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THF was added dropwise. The reaction mixture was warmed to
room temperature and refluxed for 30 h. Water was then added
and the mixture extracted with carbon tetrachloride. Following
drying of the combined organic layers over MgSO, and evaporation
of the solvent, the remainder, an oily solid, was purified by column
chromatography; CyH;5Cl, colorless needles, mp 117.5-119 °C
(95% ethanol) {lit.}®* mp 117.3-118.9 °C]; 'H NMR (CCl,) ¢
6.8-7.45 (m); mass spectrum, m/e (relative intensity) 290 [M*
(%C1), 100], 292 [M* (*Cl), 33.5].

(a-Chlorobenzylidene)fluorene (3b): CxH,:Cl, yellow plates,
mp 123-124.5 °C (95% ethanol) [1it.'® mp 120-122 °C]; 'H NMR
(CCl,) 4 6.2-7.7 (m); mass spectrum, m/e (relative intensity) 288
[(M* (35Cl), 79.6], 290 [M* ('Cl) 28.7].

Clomiphene A and B (as free base; 3¢): pale yellow oil, bp
215 °C (0.55 mm); 'H NMR (CDCl;) 6 1.05 (m, 6 H) 2.68 (m, 6
H), 4.03 (m, 2 H), 6.6-8.0 (m, 14 H); UV (MeOH) A, 234, 241;"7
mass spectrum, m/e (relative intensity) 405 [M* (3¥Cl), 13.5], 407
[M* (37C)), 4.5]; exact mass calcd for CogHogCINO m/e 405.1861,
found m/e 405.1859. :

1-Chloro-1,3-diphenyl-2-(phenylmethyl)propene (3d):
colorless needles, mp 91-92 °C (95% ethanol); 'H NMR (CCl,)
5 3.35 (s, 2 H), 3.70 (s, 2 H), 7.0-7.55 (m, 15 H); mass spectrum,
m/e (relative intensity) 318 [M* (35C)), 43.4], 320 [M* (°C)), 16.3].
Anal. Caled for CooH,,Cl: C, 82.87; H, 5.91. Found: C, 83.00;
H, 6.05.

1-Chloro-1,2-diphenylpropene (3e): colorless oil, bp 115 °C
(0.55 mm); NMR (CCl,) 4 2.35 (s, 3 H), 6.80-7.25 (m, 10 H); mass
spectrum, m/e (relative intensity) 228 [M* (*Cl), 100.0}, 230 [M*
(3"Cl), 30.1]; exact mass calcd for C,5H,5Cl m/e 228.0707, found
m/e 228.0695.

1-Chloro-1,2-diphenyl-1-butene (3f): colorless oil, bp 123
°C (1.30 mm); 'H NMR (CCl,) § 1.05 (t, 3 H, J = 8 Hz), 2.85 (q,
2 H, J = 8 Hz), 6.9-7.40 (m, 10 H); mass spectrum, m/e (relative

(15) Grovenstein, E., Jr. J. Am. Chem. Soc. 1957, 79, 4985.

(16) Reimlinger, H.; Billiau, F.; Peiren, M. Ber. 1964, 97, 339.

(6%)) C})omiphene A and B as HCl salt: A\,, (MeOH) 230 and 239 mum.
See ref 8h.

intensity) 242 [M* (3C)), 93.1], 244 [M* (¥'Cl), 30.7]; exact mass
calcd for C,gH;;Cl m/e 242.0864, found m/e 242.0848.

1-Chloro-2,2-bis(3-nitrophenyl)-1-phenylethene (3g):
colorless powder, mp 126-127.5 °C [sublimed at 60 °C (0.5 mm)];
'H NMR (CDCl;) 6 7.3-8.4 (m); mass spectrum, m/e (relative
intensity) 380 [M* (®C}), 100], 382 [M* (¥'Cl), 39]. Anal. Caled
for CooH3CIN,O,: C, 63.08; H, 3.44. Found: C, 62.72; H, 3.66.

1-Chloro-2-(4-cyanophenyl)-1-phenylpropene (3h): colorless
powder, mp 74-79 °C, bp 151 °C (0.556 mm); 'H NMR (CDCly)
6 2.35 (s, 3 H), 7.1-7.7 (m, 9 H); IR (neat) 2235 cm™}; mass
spectrum, m/e (relative intensity) 253 [M* (*Cl), 98.8], 255 [M*
(*'C)), 30.7); exact mass caled for C;gH;sCN m/e 253.0660, found
m/e 253.0658. Anal. Caled for C,gH,CIN: C, 75.74; H, 4.77.
Found: C, 75.72; H, 4.83.

