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Resolution of Presqualene and Prephytoene Alcohols 

By LAWRENCE J. ALTMAN* and DILIP R. LAUNGANI 
(Defiartment of Chemistry, State University of New York at Stony Brook, Stony Brook, New York 11794) 

and HANS C. RILLING and JELENA VASAK 
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Szcmmary Synthetic presqualene and prephytoene alcohols 
have been resolved through their etienic acid derivatives ; 
the biologically active prephytoene alcohol (as its pyro- 
phosphate) has the (1R,2R, 3R) absolute configuration. 

THE stereospecific head-to-head condensation of two 
molecules of farnesyl pyrophosphate during the biosynthesis 
of squalenel and geranylgeranyl pyrophosphate in phy- 
toene2 s 3  biosynthesis proceeds through cyclopropyl car- 
binyl intermediates presqualene pyrophosphate (Ib) and 
prephytoene pyrophosphate (IIb), respectively. The abso- 
lute configuration of natural (+ )-presqualene alcohol was 
shown to be (lR,2R, 311) .4 Although natural prephytoene 
alcohol has been suggestedle to have the same absolute 
configuration as presqualene alcohol, this has not received 
experimental support. In 1972, Porter and his co-workers 
reported the isolation of 'prelycopersene pyrophosphate' 
from a tomato enzyme ~ y s t e m . ~  This intermediate 
exhibited a positive optical rotatory dispersion curve 
analogous to presqualene pyrophosphate. However, the 
results of Rillingzb strongly suggest that Porter's inter- 
mediate was a product of squalene synthetase and not of the 
carotogenic enzyme responsible for the head-to-head 
dimerization of geranylgeranyl pyrophosphate. 

We now report the resolutions of synthetic presqualene 
and prephytoene alcohols thrmgh their etienic acid deri- 
vatives (IIIa and IIIb) and the demonstration that the 
biologically active prephytoene alcohol (as its pyrophos- 
phate) exhibits a positive optical rotatory dispersion curve 
and that its absolute configuration is (lR,2R,3R). 

( f )-Presqualene and ( -J-- )-prephytoene alcohols were 
synthesized as previously described. la s2a Treatment of the 
alcohols with readily available 3P-acetoxy- 17/3-chIoro- 
formyl androst-5-ene6 in dry pyridine gave presqualene 

TABLE. Optical rotatory dispersion dataa 

Wavelength (+) -Prephytoene (-)-Prephytoene (+)-Presqualene (-)-Presqualene 
A/nm c 0.0037 c 0.0035 c 0~0010 c 0*0011 

[a1 
436 Hg 90 - 83 103 -110 

[El [co 
- 206 

546 Hg 45 - 46 48 - 52 
578 Hg 39 - 40 48 - 48 
589 Na 38 -37 47 - 48 

365 Hg 149 - 143 193 
[a1 

a Rotations were measured at 20.0 "C in CHC1, using a Perkin Elmer Model 241 Polarimeter; deviations < 10% of the reported 
values were observed. 
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etienate (IIIa) and prephytoene etienate (IIIb) as a mixture 
of diastereomers. Presqualene etienate, [a]: - 14.5" in 
CHCl,, and prephytoene etienate, [a]: - 6.4" in CHCl,, 
gave satisfactory elemental analyses. The diastereomers 
were separated by high pressure liquid chromatography on 
p-Porasil (Waters Assoc. 3.9mm I.D. x 30cm; eluent 
CH,Cl,; 1 ml min-l). The pure diastereomers of presqua- 
lene and prephytoene yielded identical n.m.r. data except 
for a characteristic octet of an ABX system for the diastero- 
topic cyclopropyl carbinyl protons that each showed. 

The individual diastereomers of (IIIa) and (IIIb) were 
reduced with LiAlH, to give the enantiomeric alcohols in 
85-90% yield. The 0.r.d. data for the enantiomeric 
alcohols are given in the Table. 

The ( +)-enantiomers of presqualene alcohol and prephy- 
toene alcohol showed a normal positive 0.r.d. curve, identi- 
cal to natural presqualene alcohol7 thus establishing the 
absolute configuration of (+)-prephytoene as (lB,ZR, 3R). 

For biological studies each of the enantiomeric alcohols 
was tritiated at  the cyclopropyl carbinyl position by 
reduction of the corresponding aldehyde with tritium 
labelled NaBH,. The labelled alcohols were then converted 
into the corresponding pyrophosphates. Only the pyro- 
phosphates derived from ( + ) -presqualene alcohol and 
(+) -prephytoene alcohol proved to  be biologically active. t 

We thank the National Institutes of Health for support of 
this research. 
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t (+ ) -Presqualene pyrophosphate was utilised by yeast subcellular particles and (+)-prephytoene was utilised by phycomyces 
Blakesleeanus strains C, and C,. 
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