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An improved eight-membered ring closure by means of a Lewis
acid-catalyzed ene-reaction of an iridoid dimer produced a tri-
cyclic derivative which was further converted to cycloaraneosene
and its congener, "hydroxycycloaraneosene'. Total synthesis of the
latter established its structure to be 88-hydroxy derivative, not

as the originally-proposed 9a-.

In the last decade, total syntheses of the 5-8-5-membered tricyclic di- and

sesterterpenoids have been attracted much attention.l) During our synthetic study2)

of cycloaraneosene ( 1 ), a 5-8-5-membered tricyclic diterpene isolated by Borsch-

3) 4)

berg from Sordaria araneosa, we have prepared 9o '’ -hydroxycycloaraneosene ( 2 ),

whose structure corresponded to the proposed for a congener, "hydroxycycloaraneo-
sene" (A ). The 1H NMR spectra of 2 and A were, however, not the same, and the
structure of A should be revised. The reported spectral data suggested that A might
be 8g-hydroxycycloaraneosene ( 3 ).2) To obtain a concrete proof for this we aimed
to synthesize 3 in an unambiguous way; since a hydroxyl epimer of A has been

3)

prepared, synthetic attention was paid only on the regio-selective introduction
of the hydroxyl at C-8 position of |. Herein, we describe structure elucidation of

A as 3 by a synthesis via an improved eight-membered ring closure.

In general, a medium ring formation by an ene-reaction may not be practical.

However, the cyclization from an appropriate precursor,e.g., an iridoid dimer,
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may become feasible, sirce two five-membered rings fused to the system must greatly
reduce a freedom in conformational change ( entropy factor ) of the ground state
compared with that of a simple open-chain material. Therefore, the following retro-
synthetic scheme should be worthwhile to be examined.

-
3
.
>
-

The key compound, a dienal ( 4 ),5) was prepared from 5.2)

Me3;CCOO  OH Me;CCOO

1 ) O-N0206H4SECN,

BusP / THF 7)
— H.,' ——
2) p-TsOH / MeOH 2) HO,/ THF
08% 8) 97%
. 1) F3CSO,TMS,
1) LiAIH, / THF Kty
- 4
2) (Cl3CC0),0, 2) Pd(OAc),
DMSO ; EtzN /MeCN @)
98% 51%

Interestingly, the results of the ene-reaction of 4 were completely different
under two conditions, a thermal and a Lewis acid-catalyzed conditions. While heat-
ing of 4 at 200 °C in a sealed tube furnished a 5-7-5-membered derivative ( 6 )10)
as judged from appearance of five methyl signals in its 1H NMR spectrum, an SnCla—
treatment of 4 in THF formed the desired 5-8-5-membered aldehyde ( 7 ).

200 °C SnCl,
B EEE—— L ——— e
Toluene THF
97% 85%

An unexpected formation of 6 from 4, a conjugated aldehyde, can be explained
in terms of the preference of the rsmaller ring formation under the sterically
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crowded circumstances in the transition state; the m-system of the enal moiety
might not be co-planar. On the other hand, SnCl4 was sufficient enough to polarize
the aldehyde to make the electronic control predominant. The ring structure and
stereochemical arrangement of 7 were proven by its transformation to 1 via the

NaBHa-reduction to an tricyclic alcohol ( 8 ) and its dehydration. The product, 1,

2)

was identical with our former sample. Thus, an ene-reaction opened an improved

route for 1.

1) O'N02C6H4SECN,
NaBH, / MeOH BusP/ THF
7 1
2) H,0,/ THF
99% ) H20;
50%

In order to introduce an oxygen function at C-8, 7 was first converted into an
allyl alcohol ( 9 ) by consecutive treatments with trimethylsilyl trifluoromethane-
sulfonate-Et3N, Pd(OAc)Z, and NaBHA-CeC13.11) A stereoselective conversion of 9 to
8-hydroxy derivative ( 10 ) was facilitated by the same treatment employed in the
dehydration of 8, i.e., an o-nitrophenylselenocyanide—treatment7) followed by H202—
oxidation.!?) The alcohol 10, colorless needles, mp 128.5-130 °C, [alj -16° (CHCL,)
( lit.3) 129-130 °C, [a]D -10° ), was identical with the epimer of the natural A
from the 3¢ NMR [ 6=14.8¢+0.1),%3) 20.5, 21.2, 26.5(+0.1), 27.0, 28.0(+0.1), 29.6
(+#0.2), 34.1(¢(-0.1), 34.6, 34.7(+0.1), 41.4, 42.1, 42.5(+0.2), 50.0(-0.1), 50.2,
77.0¢(+0.2), 112.5(+0.3), 135.1, 143.1(+0.3), and 159.0].

1) F3CS05TMS,
EtsN/ CH,Chy

7 ——

2) Pd(OAC),
/MeCN

3) NaBH4 - CeC‘s
84%

1) O-N02C5H4SGCN,
BusP/ THF

2) H,0, / THF
77%

(Cl,CCO),0,

DMSO; Et;N NaBH, - CeCl3

MeOH
92%

The other 8-hydroxy derivative of 1 was synthesized by a slightly modified
method cf known procedures;3) Swern oxidationg) of 10 to 11, colorless needles, mp

73-74.5 °C ( lit.3) 75-76 °C ), and its 1,2-reduction with NaBHA-CeClB. As ex-

pected, the physical data of this colorless-oily alcohol ( 3 ) [ lalp +15° ( lit.3)
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lalp +7.5°). 130 NMR 8=16.7, 21.17, 21.23, 27.3, 27.9(2C), 29.6, 31.8, 33.9, 36.7,
39.4, 42.5, 46.5, 48.7, 50.8, 73.2, 107.1, 134.2, 144.6, and 157.7], were in good
accord with natural A. The stereochemistry of the hydroxyl group of 3 was confirmed
by distinct observation of NOE on H-6 (§=2.09, br td, J=10, 8 Hz) and H-lo (1.44,
dd, J=15, 8 Hz) by an irradiation with the frequency of H-8 (4.46, dd, J=8, 6 Hz).
Therefore, the structure of natural A is 8g-hydroxycycloaraneosene, 3.
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