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A NOVEL ROUTE TO LINEAR POLYCYCLIC COMPOUNDS. DIASTEREOSELECTIVE ALDOL-TYPE REACTIONS OF a-SULFONYL 
CARSANIONS 

E. Ghera’ and Y. Ben-David 

Department of Organic Chemistry, 
The Weizmann lnstifute of Science, Re/tovot, Israel 

Summary: Aromatic derivatives, bifunctionalized at vicinal benzylic positions with Br and SO,Ph 
groups undergo one-pot annulations with unactivated cycloalkanones. The ring closure occurs by a 
diastereoselective aldol-type reaction of a-sulfonyl carbanions. 

The development of new methods for the construction of carbocyclic rings is one of the most important challenges in organic 

synthesis. Within this context, new annulation processes by which more than one carbon-carbon bond are formed in one oper- 

ation allow rapid and efficient elaborations of polycyclic systems. 

We have recently reported on annulations involving aromatic derivatives with two reactive sites at vicinal benzylic positions 

and various substrates, usually possessing an activated methine or methylene group’ We now describe an extension of our 

strategy to provide the first examples of utilization of unactivated cycloalkanones for an effective one-pot generation of linear 

polycyclic systems. 

Cyclic ketones, converted to their enolates by using lithium hexamethyldisilazide (LHMDS), underwent alkylation by 

1-(bromomethyl)-2(phenylsulfonylmethyl) benzene 1 or other analogously substituted aromatics, followed by an intramolecular 

aldol-type ring closure to afford tricyclic or tetracyclic products (Scheme I, Table)2. The process is thus chemoselective despite 

the similar range of acidity of benzylic a-phenylsulfonyl methylene groups3 as compared to a-keto methylene groups’,5. Utiliza- 

tion of other lithium bases resulted in lower annulation yields. 

Only two diastereomeric products were obtained in all cyclizations involving the formation of compounds with three chiral 

centers (Table, entries I-5) and the stereochemical implications of this noteworthy diastereoselectivity have been investigated 

in the reactions involving cyclohexanone and cyclopentanone. Scheme I shows the ratio of diastereomers which corresponds 

to kinetically controlled conditions: raising the temperature of the reaction mixture to 0°C after completion of the annulation 

resulted in a slow equilibration as determined from changes in the diastereomeric ratio. Moreover, exposure of 2b to 

LHMDS?, resulted in full conversion into 2a, whereas the latter remained unchanged under the above conditions. Conversely, 

3a was completely isomerized into the minor diastereomer 3b’ under the same conditions. 

Since the a-sulfonyl carbanion preserves its configuration during the retro-aldol reaction’, the diastereomerism should 

be related to the centers at the ring junction. We assumed a cis arrangement of the heterogroups in both diastereomeric pro- 

ducts, which can be rationalized in terms of diastereotopic lithiation of the a-sulfonyl methylene group due to coordination of the 
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Li counterion with oxygens of both sulfone and ketone groups prior to ring closure’. Confirmation of this assumption was ob- 

tained by effecting the annul&on in the presence of hexamethylphosphoramide (HMPA, 1.5 equiv. added Prior to 1) which re- 

sulted in the isolation of an additional diastereomer (2c and 3c, respectively) from each CycliZation7~‘0. The Presence of a 

solvating agent (HMPA) has a dissociating effect on coordination, hence the decreased diastereosetectivity of the aIdol-type 

condensation. The assignment of a trans ring junction in the main diastereomers (2a, and 3a, Scheme l), is based, for 2a, on a 

preferential equatorial attack on the ketone, as in related kinetically controlled aldol additions” and for 3a on the similarity of 

NMR data (HA and Ha benzylic protons) in both above compounds, which are very different from those of 2b and 3b, of presumed 

cis-fused configuration’0~12. These assignments are consistent with the results obtained under equilibrating conditions giving the 

energetically preferred Iran.+decalin and cis-hidrindane systems. 

When the basic reaction mixture was further warmed after cyclization (5O”C, 2 h). dehydration with complete or partial shift 

of the double bond occurred. Thus 75% of 5b (separable mixture of stereoisomers) was obtained from the annulation of 

cyclohexanone and 83% of 4s and 5a (6:4) from the five-membered analog. 

The synthetic utility of the described annulation was shown in the effective formation of 10, a potential intermediate for the 

synthesis of bioactive anthracycline derivatives. Within this context, we have developed a general route for the oxidation of the 

sulfone-containing ring as shown for compounds 2 and 6 (Scheme II)‘” to give 11 and the novel quinone 12, respectively’4. 
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H 

I 2, n=2 74 
2 3, n= I 81 
3 S, n=3 75 

4 1, n=4 42 

e;$Ph ov @ 72 

OMe OMe ” 

SOzPh 

OQMe &a 

OH 

I’ 
0 
\ 

Me 
62 

H 9 

OMe 

7 @fy orJ&__+ &oC”zph *5 

OMe 
lo 

OMe H 

SCilETdE 1 I 
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(a) NBSICCI,, then H,O-THF, (l:l), 30h r.t. 92% (n=l); 86% (n=2). (b) Jones oxidation, 92% @=I); 67% (n=2). (c) Na, 

THF-EtOH (2O:l) O”Cj5, 66% (n= 1); 56% (n=2). (d) I-Butylhydroperoxide, RhCI(PPh,), C,H,, 7O”C, 20hj6, 66% (n = 1); 72% (n = 2). 
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