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o-Sulfony' carbanions of structure R— SO2 - (Rl)(Rz) can be gen-
erated from optically active precursors R—SOZ-—C (Rl)(RZ)(Y) in
hydroxylic media and protonated to give optically active products,
R_SOZ_CH(RI)(RZ)’ with high stereospecificity. This remarkable
phenomenon has been observed, for example, in the anionic decarbox-

ylation of optically active I to form II of 97+ 3% optical purity (1-3).

CHj CHj
. | _
C6HSSOZC-06H13-E ——— C6HSSOZCI:—C6HI3-E + COZ
COOH H
I I

This note presents direct stereochemical .evidence that the stereo-
specific replacement of carboxyl by hydrogen occurs with retention
of configuration.

The particular substrate for these studies was R{-) 2-benzene-

30
sulfonyl-2-phenylpropionic acid [a]D -36.8° {c= 1.5 in methanol), IV,
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This antipode was synthesized from optically active S{+) atrolactic

22
acid (4) EIJD + 48.4° (c= 1.4 in water) (IIl)as indicated below; the
1. CHZNZ
2. CH3SOZC1
COOH 3 CGHSS— COO0H
HO—C—CH — —~C-
: 3 . on- CH3 C SOZC6H5
C,H C H
575 6
5. HZOZ 5
S{+), III R(-), IV

absolute configuration follows from the known absolute configuration
of the starting acid III and the method of synthesis. The displacement
of methanesulfonate by thiophenoxide was carried out using a
concentratec solution of the nucleophile in methanol, conditions which
have been shown in numerous instances to lead to SNZ reaction, and
it is assumed that inversion occurs at this stage and at no other.
The key step in the synthesis of IV, the conversion of methyl
atrolactate to the methanesulfonate derivative, was carried out by
the slow addition of anhydrous pyridine (3.5 equivalents) to a cold
(-20°) mixture of the hydroxy ester (1 equivalent) and methanesulfonyl
chloride (3.5 equivalents) and then allowing the reaction to proceed
at 0° for 62 hr, The methanesulfonate was obtained as an oil by
careful work-up and was used without purification (yield 60-70%).

The decarboxylation of the acid IV was carried out using 0.0l
equivalent of sodium hydroxide in 4:3 dioxane-water and was conducted

only to 65% of completion so that excess acid was present to preclude
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hydroxide-ion catalyzed racemization of the decarboxylated sulfone.
This reaction required about 80 min. at 65°*; in contrast the acid I was
recovered quantitatively after similar treatment for 150 hr., indicating
marked acceleration by phenyl. The neutral product was R(+) 1-
phenylethyl phenyl sulfone, Ex];o +94.0° (c= 1.5 in methanol). The
absolute configuration of dextrorotatory ! -phenylethyl phenyl sulfone
was demonstrated as R (expressed by VI) by synthesis from S(-) 1-
phenylethyl chloride V using a displacement reaction with thiophenoxide
in ethanol and subsequent oxidation of sulfide to sulfone by hydrogen

peroxide. Thus it is demonstrated that the replacement of carboxyl

COOH H
cu~é-socH. %%, cu~ é-socn
3% 2765 3 2765
CeH, CeH
R(-), IV R(+), VI
f H,0,HOAc
H _ H
Cl—C~CH CeHsS CH,—&~SC H
P2 TEHEooR P
C¢H, 25 C H,
S(_)» V

in IV by hydrogen through anionic decarboxylation must proceed with

retention of configuration. Further, the decarboxylation is highly

stereospecific. Using 1-phenylethyl chloride o -52.9° (neat, 10 cm.)

D

which was 42. 3% optically pure (for optically pure chloride, o+ 125°
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(6) ) the sulfone VI obtained by displacement and oxidation had LaJD +
39.8° (c= 2. 6 in methanol) which gives [a]D + 94° for optically pure
sulfone VI assuming stereospecific inversion in the displacement step.
Therefore, the sulfone VI obtained by decarboxylation of levorotatory
IV appears to be optically pure within experimental error.

