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Total Synthesis of (—);Cotylenol, a Fungal Metabolite Having a Leaf Growth Activity
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Cotylenol, one of the representative fusicoccane diterpenoids having 5-8-5-
membered tricyclic carbon framework, is now synthesized for the first time vig an eight-
membered ring formation by an intramolecular ene reaction followed by an oxidative

formation of the 8B,9a-glycol function on the central eight-membered ring.

Cotylenins, diterpenoid glycosides isolated from the culture filtrate of an unidentified species of Clado-
sporium, stimulate the growth of cotyledons in Chinese cabbage seedlings,1) and are structurally related closely
to fusicoccins which were isolated as phytotoxic substances responsible to a wilting disease of peach and almond
trees.2) The cotylenins and fusicoccins commonly possess the trans-88,90-glycol system on their central eight-
membered ring and the stereochemistry of this glycol is reported to be important for their unique biological
activities.3) However, since the derivations of this glycol system from natural sources are limited to give only cis-
88,98-isomers, the biological activities of other stereoisomers are yet not clear. Among them, cotylenol (1)4) is
the only characterized sugar-free natural product of these classes of compounds; therefore, synthesizing not only
1 but also its stereoisomers of the glycol system are desirable to clarify the structure-activity relationships and the
mechanisms of the biological action. As has been already reported,3) the carbon framework of 1 can be con-
structed via an eight-membered ring formation by an ene reaction on an appropriately functionalized B-seco-fusi-
coccane derivative. Herein reported is the first total synthesis®) of 1 utilizing this methodology, which is poten-

tially applicable for all stereoisomeric glycol functions.
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At the beginning, the C1g-synthone for the A-ring of 1 was derived from (3S)-irida-1,8-dien-7-ol (2)7) as
follows. Sharpless epoxidation8) of 2 gave 3, of which epoxide was opened to give an allylic alcohol 4 after
protecting the primary alcohol as a rerr-butyldimethylsilyl (TBS) ether. The tertiary allylic alcohol of 4 was oxi-
dized by pyridinium chlorochromate (PCC) to give an a,B-unsaturated aldehyde which was subsequently treated
with NaBH4 to give an allylic alcohol 5. The PCC oxidation also produced an epoxy-aldehyde as a minor
product which gave 6, separated from 5 at this stage. The major product 5 was then methylated to 7 and epoxid-
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ized again, after deprotection of TBS ether, with Katsuki—Sharpless conditions?) to afford 8. The minor product
6 was also employed to form 8 by a methylation and a deprotection procedure. Subsequently, 8 was oxidized to
an aldehyde 910) by treating with pyridinium dichromate (PDC).

HO CH,0Me 15  TMSO GCH,OMe 16

& NOE S $ NOE &
TMSO CH,OMe 17  TMSO CH,0OMe 18 TMSO CH,0OMe 19  TMSO CH,0OMe 20

Reagents, conditions, and yields: a) i, 'BuOOH, VO(acac)2, ii, AcoO/ pyridine, iii, LiAlH4 (86%); b) i, (iPr0)3Al, ii,
TBSCY/ imidazole (91%); c) i, PCC, Celite, ii, NaBHy (5: 40%, 6: 8%); d) NaH then Mel (88%); €) i, BuyNF, ii, (-)-diethyl
tartrate, (\PrO)4Ti, 'BuOOH/ M.S.-4A (88%); f) i, NaH then Mel, ii, BugNF (86%); g) PDC (75%); h) CrCI3-LiAlH4/ DMF
(11: 56%, 12: 23%); j) i, TMSCY/ pyridine, ii, 9-BBN then H202-3M NaOH (78%); k) i, BugNF, ii, TBSCJ/ imidazole, iii,
MsCY/ pyridine (45%); m) Ca (FeCl3)/ liq. NH3 (72%); n) i, BuyNF, ii, TMSCY/ pyridine, iii, pyridinium p-toluenesulfonate/
aq. THF, iv, PDC (71%); 0) 160 °C (NapyCO3)/ xylene (90%); p) PDC (70%); q) LiHMDS then MoOPH (19: 44%, 20:
28%).
Scheme 1.

The aldehyde 9 was then condensed with another Cjo-synthone of the C-ring, (3R)-7-chloroirid-1-ene
(10)7) by use of low-valent chromium species11) in N,N-dimethylformamide (DMF) to give a desired conden-
sate 11 together with 12. The minor product 12 must be arisen from a deoxygenated A2-aldehyde, formed prior
to the condensation. After protecting the secondary hydroxyl of 11 as a trimethylsilyl (TMS) ether, the site and
stereoselective hydroboration7) on C-8 was performed by 9-borabicyclo[3.3.1]nonane (9-BBN) to afford 13. A
methanesulfonate 14, derived from 13 in three steps, was reductively converted into 15 in a moderate yield. In
this Birch type reduction step, the addition of iron(III) salt12) was indispensable to minimize an over-reduction
product. After protection of C-3 hydroxyl and deprotection of C-8 hydroxyl, the aldehyde 16, the precursor for
the ene-reaction, was obtained by PDC-oxidation.
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The thermally-induced ene reaction of 16 occurred in xylene to give a cyclisate 17 in a good yield. The o-
orientation of C-8 hydroxyl was clarified by the NOE experiment; an enhancement of 83-H was observed by ir-
radiation of C-11-Me signal. For the introduction of C-9 hydroxyl, 17 was oxidized to a ketone 18. Then the
enolate, generated with lithium hexamethyldisilazide (LiHMDS), was oxidized by oxodiperoxymolybdenum(pyri-
dine)hexamethylphosphoramide (MoOPH)13) to give an isomeric mixture of o- and B-hydroxy ketones (19 and
20). The configuration of the C-9 hydroxyl of each product was confirmed by NOE experiments shown in

scheme 1.

+
5 5 3 NOE r
TMSO CH,0OMe 19 TMSO CH,OMe 22 TMSO CH,OMe 21 HO CH,OMe 1
Reagents, conditions, and yields: a) NaBH(OAc)3 (21: 70%, 22: 25%); b) BuyNF (100%).

Scheme 2.

As similar to the model studies,d) reduction of 19 with sodium triacetoxyborohydride mainly gave a
desired trans-8pB,9a-isomer (21) together with a cis-8a,9a-isomer (22), a minor product. The stereochemistry of
21 was confirmed again by NOE experiments as shown in scheme 2. The conversion of 21 to the target,
cotylenol (1), simply required a deprotection of TMS ether of C-3 hydroxyl; it was accomplished by an
ammonium fluoride treatment. Synthetic 1 [colorless prisms, mp. 160 ocl4), [a]}) —30° (lit.4) —26°)] was
identified with natural 1 in direct comparisons of physical properties.

Thus, the first total synthesis of 1 has been completed. Although this synthetic pathway involves several
non-stereospecific steps, the by-products obtained are considered to be useful for the synthesis of isomers of 1;
e.g., 9p-hydroxy ketone 20 is a promising precursor for the 88,98- and 8a,9B-isomers. Since, as mentioned
above, those isomeric glycols are of interest in regards of the structure-activity relationships, results on the syn-
theses and biological activities will be reported in due course.

Sincere thanks are due to Professor Takeshi Sassa, Yamagata University, for generous gift of natural
cotylenol and an authoritative identification of both samples with respects of NMR spectral comparisons.
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pounds are compiled.
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