alkylation of a g-silylenolate and the hydroboration of an allylsilane successively 
control the relative stereochemistry of the three stereogenic centres on the carbon backbone in a 
synthesis of the esterase inhibitor tetrahydrolipstatin (21). 

In earlier papers, we reported that the alkylation of g-silylenolates (1 - 2)’ gives high levels of stereo- 
control in 1,24ated stereogenic centres, and that the hydroboration of allylsilanes (3 - 4)* takes place with a 
high level of regio- and stereocontrol in the creation of 1,3-related stemogenic centreq in the sense illustrated. We 
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now report that these reactions can be used in succession to control efficiently the relative stereochemistry of the 
three stereogenic centres on the carbon backbone of the esterase inhibitor tetrahydrolipstatin (21),3 and that the 
absolute stereochemistry can be. controlled using Koga’s chiral auxiliary (a), as we had aheady established with 
simple systems.4 
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To set up C-3 with the correct absolute stereochemistry, we prepared the Z-silylacryloyl derivative (7) 
from Koga’s chiral auxiliary (6) and the acetylenic acid (5). In order to have the allysilane with the correct 
geometry, we needed the Z-vinyl-cuprate (ll), which we prepared by a method that also uses the 
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phenyldimethylsilyl group: the silyl-cuprations of the tern&al acetylene (8) took place with high regioselectivity, 
placing the silyl group at the end of the carbon chain, and stereospecifically QJ~, giving the manr-vinylsilane (9). 
Bromodesilylation of the vinylsilane took place cleanly with inversion of configuration, as expected,6 giving the 
&-bromide (lo), which was easily converted into the appropriate cuprate (11). Combining the cuprate (11) and 
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the acryloyl-lactam (7) in the presence of magnesium bromide to chelate the carbonyl oxygens, we prepamd the 
allylsilane (12) with 90% de. (tH-NMR), in favour of the desired isomer. This compound did not crystallise, 
and’it was therefore carried forward as a mixture of epimers at C-3. 

We removed the chiral auxiliary (and recovered it, 64%) to give the benxyl ester (13), which we alkylated 
at C-Z with n-hexyl iodide to give the ester (14), with, as far as we could tell (IH-NMR), the production of only 
one diastereoisomer. We had established in our earlier work1 that the stereochemistry of this reaction would be 

n-ClP23 \ 7 
1 1 (Cu) 

THF, MgBr2, -78”, 3 h 

7 12 90% d.e. 94% 

BnOLi, THF 
r.t., 24 h 

0 

“-c11H23+OBn PhMe2S~ 1. LDA. -78”, 30 min. 

C6Hlf” 

-2. 

lh~O&l’ 

n-W-h~~oBn 
85% 14 13 93% 

well controlled, and we were, therefore, confident of the assignment by analogy. The next step was the 
hydroboration of the allylsilane unit, but this proved to be impossible without tbe concomitant reduction of the 
ester group. We therefore chose to reduce the ester group completely first, and to protect the alcohol produced as 
its TBDMS ether (15). Hydroboration of this allylsilane was slow but stereochemically very clean, giving, after 
the usual oxidation, only (>95:5) the C-5 alcohol (16). By carrying out the same sequence, but using the E- 
double bond throughout, we prepared, as expected,2 largely the C-5 diastereoisomer, which was measurably 
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different (iH-NMR) from 16, but not measurably present in the hydroboration-oxidation (15 - 16). We 
protected the new hydroxyl group as its benxyl ether (17) using the acid-catalysed method of Iversen and 
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Bundle,7 because the usual base-catalysed conditions (NaH, BnBr) gave only the cyclic silyl ether produced by 
intramolecular displacement of the phenyl group by the alkoxide ion. At this stage we restored the carboxylic acid 
function by deprotection and oxidation, and the stage was set for the conversion of the phenyldimethylsilyl group 
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into a hydroxyl (18 - 19).* Although our attempts to isolate the first-formed product (19) led only to low 
yields, carrying the crude product through two more steps gave the &&tone (20), in as good an overall yield as 
this type of p-lactone-forming reaction usually goes in at its own: indicating that the conversion of the silyl to 
the hydroxyl group must have been very efficient 
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At this stage, the product (20) crystallised, and one recrystallisation was enough to give the pure 
diastereoisomer and e-nantiomer, as judged by its sharp and correct m.p. and totation.iu Ihis confirms our tH- 
NMR evidence that the diastereoselectivity of both critical steps, the alkylation reaction (13 - 14) and the 
hydroboration-oxidation (15 - 16), must have been very high, since this recrystallisation was also removing the 
minor enantiomer present (5%) since the step (7 + 11 * 12). Fiily, since it had not already been reported, we 
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used standard chemistry (20 - 21) to attach the leucine residue to complete the total synthesis of 
tetrahydrolipstatin, which was identical (m.p.,ii mixed m.p., rotation, l1 iH-NMR, and mixed iH-NMR) with an 
authentic sample kindly sent to us by Dr. Barbier. Gur synthesis joins four others.i2-15 
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