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Methyl phenylmethyl sulfoxide and tert-butyl phenylmethyl sulfoxide were subjected to H-D exchange and 
methylation in tetrahydrofuran and water or methanol. The stereochemistry of electrophilic attack depends 
on the reaction conditions and on the electrophile. Previous results reported in the literature have been reevaluated 
and reinterpreted. It is concluded that the HSAB principle can be applied to the course of the reaction. 

The stereochemistry of the a-sulfinyl carbanion has been 
a subject of extensive controversy. The reactive hydrogen 
in methyl phenylmethyl sulfoxide changes with a change 
in the reaction medium; the benzylic pro-R hydrogen ex- 
changes with deuterium when the (S)-sulfoxide is dissolved 
in alkaline deuterium oxide or in deuteriated methanol 
containing sodium methoxide,'i2 whereas deuterium is in- 
corporated into the benzylic pro-S position when the 
sulfoxide is treated with BuLi/D20 in tetrahydrofuran 
(THF).3 Methylation of the same carbanion in THF with 
methyl iodide, however, takes place on the pro-R p~s i t ion .~  
Durst and his co-workers also reported that the deuteri- 
ation and methylation of (R)-tert-butyl phenylmethyl 
sulfoxide in THF occur in the pro-R and pro-S positions, 
re~pectively.~ It should be noted that the R,S notation 
appears different in methyl and tert-butyl phenylmethyl 
sulfoxides because of the definition. However, the con- 
figurations at  the sulfur atom are the same in these sulf- 
oxides. It has been suspected that the observation de- 
scribed above is the result of complex combinations of 
kinetic and thermodynamic acidities of the benzylic hy- 
drogens as well as stereochemical retention or inversion 
associated with the electrophilic attack. 

Quite recently, Iitaka and his co-workers found, based 
on neutron diffraction crystallography, that the absolute 
configuration of monodeuteriated CR,SR-tert-butyl phe- 
nylmethyl sulfoxide was erroneously assigned by Durst and 
his co-~orkers .~  This finding has cast doubt on the con- 
figuration of the deuteriated benzyl group in the sulfoxides 
studied by Durst and his co-workers. Without confirma- 
tion of the configuration of the deuteriated benzyl group, 
no prediction of the stability/reactivity of an a-sulfinyl 
carbanion can be meaningful. We have therefore reexa- 
mined the configuration of the deuteriated benzyl group 
and reinterpreted the results reported by Durst and his 
co-workers. 

Results 
(&Benzyl alcohol-a-d was obtained from benz- 

aldehyde-a-d by reduction with bakers' y e a ~ t . ~ , ~  The 
alcohol was tosylated and followed by methylthiolation. 
Since the methylthiolation proceeds with inversion of 
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configuration,6 this benzyl methyl sulfide has the R con- 
figuration at the benzylic position. Thus, oxidation of the 
sulfide unambiguously gave CR,S,,,-methyl phenylmethyl 
sulfoxide, cR,Srac-1-d. Monodeuteriated tert-butyl phe- 
nylmethyl sulfoxide with R configuration at  the benzylic 
position, CR,S,,,-td, was also prepared by the same pro- 
cedure (Scheme I). 

The IH NMR spectrum of Ss-1 prepared according to 
the literature procedure' and contaminated by a small 
amount of Srac-l is shown in Figure la. Figure l b  shows 
the 'H NMR spectrum of CRs,,-l-d contaminated by a 
small amount of C,,S,-1-d prepared from racemic benzyl 
alcohol-a-d. From parts a and b of Figure 1, it is obvious 
that the signals from the benzylic protons in the Ss isomer 
appear a t  lower fields than those of the SR isomer re- 
gardless of the configuration of the benzylic carbon. A 
large signal appears a t  a higher field in the upfield pair 
in Figure lb, which indicates that this signal corresponds 
to the benzylic proton of the CRSR isomer and the other 
large signal is that from the CRSS isomer.2 Consequently, 
the singlets in Figure l b  can be assigned to the benzylic 
protons in the CRSS, CsSR, CSSS, and C R S R  isomers, re- 
spectively, from lower to higher field. 

