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This report discZoses the first successful cyclization of a squalene anaZogue bearing a 
Al8 2 instead of E C=C bond wtzich leads to a ZanosteroZ analogue possessing the unnatu- 
ral 20s stereochemistry. The hypotheses of sterol biosynthesis are discussed in the Light 
of these findings. 

Since the first hypothesis of Woodward and Bloch' involving all trans squalene as the bioge- 

netic precursor of sterols and the brilliant theoretical models constructed independently by the 

Zurich School2 and by Stork3 to explain this spectacular transformation, much work has been devo- 

ted to the biosynthesis of lanosterol 4,5 and analogues from squalene,from the corresponding 2,3- 

oxide, its closest precursor known, 
4 

and from labelled analogues . 

However, the problems related to the C-20 carbon atom on the sterol have not been yet clari- 

fied6 although its crucial role on the protosterol ?.a was early recognized. The C-20 carbon atom - 

in the protosterol a, featured as a classical or a non-classical2 carbocation,attachedtothe en- 

zyme'orboundedtoan exogeneousnucleophile 5 (S h c eme I),is thought to initiate, after the appro- 

priate movement about the C-17 - C-20 axis, the 1,2-hydrogen-hydrogen-methyl-methyl migrations lez 

ding to lanosterol. 
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In order to test if the natural 20R stereochemistry at C-20 in lanosterol 3a is directly re- 
- 

lated to the stereochemistry of the Al8 carbon-carbon doubZe bond on the starting oxidosqualene, 

(21-14C/-2,3~~~-o~do-2,6,10,15,19-pentamethyl-heneicosa-6E,lOE,14E,18Z-tetraen~ 4b,bearing a 182 
- 

instead of the natural 18E carbon-carbon double bond, was stereoselectively (95%) synthesized 7 
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and reacted with 2,3-oxidosqualene sterol cycZase. Our preziminary resuZts are described below. 

Anaerobic incubation of the labelled oxide 4b (23ojlg, - 3.9 IO6 dpm) with a solution of 2,3-oxi- 

dosqualene sterol cyclase *" (6ml) at 20' affords, in addition to unchanged labelled oxide s (47%) 

and polar labelled products lo (23X), a third radioactive fraction (Fraction A - 60% conversion) II,12 

indistinguishable from lanosterol 3a by tic (Si02 Merck, benzene/ethyl acetate : 97/3,Ef 0.20). - 

This fraction A clearly contains a biosynthetic product since no radioactivity is found at R 0.20 
-f 

(see above) when denatured (preboiled) 2,3-oxidosquaZene sterol cycZase is used. 

Fraction A is acetylated with excess acetic anhydride-pyridine (20', 12 hr). The resulting 

product migrates as a single radioactive 
12 

spot on tic, identical to lanosteryl acetate 5a and its 

dihydroderivative 6a (SiO2 Merck, - benzene/ethyl acetate 9812, two developments lIf 0.70) 12Lt is 

resolved into two distinct radioactive 
12 

hexaneichloroform 80120 IXf O.OO'" 

spots on silver nitrate impregnated tic (Si02 - AgN03, 

and Ef 0.24) l2 which separates 6a (R 0.24) and 5a (lIf 0.06). - -f - 

Acetylated Fraction A is purified as shown.Thisallowstherecoveryof 602of the radioactivityused 

at sf 0.24 (Fraction B). 

Fraction B is in fact a complex mixture of products 
l3a 

as observed by lGC12 but the radioacti- 

vity is mainly located (82%) in a single peak (14-19 min)SterolFractionSwithRt similar to that 

of a slightly resolved mixture of norlanosteryl acetates 7 8a and 8b possessing respectively 20R - - 

and 20s stereochemistry [on a 40m x lmm glass capillary column coated with OVl phase, column temp. 

250°, carrier gas (He), flow rate : 12 ml/min] 
14 . The remaining radioactivity (18%) is spread over 

all the other six fractions collected between 1-14 and 19-180 min. 

Careful gas chromatography analysis lGC12 clearly shows that Fraction S is revealed in two 
13b,l5 

peaks , the major one y (93%) being indistinguishable from that of 20s norlanosteryl acetate 

8&, on three different phases (non polar ones such as (SE.30) or (SE.52) and polar (Superox 4)16) 

which allow clean separation of authentic 20R and 20s norlanosteryl acetates 8a and 8b. -- 
[ (1) - on a 30mx0.5 mm glass capillary column statically coated with SE.30, column temp. 283', 
carrier gas (He), flow rate : 3ml/min., Rt : y and 8b : 13.13 min., 8a : 13.45 min., 
(2) - on a 4OmxO.25mm glass capillary column staticaly coated with B.52, column temp. 240°, 
carrier gas (He), flow rate : 4.2 ml/min., Rt : y and 8b : 27.9 min., 8a : 28.7 min., 
(3) - on a 8mxO.5 mm glass capillary column StatTcallycoated with Superox 4, column temp. 230°, 
carrier gas (He), flow rate : 6 ml/min., Rt : 1 and 8b : 11.4 min., 8a : 11.8 min. ] - - 

