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AN ASYMMETRIC APPROACH TO THE SYNTHESIS OF TRANS-DIHYDRINDANDIONE
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Summary: A three-step asymmetric approach to the synthesis of (3aS,
7aS8)-3a,4-dihydro-7a-methyl-1,5(7al)-indandione in 60% enantiomeric

excess is described.

Contrary to virtually complete diastereoface-differentiation in the conju-
gate addition of certain organocopper reagents to chirally substituted 2-cyclo-
pentenones,l’2 attempted asymmetric conjugate additions of alkylcuprates con-
taining chiral auxiliary ligands to prochiral cycloalkenones so far gave rise
to uniformly low selectivity.3 On the other hand, conjugate transfer of a
chirally functionalized vinyl group from a copper reagent to 2-methyl-2-cyclo-
pentenone followed by enolate trapping (double Michael addition) has met con-
siderable success.4

We have also reported an effective enantioface-differentiating conjugate
addition of copper azaenolates as synthetic equivalent of enolates to cyclic
enones.5 Thus, metalation of an acetone imine of (R)-tert-leucinol methyl

ether6

with butyllithium followed by treatment with one-half equivalent of
copper (I) iodide-dimethyl sulfide gave a homocuprate (1), presumably with a
chelate structure shown. Conjugate addition of 1 to 2-cyclopentenone (g) gave,
after facile hydrolysis, (R)-3-acetonylcyclopentanone (3) with 75% e. e. and in

satisfactory chemical yield (eq. 1).
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Recently, Stork and collaborators have developed a novel method for stereo-
chemical control to construct trans-hydrindan system via an internal Michael ad-
dition and aldol condensation (eq. 2).7 The potential importance of this route
prompted us to disclose our own approach to the synthesis of a molecule like i
in an enantioselective manner.

We report here an application of the new and efficient conjugate addition
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of an enolate equivalent to a short synthesis of trans-dihydrindandione system

i
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via the resulting enolate trapping as depicted in Scheme 1.
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a: i) (S)- or (R)—g, ii) ClSiMe3, iii) aq NH4OH—NH4C1. b: CH(OMe)3/SnCl
C: AcOH/PhCHZCHZNHZ.

4
Scheme 1

In a preliminary experiment, acetone imine of cyclohexylamine (0.695 g,

5.0 mmol) in dry THF (15 mL) was lithiated with BuLi (1.6 M in hexane, 3.15 mL).
To the solution at -60 °C strictly under a nitrogen atmosphere was added a
solution of Cul (0.475 g, 2.5 mmol) and Mezs (0.5 mL) in dry THF (4 mL). The
resulting copper azaenolate solution was kept at this temperature for 1 h, being
treated with 2-methylcyclopentenone Q§) (0.243 g, 2.5 mmol) in THF (2 mL) by a
slow addition at -60 °C. The whole mixture was allowed to warm to -20 °C,
cooled again to =65 °C, and treated with ClSiMe3 (0.405 mL, 1.2 eq) in a cource
of 1 h. Hydrolysis and usual work up of the reaction mixture5 gave a product
mixture. Cyclohexylamine was recovered first by careful distillation under
reduced pressure. From a residual oil there was obtained 3-acetonyl-2-methyl-
1-(trimethylsiloxy)cyclopentene (E)8 (0.496 g, 86% yield) by distillation (
Kugelrohr). Attempted column chromatographic purification (silica gel) resulted
in partial decomposition of the enol silyl ether.

After many trials for the Lewis acid-mediated reaction of 6 with trimethyl
orthoformate,9 tin(IV) chloride was found to be an only choice for introducing
the formyl group equivalent to the present enol silyl ether: To a solution of
SnCl4(0.84l g, 3.2 mmol) in dry CH2C12 (10 mL) was added at -40 °C a mixture of
6 (0.30 g, 1.3 mmol) and CH(OMe)3 (0.276 g, 2.6 mmol) dissolved in CH2C12 (5
mL) over a period of 0.5 h. The reaction mixture was allowed to stand for 1.5
h at -30 °C. Hydrolytic workup (agq K2C03) and chromatographic separation of
the products (silica gel, 10-30% ether-hexane) afforded 3-acetonyl-2-(dimethoxy)-

methyl-2-methylcyclopentanone (Z)lO

(0.146 g, 49%) and recovered 3-acetonyl-
2-methylcyclopentanone (g)11 from unreacted 6 (0.073 g, 25%).

Then, Z was subjected to acidic aldol condensation: A mixture of Z (0.14
g, 0.61 mmol) and PhCHZCHZNH2 (47 mg) in acetic acid (3 mL) was heated at 100 °C
for 2 h. Chromatographic purification (silica gel, 25% ether-hexane) afforded

racemic trans-3a,4-dihydro-7a-methyl-1,5(7aH)-indandione (E) (0.48 g, 48%)
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contaminated with 9, the latter arising from deformylation of 7 and being hard-
ly separated by TLC. Pure sample of glz was obtained by preparative GLC (PEG
20M 3 m, at 190 °C). GLC analysis also revealed that the crude 8 contained 2%
of the cis isomer.

Chiral version of the sequence of reactions was carried out exactly in the
same manner as above except for the use of 3 mmol of 1 from acetone imine of
(S)-tert-leucinol methyl ether. Partially active 8 thus obtained in 24% over-
all yield, [a]2> -59.6° (c 0.46, cHCl,),'? was readily hydrogenated (5% Pd-C)
in methanol to give (-)-trans-7a-methyl-1,5-indandione (10} in gquantitative
yield, [a]2® -105.3° (e 0.38, CHCL,).

Due to lack of a direct and reliable method for control of trans angularly
methylated hydrindanones14 starting from (+)-(7a#)-7,7a-dihydro-7a-methyl-1,5(
6H)-indandione (k}),ls six-step conversion was required to obtain an authentic
sample of 10 (Scheme 2).16
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Scheme 2 (Hajos procedure)

By comparing the optical rotation with that of authentic sample 10, 8 was
found to be 62% optically pure. GLC purification does not change the rotation.
In the same way, (+)—§, [o:.]g5 +58.2° (¢ 0.44, CHCl3), with 60% e. e. was obtain-
ed starting with 1 derived from (R)-tert-leucinol methyl ether.

The most unexpected feature of the chiral approach to trans-dihydrindan-
dione 8 was inverse enantioface-selection of (R)—} from 2 to 5 as an acceptor
in asymmetric conjugate addition step, 7. e. 75% e. e. R for 2 and 60% e. e. §
for 5, respectively.

The results implicate very subtle stereodifferentiation of chiral copper
azaenolate 1 between two cyclic enones employed. 1In addition, existing diffi-
culties in enantioface-differentiating conjugate addition of alkylcuprates
which are simply modified by added chiral auxiliary ligands may result from the
lack of any face-matching between the reactant and cycloalkenones.

Nevertheless, the present approach to the synthesis of trans-dihydrindan-
dione may have its own right because of a simple and short procedure.

This work was supported by a Grant-in-Aid for Scientific Research from the
Ministry of Education (57430020, 58550560) to which the ahthors thanks are due.
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