Tetrahedron Letters No, 35, pp 3267 - 3270, 1973. Pergamon Press. Printed in Great Britain.

A NOVEL CARBONYL ANION EQUIVALENT AND ITS APPLICATION
T0 THE SYNTHESIS OF ALDEHYDES AND KETONES
J. E. Richman, J. L. Herrmann, and R. H. Schlessinger
Department of Chemistry, University of Rochester

Rochester, New York 14627

(Received in USA 4 May 1973; received in UK for publication 13 July 1973)

For some time we have felt that it would be highly desirable to devise a synthetic method
which would permit an efficient "linch-pin" construction of unsymmetrically substituted 1,4-di-
carbonyl compounds.1 In principal, this novel strategy (outlined below) could be accomplished
using a carbonyl anion equivalent which possesses the chemical versatility to undergo both al-

kylation and conjugate addition.? Carbonyl anion equivalents thus far devised either alkylate
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but do not conjugatively add (dithianes)® or else they conjugatively add but do not alkylate
(nitro compounds)." In this communication we will outline the alkylation chemistry of a new
class of carbonyl anion equivalents. The accompanying communications describe the conjugate ad
dition behavior of these species and their application to the efficient construction of 1,4-di-

carbonyl compounds.
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In searching for an appropriate carbonyl anion equivalent, our attention was attracted to
the anions I° and II.® Both anions were reported to alkylate, and the alkylation products of IT
were found to hydrolyze with sulfuric acid into the corresponding aldehyde and methyl disulfide.®

Conjugate addition reactions of I and II were not reported, however.
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We have reexamined the alkylation reactions described for both I and II and have found that
neither system, as described, constitutes a satisfactory synthetic method for preparing aldehydes
or ketones. For example, two very low yield reactions were reported for I, methylation and ben-

5 Even after considerable modification, we have realized only slightly improved yields

zylation.
for these reactions. On the other hand, several good to high yield alkylation reactions have
been reported for the anion II.® However, we have been able to obtain only modest alkylation
yields with II using the reported reaction conditions and then only in the presence of a five to
ten fold excess of the alkylating agent. Furthermore, dialkylation could not be achieved with
either anion, thus negating the preparation of ketones by this method.

After some experimentation, we have found that the most convenient thioacetal monosulfoxide
of this type to use is the diethyl compound 111.7 Sulfoxide III, when treated with one equiva-

lent of either n-butyllithium or lithium diisopropylamide (LDA) at 2° in THF solution, quantita-

tively yields the anion IV within thirty minutes.® One molar solutions of this anion when al-
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lowed to react with alkylating agents (1.0 to 1.5 equivalents) at 25° (2 to 10 hours) undergo

monoalkylation in greater than 95% yield.® A second alkylation step is also possible using the
same experimental conditions and these reactions proceed in greater than 90% yield.‘° A summary
of some typical results are given in the table. The stoichiometric requirements with respect to

the alkylating agent are noted in parentheses for each reaction.

TABLE
Sulfoxide Alkylating Agent R Product

C,H SCH,SOC H, CH,CH, I (1.1) CH,CH,- € HgSCH(R)SOC H
C,HSCH, SOC H, CH,CH,CH)T  (1.1) CH,CH,CH - C,H SCH(R)SOC H
C,HgSCH,S0C H CH,CH,CH,CH Br (1.5) CH,CH,CH,CH - C,HgSCH(R)SOC H
C,HSCH,S0C H, (CH,) CHBr  (1.1) (CH,) CH- C,H SCH(R)SOC H
C,H SCH,S0C H, Br(CH,) Br (1.3) Br(CH,) - C, H SCH(R)SOC H,
C,HgSCH,50C H CH,=CHCH,Br (1.1) CH,,=CHCH ~ C,H SCH(R)SOC H
02HSSCH(02H5)3002H5 CH,CH,CH, I (1.1) CH,CH,CH ~ C2HSSC(C2H5)(R)SOC2H5
C,HBCH(C H )SOC H, CH,CH,CH,CH Br (1.1) CH,CHCH,CH,- CQHSSC(CzHS)(R)SOC2H5
C,HSCH(CH,)SOC H Br(CH,) Br (1.5) Br(CH,),- C,H SC(C H ) (R)SOC He
C,H SCH(C H )SOC H, CH,=CHCH,Br (1.1) CH,=CHCH,,~ C, HgSC(CH, ) (R)SOC H

We have also experienced difficulties hydrolyzing the above sulfoxides with sulfuric acid,®
particularly in those cases which lead to aldehyde products.11 This problem is easily circum-
vented by treating the sulfoxides (1 equivalent, 0.5 molar in ether) with a catalytic amount of
70% perchloric acid (4°, 20 minutes). These reaction conditions lead to the quantitative for-
mation of the desired carbonyl compound along with ethyl disulfide. The latter substance pre-
sents serious difficulties with respect to the purification of aldehydes or ketones which have
boiling points below 220° (1 torr).!? However, formation of the disulfide component can be com-
pletely eliminated by hydrolyzing the sulfoxide in the presence of a mercuric salt, Typically,
the sulfoxide (1 equivalent), dissolved in a minimum amount of THF, is added to mercuric chloride
(4 equivalents) suspended in a 4:1 (by volume) mixture of THF and 9 N hydrochloric acid. The
resulting mixture (0.5 molar in sulfoxide), after stirring for 1.5 hours at 0°, gives rise to

aldehyde or ketone (80 to 95% yield) uncontaminated with the disulfide.
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In summary, alkylation of the carbonyl anion equivalent III, as described herein, is appli-
cable to the viable synthesis of a variety of aldehydes and ketones. These reactions are con-
venient to carry out on both a small and large scale, and furthermore, they are compatible with
reasonable stoichiometry.
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