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salt. Alternatively, rapid diffusion of SO,™ from the cage
may occur followed by similar steps. The interaction of
sulfur dioxide with 1-benzyl-1,4-dihydronicotinamide thus
may proceed as shown in Scheme I.

These apparent one-electron transfers from a model for
NADH are in accord with suggestions of Kosower™!* and
Bruice!® for NAD-catalyzed enzymic reactions, which
provide an alternative to the widely held view that re-
ductions by NADH are hydride ion transfers.'

Registry No. 1, 16183-83-8; 1.Cl, 5096-13-9; 2, 33976-40-8; SO,
7446-09-5; CH;~CHS0,CH, 3680-02-2; (CH;=~CH),S0y, 77-77-0;
{CH;S0,CH,CH,),80,, 13063-95-1; (H,NCOCH,CH,),S0,,
13063-92-8; CH,—CHCONH,, 79-06-1; 1-benzyl-1,4-dihydro-
nicotinamide, 952-92-1.

Supplementary Material Available: Full experimental
details (6 pages). Ordering information is given on any current
masthead page.

(14) Kosower, E. M. Prog. Phys. Org. Chem. 1985, 3, 81. See also:
Dittmer, D. C.; Fouty, R. A. J. Am. Chem. Soc. 1964, 86, 91. Kill,R. J.;
Widdowson, D. A., J. Chem. Soc., Chem. Commun. 1976, 755. Kurz, J.
L.; Hutton, R.; Westheimer, F. H. J. Am. Chem. Soc. 1961, 83, 584. Ono,
N.; Tamura, R.; Tamikaga, R.; Kaji, A. J. Chem. Soc., Chem. Commun.
1981, 71.

(15) Bruice, T. C. Annu. Rev. Biochem. 1976, 45, 331.

(16) For a recent discussion, see: Hemmerich, P.; Massey, V.; Michel,
H.; Schug, C. Struct. Bonding (Berlin) 1982, 48, 93.
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Stereoselectivity in the Addition of Organocuprates
to S-Alkylthio «,5-Enones

Summary: Factors affecting the direction and degree of
stereoselectivity in the conjugate addition-elimination
reaction of organocuprates with g-alkylthio «,8-enones are
described.

Sir: We report that the reaction of E 8-methylthio «,8-
enones with organocuprates! exhibits an extraordinary
solvent effect and can be induced to proceed stereoselec-
tively with either inversion or retention of configuration.
While «,8-unsaturated carbonyl compounds containing
good leaving groups at the 8-carbon atom (e.g., halide,?
acetate,’ phosphate,* alkoxy,>® and alkylthio® substituents)

(1) For reviews in the area of organocopper conjugate addition reac-
tions, see: (a) Posner, G. H. “An Introduction to Synthesis Using Orga-
nocopper Reagents™; Wiley: New York, 1980, and references cited therein.
(b) House, H. O. Acc. Chem. Res. 1976, 9, 59. (c) Posner, G. H. Org.
React. (N.Y.) 1972, 19, 1.

(2) (a) Casey, C. P.; Jones, C. R.; Tukada, H. J. Org. Chem. 1981, 46,
2089. (b) Piers, E.; Morton, H. E. Ibid. 1979, 44, 3437. (c) Piers, E.;
Morton, H. E. J. Chem. Soc., Chem. Commun. 1978, 1033, (d) Wender,
P. A.; Eck, S. L. Tetrahedron Lett. 1977, 1245. (e) Coke, J. L.; Williams,
H. J.; Natarajan, S. J. Org. Chem. 1977, 42, 2380. (f) Clark, R. D,;
Heathcock, C. H. Ibid. 1976, 41, 636. (g) Richards, K. D.; Aldean, J. K.;
Srinivasan, A.; Stephenson, R. W.; Olsen, R. K. Ibid. 1976, 41, 3674. (h)
Leyendecker, F.; Drouin, J.; Conia, J. M. Tetrahedron Lett. 1974, 2931.