The carbanion from Sr 1 in THF was deuteriated at -78 
O C ,  and the product was subjected to 'H NMR spectros- 
copy. The spectrum is shown in Figure IC. There is no 
doubt that the product is the isomer of C a s  configuration, 
in agreement with the result reported by Durst and his 
co-~orkers .~  

The same procedure applied to the deuteriated product 
from SR-27 revealed that this is the CSSR isomer, in 
agreement with the result from the recent crystallographic 
s t ~ d y . ~  The 'H NMR spectra of 2 and 2-d are shown in 
Figure 2. 
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Figure 1. 'H NMR spectra: (a) Ss-methyl phenylmethyl eulf- 
oxide (1) contaminated by a smd amount of &-I; (b) CR,s,-l-d 
contaminated by a small amount of Crac,Srac-l-d; (c) Ss-1-d ob- 
tained by deuteriation of Ss-1 in THF. 
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Compound Ssl exchanges its benzylic pro-R hydrogen 
by the reaction in a polar protic solvent, in contrast to the 
exchange in THF. There is, however, no corresponding 
observation on 2, and we studied the exchange reaction 
of SR-2 in methanol to obtain information on the stereo- 
chemistry of the exchange in relation to the reaction me- 
dium. The observed stereoselectivity was much smaller 
in 2 than in 1, and the ratio of reactivities of pro-R to p r o 3  
hydrogens in methanol in the presence of sodium meth- 
oxide at room temperature was 21 with preference for the 
formation of CRSR-2-d over C,&~-2-d. C,&~-2-d. Here 
again, the stereochemistry of the exchange reaction was 
affected by the reaction medium. 

Discussion 
The present results together with those reported pre- 

viously are summarized in Scheme 11. It is now obvious 
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Figure 2. 'H NMR spectra: (a) SR-tert-butyl phenylmethyl 
sulfoxide (2) contaminated by a small amount of Srac-2; (b) 
CR,S,-t-d contaminated by a small amount of Crac,Srac-2-d; (c) 
s~-2-d obtained by deuteriation of SR-2 in THF. 
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that deuteriation and methylation of 1 in THF occur with 
opposite stereospecificity, whereas the corresponding re- 
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tion has the conformation in which the tert-butyl group 
and the sulfinyl oxygen are anti and gauche to the phenyl 
group, respectively (Scheme III).g 

In THF, the countercation of a base employed to ab- 
stract a proton from the sulfoxide would initially be 
trapped by the sulfinyl oxygen. Therefore, the Hs in SR-2 
is more reactive than the HR, and the carbanion formed 
on that side is more stable than the other one. The HR 
and Hs in S r l  are similar in reactivity and stability with 
respect to distance from the sulfinyl oxygen. However, the 
thermodynamic stability is larger on the Hs side because 
the countercation can be coordinated by both the oxygen 
and sulfur lone pairs. On the other hand, the abstraction 
of a hydrogen would be easier on the HR side because the 
electrostatic repulsion between the developing negative 
charge on the HR side and the sulfur lone pair is less than 
that on the Hs side. 

Consequently, the (lithiated) a-sulfinyl carbanions 
produced from Ss-1 and SR-2 may have conformations 
CsSr3 and CsSR-4, respectively. Water (deuterium oxide) 
comes from the lithiated side of the carbanions because 
its polarization causes it to interact initially with the 
countercation. However, methyl iodide is a nonpolar 
substrate and prefers to react on the more nucleophilic 
side, which is anti to the sulfur lone pair. Thus, the sulfur 
lone pair can exert an a-effect to make the anti lone pair 
more po1arizable.l' 

In other words, the si and re faces of SS-3 are hard and 
soft reaction centers, respectively, and hard reagents such 
as proton and carbonyl compounds3J2J3 react on the si face, 
whereas a soft reagent such as methyl iodide reacts on the 
re face. Since S R - 4  has both hard and soft reaction centers 
on the same si face, both hard and soft reagents react on 
this same face. 

