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SYNTHESES OF SQUALENE EPOXIDE AND LANOSTEROL ANALOGUES FOR A BIOSYNTHETIC EXPERIMENT
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The syntheses of (21 1 46’) -2,3(RS)-oxido-2,6,10,156,19-pentamethyl-heneicosa—6E-10E,
14E,18Z~tetraene from squalene and of pure 20R and 20S 24,25,26,27-tetranorlanos-
teryl acetates from lancsteryl acetate are disclosed.

We recently needed, for a project in our sterol biosynthetic work], a sample of pure radio-
labelled 2,3-oxido-2,6,10,15,19-pentamethyl-heneicosa—6E,10F, 14E,187-tetraene 7 and the two ste—
reoisomers of 24,25,26,27-tetranorlanosteryl acetates 18 possessing respectively the natural (&)
18a and unnatural (S) lgh_configuration at the C-20 carbon atom. This report discloses the syn-

thesis of these derivatives.

1. Synthesis? of (21-1%c)-2,3(R8) -oxido-2, 6,10, 15, 19-pentamethyl-heneccosa-6E, 10E, 14E, 182~
Lethaene 7

2,6,11,15,19-pentamethyl-eicosa~2Z, 6E, I0E, 14E, 18-pentaene—-1-0l 2 was chosen as a good can-
didate for the desired synthesis since it possesses : 1) the required polyenic system with the
right stereochemistry - 2) two terminal double bonds of very different nucleophilicity which
should allow the selective oxidation of the A!® double bond using van Tamelen's procedure3 -
3) a suitable function at C-1 which would allow at the same time and at the end of the synthe-

sis the introduction of the last carbon atom required and the radioactive label. And last but
CHj

R~ \CZHS

reoselective synthesis of Cecropia juvenile hormone.

not least, a similar transformation [ RCH=0 -~ ] has been used by Corey4 for the ste-

The allyl alcohol 2 was stereoselectively prepared from readily available aldehyde5 1 via
B-oxido-ylide reaction6 [i~ethylidenetriphenylphosphorane, THF; -78°, 0.05 hr — ii-tBuli 1.2 egq;
-78°, 0.1 hr; =-25°, 0.5 hr —-iii—CHZO(gas) 10 eq.; =20° to 0°, 0.7 hr; 20°, 0.3 hr - 30% overall
yield, tlc SiO2 ether/pentane : 3/7-Ef 0.26], benzoylated [C6HSCOC1/pyridine, 907 yield ] and
selectively transformed to the terminal bromohydrin3 [ NBS (1.14 eq), DME/water : 4/1, 10°, 5 hr;
457 yield; tlc SiO2 ether/pentane : 3/7 Bf 0.37 1. Starting material (18%) is also recovered.

Reaction of the bromohydrin 3 with sodium methylate affords the epoxy-alcohol 37 by simul-
taneous ring closure and cleavage of the benzoate [CH3ONa (6 eq), CH3OH/THF : 14/1; 5°, 0.3 hr;
72% yield, tlc, sio,, ether/pentane : 4/6 R 0.24 1.

The epoxy-alcohol 4 is oxidized to the epoxyaldehyde 5 (MnO 16 eq, hexane, 20°, 2 hr;

8
2 s
987 yield, tlc, Si0p ether/pentane : 4/6, Ry 0.5) which is in turn transformed into the radiola-
belled epoxydiene 6 (!4CHy=P@39, THF, 40% yield; 6.4 103 dpm/nmole ; tlc Si0, ether/pentane :
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3/7 Re 0.57, the starting material 5 is also recovered in 457 yield).
The last step of the synthesis requires the selective reduction of terminal carbon-carbon dou-

ble bond of the epoxydiene E which is achieved by diimide in ethanollo’l]

[ hydrazine hydrate (20eq)
H202 (30% aqueous solution, 2leq), ethanol, 0°, 2 hrs; 75% yield; tlc SiO2 ether/pentane : 3/7,
Rg 0.571.