This is the first experimental demonstration of the stereochem-
ical course of the anionic decarboxylation of an @®-sulfonyl carboxylic
acid of type R—SOZ—C(RI)(RZ)(COOH) (7). The high degree of stereo-
specificity which has been observed in the decarboxylation of acids
I and IV and other data which demonstrate quite similar behavior of
the intermediate a-sulfonyl carbanions lead to the view that retention
of configuration should also be the course of the reaction I —»—II. In
addition there seems to be no clear reason why the same stereochem-
ical pathway should not be general for the series R—SOZ—C(RI)(RZ)
(COOH) as R, RI and R2 are varied.

A this point it is important to recall the contrasting case of
the decarboxylation of optically active VII to give racemic VIII (again
under conditions such that the free acid VII was always present in
addition to the carboxylate ion so that subsequent racemization of the

primary product VIII was avoided) (1, 8). In this instance rotation

O coou % H
s’ “CcH s “cH

3
7] ) 3

VII, optically active VIII, racemic

about the CO'_S bond is prevented by the ring system and further the

intermediate carbanion must be optically inactive if the carbanion is
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flat or rapidly inverting (plane of symmetry). As pointed out previously
this result is inconsistent with the view that a-sulfonyl carbanions are
asymmetric because the a-carbon is pyramidal with a barrier to
inversion but not to Ca—S rotation; it is in accord with predictions for

a flat or a rapidly inverting and "effectively'' planar carbanion.

Several other lines of evidence indicate that the essential factor
for maintenance of configuration of @-sulfonyl carbanions is the barrier
to rotation and not a barrier to inversion (1,9). Of special relevance
here are the kinetic data for base-catalyzed racemization and ®-hydro-
gen-deuterium exchange in deuterated medium for the sulfones Il and VI.
At 72.0° in 2:1 ethanol-water the ratio kexc./kr for IT is 41 and

ac.

that for VI is 44; however, k for VI exceeds that for II by almost

exc.
104 (10). Thus it is clear that replacement of n-hexyl by phenyl at Ca
gives rise to powerful additional stabilization of the carbanion, but it
does not facilitate racemization of the carbanion once formed. If the
racemization process involved inversion of a pyramidal carbanion,
the rate of racemization of the carbanion should be greatly increased
by substituents such as phenyl which stabilize the planar form by 77~
rac, for the

sulfone C6H5—SOZ—CH(CH3)(t-Bu) at 72° in 2:1 ethanol-water is 58,

which together with the figure for II also indicates a planar carbanion

conjugation. Earlier (1) we have reported thatk__  /k

structure, and a species (IX) having molecular asymmetry with
restricted rotation about Ca— S (and essentially planar Ca) has been

advanced (11).

O
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In th: accompanying note it is shown that the asymmetric
a-sulfonyl carbanions are protonated stereospecifically as shown by
path a in IX rather than by path b (9); i.e. the attachment of a proton
at Ca occurs syn to the two sulfonyl oxygens rather than anti relative
to the Ca—S bond. This finding allows the further conclusion that the
departure of carbon dioxide from the carboxylate anion of IV must
also occur syn to the oxygens of the sulfonyl group and leads to a

stereochemical course for the conversion of IV to VI as follows:

H C, Hx C.H
CgHs 06‘53’/0 cgHs 673 40 CeHs 032 /0
. S S
N — + \ - \
coo- © :goz % H B

CH

CH,4 CH, 3

Cram and Wingrove (2) have shown that base-catalyzed reverse-
aldol cleavage and anionic decarboxylation proceed to give asymmetric
a-sulfonlirl carbanions by the same stereochemical pathway. The
above representation, therefore, can be extended to other carbon
leaving groups, departure being syn to the sulfonyl oxygens.

We are indebted to the National Science Foundation and Harvard

University for Graduate Fellowships to T, H, L.
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