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Determination of Absolute Configuration of Six-Membered Ring Ketones 
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Abstrsrt: The dtasrercoroptc chcmtcal shift dtfferruccs (If the tH and t3C NMR signals of the 

adducts formed hy addaon of (N-methylphenylsulfox~m~doyl)methyll~th~um (2) to cyclic kctow has bxn 

studwd. The st~re~iffcrcntiation of the proton and carban atoms foflow a wry regular pattern and the rule that 

cau be draw p~owdes zm &crnative and complementary method to wlicr procedures for the determmat~on of 

atxolute configuration of six-memhxd rmg ketones. 

The determination of absolute configuration has been a matter of major concern in the characterization of 

naturally occurring compounds and, more recently. in enantioselective organic synthesist Thus, the 

development of new methods to ard in these assignments is of great interest. 

Suifoximine derivatives, developed and thoroughly described by Carl R. Johnson, are well known 

compounds and have been used frequently in organic synthesis. 2 Addition of opticatly pure (N- 

methylphenylsulfoximidoyl)methyllithium (t), to a cyclic prochiral or chiral ketone, for instance, re~lts in the 

fo~at~on of two optjcally active diastereoisome~c ~-hydroxysuifoximines (3). which may be separated by 

chromatogmphy, affording the corresponding active compounds (Scheme 1). 
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Recently, we have been involved with the adducts derived from the reaction of optically pure 2 and a 

racemic six-membered ring ketone. in connection with its resolution,3 and became aware of the appearance of 

significant diastemotopic chemical shift differences on the tH and t%.Y NMR signals of the diastereoisomeric 

pair. Such differences resemble those reported in the tH NMR spectra of the u-methoxy-a- 

~i~uoro~~~etl~ylphenylacetic acid (MTPA) esters of secondary alcohols,4a or those in the 1% NMR spectra of 

(2R,3R)-2.3-butanediol ketals of six-membered ring ketones.5 
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In the hope that such chemical shift differences might be used to determine the absolute configurAtion of 

the parent ketones. in analogy 10 the modified Masher’s 4;1 arid Lenit-re’ss tilerhods. we prepaed rhe adduc~s~ oi 

the ketones shown in Table 1. anti performed a complete NMR study’ of each compound for evcrj 

diastereoisomeric pair. carrying out a wparate analysis of the tH and I?C NMR data. 

When the data collected for the diastcreoisomeric pairs. are fitted to the idealized conformation model 

(exemplified by the (l-hydroxysulfoxlnli~~es derived from (+)- and (-)-carvonr and t+)-(S)-2). shown in Figure 

I. a very consistent relationship between the chemical shift values and the absolute configuration is found. l‘hc 

basic concept for the model is essentially the same BX Masher proposed 4h in which the -NU~J group ~kc4 the 

place of the -CFj g,‘uup UC the MTPA. 

‘Ihc relation laund t’or the tl I chemrcal shifts can be expressed by rhe lollow~ng rule. a slileldmg for the 

0’ hydrogens places such atoms in the same side of the plane as the sulfoximine phenyl group. On the other 

hand. a deshielding for the p hydrogens places these atoms in the opposite side. The effect follows the same 

trend for hydrogens in the ‘{and 6 positions hut rapidly decreases with distance to the sulfoximine moiety. 

In the cast of the t?C KMR data, the rule state\: a downfield shift for the [Y carbon (same side of the 

plane. as the phcnyl group). and un upficld shift for the p carbon (opposite side of the: plane iI> IIK phcnyl group) 

(Figure I ). The changes also affect the carbons further away from the a-C hut they seemed fo be dependent on 

the six-membered ring conformation. Table I shows the tH 6 values and t%Y chemical shifts of the most 

significant hydrogen and carbon ato~n~ in the compounds studied 

Figure 1 
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The fitting on the model and the use of this simple rule. allow the assignment of the absolute 

configuration of the newly formed chiral center and. by extension. that of all the other centers present In the 

parent ketone. At this point, one must pay attention 10 the diastereofacial preference of the lithium reagent 

addition. Fortunately. we found thi\ reaction 10 k highly sterically dernandlnp, adding mainly from the less 

hinderd face of the ketone. 

In conclusion. the method we propose is comparable to that of Lemiere. z hut the diastereoisomcric 

chemical shift differcnccs observed are larger than those currently reported (up to 6 ppm in t>C). In addition. it 

can be applied to cyclohexenones and cyclohexanones which exist mainly in boat or twist conformations. as 

those depicted in Table I, for which LemiPre’s method does not apply. Besides, the rule can also be used for t H 

NMR. and works exactly as Masher’s method.4a and the diastereoisomeric chemical shift differences observed 

are also substantially larger (up to I .21 ppm). 



Table 1 

* Figure 2 shows Ihe stmctures of one of the enanriomcrs of the ketones used in this study. 
* Correspud tu il y 01 y ’ atom. 

Figure 2 

H-4 H-5 (+I-5 (+I-7 

Finally, using the known reactivity of the P-hydroxysulfoximine adducts, the parent ketone can be 

easily recovered by mild heating. Alternatively, tertiary, optically active alcohols can be generated by reductive 

cleavage of the C-S bond.2h 
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