The physicochemical data (IR,]H NMR, Mass spectra) agree with the proposed structure for 7.
Its ]H NMR spectrum clearly shows the presence of a vinylic methyl group cis to a hydrogen (CDCl3
§ 1.66 ppm; methyl groups trans to hydrogen : § 1.60 ppm relative to TMS) but does not ensure its
stereochemical purity.

In order to check its stereochemical purity, the radiolabelled epoxide 7 just prepared was
12213 10 [i-HCl0,(70%)/B,0/DME : 0.5/35.5/74; 0°+20°,
5 hrs; 8:75%7 yield - ii-thiocarbonyldiimidazole, toluene; 110°, 3hrs; 9:817% yield - iii-P(OCH
130°, 63hrs; 10:83% yield; tlc SiO2 hexane Ef 0.55] and analysed by ]GC
allow the separation of the 18F and 187 isomers of 2,6,10,15,19~pentamethyl-heneicosa-2, 6E, 10E, 14E,

transformed into the corresponding polyene

33
2 under conditions which

18-tetraene.This mixture was prepared from aldehyde 1 and 2-butylidene triphenylphosphorane [2 egq,
-78° + 20°, 0.7 hr, 83% yield, |GC|2 on a 50m x 0.5 mm, glass capillary column statically coated
with SE-30, column temp. 200°, carrier gas (He), flow rate : 9 ml/min. Rt 10b (182): 38 min.,
10a (18E) : 39.7 min.] . We found that our labelled polyene 10, and consequently the epoxide 7,

is a 95/5 mixture of the two 18Z/18FE stereoisomers.

11. Synthescs of pure 20R 18a and 205 18b 24,175,126, 27-tetranorlancstenyl acetates

3B-acetoxy-4,4, l4o-trimethyl-5a-pregnadiene 12 was chosen as the ideal key ¢ntermediate for
the synthesis of 18a and 18b since the complete tetracyclic system is retained, the former stereo-
chemistry at C-20 is absent and a functionality (A%°) ie present for the elaboration of the final

structures 18a and 18b. Moreover, 12 is conveniently prepared from lanosteryl acetate 11, without

significant A® migration,according to the modified Brigg procedure 14b described by Fetizon l4a

(197 overall yield, 3 steps) ]4.

The synthesis of norlanosteryl acetates 18a and 18b was effectively performed as follows.
The dienoic acetate14 12 is rapidly transformed into the corresponding tetrahydropyranyl derivati-
ves l}\[i:KOH/CH3OH 107, +60°, 2 hrs, 987 yield - ii:dihydropyrane (7 eq), TosOH catal., dioxane;

20°, 2.5 hr; 807 yield] which are in turn reduced to a mixture of the two isomeric alcoholsls’]7

l4a and 14b by borane-THF reaction16 followed by %7 situ hydrogen peroxide oxidation of the re-
sulting product [i:BHB—THF, 25°, lhr — ii:NaOH 2N, H,0, 30%, 20°, 0.2 hr; 647 yield; tlc SiO

2
15 0.12 and 0.19].

benzene ethyl acetate : 95/5 Bf
15 l4a+14b is oxidized to the corresponding aldehydes15 15a+15b by

Pyr, HC1l(5eq) CHBCOONa,CH2012,+20°,2.5hr; 70% yield ~tlc SiO

The mixture of alcohols

the Corey Suggs reagent18 [Cr03, 23

benzene/ethyl acetate : 97/3 Bfls 0.51 and 0.58]. Further Wittig reaction using methylenetri-
phenylphosphorane allows the synthesis of the complete desired carbon framework [843 yield; tlec
SiO2 benzene/ethyl acetate : 98/2 Bfls 0.66 and 0.75). The THP blocking group was removed [CH3OH/
CH,C1,(5/3), TosOH catal., 20°, 3hrs, 100Z yield] and replaced by the desired acetyl group [Ac20/

