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An Effective Strategy for Acyclic Synthesis via 
Iterative Rearrangement of Allylic Glycolates. 
Synthesis of a Pine Sawfly Pheromone 

Summary: The stereocontrolled preparation of extended 
acyclic systems using the iterative enolate Claisen rear- 
rangement of allylic glycolates is described. This strategy 
has been demonstrated in the stereospecific synthesis of 
a pine sawfly pheromone. 

Sir: The development of stereoselective techniques for use 
in the linear elaboration of complex acyclic targets has been 
a focus of considerable attention in recent years.'+ While 
linear construction of extended acyclic systems offers 
unique synthetic advantages, this strategy places rigorous 
demands on the complement of reactions employed in the 
homologation of a nascent acyclic intermediate. Since 
stereochemical heterogeneity a t  any stage of a linear se- 
quence will be propagated in subsequent transformations, 
the degree of stereocontrol required of each reaction in the 
sequence is high. 

The Claisen and related [3,3] and [2,3] sigmatropic re- 
arrangements occupy a prominent position among the 
procedures which can effectively homologate an existing 
acyclic intermediate with stereochemical induction at  
newly formed, remote chiral centers.lp3 A powerful and 
potentially general strategy for acyclic synthesis is one in 
which the acyclic framework is developed by an iterative 
series consisting of sigmatropic rearrangement followed by 
nucleophilic homologation of the rearrangement product 
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(a) BzOCHZCOCl, pyridine; (b) LDA, Me,SiCl, 

THF, 78-0 O C ;  (c) LiAlH,; (d) (C0CU2, Me,SO, NEg; (e) ((IQ-1- 
propenyl)~CuLi, E t O ,  -78 O C ,  MgBr2.EtO; (0 aqueous NH,CI, 
CHzNz, EtzO; (9) Pd-C, Hz, MeOH; (h) MsCl, pyridine. 

Reagents: 

to give a new substrate for rearrangement.4 Practical re- 
alization of this approach has been complicated by loss of 
stereochemical fidelity during either the rearrangement 
or homologation6 step. Recently, we and others have in- 
vestigated the enolate Claisen rearrangement of allylic 
glycolates and demonstrated the potential of this system 
as an entry to functionalized acyclic intermediates? The 
high diastereoselectivity exhibited in the rearrangement 
of allylic glycolates and the potential of the resulting a- 
alkoxy esters for further stereoselective homologation, via 
chelation-controlled addition of vinyl nucleophiles, sug- 
gested to us that these substrates are uniquely suited for 
incorporation into an iterative sigmatropic sequence. 

The effectiveness of the glycolate Claisen sequence as 
an iterative vehicle for acyclic homologation is demon- 
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Scheme 11" 
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afforded a 1.41 mixture of diol 11 and the hydrogenolysis 
product 10. While this mixture could be separated and 
the individual alcohols carried on to 1, it proved convenient 
to mesylate the crude mixture of 10 and 11 and subject 
the resulting mesylates to reduction by LiAlH4, affording 
(i)-1 in 41% yield from ester 9.12 

Application of the serial glycolate protocol to the syn- 
thesis of complex acyclic targets of polyketide origin re- 
quired that we demonstrate our ability to retain differ- 
entiated oxygen substituents following completion of the 
iterative cycle. Toward this end we have completed a 
synthesis of alcohol 2, a pheromone of the pine sawfly.13J4 
Enolate Claisen rearrangement of racemic 13 as described 
above yielded (Scheme 11) a single product, ester 14.8*9 
Reduction and oxidation gave aldehyde 15; upon treatment 
with (E)-propenyl-Grignard reagentlo a 14:l mixture of 
alcohol 16 and its epimer was obtained and separated by 
flash chromatography. Acylation of 16 and enolate Claisen 
rearrangement afforded ester 18 which was hydrogenated 
to give alcohol 19, accompanied by traces (<2%) of the 
corresponding hydrogenolysis product. Alcohol 19 was 
converted to the desired 2 by a four-step sequence con- 
sisting of (1) LiAlH4 reduction, (2) tosylation, (3) reduction 
of the resulting bis-tosylate with LiA1H4, (4) cleavage of 
the methyl ether using Me3SiI. The resulting 2 was ste- 
reochemically homogeneous to our limits of detection by 
capillary GC and 126-MHz 13C NMR and consistent in all 
respects with literature data for this c ~ m p o u n d . ' ~ J ~  

The close resemblance of intermediates 9 and 18 to 
structural units of the ansa macrolides and other natural 
products of polyketide and isoprenyl origin suggests that 
the serial rearrangement of allylic glycolates will provide 
an expeditious and highly stereoselective entry to these 
systems. We note that four of the eight diastereomeric 
arrays possible from two iterative cycles are accessible by 
variation of allylic olefin geometry. The remaining dia- 
stereomers could be addressed by a minor modification of 
the iterative sequence (i.e., oxidation of allylic alcohols 7 
and 16 and chelation-controlled reduction6"J6), making this 
strategy a versatile entry to extended acyclic systems. We 
anticipate that established procedures for hydroxyP and 
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Reagents: (a) Lindlar catalyst, EtOAc, HP; (b) BzCHzCOC1, 

pyridine; (c) LDA, MesSiC1, THF, -78-0 OC, aqueous NHICl, then 
CH2N2, EhO; (d) LiAlH4, EhO, 0 "C; (e) (COC1)2, Me2S0, NEt3; 
(f) MgBq-EhO, ((E)-1-propeny1)Li; (9) MeOCH,COCl, pyridine; 
(h) Pd-C, Hz, EtOH; (i) TsCl, pyridine, DMAP; G)  Me3SiI. 

