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Abstract: The reaction of steroidal alcohols (1) and (8) with (diacetoxyiodo)benzene and iodine under
irradiation with visible light afforded, in addition to the expected B-fragmemtation diene (2), the or-
thoacetate (4) in moderate yield.

We have previously reported that photolysis of tertiary alcohols with (dlaoetoxylodo)benmnc (DIB)-io-
dimgenmmalkoxyrad:edswhwhmdﬂgoﬂ*&aglmnmmnmglvemednm—smedmg; In the course of
our studies we synthesized steroidal model (1) (Scheme 1) from ergosterol in four steps. 2 The photolysm of
(1) with DIBmdmemcyclbheme(’I‘able entry 1) gave not only ring expansion product (2) but also
diacetate (3) and orthoacetate (4) (Scheme 1). A reasonable: yield of orthoacetate can be obtained only
when the reaction is carried out to low conversion, since the products undergo further transformation and a
complex mixture is obtained. When the reaction was conducted with AcOEt as solvent (entry 2), diacetate
(3) was obtained in 44% yield. Other reagents were assayed (entries 3-5), with poorer results.

The unexpected formation of (4) seems interesting to us, not only from a mechanistic point of view but
alsobecauseﬂleorﬂnowemegmupexistsinmanynaunal’pmductssuchaslimonoids,“stuoidalalka-
loids,® and the phorbol-related daphnetoxin.% In particular, the structure of (4) closely resembles those-of
phragmalin® and the chukrasins 5¢ (Scheme 1) with the orthoacetate group in ring B of the skeleton and on
the same carbons. k

The structures of compounds (2), (3) and (4) were determined on the basis of their spectroscopic
data.3" The diene (2) did not show any absorption in its UV spectrum. A summary of selected heteronuclear
'H-13C correlations determined by HMBC experiments for compounds (2) and (3) is shown in Scheme 1.

The spectroscopic data for the otthoacetate unit of (4) agree with those described in the literature for
chukrasins®® and other orthoacetates.5*8 Three derivatives of product (4), compounds (5-7),’ were synthe-
sized in onder to obtain crystals suitable for X-ray analysis: However, none of the crystals proved useful for
this purpose. Nevertheless, the structure of derivative (7) has been solved by extensive spectroscopic analy-
sis. The 'H NMR and '3C NMR spectra  show that the steroidal skeleton remains unchanged after the
photolysis. The HMBC correlations, shown in Scheme 1, supported the proposed structure,

A reasonable mechanism for the formation of compounds (2), (3) and (4) is shown in Scheme 2.
Compound (1) may isomerize to alkene (8) under reaction conditions. The generation of an alkoxy radical in
(8) followed by a f-fragmentation reaction (path a) would give rise to radical (9) which could stabilize by
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Scheme 1.

loss of one of the hydrogens on C-1 or by trapping an iodinc atom and subsequent elimination to give dienc
(2). Alternatively, (1) may undergo allylic hydrogen abstraction® from C-14 (path b), producing radical (10)
whichcouldbeuappedbymwemxyradicalorbyoﬁaimermedimspecicssnchmAcOlgmgive
diacetate (3). Although acetoxy radicals decarboxylate readily their detection and identification by ESR
spectroscopy has proved possible.!” A radical mechanism has been suggested for the synthesis of allylic
esters from alkenes using peroxyesters and catalytic amounts of copper salts. 11 Nevertheless, in the forma-
tion of (3) we cannot exclude that radical (10) may be oxidized by an excess of reagent to an allylic
carbocation, which may then react with an acetate ion.

Alkene (8) may also undergo hydrogen abstraction from C-9 (path ¢) to give allylic radical (11). The
sclective radical abstraction of 9-H and 14-H in steroidal skeletons by hypervalent iodine reagents (c.g.
CeHgIClp) has been previously rep(mod.8 Intermediate (11), analogously to (10), evolves, in radical or cat-
ionic form, to give acetate (12), which may be in equilibrium with the hemi-orthoester form (13). Then with
an excess of reagent an alkoxy radical (14) is generated. This clectrophilic radical is conveniently positioned
to interact with the nucleophilic 8(14) double bond to give a C-14 radical, which is stabilized by the loss of
the 15-H yielding (4). The formation of orthoester (4) from (13) could also be explained by an iodine
catalysed cyclization, via iodonium ion (15) followed by hydriodic acid elimination from (185).

In order to confirm this mechanism, alkenc (8)12 was synthesized in 80% yicld from crgosteryl perox-
ide by hydrogenation with platinum oxide hydrate Merck in AcOH. Under these conditions, the initially
formed alkene (1) easily isomerizes 1o alkeae (8), which is not reduced.!> Photolysis of (8) with DIB-iodine
in cyclohexane (Table, entry 6) gave better yields of diene (2) (39%) and orthoacetate (4) (40%), but not
diacetate (3), which therefore only comes from alkene (1) (path b). Yields of compound (4) are remarkable
(50% based on conversion), taking into account that several steps are involved in its fonmation. Besides, the
reaction proceeds with excellent stereoselectivity, the acetate group entering from the ¢e-side of the molecule.
This radical reaction may thus constitute an interesting approach to the synthesis of the orthoacetate group in
pragmalin and other steroidal compounds.
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Table. Reactions of alcohols 1 and 8%

Entry gooultl:& Rcagems? Solvent Conditions Products
T (°C) | time (h) (yield %)
1 1 DIB/E2 (2.3/1.3) Cy 40 1.75 1 (53), 2 (5), 3 (18), 4 (16)
2 1 DIB/12 (5/3) AcOEt 40 3 344
3 1 LTA (2) Be 60 1.5 1(20), 2 (10)
4 1 Hg(OAc)2/12 (4/4) Cy bed 2 complex mixture
5 1 Ph2Se(OH)OAC/Iz (4/2) Cy 80 2 complex mixture
6 8 DIB/12 (2.5/2) Cy 40 1 2 (39), 4 (40), 8 (21)

a) All reactions were performed under argon by irradiation with two 100 W mngsten-filament lamps. b) Per mol of substrate. DIB
= (diacetoxyiodo)benzene; Cy = cyclohexane; LTA = lead tetraacetate.
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