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A careful examination of the current literature has 
shown that 1,Cconjugate additions1 of 8-keto sulfones2 
are unprecedented and that similar reactions of 8-keto 
sulfoxides3 with Michael acceptors are scarce and of 
limited scope. In some cases, the sulfur moiety has been 
eliminated in the course of the reaction4 or the interme- 
diate adduct, without further analysis, has been submit- 
ted to reductive ~leavage.~ Chiral sulfoxides have been 
used frequently as chiral controllers in highly asymmetric 
C-C bond formations.6 Surprisingly, in no case has the 
stereochemical outcome of the 1,4conjugate additions of 
chiral or racemic 8-keto sulfoxides been defined and 
documented. 

In view of the potential for asymmetric synthesis of 
these processes, we have approached this problem, and 
in this paper we report the initial analysis of 1,4- 
conjugate addition of some selected, readily available 
chiral or racemic 8-keto sulfoxides and /?-keto sulfones 
to highly stabilized Michael acceptors, such as arylidene- 
malonitriles and benzylidenecyanoacetates.' The use of 
these substrates should lead to exclusive 1,4-conjugate 
addition,' followed by the expected final O-ring closure. 
Fortunately, this chemical transformation, leading to the 
2-amino-4H-pyran ring,s simplifies the stereochemical 
analysis and should allow us to define the extent of the 
asymmetric induction obtained at the distant C8-position 
in respect to the sulfur atom during the Michael addi- 
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tion (Scheme 1). An extremely efficient and highly 
stereocontrolled process has resulted. 

In the initial experiments, the coupling of 8-keto 
sulfoxide l9 and (p-nitrobenzy1idene)malononitrile (2) 
was investigated. Mixing equimolar quantities of these 
reagents in ethanol with catalytic piperidine as mild base, 
at room temperature, led to a rapid reaction which 
afforded compound Q9Jo in 78% yield as the exclusive 
isomer. The presumed intermediate 6-oxonitrile addition 
product, as expected," led smoothly to the polyfunction- 
alized 2-amino-4H-pyran ring. The relative syn stereo- 
chemistry between the oxygen and the proton in the 
structural moiety CH3SO(C&HAr has been established 
by comparison of the spectroscopic data of compound 3 
[lH NMR (DMSO) (6) 4.95 (a); 13C NMR (DMSO) (6) 41.6 
(C4); 57.6 (C3)l with those of compound 7 (see below). The 
reaction of the same racemic Michael donor 1 with the 
acceptor 4, under identical experimental conditions, 
afforded pyran S9Jo ['H NMR (DMSO) (6) 4.80 (&I; 13C 
N M R  (DMSO) ( 6 )  40.9 (C4); 57.9 (C3)I in 92% yield as the 
only observed and isolated isomer. 

Coupling compound 4 with the ,%keto sulfoxide 69J2 
gave also the expected pyran 79J0 in 86% yield; only one 
isomer could be detected. X-ray analysis13 allowed us to 
assign the relative stereochemistry at the different 
stereocenters in compound 7. The configuration at C4 
and S5 is RR (or SS). The conformation of the pyran 
ring is a distorted boat as can be deduced from the 
selected torsion angles (see the supporting information). 

The detailed comparison of the relevant spectroscopic 
data for compound 7 ['H NMR (DMSO) (6) 4.67 (HJ; 13C 
NMR (DMSO) (6) 31.7 (C4); 58.4 (Cdl, with those from 
compounds 3 and 6 (see above), permits assignment of 
the same relative syn stereochemistry at the sulfur atom 
and at C4. The reaction of enantiomerically pure precur- 
sor (&)-6 with compound 4 gave optically pure 7 (Rs, 
CdR) in similar chemical yield. From this result, it is 
clear that the type of functional residue attached to the 
sulfur moiety does not affect the stereochemical course 
of the Michael addition. 

Using benzylidene cyanoacetate 8 as the Michael 
acceptor and sulfoxide 1, the expected pyran g9Jo ['H 
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2X=NO* ,Y=CN 
4 X = C I , Y = C N  
8 X = H, Y = C02Me I 

3 R = CHa. X =NO,, Y =CN 
5 R CH3, X =CI.Y = CN 
7 R =pTol,X = CI, Y I CN 
0 R = CH3, X =H, Y = CO2E1 

10 R CHI. X= N 
12R=pTd,X=CH 

11 R = CH3, X = N 
13 R =pTol, X =CH 

NMR (CDCl3) (6) 5.38 (&); 13C NMR (CDCl3) (6) 41.5 (C4); 
81.3 (C3)I was obtained as the exclusive isomer in lower 
yield 133% (50%, taking into account the recovered 
starting material)]. The structure of the product was 
confirmed after X-ray ana1y~is.l~ In this instance, the 
change in the Michael acceptor does not affect the 
qualitative and quantitative degree of the asymmetric 
induction, although in this case the chemical yield is 
slightly lower. 

A simple model for the transition state can be advanced 
to justify the high degree of asymmetric induction 
obtained in these cases. As shown in Figure 1, we have 
assumed that the donor-acceptor couple approach in an 
“open chain” model, in which the lone pair on sulfur and 
the pyridine ring are in an anti~eriplanarl~ arrangement 
and the attack on the Michael acceptor occurs from the 
opposite side of the p-tolylsulfinyl or methylsulfinyl 
groups. The favored arrangement of the aromatic rings, 
due to the n-stacking16 effect, and the stability of the 
piperidinium chelate in the ketopyridine moiety probably 
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(R= CH3, PTOl; X= H, N02, CI: Y= CN, CO2CH3) 

Figure 1. Transition state for the reaction of the ,&keto 
sulfoxides with y-arylidenemalonitriles and benzylidenecy- 
anoacetates. 

explain the formation of the only observed isomer. 
However, the possibility that the reaction is under 
thermodynamic, rather than kinetic, control cannot be 
ruled out. The C4-H is acidic and epimerization at C4 
may explain the formation of only one (the thermody- 
namic) pr0duct.l’ 

In view of the previous results, we were not surprised 
to find that the reaction of /?-keto sulfone 10 with 
compound 2, under the same mild experimental condi- 
tions, afforded in good yield (81%) the derivative 11l0 [lH 

(C4); 57.2 ( C d .  However, a similar coupling between 
compound 12 and the acceptor 2 gave the expected 
pyran0 sulfone derivative 13l0 [lH NMR (DMSO) (6) 4.88 
(a); 13C NMR (DMSO) (6) 40.8 (C4); 60.4 (C3)I in lower 
28% yield (45% yield, taking into account the recovered 
starting material). 

In summary, with these simple cases we have shown 
the first successful examples of the Michael addition of 
P-keto sulfoxides and P-keto sulfones to highly stabilized 
Michael acceptors. Reasearch is now in progress to 
define the synthetic scope and general stereochemical 
aspects of these highly stereocontrolled Michael addi- 
tions. 
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