(3) (a) Ouannes, C.; Langlois, Y. Tetrahedron Lett. 1975, 3461. (b)
Casey, C. P.; Marten, D. F. Synth. Commun. 1978, 3, 321. (c) Casey, C.
P.; Marten, D. F.; Boggs, R. A. Tetrahedron Lett. 1978, 2071. {(d) Casey,
C. P.; Marten, D. F. Ibid. 1974, 925.

(4) (a) Sum, F. W.; Weiler, L. Can. J. Chem. 1979, 57, 1431. (b) Sum,
F. W.; Weiler, L. Tetrahedron Lett. 1979, 707. (c) Sum, F. W.; Weiler,
L. J. Chem. Soc., Chem. Commun. 1978, 985.
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la, R} = Me 21? g‘ - ll\zlle‘ Fiv’Ie: n-Bu
b, R! = n-Bu c: R!'= f'Pl"; R?= Me

d,R! = j-Pr; R*= n-Bu
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5a, R' = n-Bu; R* = Me
b, R' = Me; R?= n-Bu

R‘J\)\R?’

6a, R' = Me; R? = n-Bu; R®>= Me

b,R!'= R?*= Me; R*=n-Bu
¢, R' = {-Pr; R* = n-Bu; R*= Me
d, R!' = i{-Pr; R*= Me; R*= n-Bu

e,R'= R*=Me; R*= n-Pr
f, R' = Me; R?= n-Pr; R®* = Me

readily undergo alkyl substitution upon reaction with or-
ganocuprates, the substitution has frequently occurred
with predominant retention of configuration for the ex-
tensively studied ester derivatives.22€345¢%c2 Gigmificantly,
only two reports?* have appeared that describe stereose-
lective substitutions for the more reactive ketone analogues
that sometimes undergo nonchemoselective bis conjugate
addition reactions.®® QOur study indicates that stereose-
lectivity is far more difficult to obtain for ketone substrates
but can be achieved by careful control of reaction condi-
tions. These results provide an efficient and versatile
synthetic route to regio- and stereospecifically substituted
a,B-unsaturated ketones.”

B-Alkylthio o,8-enones 1 (a,b) and 2 (a—d) (Chart I) were
readily prepared from the corresponding a-oxoketene di-
thioacetals by an established procedure.f»® The phe-
nylthio derivative 3 was obtained from 3-heptyn-2-one® by

(5) Cacchi, S.; Caputo, A.; Misiti, D. Indian J. Chem. 1974, 12, 325.

(6) (a) Dieter, R. K.; Fishpaugh, J. R.; Silks, L. A. Tetrahedron Lett.
1982, 23, 3751. (b) Johansen, O. H.; Undheim, K. Acta Chem. Scand.;
Ser. B 1979, 33B, 460. (c) Martin, S. F.; Moore, D. R. Tetrahedron Lett.
1976, 4459. (d) Coates, R. M.; Sandefur, L. D. J. Org. Chem. 1974, 39,
275. (e) Kobayashi, S.; Meguro-ku, O.; Mukaiyama, T. Chem. Lett. 1974,
705. (f) Kobayashi, S.; Mukaiyama, T. Ibid. 1974, 1425. (g) Kobayashi,
S.; Takei, H.; Mukaiyama, T.; Meguro-ku, O. Ibid. 1973, 1097. (h) Posner,
G. H.; Brunelle, D. J. J. Chem. Soc., Chem. Commun. 1973, 907. (i)
Corey, E. J.; Chen. R. H. K. Tetrahedron Lett. 1973, 3817.

