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Steroids and Related Natural Products. 88. Synthesis
of Periplogenin!-2

Summary: Digitoxigenin (3a) was converted to canarigen-
in (6), periplogenin (le), and uzarigenin (3b); the use of
tert-butyl hypochlorite for oxidation of digitoxigenin (3a)
to chloro ketone 4 and application of chromium(II) ace-
tate for reduction of epoxy ketone 7 to hydroxy ketone 8
represented particularly convenient aspects of these syn-
thetic transformations.

Sir: The digitalis-like cardiac activity of periplocin (la)3
was first reported in 1896 (in Russia) and isolation of this
cardenolide in pure form was described the following
year.t Some 30 years later Jacobs® began the careful
structural studies of periplocymarin (1b) and periplogenin
(1e) which were continued by Stoll® and brought by
Reichstein” to a partial synthesis of periplogenin from
strophanthidin (2). By 1960 periplogenin (le¢) and its gly-
coside derivatives had been isolated from a number of
plants of the Asclepiadaceae family and their structures
were well established.? We now wish to report a formal
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total synthesis of periplogenin employing digitoxigenin
(3a)? as relay. One of the synthetic intermediates (5) also
formed the basis for completing convenient syntheses of
canarigenin (6)1° and uzarigenin (3b) .11

Digitoxigenin (3a, 0.70 g) was simultaneously oxidized
and chlorinated with tert-butyl hypochloritel2 (in tert-
butyl alcohol-hydrochloric acid, room temperature, 8 hr)
to provide ketone 4 (0.50 g, mp 131-133°).18 Dehydrohalo-
genation of ketone 4 (0.20 g) with lithium chloride in di-
methylformamide (reflux 8 hr} led to canarigenone (5, 90 -
mg, mp 257-263°).10 Careful reduction of «,3-unsaturated
ketone 5 (0.10 g in THF) with lithium tri-tert-butoxyalu-
minum hydride (ice bath, 2 hr) gave (after silica ge! chro-
matography and recrystallization from acetone-hexane)
canarigenin (6, 71 mg, mp 259-261°, 1it.1° mp 260-262°).
Further reduction of canarigenone (5, 0.16 g) with lithium
borohydride in pyridine (ice bath, 5 hr) afforded a route to
uzarigenin (3b, 0.12 g, mp 246-249° from methylene chlo-
ride-methanol, lit.1¢ mp 230-246°).11

Oxidation of canarigenone (5, 40 mg) employing m-
chloroperbenzoic acid in chloroform provided epoxy ke-

o)
HO

‘tone 7 (10 mg, prisms from acetone-hexane, mp 229-
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232°).13 Chromium(Il) acetate!® in ethyl alcohol smoothly
reduced epoxy ketone 7 (70 mg) to an easily separable
mixture of hydroxy ketone 8 (42 mg, prisms from chloro-
form-methanol, mp 235-239°)13 and canarigenone (19
mg). Selective reduction of ketone 8 (30 mg) in ethyl alco-
hol with Urushibaral® nickel-A completed synthesis of
periplogenin (Ic, 26 mg, from methanol, mp 227-234°,
lit.” mp 138-232°).

The syntheses of canarigenin, periplogenin, and uzari-
genin just described should enhance the availability of
these three cardenolides for biological evaluation.
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Synthesis of Alkyl-Substituted Thiirene Dioxides

Summary: A new synthesis of dialkylithiirene 1,1-dioxides
via debromination of bis(a,a-dibromoalkyl) sulfones by
means of trisubstituted phosphines is reported.

Sir: Previously the synthesis of the theoretically inter-
esting and synthetically useful diaryl, aryl alkyl, and di-
alkylthiirene 1,1-dioxides has been described.! Unfortu-
nately, derivatives bearing alkyl substituents have been
obtained so far only via sulfene and diazoalkane interme-
diates and therefore are not readily available on a large
scale either for an extensive study of their properties or as
precursors of other useful synthetic intermediates. With
this deficiency in mind we now describe a new route to
the dialky! thiirene dioxides 4 which makes these com-
pounds as easily obtainable as the diaryl analogs. Central
to the new approach is the 1,3-elimination? of bromine
from a bis(x,e-dibromoalkyl) sulfone by means of triphen-
ylphosphine or a tris(dialkylamino)phosphine [e.g., 3 — 4;
R = CHs (50%); R = CH3CH; (89%)].

Scheme 1
T, (RO),P
CH,SOCH;, W CBr,S0,CBr, oI
1 88% 2°
‘ (CH,),P R==R
RCBr,S0,CBr,R  —m—
or (Me,N),P
3¢ S0,
4

2 Prepared by a modification of the methods of W. V. Farrar [J.
Chem Soc., 508 (1956)] and H. Liebig and H. Pfetzing [German
Patent 1,256,216; Chem. Abstr., 69, 18609 (1968)]. *R = Et, 70%
yield; mp. 101.5-102°; nmr (CDCls) 6 1.42 (t, 3 H), 3.02 (g, 2 H).
¢R = Et, 89% via (MegN)gP at —70°% liquid; nmr (CDCls) 6 1.30
(t, 3H), 2.75 (q, 2 H). Thermolysis (100°) gave 3-hexyne (90%).

To be useful this method requires a simple synthesis of
the tetrabromo sulfones 3, and such a method has now
been developed on the basis of a novel but obscure reac-
tion first described in the patent literature.® Adapting
Szabo’s method for the synthesis of the corresponding -
tetrachloro analogs, reaction of trimethyl and triethyl
phosphite with bis(tribromomethyl) sulfone (2) gives sul-
fone 3 (R = Me or Et). In addition to its importance for
the preparation of the vinylene sulfones, this unique
method of carbon-carbon bond formation combined with
conversion to 4 and subsequent facile thermal cycloelimi-
nation of sulfur dioxide represents a useful route to inter-
nal acetylenes. Although it was not possible to stop the
alkylation of 2 by trimethyl phosphite with the introduc-
tion of a single methyl group, it was thereafter possible to
introduce selectively the third and fourth methyl groups
(Scheme II). Tri- and dibromo sulfones such as 5 and 6
are potentially of interest as precursors of olefins by ex-
tension of the present process.

Scheme I
(CH,0),P
CH,CBr,S0,CBr,CH, o
(CH,0),P
CH,CBr,S0,CBr(CH;), ——> {(CH,),CBrSO,CBr(CH,),

5¢ 6°
@ Yield 80%; mp 126-127°; nmr (CDCl3) 6 2.48 (s, 6 H), 3.01 (s,
3 H).? Yield 90%; mp 129-130°; nmr (CDCl3) 6 2.30 (s).



