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via Lythgoe coupling®® into nature 1c,25-dihydroxyvitamin
D;.18 Such vitamin Dy hormonally active compounds are
becoming popular as clinically useful regulators of such
fundamental physiological processes as bone calcium mo-
bilization (e.g., in chemotherapy of osteoporosis)® and cell
proliferation and differentiation (e.g., in chemotherapy of
psoriasis and leukemia).20:2

In summary, the overall reaction sequence from pyrone
sulfone 1 to A-ring chiron (-)-9e required only 14 steps and
proceeded in 34.6% overall yield, which compares very
favorably indeed with other recent syntheses of the same!®
and similar? A-ring units as precursors to vitamin D,

(19) (a) Lythgoe, B. Chem. Soc. Rev. 1980, 449. (b) Kocienski, P. J.;
Lythgoe, B. J. Chem. Soc., Perkin Trans. I 1980, 1400. (c) For a review
of synthetic methods, see: Kametani, T.; Furayama, H. Med. Res. Rev.
1987, 7, 147.

(20) (a) DeLuca, H. F.; Schnoes, H. K. Ann. Rev. Biochem. 1983, 52,
411. (b) Pardo, R.; Santelli, M. Bull. Soc. Chim. Fr. 1985, 98. (c) Calcium
Regulation and Bone Metabolism: Basic and Chemical Aspects; Cohn,
D. V. Elsevier Science Publisher: B. V., 1987, and references therein. (d)
“Vitamin D: Molecular, Cellular, and Chemical Endocrinology”, pro-
ceedings of the Seventh Workshop on Vitamin D, Rancho Mirage, CA,
Norman, A. W., Schaefer, K., Grigoleit, H.-G., Herrath, D. V., Eds.;
Walter de Gruyter: Berlin, 1988, and references therein. (e) deCosta, B.
R.; Holick, S. A.; Holick, M. F. J. Chem. Soc., Chem. Commun. 1989, 325.

(21) (a) Smith, E. L.; Walworth, N. C.; Holick, M. F. J. Invest. Der-
matol. 1986, 86, 709. (b) Ikekawa, N.; Eguchi, T.; Hara, N.; Takatsuto,
S.; Honda, A.; Mori, Y.; Otomo, S. Chem. Pharm. Bull, 1987, 35, 4362 and
references therein. (c) Calverly, M. J. Tetrahedron 1987, 43, 4609 and
references therein. (d) Cf. DeLuca, H. F.; Tanaka, Y.; Ikekawa, I.; Ko-
bayashi, Y. U.S. Patent No. 4,594,192, 1986.

derivatives. Also of considerable potential is use of a new
sulfinyl orthoacetate for efficient conversion of some allylic
alcohols into the corresponding dienoate esters via con-
secutive Claisen rearrangements and sulfoxide g-elimina-
tions occurring at 100 °C all in one reaction flask. We are
actively pursuring this protocol for asymmetric synthesis
of other A-ring units as precursors to analogues of 1«,25-
dihydroxyvitamin Dj.
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Summary: The imine linkage of an acylated quinone imine
ketal reacts with ethanethiol to afford an isolable addition
product which subsequently rearranges by a facile 1,2-shift
to afford an ortho-substituted aromatic amide.

An understanding of the chemistry involved in the
metabolism of acylated aromatic amines is central to es-
tablishing the mechanism of toxicity associated with drugs
such as acetaminophen!®™ and phenacetinldf and the
carcinogenicity of N-hydroxylated amides? (e.g., N-

(1) For the chemistry involved in the toxicity of phenacetin and ace-
taminophen and related references, see: (a) Jallow, D. J.; Thorgeirsson,
S. S.; Potter, W. Z.; Hashimoto, M.; Mitchell, J. R. Pharmacology 1984,
12, 251. (b) Fernando, C. R.; Calder, 1. C.; Ham, K. N. J. Med. Chem.
1980, 23, 1153. (c) Dahlin, D. C.; Nelson, S. D. J. Med. Chem. 1982, 25,
835. (d) Hinson, J. A.; Nelson, S. D.; Gillette, J. R. Mol. Pharmacol. 1979,
15, 419. (e) Calder, I. C.; Creek, M. J.; Williams, P. J. Chem.-Biol.
Interact. 1974, 8, 87. (f) Calder, L. C.; Creek, M. J.; Aust. J. Chem. 1976,
29, 1801. (g) Novak, M.; Pelecanou, M.; Zemis, J. N. J. Med. Chem. 1986,
29, 1424. (h) Novak, M.; Pelecanou, M.; Pollock, L. J. Am. Chem. Soc.
1986, 108, 112. (i) Novak, M.; Pelecanou, M.; Roy, A. K.; Andronico, A.
F.; Plourde, F. M.; Olefirowicz, T. M.; Curtin, T. J. Ibid. 1984, 106, 5623.
(j) Novak, M.; Bonham, G. A.; Mulero, J. J.; Pelecanou, M.; Zemis, J. N.;
Buccigross, J. M.; Wilson, T. C. J. Am. Chem. Soc. 1989, 111, 4447.