Chlorotrianisene (3i): colorless powder, mp 114-5 °C
(MeOH) {lit.® mp 113-114 °C]; NMR (CDCl,) 4 3.70 (s, 8 H), 3.75
(s, 3 H), 3.80 (s, 3 H), 6.90 (m, 12 H); mass spectrum, m/e (relative
intensity) 380 [M* (3Cl), 100], 882 [M* (*C)), 38].
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Communications

Interaction of Sulfur Dioxide with
1-Benzyl-1,4-dihydronicotinamide

Summary: Anhydrous sulfur dioxide reacts rapidly with
1-benzyl-1,4-dihydronicotinamide to give a reduced species
of sulfur dioxide, possibly HSO,", which can be trapped
by reaction with Michael acceptors to give sulfones.

Sir: The ubiquity of sulfur dioxide as an undesirable
pollutant is reason for investigation of its interaction with
biologically important molecules. Although considerable
information is available about the interaction of models
for the coenzyme, NAD* (nicotinamide adenine di-
nucleotide), with reduced species of sulfur dioxide such
as dithionite! or sulfite,2* no studies exist on the inter-
action of anhydrous sulfur dioxide with dihydronicotin-
amide models for the reduced coenzyme, NADH, although
a reaction with the hypothetical sulfurous acid is de-

(1) Blankenhorn, G.; Moore, E. G. J. Am. Chem. Soc. 1980, 102, 1092.

(2) Wallenfels, D.; Schiily, H. Angew. Chem. 1957, 69, 138, 505.

(3) Wallenfels, K.; Schiily, H. Justus Liebigs Ann. Chem. 1959, 621,
86.

(4) Wallenfels, K.; Hofmann, D.; Schily, H. Justus Liebigs Ann.
Chem. 1959, 621, 188.

scribed.* Removal of water from aqueous solutions of
sulfur dioxide regenerates the gas® so that in biological
systems of low water content the free sulfur dioxide may
be an important contributor to the overall toxic effects.

In a recent investigation of the mechanism of the re-
duction of analogues of NAD™ by dithionite, evidence was
presented for the reaction proceeding via hydride transfer
from the sulfoxylate anion, HSO,", to the pyridinium salt
to give the 1,4-dihydropyridine and sulfur dioxide.! The
reverse reaction of sulfur dioxide with the dihydropyridine
was excluded.! Although this may be true in aqueous
media in which these studies were done, where sulfur di-
oxide is hydrated, we have found to the contrary that
sulfur dioxide in essentially anhydrous media reacts rapidly
and apparently quantitatively with 1-benzyl-1,4-dihydro-
nicotinamide, an analogue of NADH, to give a yellow py-
ridinium salt, 1, whose anion is one or more reduced species
of sulfur dioxide. The salt obtained in liquid sulfur dioxide
shows a maximum in the UV spectrum at 265 nm (95%

(5) Steudel, R. “Chemistry of the Non-Metals”, English ed.; Nachod,
F. C., Zuckerman, J. J., Eds.; de Gruyter: Berlin, 1977; p 222. For another
review of the chemistry of the lower oxides of sulfur, see: Stamm, H.;
Goehring, M. Angew. Chem. 19485, 58, 52.
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ethanol) characteristic of pyridinium salts.® The absence
of absorption at 340-370 nm, even in concentrated solu-
tions, rules out the presence of dimers that could be formed
should any true pyridinyl radicals be intermediates in the
reaction.” The anion decolorizes aqueous potassium
permanganate, and treatment of the resulting solution with
aqueous barium chloride gives a precipitate of barium
sulfate. The pyridinium salt isolated from this reaction
sequence is identified as the known 1-benzyl-3-carba-
moylpyridinium chloride. Anion-exchange chromatogra-
phy of the yellow salt gives 1-benzyl-3-carbamoyl-
pyridinium chloride in 75% yield based on the dihydro-
nicotinamide. Elemental analysis of the yellow salt in-
dicates the anion, X~, may be a mixture of sulfite and
thiosulfate, known disproportionation products of di-
thionite (S;0,4).2 The analysis also is consistent with an
S30¢* anion. Iodometric titrations® of this yellow salt also
indicate that the anion, X~, corresponds to a mixture of
sulfite and thiosulfate ions.

