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of solutions of either the cis- or trans-stilbene complex®
alone or in the presence of iodide gave only the cor-
responding olefin, while similar decomposition of the
trans-crotonate complex gave only ethyl rtrans-cro-
tonate, as determined by nmr spectra of the reaction
solutions. The sequence therefore provides a syntheti-
cally useful complement to the reduction of epoxides
through conversion to phosphorus betaines with tri-
phenylphosphine® or [ithium diphenylphosphide,©
which results in stereochemical inversion. It constitutes
a convenient alternative to the reduction of epoxides
by conversion to iodohydrins and reduction of these
with zinc or stannous chloride. !

The stereochemical result may be readily accounted
for by a mechanism involving initial SN2 opening of
the epoxide by the complex anion, followed by a trans
migration of the organometallic group concerted with
the loss of water from the oxonium ion formed on pro-
tonation of the alcohol. 12

The intermediate alcohols may be isolated as labile,
air-sensitive yellow solids, by quenching solutions of
the alkoxide 3 with water. The nmr spectrum of the
alcohol derived from cyclohexene oxide exhibits a broad
multiplet (19 Hz at half-height) at  6.90 for the proton
at C,, consistent with an axial conformation for this
proton resulting from trans opening of the epoxide
ring. 1814
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While the intermediate alcohols are generally un-
stable, the related alkoxides, which may be precipitated
from the initial reaction solution by the addition of
ether, are relatively stable. This is most strikingly illu-
strated by the alcohol derived from trans-stilbene oxide
which is exceedingly labile in solution and in the solid
state. By contrast the corresponding alkoxide is a
stable yellow solid which can be stored for prolonged
periods of time without apparent decomposition.

The further use of these substances and of the cationic
metal-olefin complexes will be reported shortly.
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The Total Synthesis of Cephalotaxine
Sir:

Cephalotaxine is the parent member of the Cephalo-
taxus group of alkaloids, several of which have shown
significant inhibitory activity against experimental
lymphoid leukemia. Structural elucidation by a com-
bination of chemical and X-ray crystallographic studies
has shown cephalotaxine to have the unique structure
and stereochemistry indicated in formula 1.'~¢ In this

paper we wish to report the first total synthesis of
racemic cephalotaxine.

Condensation of prolinol® with 3,4-methylenedi-
oxyphenylacetyl chloride® in acetonitrile solution at
—20° in the presence of suspended potassium carbonate
gave the alcohol 2 as a viscous oil (82 % yield). Oxida-
tion of 2 with dicyclohexylcarbodiimide, dichloroacetic
acid, and dimethyl sulfoxide’ gave the oily aldehyde 3,
isolated by chromatography in 709 yield [nmr peaks
(CDCl;) at 6 9.50 (1 H, d, J = 1.5 Hz): ir max (film)
1720 cm~1. Cyclization of aldehyde 3 to tetracyclic
enamide 4, mp 122-123°, was accomplished in 85%]
yield by stirring at room temperature in chloroform
solution in the presence of boron trifluoride etherate
[nmr peaks (CDCly) at 4 6.65 (1 H, s), 6.52 (1 H, s), 5.96
(1 H,s, vinyl), 590 2 H, s), 3.68 (2H, t,/ = 3 Hz), 3.26
(2H,s),274(2H,t,J = 3 Hz), 1.90 (2 H, m); ir max
(CHCl,) 1650 cm~1]. Enamide 4 upon reduction with
lithium aluminum hydride in refluxing tetrahydrofuran
gave enamine 5 (10097), mp 82-83° [nmr peak (C¢Ds)
at & 5.00 (1 H, s)].

Treatment of enamine § with 2-acetoxypropionyl
chloride® in refluxing acetonitrile in the presence of
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suspended sodium bicarbonate gave the crystalline
vinylogous amide 6, mp 132-133° (75%) [nmr peaks
(CDCly) at 6 1.12 (3 H, d, J = 7 Hz), 2.09 (3 H,
s), 5.60 (1 H, q, / = 7 Hz); ir max (CHCl,;) 1740
and 1650 cm~!. Hydrolysis of 6 with potassium
carbonate in aqueous methanol afforded alcohol 7, mp
139-141°, in 957 yield [nmr peaks (CDCl;) at & 0.85
(3H,d,J =7Hz2),475(1 H, q, J = 7 Hz); ir max
(CHCI;) 3300 cm~']. Alcohol 7 was converted to the
oily yellow a-dicarbonyl compound 8 (80%) upon brief
refluxing with lead dioxide in toluene [nmr peak (CDCl;)
at § 2.22 (3 H, s)].%%

Without purification 8 was treated with magnesium
methoxide in methanol ™ resulting in formation of crys-
talline pentacyclic desmethylcephalotaxinone (9),!%12
mp 104-107°, upon recrystallization from methanol
(529%) [found for 9: nmr (CDCl;) 6 1.8 (4 H, m), 2.60
(2 H, s), 2.9-3.6 (6 H, m), 5.10 (1 H, br s, OH), 6.00
(2 H,5s),6.75(1 H, 5),7.00(1 H, s); uvmax (C;H;OH-
HCI) 324 nm (e 8700), 262 (8500), 232 (7800); uv max
(C:H;OH-KOH) 341 nm (e 13,100); ir max (CHCly)
3475, 3300, 1700, and 1645 cm~'; m/e 299.1158].

Desmethylcephalotaxinone (9), upon refluxing in
methanol-dioxane solution with excess 2,2-dimethoxy-
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propane in the presence of 3 equiv of p-toluenesulfonic
acid, was converted to naturally occurring cephalo-
taxinone (10) (409), mp 180-183°.41%14  Reduction
of 10 with sodium borohydride in methanol at room
temperature was stereospecific and gave racemic
cephalotaxine (1) (80%7).18
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Coordinated Nitrene Formation by the Photolysis of
Azido Pentaammine Complexes of Rhodium(IIT)
and Iridium(III)

Sir.

Investigations of the photolysis of several different
azido-metal complexes suggest the formation of azido
radical which then reacts with itself to generate nitro-
gen.! However, this is not the photochemical behavior
of the azido group for hydrozoic acid and for organic
azides. The photolysis of hydrozoic acid yields the
active intermediate nitrene (NH),? and organic azides
react photochemically to produce substituted nitrenes
(NR).® We wish to report that the photochemical
reactions of [M(NH;);N;]**, where M = Ir(III) and
Rh(III), result in the decomposition of the azido group
via a coordinated nitrene (M-NH) intermediate.

Photolysis experiments with aqueous solutions of
[Ir(NH;)sN;)(ClO,). were performed using a Hanovia
8A36 medium-pressure mercury arc lamp and a 270-
nm cutoff filter solution (5%, benzene in methanol
solution). [Ir(NH3);N;J(CIOy)., (1 g) was dissolved
in 250 ml of 0.1 M HCI, and the solution was irradiated.
Irradiation was stopped when the uv spectrum of the
solution showed that the absorption band at 258 nm
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