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in the gel is essential for the redox reaction.

The mechanism of hydrogen evolution from the colloidal
CdS-agarose system is proposed as follows: on the ex-
citation of the colloidal CdS particles, it produces an elec-
tron in the conduction band and electron hole in the valence
band. In the presence of Rh, the electron can be injected
into catalyst Rh. Water or proton can be reduced on the con-
duction band of CdS or Rh holding electron, while water or
alcohol can be oxidized on the valence band of CdS par-
ticle (Figure 3). In the absence of Rh, an electron transfer
probably occurs from a conduction band of the excited CdS
particle to the other neighbor particle and therefore, the
reduction and oxidation of water or alcohol occurs at the dif-
ferent CdS particles.
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9. The A, of the conduction band of colloidal CdS par
ticle-agarose gel system is around 520 nm.

10. CdS-agarose system is stable enough for 3-days ir-
radiation: the UV and IR spectra and the yield of hy-
drogen production of the gel system after 3-days ir-
radiation are not changed.
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Photochemistry of conjugated cyclopropyl ketones has
been extensively studied over the past few decades.! Be-
cause of the orbital overlap of the bent orbitals of the cy-
clopropyl gronp with m orbitals of the attached carbonyl
group, their photochemical reactions often involve the cy-
clopropyl ring opening. Photochemical ring opening reac-
tions of B-cyclopropy!l enones have also been documented
in the literature for various compounds such as bicyclo[3,1,
O]hex-3-en-2-ones,”  spiro{2,5}octa-4,7-dien-6-ones,’ etc.
These ketones share a common structural feature in which
the double bond is a part of a ring. It has been known that
excited enones in nonrigid system are easily deactivated by
cis-trans isomerization of double bonds. For this reason,
photoinduced cycopropyl ring opening reactions of nonrigid
B-cyclopropyl enones have rarely been reported. Here we
would like to report an efficient light-induced cyclopropyl
ring opening reaction of the title compound which does not
impose the rigid environments on double bonds.

The 2-phenyl-4-cyclopropylmethylidene-5(4H)-oxazolone,
1, was prepared by the Erlenmeyer synthesis,® which only
gave the more stable Z-isomer.® The oxazolone 1Z in
acetonitrile (0.02 M) was irradiated in a quartz vessel with
an output of 450 W Hanovia medium pressure mercury arc
lamp. Evaporation of the solvent from the crude mixture

showed that two isomeric products were present in the mix-
ture. These products were identified to be a Z,E- and an E,
E-isomer of the cyclopropyl ring opened product, 2, from
their spectroscopic data (Scheme 1).” The structure of 2 was
further confirmed by comparing it with the sample which
was synthesized separately using E-crotonaldehyde, hippuric
acid, lead tetraacetate and acetic anhydride.® The ratio of
2EE increased with irradiation time and reached maximum
with an 1 to 1 ratio of the two isomers. The same ratio was
obtained when the isolated 2ZE was irradiated under the
same condition.’ Heating 1Z in refluxing acetonitrile in the
dark did not provide the ring opened praducts at all.

When 1Z in 2-propanol was irradiated under the same ir-
radiation condition, an additional product was formed. This
product was assigned as 3 according to its spectroscopic
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property.” The ratio of 2 and 3 was measured to be 3 to 1
by the integration in 'H NMR spectrum of the crude mix-
ture. If the reaction was done in tetrahydrofuran containing
five percents of water, 3 was replaced by a new product
which was later identified to be 4."' The ratio of 2 and 4
was 4 to 1 in the crude reaction mixture.

The ring opening reaction occurred also when acetone
was used as a solvent. If the photolysis was done using a
Pyrex filter, cis-trans isomerization of the starting ketone®
was observed as a major reaction irrespective of any sol-
vents used even though a small amount of 2 was detected
in most of solvents except in benzene. The photolysis under
this condition afforded a 5 to 4 photostationary mixture fa-
voring the Z isomer. Neither 3 nor 4 was detected in the
photolysis in 2-propanol or tetrahydrofuran containing 5%
water under this irradiation condition. The results of photoly-
sis of 1Z under varied reaction condition are summarized in
Table 1.