(7) For alternative routes to acyclic or exocyclic tri- and tetrasubsti-
tuted a,f-unsaturated ketones, see: (a) Fleming, I.; Newton, T. W,;
Roessler, F. J. Chem. Soc., Perkins Trans. 1 1981, 2527. (b) Fleming, L;
Perry, D. A. Tetrahedron Lett. 1981, 22, 5095. (c) Hoye, T. R.; Bottorff,
K. J.; Caruso, A. J.; Dellaria, J. F. J. Org. Chem. 1980, 45, 4287. (d) van
den Goorbergh, J. A. M,; van der Gen, A. Tetrahedron Lett. 1980, 21,
3621. Bodalski, R; Pietrusiewicz, K. M.; Monkiewicz, J.; Koszuk, J. Ibid.
1980, 21, 2287. (e) Marfat, A.; McGuirk, P. R.; Helquist, P. Tetrahedron
Lett. 1978, 1363. (f) Dauben, W. G.; Michno, D. M. J. Org. Chem. 1977,
42, 682. (g) Trost, B. M.,; Stanton, J. L. J. Am. Chem. Soc. 1975, 97, 4018.
(h) Reich, H. J.; Rengo, J. M.; Reich, I. L. Ibid. 1975, 97, 5434. (i) Malone,
G. R.; Meyers, A. L. J. Org. Chem. 1974, 39, 623. (j) Portnoy, N. A,;
Morrow, C. J.; Chattha, M. S.; Williams, J. C,, Jr.; Aguiar, A. M. Tetra-
hedron Lett. 1971, 1401. Chattha, M. S.; Aguiar, A. M. Ibid. 1971, 1419.
(k) Faulk, D. D,; Fry, A. J. Org. Chem. 1970, 35, 364.

(8) Reaction of 4,4-bis(methylthio)-3-buten-2-one (i) with lithium
methyl- or n-butylphenylthiocuprate in THF afforded 2a (87%) and 2b
(80%), respectively, along with minor quantitites of the corresponding
Z isomers (e.g., 4 was obtained from i in <5% yield). The E isomers (2a
and 2b) were readily purified by MPLC (silica gel, petroleum ether/10%
ethyl acetate, v/v). Ketones 2¢ and 2d were prepared in a similar fashion
from 1,1-bis(methylthio)-4-methyl-1-penten-3-one.
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Table I. Organocuprate Additions to g-Alkylthio o ,8-Enones

cuprate? reaction conditions
entry  substrate  ligand R solvent, temp, °C products? ) AV A yield® %  refe
1 1a n-Bu ether, - 78 5b/5a 12/88 84
2 n-Buf ether, -78 30/70 63
3 THF, -78 90.2/9.8 78
4 THF, -60 88/12 90
5 ib Me ether, Me,S, -78 93/7 83
6 2a n-Bu ether, —65 6b/6a 4,9/95.1 97 7f
7 THF, -65 70/30 87
8 THF, Me,S, -78 97.4/2.6 93
9 2b Me ether, —65 96.3/3.7 95
10 THF, ether,? -35 30/70 71
11 THF, -65 46/54 76
12 2c n-Bu ether, -78 6d/6¢ 4/96 98
13 THF, Me,S, -18 60/40 79
14 2d Me ether, -78 91/9 99
15 THF -ether,# —18 33/67 89
16 3 Me ether, 78 6e/6f 97/3 91 7k
17 THF-ether,# -78 93/7 69
18 4 n-Bu ether, -78 6b/6a 4/96 64
19 THF, -78 8/92 61

@ Unless otherwise noted, lithium dialkylcuprates were employed.

b The assigned structures were in accord with

infrared, proton, and carbon NMR spectral data. New compounds gave satisfactory C and H combustion analysis. ¢ Ratios
were determined by GC peak areas. ¢ All yields are based upon isolated products (existing as E/Z mixtures) purified by
column chromatography. ¢ For previous preparation of these products, see the indicated reference. 7 (MeOCMe,C=

CCuMe)Li was employed. ¢ See ref 13.