In an attempt to trap an early reduced species of sulfur
dioxide, we treated the dihydronicotinamide with sulfur
dioxide in methanol or in N,N-dimethylformamide in the
presence of Michael acceptors (e.g., methyl vinyl sulfone,
divinyl sulfone). Sulfones were obtained from these ac-

- _ CHZ=CHX
MSO,~ + CH==CHX —= ~“0,SCH,CHpX
X = SO,CH,, CONH,

(XCH,CHZ),S0 5

HH 9
‘ NH ' %
CHZ0H
CH/=CHpS0, + || | 2+ 50, T [
T S0,
CH,Ph 2 (65%)

ceptors in ca. 50-60% yield. Presumably, they were
formed by initial addition of HSO,™ to the Michael ac-
ceptor to give a sulfinate, which then added to a second
molecule of acceptor. Divinyl sulfone gives 1,4-dithiane
1,1,4,4-tetroxide, 2. Acrylamide gives somewhat lower
yields of sulfone. No sulfone is obtained in the absence
of dihydronicotinamide. Phenothiazine in small amounts
is added to most reactions to retard polymerization of the
vinyl compounds. A chemical reduction of sulfur dioxide
by formate ion at 100 °C has been reported, and the in-
termediate also was trapped by Michael acceptors.l®

(6) Karrer, P.; Stare, F. J. Helv. Chim. Acta. 1987, 20, 418.

(7) (a) Moracci, F. M.; Liberatore, F.; Carelli, V.; Arnone, A.; Carelli,
L; Cardinali, M. E. J. Org. Chem. 1978, 43, 3420. (b) Kuthan, J.; Kurfurst,
A. Ind. Eng. Chem. Prod. Res. Dev. 1982, 21, 191. (¢) Kosower, E. M. in
“Free Radicals in Biology™; Pryor, W. A., Ed.; Academic Press: New York,
1976; Vol. 2, Chapter 1.

(8) Reference 5, p 228.

(9) Kolthoff, I. M.; Belcher, R. “Volumetric Analysis”; Interscience:
New York, 1957; Vol. 3, p 290.

(10) Gibson, H. W.; McKenzie, D. A. J. Org. Chem. 1970, 35, 2994.
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The sulfoxylate ion, HSO,~, can exist in two tautomeric
‘modifications, 3 and 4.! Since the anion radical of sulfur

i
HSO™ === HO0SO~
3 4

dioxide is a  radical with the electron localized mainly
on the sulfur atom (SO, is isoelectronic with Cl10,),8 the
first intermediate after hydrogen atom abstraction is likely
to have the structure of the first tautomer, 3. Whether
the formation of the Michael adducts requires the second
tautomer, 4, remains to be determined.

In N,N-dimethylformamide solvent, treatment of 1-
benzyl-1,4-dihydronicotinamide with sulfur dioxide gives
a green solution, An,, 580 nm, which shows a broad, fea-
tureless ESR signal (g = 2.007). These observations are
consistent with the presence of S;0,~ (SO, + SO,) or
higher molecular weight complexes with sulfur dioxide
whose spectra and ESR behavior have been reported
previously from electrochemical studies on sulfur dioxide
in N,N-dimethylformamide.!! Previously, the sulfur di-
oxide radical anion has been found to react with alkyl
halides to give sulfones.!? Certain tertiary amines (e.g.,
triphenylamine) and secondary amines (e.g., piperidine)
show ESR absorptions in liquid sulfur dioxide'? that
supports the suggestion of an initial electron-transfer step
from dihydropyridine to sulfur dioxide. No evidence for
a dihydropyridine radical cation has been obtained, al-
though the broadness of the ESR spectrum may be caused
by its presence. No dimers of pyridinyl radicals have been
found in the reaction products. No ESR signal is observed
when methanol is the solvent, and the signal observed in
N,N-dimethylformamide is quenched on addition of
methanol. In the absence of other reagents and with the
exclusion of oxygen, the ESR signal slowly diminishes in
intensity. The lack of an observable ESR signal in
methanol may indicate that the initially formed anion
radical of sulfur dioxide, SO,™, rapidly abstracts a hy-
drogen atom from the solvent, forming a cage around the
radical ion pair. The radical formed from methanol then
abstracts a hydrogen atom from the dihydronicotinamide,
possibly via a rapid hydrogen atom transfer between
neighboring methanol molecules, to give the pyridinium

(11) Martin, R. P.; Sawyer, D. T. Inorg. Chem. 1972, 11, 2644. Kas-
tening, B.; Gostisa-Mihelcic, B. J. Electroanal. Chem. Interfacial Elec-
trochem. 1979, 100, 801.

(12) Knittel, D.; Kastening, B. J. Appl. Electrochem. 1978, 3, 291.

(13) Nagai, T.; Katayama, K.; Tokura, N. Chem. Lett. 1973, 919.
Donbavand, M.; Mockel, H. Z. Naturforsch., A 1973, 284, 1258.



2786 J. Org. Chem. 1983, 48, 2786-2788

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.

Chart 1

0 g o R o  SPh

&\SCHz’ R\)‘\)\SCHS /[k)\/\

1- R2 = 3
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

O SCHjy o R

I A

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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