pyr (1/1.5), 20°, 12 hrs; 91% yield; tlc Si0y, benzene/ethyl acetate : 92/8, R¢ 0.75].
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1 X : CHO 3 X:Br, Y:08, RiCH,OH 4 R: CHOH
H CcH
2 x: Je=c” 8 X:Y:OH, R:C_H 5 R CHO 12 R- COCH,
= 2N = 2's 2
N 2 13 R: THP
" /CH 9x Y:O—E-O, R:C2H5 6 R: CH=CH2 2 :
~ 3 o] =
10 x /CQ\\C 7 R: CH,CHy
s
R R R, R, R,
11 Ac CH, CgHyq
14 THP  a : CHy CHOH b : CHyOH cH,
15 THP  a : CH CcHO b : CHO cHy
Te THP 2 : CHy CH=CH, b : CH=CH, cH,y
17 Ac  a: CHy CH=CH, b : cu=cH, CHy
18 Ac  a: CHj CH b cymg cHy
19 Ac a CH3 (caz)z—éﬂo

Now only two stereoisomers 17a+17b are present, which show different behaviour on IGCI2 [on a 25m
x 0.5 mm glass capillary column coated with SE.30, column temp. 260°, carrier gas :(He), flow rate:
5ml/min., Rt : 17b (20S) 8 min., 17a (20R) 8.5 min.lgland on silver nitrate impregnated tlc plates
[SiOz, Merck, 0.5 mm (dropped in acetonitrile/ethanol : 1/1 solution of AgNO3 (10Z) for 20 sec.,
then dried at 120° for ! hr) using ether/pentane : 1/4 as eluant, Ef:_]jjl (2058) 0.8, 17a(20R) 0.65].

Both stereoisomers 17a and 17b are easily and quantitatively separated by the latter technique

[17a, 30% yield, mp inst 150°, 17b , 707 yield, mp inst 142°] and each stereoisomer was found tobe

homogeneous by silver nitratetlc and |GC

2 (conditions as just described). 17a and 17b have been
fully caracterized by their physicochemical behaviour [IR,IH NMR, MS ]. These are very similar ex-
cept for the NMR spectra which are substantially different in the "methyl region".

Each stereoisomer 17a and 17b is further reduced to 18a and 18b [HZ/PtOZ/ethyl acetate, 20°, 0.5hr,
967 yield; tlc SiO2 benzene/ethyl acetate : 97/3 Ef 18a and 18b 0.75] % These two stereoisomers
are indistinguishable by tle §i0, and Si02/AgNO3 eluted with various solvent systems. Both stere-
oisomers are homogeneous by IGC]2 and free from each other[ on a 40mx0.25mm glass capillary co-
lumn coated with SE.52, column temp. 240°, carrier gas (He), flow rate : 4.2ml/min., Rt:18b (205)
27.9 min., 18a (20R) 28.7 min.]. Both have very similar physicochemical data : 18a (20R) : mp(inst)
148°Cs[a] [1013 & +45° (C:0.625) - 18b (205) : mp(inst) 143°C;[a] SP13 1142° (C:1.660). Their
infrared (IR) and mass spectra (MS) are quite identical [even in the fingerprint region for IR

and MS (M+) 414]. Their lH NMR spectra are very similar in CDCl3 but substantially different in hexa-
deuterobenzene (C6H6, 100 MH;Oa and 270MH§Ob) .

In order to unambiguously assess the absolute configuration of each isomer 18a and 18b, they
have been both compared with a sample of stereochemically pure (100Z)norlanosteryl acetate 18a

possessing the natural 20R configuration, unambiguously prepared from natural lanosteryl acetate
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using a set of reactions which do not involve the C20 carbon atom and do not isomerise it.

This compound prepared by rhodium promoted decarbonylationZI of 3B-acetoxy-25,26,27 trisnorlanost-
2 . .

8-en—-24al 19a 2 [Cth(P¢3)3 leq, benzene, 80°, 7 hrs, 71% yield] is identical in all respect

(tle, IR, NMR, MS, |GC|2) to be stereoisomer 18a previously obtained.
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