Moreover, the mass spectrum of y on lGC12 MS discloses the following m/e values : 414 (M+,l%), - 
399(21X),243(3%),241(2%) andisclose to that of 8b (especially in the m/e 414-241 reeion). - 

Fraction B is then reacted with excess m-chloroperbenzoic acid in CHC13 (202, 4 hr) under 

conditions which allow the transformation of norlanosteryl acetates 8a and 8b into their corres- -- 
ponding 8,9-epoxides 9a and 9b. The resulting product exhibits only one radioactive spot on tic - - 

(SiO,, benzene/ethyl acetate, indistinguishable from 9a and 9b). It is purified by this technique 

and produces Fraction C. Fraction C presentsa major peak 2 bylGCl', clearly different from 9a but - 

indistinguishable from the 205 stereoisomer 9b. - 

[ (1) - on a 3OmxO.5 mm, glass capillary column statically coated with SE.30, column temp. 230", 
carrier gas (He), flow rate : 5 ml/min., Rt : 6 and 9b : 14.54 min., 9a : 15.49 min., 
(2) - on a 55mxO.25mm, glass capillary column ztaticaly coated with E.52, column temp. 250°, 
carrier gas (He), flow rate : l.OBml/min.,Rt : 5 and 9b : 93.6 min., 9a : 96.6 min.] - - 

The mass spectrum of 6 [IGC12MS]exhibits the following m/e Values : [chemical ionisation 

(CH4) 431(M+l+ ,16X), 429(13x), 415(5%), 413(3X), 371(100X), 353(87%), 339, 338, 3371 very close 

to those of 9b. - 
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Furthermore, the radiolabelled compound u is recovered unchanged [ (1) - tic, SiO2-AgNO3 - 

(2) - lCC[', SE.30 - (3) - transformation to the epoxide 6_, above described conditions] when Frac- 

tion B is reacted with H2/Pt (excess in ethyl acetate, 2 hr) under conditions which allow the quan- 

titative reduction of the A24 double bond in lanosteryl acetate but which do not reduce its highly 

encumbered As double bond. 

These preZiminury results cZearZy demonstrate the presence of an hydroxylgroupand an encwnbe- 

red carbon-carbon double bond in the biosynthetic product B which is NOT the NORLANOSTEROL 7a but - -- 

COULD BE the epiNORLANOSTEROL 7b possessing the 202 stereochemistry. - 

In order to further support this hypothesis, the radioactive biosynthetic Fraction B and Frac- 

tion C were respectively contaminated with synthetic norlanosteryl acetates 8b and 2, and with - 

8,9-oxido norlanosteryl acetates 9b and 2, - then recrystallized to constant specific activity. 

This was readily achieved in experiments involving the 205 diastereomersab [methylene chloride/ 
methanol : l/4 as solvent, (specific activities in dpm/mg), starting (20=), crystals, respective- 
ly : (2000),(1700),(1700); mother liquors : (2450)17a,(2350),(1950) ] and 9b [benzene/methanollg : 
l/5, (specific activities in dpm/mg); starting (1550), crystals respectivxy (1600),(1600),(1600); 
mother liquors (1400)'7b, (1700), (1700)] whereas cocrystallization was not possible in experiments 
involvin 
liquors 78. 

the 2OR diastereomers 8a and &, - the radioactivity being rapidly recovered in the mother 

The experimental results presented strongly suggest that the radioactive acetate Y and the - 
synthetic norlanosteryl. acetate 8b with theunnatura2 20s stereochemistry is one and the same sub- - - 

stance and consequently that the biosynthetic product B and 7b are identical. - - 

This report discloses the first successful cyclization of a squalene analogue which does not 

have the all trans natural stereochemistry. The enzyme having accepted the 18Z-oxidosqualene ana- 

logue 4b 
20a 

a result not predictable from earlier work 
4 

- 9 - must transform it by some strictly ster- 

eospecific process in which the geometrical locations of the groups attached to the 18,19-double 

bond, and not for example their relative size 
21 , determinethefinal stereochemistry at C-20 of the 

steroid. The hypotheses concerning the intermediate(s) formed after cyclization of natural squa- 

lene and before the 1,2-shifts should also explain the results just disclosedinordertobe valid. 

The mechanism requiring a classical carbocation** seems unlikely since it 1s difficult to 
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imagine how an enzyme would force a rotation to take place in a particular direction (+120' and not 

-60') irrespective of the relative size of the two groups at C20 [la -f &, 4a -t E compared to 

4b + 7b]. Interestingly however the Cornforth X-group hypothesis5 <Sh - c eme I) can explain both re- -- 
suits since the acceptance of the X-group 

20b 
at C-20 fixes the stereochemistry there; the confor- 

mation for the rearrangement is also unique and can be reached by free rotation ineitherdirection. 

OUP results disclose another example of the stereoselectivity related to enzymic transforma- 

tions, a concept so remarkabZy developed inter alia by Cornforth 
23 

and Arigoniz4. 

Theauthors sincerelythankDr.Cornforthforhis helpfulcommentand for the fruitful discussions. 
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