The situation in a polar solvent is somewhat different 
from that in THF. A base employed to abstract a proton 
from the sulfoxide is not tightly paired with a counterca- 
tion or attracted by the sulfinyl oxygen. Rather, the an- 
ionic base tends to keep away from the anionic face of the 
sulfoxide. Thus, HR in both Ss-1 and SR-2 is the reacting 
hydrogen in a polar solvent. The difference in anionic 
character of re and si faces is smaller in 2 than in 1, and 
the selectivity is much higher for 1 than for 2. This result 
reflects kinetic acidity in a polar solvent, because the 
carbanion formed in a polar solvent can react with an 
electrophile before it reorganizes into the most stable 
conformation. 

It is also possible that the conformation of 1 in a polar 
solvent is different from that in a nonpolar solvent. The 
ORD spectrum of 1 changes with a change in the polarity 
of the solvent, and Folli and his co-workers have proposed 
that 1 has a 2-type conformation in polar solvents.8 In 
addition, the chemical shifts of the benzylic pro-R and 
pro-S hydrogens in the lH NMR spectrum of 1 are dif- 
ferent in polar and nonpolar solventsa2 

The above discussion is based on the assumption that 
the benzilic carbanion is sp3 hybridized. However, the 
same arguments are valid by assuming an sp2-hybridized 
carbanion, provided the coordination of the countercation 
is asymmetric or distorted to some extent by neighboring 
dipoles. We prefer to propose that the benzilic carbanion 
is sp2 hybridized because the phenyl group adjacent to the 
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actions of 2 in THF proceed with the same stereospeci- 
ficity. Thus, methylation does not necessarily occur with 
inversion of configuration. 

The stereochemistry of the reaction products depends 
on the a-sulfinyl carbanion by three factors: (i) kinetic 
acidity, which controls the stereochemistry of the car- 
banion initially formed; (ii) thermodynamic acidity, which 
defines the stereochemistry or the conformation of the 
intermediate carbanion; (iii) reactivity of the carbanion, 
which may be important to control the stereochemistry of 
the products. It should also be noted that the carbanion, 
as well as the base used to form it, is not free but is always 
accompanied by a countercation. Thus, the stereochem- 
istry of the products does not necessarily reflect the stable 
conformation of the free carbanion. 

For the present reaction system, the contribution of 
kinetic acidity can be neglected because the carbanion in 
THF has enough time to reorganize into its most stable 
conformation before it reacts with an electrophile. 

Although measurement of the nuclear Overhauser effect 
in 1 did not indicate a frozen conformation even at -50 "C, 
it is expected from steric bulk that the methyl group is 
gauche to the phenyl group in a stable conformation of 1 
in a nonpolar solution, especially when the sulfiiyl oxygen 
coordinates with a cationic portion of a polar molecule such 
as a lithium salt or water. This expectation is partly 
supported by the result of an ORD measurement.8 On 
the other hand, measurements of circular dichromismg and 
of the 'H NMR lanthanide shiftlo indicate that 2 in solu- 
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carbanionic center would stabilize the negative charge.14 
We sought to explain the discrepancy in the configura- 

tion of 2 - 4  oxidizing the deuteriated sulfoxide (Figure 2c) 
+131.35') to the corresponding sulfone. The deu- 

teriated sulfone thus obtained showed a negative rotation 
(-0.273') in contrast to the positive rotation (+0.6') re- 
ported by Durst and his co-~orkers .~  Since the starting 
S R - 2  has a large positive rotation (+167'),3 it seems possible 
that the contamination of the product sulfone with this 
sulfoxide led Durst and his co-workers to misassign the 
steric course of the reaction. 

Experimental Section 
Melting points were not corrected. 'H NMR spectra were 

recorded at 400 MHz on a JEOL GX-400 Fourier transform NMR 
spectrometer. The optical activity was measured on a Perkin- 
Elmer 241 polarimeter. Elemental analyses were performed with 
a Yanako MT-3 elemental analyzer. 

Materials. SS-Methyl phenylmethyl sulfoxide (SS-1) and 
SR-tert-butyl phenylmethyl sulfoxide (SR-2) were prepared by Drs. 
Nishio and Nishioka of Meiji Seika Kaisha, Ltd., according to 
literature procedures.'J5 (S)-( +)-a-Deuteriobenzyl alcohol ob- 
tained as described in a previous paper5s6 was converted into 
cR,Smc-1-d and C~,s,-%-d according to the literature procedure.' 