(2) (a) Meerman, J. H. N.; Beland, F. A,; Ketterer, B.; Srai, S. K. S;
Bruins, A. P.; Mulder, G. J. Chem.-Biol. Interact. 1982, 39, 149 and
references cited therein. (b) Lotlikar, P. D. Xenobiotica 1971, 1, 543. (c)
Boche, G.; Bosold, F. Angew. Chem., Int. Ed. Engl. 1990, 29, 63. (d)
Ulbrich, R.; Famulok, M.; Bosold, F.; Boche, G. Tetrahedron Lett. 1990,
31, 1689. (e) Meier, C.; Boche, G. Ibid. 1990, 31, 1693. (f) Meier, C.;
Boche, G. Ibid. 1990, 31, 1685.

hydroxy-2-(acetylamino)fluorene). An important step in
the metabolism of these compounds is oxidation of the
amide nitrogen! with eventual production of aromatic
substitution products of the parent amide. For example,
metabolism of phenacetin (1, R = Et) gives amides!d such
as 3. The mechanism for formation of 3 is thought to
involve 1,4-addition of a nucleophile to 2, followed by
aromatization. A second proposed mechanism?® for ef-
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fecting aromatic substitution involves formation of a 4-
substituted quinone imide intermediate such as 4, followed
by a 1,2-shift and aromatization.

H
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However, the metabolism of (N-acetylamino)fluorene,
6, in the rat affords glutathione conjugates at the 1- and
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3-positions of the fluorene nucleus, 5b,c2—products that
could not arise via either of the two mechanisms men-
tioned above.® We report herein that ethanethiol adds
to the carbon—nitrogen double bond of an acylated quinone
imine ketal to form a labile, but isolable, adduct which
undergoes a facile 1,2-shift, resulting in the formation of
an ortho-substituted amide. Chemistry analogous to that
described herein would account for the formation of glu-
tathione conjugates at the 1- and 3-positions of 6 and the
incorporation of sulfur nucleophiles in the metabolism of
acylated amines.

OYCHa R‘OY%

oo 2 QOO
GSH R
6 5b, R'=H, R®= GS

3
GSH = ¥ -Glu-Cys—Gly 5¢, R'=GS, R’ = H

H

Recently, we reported® that the acid-catalyzed reaction
of acylated quinone imine ketal 7 with ethanethiol gave
primarily the 2’-substituted benzamide 9. Since the or-
tho-substitution product was analogous to that observed
in the metabolism of (N-acetylamino)fluorene noted above,
this reaction was studied in more detail. Addition of 7 to
a solution of ethanethiol containing a catalytic amount of
p-toluenesulfonic acid at —78 °C, followed by quenching
of the reaction with sodium bicarbonate after 2 min led
to a mixture of 7 and a new product identified as 8. Al-
though 8 is labile, it was obtained in 51% yield (>95%
pure) from this reaction mixture by careful fractional
crystallization, mp 103-104 °C. The infrared spectrum of
8 indicated the presence of the secondary amide (1645,
1525, and 3295 cm™), and the 'H NMR spectrum (250
MHz) essentially established the structure: 6 7.8-7.6 (m,
2 H), 7.5-7.3 (m, 3 H), 6.27 (brs, 1 H), 6.17 (AB q, J =
10 Hz, Av = 27 Hz, 4 H), 3.35 (s, 3 H), 3.31 (s, 3 H), 2.49
(q,J = 7Hz, 2 H), 1.21 (t,J = 7 Hz, 3 H). The ethanethiol
adduct 8 rearranges slowly to 9 on standing and rapidly
gives 9 with acid catalysis. This experiment demonstrates
for the first time the formation of a 1,2-adduct from a thio
group and an acylated quinone imine and the facile 1,2-
migration of the thio group with formation of an ortho-
substituted amide.”

