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Abstract: A convergent asymmetric synthesis provided (35)11-fluoro-2,3-oxidosqualene
(11-FOS, 14), which was cyclized by bacterial squalene:hopane cyclase to a bridged ether.
11-FOS was neither a substrate nor an inhibitor for vertebrate oxidosqualene:lanosterol cyclase.
© 1998 Elsevier Science Ltd. All rights reserved.

Oxidosqualene:lanosterol cyclase (OSLC) (E.C. 5.4.99.7) and bacterial squalene:hopene cyclase (SHC)
(E.C. 5.4.99.7) catalyze remarkable carbon-carbon bond-forming reactions in the biosynthesis of sterols and
triterpenes.! The enzymes bind the substrate folded in chair-boat-chair (OSLC) or in all chair (SHC)
conformation and then mediate sequential ring-forming reactions and rearrangements through a progression of
rigidly-held carbocationic intermediates (Scheme 1). These membrane-associated 70-85 kDa proteins show
17-27% sequence identity between the bacterial and eukaryotic proteins.23 Both SHC and OSLC contain six
repeats of a highly-conserved a-helix turn motif rich in aromatic amino acids (the QW motif).4 Recently, the
three-dimensional structure of SHC from a thermoacidophilic bacteria Alicyclobacillus acidocaldarius was
reported.3d In this paper, we report the synthesis and enzymatic cyclization of (35)1 1-fluoro-2,3-oxidosqualene
(11-FOS, 14) in which 11-H has been replaced by a fluorine atom. The dramatic effect of fluorine was apparent
from the analysis of the major cyclization product obtained with purified recombinant A. acidocaldarius SHC, and
from the absence of cyclization of 11-FOS by rat liver OSLC.

The convergent synthesis of 11-FOS involved the Sharpless asymmetric dihydroxylation5 of fluoroester 7
and the coupling of a-fluoro allylic bromide 10 with farnesyl phenylsulfone 12 as the key steps (Scheme 2). The
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Scheme 1. Proposed mechanism for the cyclization of (35)2,3-oxidosqualene
(1) to lanosterol (2) by OSLC (A) and squalene (3) to hop-22-ene
(4) and hopan-22-ol (5) by SHC (B).
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Scheme 2. (a) (EtO),P(O)CHFCO;Et, NaH, THF, >95%; (b) AD-mix-B, 31%, based on
recovered 7; (¢) 2,2-dimethoxypropane, PPTS, CH,Cl,, 85%; (d) LiAlH4, THF,
86%; (e) PBrj, hexane, 68%; (f) PhSO;Na, DMF, 79%; (g) n-BuLi, THF, -78 °C,
54%; (h) PdCl;[dppp]l, LiHBEt;, 63%; (i) TsOH, 66%; (j) DMAP, MsCl, TEA,
CH,Cl;, 86%; (k) K,CO3, MeOH, 93%.
fluoroester 7 was obtained from geranyl acetone 6 by the Horner-Wadsworth-Emmons reaction, and the (2Z) and
(2E) isomers were most readily separated for fluoroalcohol 9; the geometry of the fluoroolefin was established by
NOESY and TOCSY experiments. After the coupling reaction and dephenylsulfonation, 13 was deprotected to
give a chiral diol, and the epoxide was closed to give the (35)11-FOS, 14.6
When cyclization of 11-FOS was attempted with purified rat liver OSLC, no cyclization product could be
detected by TLC or GLC.? The OSLC enzyme is particularly sensitive to structural changes on the pro-B-face and
thus fails to bind (35)11-FOS.! Indeed, (RS)11-FOS (as a mixture of regioisomers) did not inhibit OSLC
(ICsp > 400 pM).8 In contrast, recombinant A. acidocaldarius SHC converted (35)11-FOS into a carbocyclic
compound with a bridged ether 15 in 27% isolated yield.%!10 The !H NMR spectrum of this product showed the
presence of three methyl singlets (8 1.33, 1.05, 1.02), five vinylic methyl groups, three vinylic protons, and a
proton geminal to the ether bridge (8 3.72, d, J = 5.5 Hz). Other spectroscopic data (HMQC, HMBC, and MS)
were also uniquely consistent with structure 15. Similar mono-carbocyclic compounds with the bridged ether
structure have been obtained by acid-induced non-enzymatic cyclization reaction of polyenes.!! No evidence was
found for bi-, tri-, tetra-, or pentacarbocyclic products in the reaction mixture.!2
For SHC, 11-FOS was accepted in the catalytic site, but the presence of the fluorine atom interrupted the
cyclization reaction at the monocyclic cationic intermediate stage; intramolecular trapping by the 33-OH led to a

15 '

Figure 1. Structure of the cyclization product (left) and the bond
connectivities established by HMBC and HMQC spectra (right).
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bridged bicyclic ether.!3 Partial cyclization may be attributed to the strong electron-withdrawing effect of the 11-F
atom 0. to an incipient cationic site. Alternatively, the slightly larger fluorine could perturb the optimal folding
conformation of the substrate. It is noteworthy that the cyclization of (35)11-FOS by SHC was directional; that
is, cyclization was initiated by oxirane ring opening and not by a proton attack on the terminal double bond.
Similar results have been observed for the cyclization of oxidosqualene by bacterial squalene cyclase.12.14

Recently, Johnson developed a non-enzymatic polyene cyclization reaction using fluorine atom as a
cation-stabilizing auxiliary that served to both enhance the cyclization reaction and control the regiochemistry of
the product.!5 The synthesis and cyclization of additional fluorinated oxidosqualene analogs will be reported in
due course.
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