strated by a stereoselective synthesis of the tocopherol side 
chain 1.' Acylation of racemic 3,4b previously employed 
by the Roche group in their classic iterative route to 1,4a-c 
followed by enolate Claisen rearrangement and in situ 
reduction of the resulting silyl ester afforded alcohol 5 as 
a single p r o d ~ c t . ~ ? ~  Completion of the first iterative cycle 
was accomplished by Swern oxidation of 5 to a-alkoxy 
aldehyde 6 and chelation-directed addition3gJ0 of (E)-  
propenyl cuprate reagent to give alcohol 7 (>50:1 with 
minor diastereomer). Trace amounh of the minor dia- 
stereomer were conveniently removed by flash chroma- 
tography (Scheme I). 

Acylation of 7 provided the required substrate for a 
second sigmatropic event. Enolate Claiaen rearrangement 
of 8 gave ester 9; we were unable to detect significant 
amounts of any stereoisomer of 9 by HPLC and 13C NMR 
analysis of the reaction mixture. The relative stereo- 
chemistry introduced by this second rearrangement event 
was unequivocally established by the conversion of 9 to 
the tocopherol side chain. Thus, hydrogenation1' of 9 
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(12) 13C NMR analysis of synthetic 1 revealed no trace of the diaste- 
reomer. Analysis of an authentic mixture of 1 and ita diastereomer 
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~arboxyl-assisted~~ transformation of acyclic olefins will 
facilitate further functionalization of intermediates such 
as 18, enabling us to rapidly develop the polyketide-derived 
acyclic systems of biologically important macrolides. 
Efforts to further define the scope of the iterative scheme 
and applications of this strategy to the synthesis of com- 
plex, naturally occurring acyclic systems are in progress. 
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[2,3]-Sigmatropic Rearrangement of Sulfur Ylides 
Derived from Trimethylsilyl Sulfonium Salts 
Summary: The [ 2,3]-sigmatropic rearrangement of sulfur 
ylides derived via the desilylation of several a-trimethylsilyl 
benzylsulfonium salts has been studied. The initially 
formed ylide was found to rapidly equilibrate with the 
thermodynamically more stable ylide. In the absence of 
trapping reagents, a Sommelet-Hauser-type rearrangement 
occurs. 

Sir: Desilylation of a-trimethylsilyl onium salts by fluoride 
ion has been widely utilized in recent years as a convenient 
method for preparing nitrogen and sulfur ylides.'-'O 
Relatively little work has been done, however, using the 
trimethylsilyl functionality as a leaving group in the gen- 
eration of ylides for [2,3]-sigmatropic rearrange- 
ments . '~~J~- '~ In searching for new ways to utilize sulfur 
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ylides in organic synthesis, we investigated the fluoride- 
induced desilylation reaction of several benzyl a-tri- 
methylsilyl sulfonium salts. We report here the results of 
this study. 

In 1979, Vedejs and Martinez reported that the fluor- 
ide-induced desilylation of 1 afforded 81% of the 2,3-sig- 
matropic shift product derived from the kinetic ylide 2 
even though a more stabilized ester ylide 3 could have been 
produced by proton transfer.' Thus, we were somewhat 

PhyHCH=CH2 
CH~SCHZCOZR 
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t01.h 
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CH2SiMe3 

F' c PhCH%HCH$CHzCO2R r PhCIFCHCHz2CCH2COzR 

3 - 
surprised to find that treatment of sulfonium salt 6 with 
fluoride ion in the presence of an aldehyde produced only 
the disubstituted trans epoxide 7.14 No signs of the mo- 
nosubstituted epoxide 8 could be found in the crude re- 
action mixture. Evidently, the initially formed sulfur ylide 

H R)&H H 

7 I3 
8 - - - - - R=Ph, pC+lH,, furanyl, 

clnnamyl, C,H,, K,H, 

9 rapidly rearranged to the more stable ylide 10, which 
reacted with the aldehyde to give the observed epoxide. 
This result contrasts with Vedejs' earlier observations 
wherein the predominant product is that obtained from 
the thermodynamically less stable ylide.' Attempts to trap 
ylide 10 with ketones or imines failed. The only material 
isolated in high yield corresponded to the [2,3]-sigmatropic 
rearranged product 11. These results are understandable 
if one assumes that the initially formed ylide 9 undergoes 
a proton shift to give 10 at  a faster rate than addition to 
the aldehyde carbonyl group. 

=I 

7 u - - 
The fact that 0- [ (methy1thio)methyll toluene (1 1) is 

isolated in the absence of a trapping agent is of consid- 
erable mechanistic interest. One possibility (path A) to 
account for this observation is that the thermodynamically 
more stable sulfur ylide 10 is in partial equilibrium with 
the less stable ylide 9. In the absence of aldehyde, the 
small amount of 9 present in equilibrium rearranges via 
a [2,3]-sigmatropic shift, thereby driving the reaction to 

(12) Sato, Y.; Sakakirbara, H. J. J. Organomet. 1979,166,303. Sato, 
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were established by comparison with authentic samples. 
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