Deuteriation of Sulfoxide. Into a 200-mL flask were placed 

"C] and 70 mL of THF under an argon atmosphere. The mixture 
was cooled to -78 "C and stirred. A solution of n-butyllithium 

3.1 g (20.1 mmol) Of ss-1 [['Y]%D +100" (C 1.30, EtOH); mp 56-58 

(14) Lett, R.; Chassaing, G.; Marquet, A. J. Organomet. Chem. 1976, 
11 1, C17-C20. 
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in hexane (13 mL, 20.3 mmol) was added to this mixture through 
a syringe. The mixture was kept at -78 "C for an additional 1 
h and quenched with 4 mL of deuterium oxide. The reaction 
mixture was further stirred without cooling. Then, 20 mL of 2 
N HCl was added, and the solvent was evaporated under reduced 
pressure. The residue was extracted with dichloromethane, and 
the organic layer was washed with water and dried over sodium 
sulfate. After evaporation of the solvent under reduced pressure, 
the residue was chromatographed on a column of silica gel with 
EtOAc/EtOH (9/1) as eluent to afford 1.4 g (45.2%) of Ss-1-d 
(mp 56-58 "C). 

Oxidation of Sulfoxide. CR1S,,c-1-d (mp 59-60 "c) was ox- 
idized with m-chloroperbenzoic acid in dichloromethane into the 
corresponding sulfone [ ['YIz4D +0.885" ( c  0.565, CHCl,); mp 
123-125 "C], and the sign of optical rotation was compared with 
that of sulfone obtained from sulfoxide Ss-l-d [[alaD -0.561" (c 
0.535, CHCI,); mp 123-124 "C]. 

teriated similarly to give SR-2-d, which was further oxidized into 
tert-butyl phenylmethylsulfone [ ['Yl2:D -0.273' ( c  2.56, EtOH); 
mp 122-123 "C] by rn-chloroperbenzoic acid in dichloromethane 
at 0 "C, and the sign of optical rotation of this sulfone was com- 
pared with that of the sulfone obtained from CR,S,&d [[a]24D 
+0.419 (c 4.53, EtOH); mp 124-125 "C]. 

Thus, it was confirmed, from the viewpoint of optical rotation, 
that the configurations at the benzylic carbons of both 1 and 2 
are S, in agreement with the results from 'H NMR spectroscopy. 

Measurement of Nuclear Overhauser Effect. A sulfoxide, 
1 or 2 (10 mg), was dissolved in 500 WL of CDCl,, and the solution 
was subjected to 'H NMR spectroscopy at room temperature or 
at -50 "C with tetramethylsilane as an internal standard. 

The irradiation of the signal from the methyl group caused no 
appreciable difference in the increase in the intensity of the signal 
between the benzylic pro-R and p r o 3  protons in 1 and 2. 

S R - ~  [ [ ' Y ] ~ ~ D  +140° ( C  1.10, EtOH); mp 72-73 "c] was deu- 
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The reaction of the title nitrone with (phenylsulfony1)alkynes la,b results in 3-acylindoles 6a,b via unstable 
4-isoxazoline cycloadducts which evolve by fission of the N-0 bond and subsequent reclosure onto the ortho 
position of the N-phenyl substituent. Under the same conditions, the title nitrone reacts with (phenyl- 
sulfony1)propadiene (10) to give the isomeric benzazepinone 12 and pyrrolidone 11, both of which are presumably 
formed from a common, transient cycloadduct. Compound 12 changes readily through a novel pathway leading 
to the indole derivative 14. 

Extensive interest has been shown in Diels-Alder1g2 and 
1,3-dipolar3 cycloadditions to ethylenic sulfones in view 
of the activating and (potentially) regiocontrolling effect 
of the sulfonyl group as well as of the synthetic usefulness 
of the resulting adducts through alkylation and/or de- 

sulfonylation. However, minor investigation has been done 
on the dienophilic'~~ and dipolarophilics-8 reactivity of 
allenic and acetylenic sulfones. In previous papers,6 we 
reported the reactions of (phenylsulfony1)alkynes (la,b) 
and (phenylsulfony1)propadiene (10) with nitrile oxides 
and imines. In continuation of this line of research, we 
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