The formation of 2 can be explained by the cyclopropyl
ring opening followed by 1,2 hydrogen shift, as frequently
addressed in the mechanism of photochemistry of c-cy-
clopropyl ketones.! The fact that the ring opening also oc-
curs in acetone suggests that the reaction can proceed in the
triplet state. The ring opening of 1 may have preceded by
hydrogen abstraction of the carbonyl oxygen from 2-pro-
panol in the nn* triplet state. However, the fact that the
ring opening also occurs in acetonitrile eliminates this pos-
sibility. The fact that 1 readily forms the cyclopropyl ring
opened products implies that the excited state of the ox-
azolone has a strong radical character at B position to the
carbonyl group, which can trigger the well known cyclo-
propylcarbinyl radical rearrangement.”

The formation of 3 and 4 is believed to occur through
photodecarbonylation followed by addition of 2-propanol or
water to a ketenimine intermediate, as previously observed
in the photolysis of 2-phenyl-4-ethylidene(or propylidene)-
5(4H)-oxazolone.” We have experienced that the photode-
carbonylation is quite a general reaction under this reaction
condition when B-substitucnts to the carbonyl group of the
4-unsaturated oxazolones are simple unsaturated alkyls. If
there is further conjugation at this position as in aryl or vin-
yl case, the photodecarbonylation is not observed. This
was futher evidenced in the photolysis of 2 which led to cis-
trans isomerization only.

Table 1.
Irradiation 2
Solvents Condition Products (%)
Acetonitrile No Filter 2ZE (45), 2EE (45)
2-Propano] No Filter 2 (64), 3 (21)
2-Propanol Pyrex Filter 1Z (41), 1E (32), 2 (13)
Benzene Pyrex Filter 1Z (52), 1E (45)

THF (with 5% water) No Filter

“Isolated chemical yield.

2 (72), 4 (19)
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If the irradiation of 1Z was done in any solvents using a
Pyrex filter, the cis-trans isomerization was the major reac-
tion pathway. It was no surprise for us to see the absence
of 3 or 4 at this irradiation condition since we have seen
similar wavelength dependence on the photochemistry of 2-
phenyl-4-ethylidene(or propylidene)-5(4H)-oxazolone.™

In summary, irradiation of 2-phenyl-4-cyclopropylmethyl-
idene-5(4H)-oxazolone in several different solvents resulted
in an efficient cyclopropyl ring opening reaction. Especially
in nonnucleophilic solvents such as acetonitrile, the ring
opening was the only reaction observed. Currently, photoly-
sis of several structural analogues of 1 including a simple
lactone with a similar substituent is being done in our la-
boratories to obtain further insights on this reaction.
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In connection with our continuing efforts’ to utilize an po-
lyene cyclization reaction to build up a carbon skeleton for
forskolin 1, we wish to report the synthesis of the epoxy
triene 13 as a key intermediate. The forskolin 1 is a di-
terpene obtained from the roots of Coleus forskohlii (Willd.y’
Brig. (Lamiaceae), which has been described in Ayurvedic
materia medica and in ancient Hindu medicinal texts as a
remedy for several complaints, including heart diseases and
central nervous system {CNS) disorders such as insomnia
and convulsions.

In clinical studies, forskolin 1 has shown a promising
therapeutic potential as a novel drug for the treatment of
diseases such as glaucoma, congestive heart failure,® and
bronchial asthma.* The absolute structure of 1 was det-
ermined from the crude methanolic extract of Coleus for-
solii in 1977 by the research group at Hoechest.™ It has

Figure 1.

eight chiral centers and various oxygenated functional
groups-hydroxyl, acetate, ketone, ether-with an ether linkage
within its tricylic carbon skeleton. Forskolin 1 has attractcd
considerable interests from many synthetic organic chemists®
because of its unique structures and biological activities.
The first total synthesis of 1 was reported by Ziegler™ fol-
lowed by Corey™ and Ikegami.™ The formal syntheses for
the Ziegler intermediate 2 were reported by several others.®
(Figure 2)

However, all of these synthetic routes requited more than
20 steps in order to build the carbon skeleton with the
necessary functional groups. We have investigated a con-
ceptually different approach to synthesize Zieglar inter-
mediate 2 utilizing polyene cyclization.® Our retrosynthetic
analysis is depicted in Scheme [. Forskolin 1 would he syn-
thesized from the key intermediate 4. The tetramethyl hex-
ahydrobenzochromone of 4 would be constructed from the