Michael addition of thiophenol.® The E and Z g-alkylthio
a,3-enones were configurationally'"'? unstable over long
periods of time (e.g., several days to weeks) and were pu-
rified by MPLC (medium-pressure liquid chromatography)
immediately before use. The E B8-alkylthio a,8-enones 1
(a,b) and 2 (a—d) undergo stereoselective substitution
by organocuprates with predominant inversion of con-
figuration in predominant ether and with predominant
retention of configuration in THF. Reaction of 2a, for
example, with lithium di-n-butylcuprate in ether afforded
a 4.9:95.1 mixture of 6b [NMR (CDCl;, 60 MHz) § 2.11
vinyl methyl]!2 and 6a (5 1.86 vinyl methyl)'? in 97% yield
while reaction in THF afforded a 97.4:2.6 mixture of 6b
and 6a in 93% yield (Table I, entries 6 and 8, respectively).
The phenomenon is a general one and has been observed
for both cyclic and acyclic substrates. Several observations
are noteworthy. First, the degree of stereoselectivity is
critically dependent upon reaction temperature (entries
3 and 8 vs. 4 and 7, respectively). When the reaction
mixtures were allowed to warm to 0 °C or the enone was
added at a relatively moderate temperature (entries 13 and

(9) 3-Heptyn-2-one was prepared by reaction of 1-lithiobutyne with
acetyl chloride in THF at ~76 °C. For an alternative preparation, see:
Castro, C. E.; Havlin, R.; Honwad, V. K.; Malte, A.; Moje; S. J. Am.
Chem. Soc. 1969, 91, 6464.

(10) Reaction of 3-heptyn-2-one with thiophenol and triethylamine in
THF afforded 3 as an E:Z mixture in 67-71% yield. The isomers were
separated by column chromatography and the configurations determined
by NMR spectroscopy: olefinic proton [3 5.6 (E), § 6.30 (2)], C5-
methylene protons [§ 2.70 (E), & 2.08 (Z)]. These chemical shift trends
were consistent with those reported for E and Z isomers of ethyl 3-
(phenylthio)-2-butenoate (see ref 6g). For an alternative synthetic pro-
cedure, see ref 6e.

(11) The E B-alkylthio a,8-enones consistently exhibited a more in-
tense UV absorption at shorter wavelengths than the corresponding Z
isomer. See: Furuhawa, N.; Fukumura, M.; Nishio, T.; Oae, S. Phos-
phorus Sulfur 1978, 5, 191. Owen, L. M.; Sultanbawa, M. U. S. J. Chem.
Soc. 1949, 3109.

(12) A methyl substituent cis to the carbonyl functionality in S-methyl
a,8 unsaturated carbonyl compounds resonates downfield in the NMR
spectrum relative to the trans methyl substituent. See: (a) Jackman, L.
M.; Sternhell, S. “Applications of Nuclear Magnetic Resonance Spec-
troscopy in Organic Chemistry”, 2nd ed.; Pergamon Press: London, 1969;
pp 222-224. (b) Tori, K.; Horibe, 1.; Shigemoto, H. Tetrahedron Lett.
1975, 2199. (c) Conia, J.-M.; Amice, P. Bull. Soc. Chim. Fr. 1968, 3327.

(13) The use of ether solutions of methyllithium to generate lithium
dimethylcuprate in THF resulted in a 4:1 to 10:1 THF-ether solvent
mixture.

