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Withaseries of isoprenoid polyenes suchas trans-caryophyllene
(1) and the acetates of trans-geraniol (8), all-trans-farnesol (7),
and all-trans-geranylgeraniol (10), we have been studying!-2light-
induced cyclizations (Scheme I) in microheterogeneous medium
with an emphasis on consecutive bond-forming reaction cascades
triggered by single electron transfer (SET).> We now report
that such transformations constitute a synthetically powerful
method for the rapid buildup of arrays of stereogenic centers.
Furthermore, we propose that radical cationic intermediates—such
as the ones produced in this work photochemically*—could
potentially play a role in the biogenesis of natural products in
addition to the cationic intermediates invoked in classical
concepts>S and especially in nonoxidative cyclization processes
for terpene biosynthesis.”

Whereasirradiation of zrans-caryophyllene (1) in homogeneous
solution (CH;CN/water 20/1) in the presence of an electron
acceptor such as 1-cyanonaphthalene (1-CN) or 1,4-dicyanoben-
zene (1,4-DCB) causes merely (E)/(Z) isomerization (1 = 2),
competing transannular cyclization, affording 3% and 4,29 is
observed onirradiation in argon-flushed anionic micellar medium
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[sodium dodecyl sulfate (SDS)].!1® Seemingly, these products
result from scavenging!! of radical cationic intermediates by
water'2inan anti-Markovnikov'! sense, This mode of interception
of radical cations by nucleophiles is typical of SET processes. In
addition to the tricyclic stereoisomers 3 and 4, photooxygenation
products of 1are formed (note that it is difficult to remove oxygen
entirely from a micellar solution).!

(10) Irradiations were conducted in a Rayonet reactor equipped with RPR
300-nm lamps. The concentration of SDS was above the critical miceilar
concentration in water.
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Similarly, irradiation of trans-geranyl acetate (5) in aqueous
SDS solution (1-CN, Air 300 nm) gives rise to formation of the
six-membered cyclic product 6%!° as the major component of the
reaction mixture in 2—4% yield.!* As in the previous example,
cyclization occurs only in microheterogeneous and not in ho-
mogeneous media where (E) /(Z) isomerization is again the major
event observed. The indispensibility of SDS for the cyclization
processes can only be speculated upon at this stage of the
investigation. It may be responsible for enhanced separation and
hence longer lifetimes of the intermediate radical ion pairs as
well as for the proper folding of the substrates. To test the
reactivity of homologs of 6, all-trans-farnesyl acetate (7) and
all-trans-geranylgeranyl acetate (10)!° were individually subjected
to the same reaction conditions. Again, cyclizations took place
only in the presence of SDS. 7 and 10 gave trans ring-fused
products including the main components 8 and 11 (X-ray
analysis)!é plus their C-9a and C-14a isomers 9 and 12,
respectively (2-6%yields).%!4 Despite the low yields, these results
are remarkable since the regio- and stereoselective incorporation
of water together with the formation of trans ring fusions mirror
features characteristic of the biogenetic derivation of terpenes
viacationic cyclizations and especially of those from nonoxidative
processes.” Mechanistically, the products could either derive from
free-radical-type (via 13) or ionic (via 14) all-chair cyclizations
as exemplified for 10 — 11 (note that the corresponding chair/
chair/boat folding would lead to 12). An important question
concerns scavenging of the free-radical site which develops at
C-13 during such a sequential bond-forming cascade in any
mechanistic event from 13 or 14. Formally, three options for
saturation at C-13 are conceivable, i.e., (a) reduction of the C-13
radical by 1-CN*- to form a C-13 anion prior to protonation, (b)
disproportionation, and (c) hydrogen abstraction by the C-13
radical, potentially from unreacted polyenes. The first option,
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,f, c=10.896(1) A, 8 = 95.99(2)%, V = 4037.6 A3, Z = 8, calculated density
= 1.15 gem=3, F(000) = 1552¢, and p = 5.46 cm™! (no absorption correction
applied). A total of 8228 reflections were collected, of which 4136 were
unique (R,y = 0.03). 3213 observed reflections were used for the structure
solution (direct methods, SHELXS-86) and subsequent full matrix least-
squares r‘iﬁjnemem. R = 0.095, Ry = 0.120; final residual electron density
=0.27 eA™3.
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albeit rather unlikely in view of the expected instability of an
intermediate C-13 carbanion, can be ruled out since cyclization
inD,0/SDS does not lead to C-13 deuteriation; the second option
does not apply to the given example since no olefinic cyclization
products were detected.!”

A preparative improvement!? of the transformations of §, 7,
and 10 in aqueous SDS with 1,4-DCB can be achieved when
phenanthrene is added to the reaction mixture as sensitizer!® and
the irradiation is conducted either at A 350 nm (Rayonet reactor)
or with a mercury medium-pressure lamp (Pyrex immersion well),
i.e., conditions under which phenanthrene is excited predomi-
nantly. The product yields are improved to 8% for 6 and 20-25%
for 8/9 and 11/12 with unchanged isomer ratios.!4

These reactions, the yields of which are not yet optimized,
constitute the first examples of photochemically triggered
biomimetic-type terpene cyclizations via single electron transfer.
The reactivity of further biogenetically relevant substrates,
structural modifications to the substrates studied thus far, and
variations of the reaction conditions to improve the preparative
feasibility of such sequential cyclizations are under study.
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