Communications to the Editor

Regio- and Stereoselective Cyclopentenone Annulation
by Means of Ketone-Propargyl Alcohol Adducts
Sir:

Much attention has been focused on the development of
ring-forming reactions for constructing fused carbocyclic
skeletons. Of particular significance is the regio- and the ste-
reochemical outcome of the annulation. These aspects of the
Robinson annulation have been extensively studied and are
now well established.! The analogous problems with cyclo-
pentenone-forming reactions? seem to remain still unsolved
in spite of several attempts.3* A process briefly noted by Ra-
phael®@ and others3®< is found to provide the solution.

When 2-methylcyclohexanone-propargyl alcohol adduct
1a® was treated with a mixture of concentrated sulfuric acid
and methanol (1:1) at 0 °C for 30 min, hydrindanone 2a’ was
produced in 70% yield as the sole product. This result strongly
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suggests a hydroxypentadieny! cation of thermodynamically
favorable form 3a as an intermediate. As the five-mem-
bered-ring formation is subject to the electrocyclic conrotatory
rule,® we can easily obtain the cis-vic-dimethyl derivative 2b°
(67% yield) from 1b,'C along with its isomer 4! (~10%). Thus,
the geometrically favorable cation 3b is the intermediate re-
sponsible for the formation of 2b. The stereochemical outcome
was readily confirmed by transforming 2b2!3 into 5 and by
comparing the '"H NMR spectra with the literature.!4 Appli-
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cation of the reaction to 2,3-dimethylcyclohexanone resulted
in the formation of trans-vic-dimethylhydrindanone 2¢. Acid
treatment of 1e'® gave a complex mixture of products, whereas
monoacetylation (Ac,;O-pyridine, room temperature) of the
diol, followed by treatment of the resulting hydroxyacetate
with sulfuric acid-2,2,2-trifluoroethanol (1:2) at 0 °C, gave
2¢!'6 (60% yield) as a single product. The trans relationship of
the two methyl groups was demonstrated by converting 2¢ into
6.!7.8 Such stereochemical preference is easily understood by
considering the transition state 3'¢ of the electrocyclic reac-
tion.'* We can take advantage of these results for selective ring
closure with concomitant selective arrangement of substitu-
ents.
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The glycol 1d?! was obtained from 4-isopropyl-2-methyl-
cyclohexanone and 1-butyn-3-ol as a stereoisomeric mixture
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(87% yield). When this was exposed to the sulfuric acid-
methanol conditions at 0 °C, 2d and 7 were produced in a ratio
of 83:17 in 64% yield.2? In order to establish the stereochem-
istry of the substituents, the mixture of products was succes-
sively subjected to a ring-enlargement reaction?? to give a
mixture24 of dihydro-7-epinootkatone (8)?° and dihydro-
nootkatone (9)26 (82:18). It is noteworthy that three cis sub-
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stituents are selectively disposed in a single reaction. The ob-
served selectivity is, again, explained by the preferred transition
state 3'd wherein the bulky isopropyl group resides at an
equatorial position and C-C bond formation develops under
orbital control.2 Accordingly, the present reaction provides
a facile route to hydrindanone derivatives with high selectivity
in the stereo- and regiochemical sense. This may find wide
applicability in terpenoid synthesis, in particular of eremo-
philane derivatives,2” when combined with the ring-enlarge-
ment reaction.

Application of the present reaction to 2-methylcyclohep-
tanone afforded hydroazulenones 103 (67%) and 113 (14%).
The regioselectivity here is in sharp contrast to the results of
our previous study? of the adduct of the ketone and 1,1-di-
chloroallyllithium which afforded 11 exclusively.
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In conclusion, the prominent feature of the present annu-
lation procedure is the thermodynamically most favorable
cation 3 intermediate. This feature is again recognized in an
acyclic system as the adduct of 2-octanone and propargyl al-
cohol was converted exclusively to 2-methyl-3-pentyl-2-cy-
clopentenone? in 58% yield. Further synthetic application of
this new method is now in progress.28
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Nonchair Conformations in Phosphorus-Containing
Cyclohexanes. Crystal and Molecular Structures of
cis- and trans-2-Phenyl-2-oxo-5- tert-butyl-
1,3,2-dithiaphosphorinanes and
cis-2-Phenyl-5-tert-butyl-1,3,2-dithiaphosphorinane
Sir:

Saturated homocyclic and heterocyclic six-membered rings
generally exhibit a strong preference for the chair conformation
over nonchair forms (AH® = ~3-8 kcal/mol).! Although
special ring modifications or severe steric biasing influences
afford a predisposition for the twist or other nonchair struc-
tures, molecules that inherently favor a twist conformation in
unstrained situations are rare.!*2 In a recent 'H NMR study
on the stereochemical properties of la and 1b in solution, we
found that, although 1b assumes predominantly a chair con-
formation (2), 1a populates considerably a twist form (3).3
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Since the free-energy difference between the chair and twist
forms was estimated to be as low as 0.5 kcal/mol,? the 1,3,2-
dithiaphosphorinane ring system appeared to be a good can-
didate for obtaining unconstrained twist structures. To find
out whether the twist conformation for 1a would be manifested
in the solid state, X-ray crystallographic analyses were per-
formed on 1a and, for comparison, on 1b and 1¢. Surprisingly,
both 1a and 1b adopt a twist conformation in the solid state,
which represents an unusual case where two configurational
isomers of a six-membered ring assume twist forms.

Crystals of 1a, 1b, and 1¢ all belong to the monoclinic sys-
tem, space group P2,/c. All three crystal structures were
solved by direct methods using MULTAN.* Atomic positional®
and thermal parameters (anisotropic C, O, P, S; isotropic H)
were refined by full-matrix least-squares calculations to R =
0.054 (1a), 0.050 (1b), and 0.040 (1c) over 2433, 1876, and
1270, respectively, statistically significant (7 > 2.00 (1)) re-
flections measured on an Enraf-Nonius CAD-3 automated
diffractometer (Ni-filtered Cu Ka radiation, A = 1.5418 A;
#-28 scans).

Views of the solid-state conformations for 1a® and 1b are
shown in Figures 1 and 2;5 endocyclic torsion angles defining
the heterocyclic ring shapes of 1a—c are in Table 1. Although
the endocyclic torsion angles for 1a and 1b depart significantly
from ideal symmetry-related values characterizing a twist (D)
form, it is quite apparent that the six-membered rings in each
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