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A SYNTHESIS OF THE PRELOG-DJERASSI LACTONE 

USING OPEN-CHAIN STEREOCONTROL BASED ON ALLYLSILANE CHEMISTRY1 

Hak-Fun Chow and Ian Fleming* 

University Chemical Laboratory, Lensfield Road, Cambridge CB2 lEW, England 

Summary-A stereocontrolled synthesis of the Prelog-Djerassi lactone (28) is described; all the 
stereocontrol stems from the high diastereoselectivity of electrophilic attack on a double bond 
adjacent to a chiral centre carrying a silyl group. 

In this paper we show how three strands of our work on the control of stereochemistry 

in open-chain systems (1 + 2 and 3 + 5) can be put together inasynthesisofthe Prelog-Djerassi 

lactone (28). In one strand of our work, a chiral centre carrying a silyl group is in an allyl- 

silane Cl), which reacts with electrophiles both stereoselectively and regioselectively, 2,3 in 

the sense (1 + 2). In the second strand, the chiral centre is still formally part of an allyl- 

silane, but it is now 6 to an enolate (3). In this situation, electrophilic attack (alkylation 

or protonation) takes place inthesame stereochemical sense, but with opposite regioselectivity 

(3 -+ 4). 
4 

The third strand is the two-step sequence which converts a phenyldimethylsilyl group 

1 2 3. 4 5 

into a hydroxyl group, 
5 

with retention of configuration (4 -f 5). We carried out the present 

synthesis in order to demonstrate that the allylsilane reaction (1 + a), coupled with our con- 

vergent synthesis of stereodefined allylsilanes, 2. is a versatile method for the control of re- 

lative stereochemistry at a site remote from any useful influence from other chiral centres. At 

the same time, we are able to demonstrate that the enolate reactions (3 + 4 + 5) are versatile 

in the control of relative stereochemistry at adjacent sites. 

We began in s model series, in order to test whether extra functionality interfered 

with the stereoselectivity of the general reaction (3 + 4). The silyl dienol ether (6), derived 
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from methyl crotonate, reacted with methyl orthoformate largely (70:30)6 in the y-position, as 

expected from our earlier work on silyl dienol ethers. 7-9 Conjugate addition of our silyl cup- 

rate reagent to the major product (7) and methylation gave the ester (8) in 70% yield, together 

with its diastereoisomer in 14% yield. 
10 

In order to confirm the assignment of stereochemistry 
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to these products, we converted the former to the lactone (9), which showed coupling from H-2 

to H-3 of 6.6 Hz, typical of an equatorial-axial relationship. Methylation had therefore taken 

place in the sense (3 -t 4). This was confirmed when we prepared (see below) the diastereoiso- 

merit lactone (lo), which showed coupling of 11 Hz, typical of an axial-axial relationship. 

For the synthesis itself, we began with ethyl crotonate (111, and methylated it in the 

u-position using the lithium dienolate. 
11 

Then, again using a silyl dienol ether, we alkylated 

this product in the y-position to give largely (80:20) 
6 

the c&unsaturated ester (13). The 

selectivity for y-attack had increased slightly, as expected from our earlier work9 on the ef- 

fect of extra methyl groups on silyl dienol ether regioselectivity. Conjugate addition of our 

silyl-cuprate reagent followed by protonation gave the ester (14) with high stereoselectivity 

(92:8) and in good yield. We confirmed the stereochemistry of this intermediate by converting 

it into the lactone (10). The relative stereochemistry of C-2 and C-3 was now intact. Some 

simple functional group manipulations (14 + 15) set up suitable functionality for the introduc- 

tion of the next chiral centre. Methylation of the enolate of I5 gave the ester (16); as far as 

we could tell from the 
1 
H- and 

13 
C-NMS spectra of this compound (and of compounds derived from 

it) this was a single diastereoisomer (>95:5). Thus we have been able to direct the stereo- 

chemical course of enolate reactions on both sides of the silyl group. A further series of 