15), little or no stereoselectivity was achieved. Maximum
stereoselectivity was generally obtained by addition of a
precooled (=78 °C) enone solution to cold (=78 °C) orga-
nocuprate solutions. Utilization of low reaction temper-
atures, however, occasionally resulted in reduced chemical
yields (compare entries 3 and 4) with resultant recovery
of unreacted enones. Second, chemical yields were gen-
erally higher in diethyl ether than in THF (entries 6, 9,
12, 14 vs. 7, 10, 13, 15, respectively). Similarly, in THF
the n-butylcuprates generally afforded higher chemical
yields than the methylcuprates (entries 7 and 8 vs. 10 and
11). These observations form a pattern consistent with
the known effect of substitution (n-Bu,CuLi > Me,Culi)
and solvent (Et,O > THF) on organocuprate reactivity in
conjugate addition reactions!4 and suggest that maximum
stereoselectivity may be achieved by using highly reactive
cuprates in accelerating solvents. These conditions permit
the use of very low reaction temperatures, which appears
to be the most critical factor affecting the degree of ste-
reoselectivity. Reaction of la with n-butylcuprates in
diethyl ether afforded side products, indicating that cup-
rate reactivity and substrate structure!® may conspire to
provide alternative reaction pathways. Third, the con-
figurational specificity of the reaction is substrate de-
pendent with only the E 8-alkylthio a,8-enones displaying
a solvent effect. The Z phenylthio analogue 3 and Z -
methylthio «,8-enone 4 underwent organocopper substi-
tution with retention of configuration in either diethyl
ether or THF (entries 16-19). These latter observations
are in contrast with the nonstereoselective reaction of
several Z substituted ester®* and ketone? derivatives with
organocopper reagents.

These observations are consistent with an addition—
elimination mechanism involving the intermediacy of an
enolate anion. The carbon—sulfur bond of the alkylthio
leaving group must achieve an antiperplanar relationship
to the enolate 7-cloud for facile expulsion. A 60° rotation

(14) House, H. O.; Wilkins, J. M. J. Org. Chem. 1978, 43, 2443.

(15) GLC analysis indicated an unidentified compound in addition to
5a and 5b. In a recent study, acyclic a,8-unsaturated ketones displayed
a significantly larger rate constant for reaction with lithium dimethyl-
cuprate than endo- or exocyclic enones. See: Krauss, S. R.; Smith, S. G.
J. Am. Chem. Soc. 1981, 103, 141.
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about the 8-carbon atom will lead to retention of config-
uration whereas a 120° rotation will result in inversion of
configuration. The use of coordinating solvents (e.g.,, THF)
that can effectively complex with the enolate counterion!®
will accelerate the elimination process and favor minimum
motion (60° rotation) in the transition state, leading to
retention of configuration.!’” Reaction of §-alkylthio a,-
B-enones with organocuprates in diethyl ether involves a
solvent of low coordinating ability, Here, the E and Z
B-methylthio a,3- enones undergo a stereospecific sub-
stitution with inversion and retention of configuration,
respectively. In these reactions, the sulfur substituent
tends to rotate away from the enolate oxygen atom and
the stereospecificity may result from dipolar interactions
involving proximate oxygen and sulfur heteroatoms.
Sequential organocopper conjugate additions to a-oxo-
ketene dithioacetals may be exploited in a stereocontrolled
synthesis of tri- and tetrasubstituted «,3-unsaturated ke-
tones. Since stereoselectivity can be controlled by the
sequence of operations as well as by choice of solvent, the
method is extremely flexible and allows for experimentally
determined combinations that will afford high stereose-
lectivities and chemical yields. Synthetically, it is im-
portant to note that a mixture of E and Z 3-methylthio
a,B-enones will afford, in diethyl ether, the same stereo-
isomer in a highly stereoselective process. This metho-

(16) Caine, D. In “Carbon—Carbon Bond Formation”; Augustine, R. L.,
Ed.; Marcel Dekker: New York, 1979; Vol. 1, Chapter 2, p 102.
(17) Rappoport, Z.; Avramovitch, B. J. Org. Chem. 1982, 47, 1397.
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dology constitutes a high-yield stereoselective synthesis of
a-alkylidene ketones and provides an entry into the rich
chemistry of regio- and stereospecificially substituted al-
lylic alcohols.’® The method should provide ample op-
portunity for synthetic variations employing organocopper
reagents containing functionalized alkyl ligands.
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