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Work on these and related compounds is con-
tinuing. We wish to thank British Petroleum for
a Fellowship (to P.M.M.) and D.S.I.R. for a
studentship (to S.5.C.).
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PHOTOSENSITIZED OXYGENATION
OF MONO-OLEFINS
Sir:

Oxidations of olefins with molecular oxygen
conducted photochemically in the presence of a
sensitizing dye are proving most useful in syuthetic
work.! With mono-olefins Schenck, e al., have
established that the initial products are hydro-
peroxides and that the double bond always under-
goes an allylic shift during the process.! We have
studied the geometric requirements of photosensi-
tized oxidations and have found that the reaction
(a) is stereospecific, (b) is markedly subject to
steric hindrance, (¢) may have specific conforina-
tional (z.e., stereoelectronic) requirements.

Photochemical oxygenation of various Af-choles-
tenes (Ia,b,c,) in pyridine in the presence of hema-
toporphyrin gave the corresponding A’-cholestene-
7a-hydroperoxides (II), but no isolable amounts
of the 78-epimers.? For characterization the hy-
droperoxides were reduced without purification to
the known allylic alcohols, which were identified
as such and by conversion to known benzoates.
As a typical result: Ia gave Ab-cholestene-33,7a-
diol (ca. 609 isolated), some A®3-cholestadien-7-
one (ca. 5-10%), and some starting material (ca.

5-109,). In one case (IIb) the hydroperoxide
was isolated separately and purified. Similar

oxygenation of cholesterol-7a-d gave us 38-hy-
droxy-da-hydroperoxy-A®-cholestene! (I1Ia) that
retained only 859, of the original deuteriuni,
whereas cholesterol-73-d gave Illa that retained
959, of the original deuteriunt.® We conclude
that in hydroperoxide formation the new C-0O
bond bears a ¢is relationship to the C-H bond that
suffers cleavage.

The effect of steric blocking is exemplified with
38,5a-dihydroxy-AS-cholestenie (IIIb), which we
find is largely unchanged even on prolonged photo-
sensitized oxygenation.

The operation of a conformational factor is sug-
gested by studies with Ab-coprosten-3-one (VI)
and Ab-coprostene (VII), where the 8-hyvdrogen at
C-5 is gquasi-equatorial on the (non-flexible)
B ring. Peracid epoxidation of A*f-cholestadien-3-
one gave A‘-cholesten-3-one-6,7-epoxide (IV), hy-
drogenated at —27° (Pd/C) to coprostan-3-one-
6,7-epoxide (V). Treatment with HBr, then
acetylation and the action of zinc gave VI, which
provided VII on Wolff-Kishner reduction. For
characterization VI and VII were hydrogenated

(1) See G. O. Schenck, Angew. Chem., 69, 579 (1957), for a review
and leading references.

(2) Mother ligquors also were thoroughly investigated.

(3) The deuterated cholesterols were kindly provided by Dr. Li. J.
Corey.
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to coprostan-3-one and to coprostane, respectively.
Both VI and VII proved inert to photosensitized
oxygenation even on prolonged treatmernt.

Our findings suggest a cyclic mechanism (con-
certed or not) for the olefin~oxygen combination,
after the systemn has been suitably energized. The
reaction is of special interest as a possible pathway
for biological oxidations, particularly in plants,
and ay even represent a pathway for non-
photochemical processes where the reactants can
be activated enzymatically.

Constants* for the new compounds mentioned
are: IIb m.p. 142-142.5°; «—137°; X\(chf) 3540,
3300 cm.—l IV m.p. 138.5-139°; «—39° A
1684, 1621, 870 cm.—1; A (EtOH) 241 mpu (e 12,010).
V, m.p. 122-123°; «—46°; A\ 1724, 892 cm.~.
VI, m.p. 109-110°; «—52°; A 1727; 1636 cm.~L
VII, m.p. 44—45°; a—7°; X 1647 cm.7L

infrared spectra in CSz. Al

I

(4) Optical rotations in chloroform;
compounds gave satisfactory C and H analyses.

(3) This work was supported by the National Science Ifoundatinn
and by the Alfred P. Sloan Foundation.

(6) Alfred P. Sloan Foundation Fellow.

DePARTMENT OF CHEMISTRY®
THE JOHNS HOPKINS UNIVERSITY )
BALTIMORE 18, MARYLAND Jenaxsux F, BacLi

RECEIVED OCTOBER 7, 1959
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FORMATION OF CYCLOPROPANES FROM
PHOSPHORANES AND EPOXIDES!
Sir:

The phosphorane (I} reacts with styrenc oxide
(II) at 190-200° to vield triphenylphosphine oxide
(909%,) and ethyl trans-2-phenyleyclopropane car-
boxylate (IV) (219%), b.p. 100-103° at 0.5 mumn.
(reported? 103-105° at 0.5-0.7 mm.). The ultra-
violet absorption spectrun of 1V agreed with that
in the literature.® Alkaline hydrolysis afforded the
trans-acid, m.p. 90-91° (reported® 92-93°). The

0o

N
(C6H5)3P=CI{_C02C2H5 -+ RMCQ—CHZ —_—
11, R = CiH;
I III, R = CsHis
CH,

- VAN
(C5H5)3P_O + R—CH—CH_C02C2H5
IV, R = CeHs
V, R = CeHis
(1) Supported by the National Science Foundation.
(2) A. Burger and W. I,. Yost, Tuis JOURNAL, 70, 2198 (1948).
(3) E. N. Trachtenberg and G. Odian, 1bid., 80, 1015 (193%).