1. LOA 

2. Me, 
MeaSi 0 

“4‘ 

(MeO)&H Me0 
1 lPhMelSi)2C”Li 

Me0 SiMezPh 

&C02Et - 
OEt - Me0 

COzEt _ MeO+CO’Et 

3. LDA ZnBr, 9 2. NH&I 

11 4.t.$SiCI 
I.2 67% 57% 13 14 89% 92:8 

(+14xP) 
1. LiAIH, 3. T*OH.Me~cO 

4. A9NOJ.KOH 
I. LIAIH, 2. cl+;+, im. 

I 

SiMesPh 

'+J$ _MeM91 ::$ ~~c~~~~*c~C++ re hleO*C<i{i+ 

18 94 % 17 39% 6. NaCN. HMPA 16 97% .95:5 15 64% 

functional group manipulations (16 + 18), including the conversion 
5,12 

of the silyl into a 

hydroxyl group and the crystallisation of one intermediate (II), gave us the ketone (18). The 

future C-6 was present in this ketone as the carbonyl group, but we did not expect this centre 

to react with much stereoselectivity. This is a common problem in synthesis: how to develop a 

single stereoisomer, when the steric constraints from the rest of the molecule make the two 

faces of a prochiral group negligibly different. We now present a powerful solution to this 

problem. 

The ketone reacted with phenylethynyl-lithium to give very nearly equal amounts of the 

diastereoisomeric alcohols (19 and 20), just as expected. We separated these products by column 

chromatography, and hydrolysed the acetal group in each to get the two crystalline acetylenic 

triols (21 and 22). We acetylated and hydrogenated one of these (subsequently revealed to be 

21) to get the cis allylic acetate (23), and we reduced the other (22) with lithium aluminium 

hydride and acetylated the product to get the trans allylic acetate (24). These two compounds 

differed in two respects- the geometry of the double bond and the relative stereochemistry of 

the tertiary allylic centre. They are therefore stereochemically equivalent, in the sense that 

the silyl-cuprate reagent, reacting stereospecifically anti,2 gave the same pair of allylsilanes 
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(25 and 26) from each acetate (23 and 24). These allylsilanes are also stereochemically equi- 

valent and do not need to be separated-iftheyreact stereospecifically anti with electrophiles 

with the formation of a trans double bond, as usual, 
2,3 

they will give the same product. In 

practice, protodesilylation of the mixture of allylsilanes (25 and 26) took place in high yield 

and with moderately high diastereoselectivity (83:17) 
13 . 

in favour of the isomer (27). Some 

simple functional group manipulations converted this product into the racemic Prelog-Djerassi 

lactone (26), which had m.p. and spectra 
14 

identical with those reported. 

This synthesis is inherently linear, and therefore low-yielding (0.72% overall). It 

cannot compete, as a practical synthesis,with any of the syntheses already published. 
15 

It has, 

however, some virtues. In the first place, it illustrates how allylsilane chemistry can be 
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applied to control stereochemistry at a formally remote site. As long as the mixture of prop- 

argyl alcohols (19 and 20 in this case)can be separated, they can both be used to create either 

diastereoisomer. We did, in fact, take the same alcohols (21 and 22) through the complementary 

sequence to that illustrated above, andgot another pair of allylsilanes, recognisably different 

from the previous pair of allylsilanes (25 and 26). When these were taken through the rest of 

the synthesis, they gave the 6-epi-lactone. Since protodesilylation is only one of many stereo- 
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specific reactions which allylsilanes can undergo, there are many secondary, tertiary and quat- 

ernary chiral centres which can be set up in this way. In the second place, and unlike most 

methods of stereocontrol, our methodology is, in principle, equally amenable to the synthesis 

of any of the eight possible diastereoisomers: an appropriate choice of alkylation or proton- 

ation can control C-2, C-3, and C-4 in any sense, and an appropriate choice of pathway in the 

allylsilane work controls C-6 in either sense, as we have in fact shown. Finally, our methods 

use genuine open chain stereocontrol: the three key steps in which the stereochemical relation- 

ships are set up do not even use cyclic transition states. 
16 
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