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Summary Thermolysis of a benzocyclobutene derivative (20) prepared from norcamphor produced - 

stereoselectively a tetracyclic compound (z), which was converted to a lactone (21) having - 

correct stereochemistry at C7, C8, Cg, Cll, Cl3, and Cl4 positions of (f)-klaineanone. 

Quassinoids are highly oxygenated degraded triterpenes found in plants of Simaroubaceae. 

Recent extensive work on this group is mainly attributed to the potent antileukemic activity of 

the C15-acyloxylated derivatives such as bruceantin, reported by Kupchan et al. 
2 

Furthermore the 

oxygen functionality present in quassinoids coupled with its complicated stereostructure has 

stimulated a great deal of synthetic activity. Recently Grieco and coworkers elegantly synthe- 

sized (?)-quassin by employing intermolecular Diels-Alder strategy. 
3 

We had investigated synthe- 

sis of this type of terpene by thermolysis of benzocyclobutene derivatives. 495 In further con- 

tinuation of this study, we envisioned a stereoselective construction of a tetracyclic compound 

(z), possessing the same B,C,D-ring 

(L)? by intramolecular Diels-Alder 

cyclobutene (i) and norcamphor (z), 

?', 

fusion as that of the natural quassinoid, e.g. klaineanone 

reaction 
7 
of an 9-quinodimethane (2) derived from a benzo- 

and here wish to report our successful result. 

Methylation of the lactone (&),8 prepared from norcamphor, produced exclusively one stereo- 

isomer (l),' whose stereostructure was assigned from the consideration of an approach of methyl 

iodide to the enolate anion from less hindered side. Thus the relative configuration between Cl3 

and Cl4 positions of klaineanone (1> was arranged in this molecule. After reduction of (1) with 

lithium aluminum hydride, the primary alcohol of the resulting diol (8)' was selectively tosylat- 

ed to (z),' which was then oxidized to the ketone (E),' mp 60°,with Jones reagent. Protection 

of the ketone (10) followed by cyanation gave the nitrile (G),' which was converted, on diiso- 

butylaluminum hydride reduction and successive hydrolysis, to the aldehyde (12).' Aldol conden- - 

sation of (11) with the benzocyclobutene (&)l" was conducted in the presence of sodium amide in 

liquid ammonia to afford the alcohol (13)' as a stereoisomeric mixture. The stereochemical - 
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relatlonship between CL and y positions of side chain of the main constituent of the benzocyclo- 

butene (13) was assumed by examination of a Dreiding model, namely the benzocyclobutenyl anion 

would close to the aldehyde group as shown in A. This assignment was confirmed by X-ray analy- 

sis of the derivative (19) (vide infra). -- 

The unnecessary cyano group had been removed by treatment with sodium in liquid ammonia 11 

before deprotection of the ketal group. The desired alcohol (14)' was obtained in 56.7 % yield - 

from the aldehyde (12) along with the corresponding dehydroxylated compound4 (17.8 X). Formation 

of silyl enol ether from (u), followed by dehydrogenation with palladium acetate in the presence 

of p-benzoquinone 12 yielded, after column chromatography on silica gel, the enone (15)' (48.6 %) - 
[IR (CHC13) 1720 cm-'; NMR (CDC13) 6 6 18 (lH, dd, J = 2 and 6 Hz), 7.66 (E-I, dd, J = 3 and 6 Hz), 

MS m/e 358 (M+>], the isomer (I.&)' (11.2 %), and the silyl enol ether intermediate (11 X) which 

could be reused for the oxidation. 

As a model experiment, the intramolecular Diels-Alder reaction was examined utilizing the 

above enone (15). - Heatlng a solution of (15) in g-dichlorobenzene at 23O'C for 2.5 h in sealed - 

tube produced a tetracycllc compound (17) in 81 % yield. - It is considered that endo forms during 

the cycloaddltion would be unfavored because of serious interaction between aromatic ring and 

methyl group or hydrogens. One (B) of the two exo-modes would be a prefered conformation and 

form the BC(trans), BD(&), and CD(cis) fused product (E), while other conformations would have - 

heavy nonbonding interaction between the diene and the allylic hydrogen. The expected relative 

configuration was suggested from NMR spectrum of the desilylated compound (g),' mp 184" [IR 

(CHC13) 1740 cm-', MS m/e 286 (M+)] ,In which the methine hydrogen present at the C 11 position was 

observed at a low field, 4.66 ppm due to the deshielded effect of the benzene ring. 



2975 

Baeyer-Villiger oxidation migrating the tertiary 

carbon of (18) was achieved by the action of m-chloro- - 

perbenzoic acid in the presence of R-toluenesulfonic 

The stereochemistry of the resulting lactone 

mp 218' [IR (CHC13) 1720 cm -l; MS m/e 302 (M+)] 

was unambiguously established by Its X-ray analysis. 
13 

B 

It is now made clear that the relative stereochemistry 

at all six chiral centers of (19) is identical with that of klainea- - 

none (1> as expected. 

Introduction of methyl group to the above enone (15) was accom- - 

plished by conlugate addition using dimethylcopperlithium followed by 

quenching with trimethylsllyl chloride 
14 and subsequent oxidation with 

palladium acetate. l2 Thermolysis of the benzocyclobutene (z),' [IR 

(CHC13) 1680 cm-', MS m/e 372 (M+)] and deblocking furnished in 57.0 
-1 

% yield the tetracyclic ketone (z),' mp 161" [IR (CHC13) 1740 cm , 

Mb m/e 300 <M+)], which was converted Into the lactone (z),' mp 114' [IR (CHC13))1725 cm-'; NMR 

6 0.94 (3H, d, .J = 7 Hz), 1.16 (3H, s), 3.77 (3H, s), 4.20 (lH, dd, J = 2 and 4 Hz), 4.72 - 4.92 

(lH, m), MS m/e 316 (M+)] under the foregoing condltlons The stereochemistry of these products 

(2 and 21) was determined by the spectral comparison with the 8-nor-compounds. - 

Thus an efflclent and stereoselectlve route to A-aromatic klaineanone was developed through 

intramolecular Diels-Alder approach. Further transformation of the tetracycllc lactone to 

quassinoids 1s ln progress. 
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