0 o
NAoph EtS ) "{, HNJLPh
Q EASH,THF h  p-TsOH SE
—— ——
-78 oC THF
CHyO" "OCHy 51X  CH30” “OCH, 92% ¢,
7 8 9

(3) Products having ortho substitution relative to the amide group
have been obtained from solvolysis reactions of N-chloroanilinest and
N-arylhydroxamic acids O-methanesulfonates.®® In most cases these
products arise from reaction of the leaving group with the nitrenium ion
in a tight ion pair. However, the nitrenium ion derived from N-(sulfon-
atooxy)-2-(acetylamino)fluorene does lead to incorporation of external
chlorid':;:.‘d For studies on nucleophilic capture of nitrenium ions see refs
lg-f, 4d,e.

(4) (a) Gassman, P. G.; Campbell, G. A. J. Chem. Soc., Chem. Com-
mun. 1970, 427. (b) Gassman, P. G.; Granrud, J. E. J. Am. Chem. Soc.
1984, 106, 1498. (c) Gassman, P. G. Acc. Chem. Res. 1970, 3, 26. (d)
Panda, M.; Novak, M.; Magonski, J. J. Am. Chem. Soc. 1989, 111, 4524.
(e) Fishbein, J. C.; McClelland, R. A. Ibid. 1987, 109, 2824,

(5) Swenton, J. S.; Bonke, B.; Clark, W, M.; Chen, C. P.; Martin, K.
V. J. Org. Chem. 1990, 55, 2027.

(6) This compound, mp 147.0-148.0 °C (lit.> mp 147-147.5 °C), showed
spectroscopic properties identical with those of an authentic sample.
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Scheme I. Two Mechanisms for Nucleophilic Substitution
on Quinone Imine Derivatives
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The facile 1,2-migration of an alkyl sulfur linkage in 8
prompted us to examine the migration of a thiol group
from the 4-position of an acylated quinone imine deriva-
tive. The two mechanisms considered for the formation
of meta-substituted amides in the metabolites of acylated
amides are outlined in Scheme I. Recent studies® have
strongly favored a sequence of 1,4-addition followed by
aromatization, 10 — 11 — 13; however, this mechanistic
work dealt with oxygen nucleophiles. A second proposed
mechanism involved a 1,2-shift of the group followed by
aromatization, 10 — 12 — 13.

The chemistry of a mixed oxygen—sulfur ketal of an
acylated quinone imine derivative would give information
about the facility of a 1,2-alkylthio shift in acylated qui-
none imine systems. Mixed oxygen-sulfur ketals are
known;? however, they have not been reported for quinone
systems, and attempts to prepare these compounds by
anodic oxidation of thioanisole derivatives or exchange
reactions using 7 were unsuccessful. A different
approach—protection of the acylated quinone imine
linkage, ketal exchange, and then deprotection to regen-
erate the acylated quinone imine was examined. To dem-
onstrate the feasability of this method, the exchange of the
dimethyl ketal for an ethylene ketal was investigated.
Reaction of 7 with potassium cyanide using 18-crown-6 as
catalyst gave 14.1° The dimethyl ketal of 14 was then
exchanged for the ethylene ketal by reaction with ethylene
glycol, followed by deblocking with potassium tert-but-
oxide at room temperature to give 15.

Having established conditions for the exchange reaction
with oxygen nucleophiles, 14 was reacted with ethanethiol
with acid catalysis to give the mixed ketal 16.1! However,
deblocking of 16 with potassium tert-butoxide under a
variety of reaction conditions did not lead to the expected

(7) Performing the 8 — 9 conversion in the presence of a 10-fold molar
excess of 1-propanethiol resulted in no incorporation of the propanethiol
group supporting the intramolecularity of the 8 — 9 transformation.
Calder!® observed the addition of ethanethiol across the imine linkage of
N-acetyl-2,6-dimethyl-p-benzoquinone imine, whereas the 3,5-dimethyl
derivative yielded 3’,5’-dimethyl-2’-(ethylthio)-4’-hydroxyacetamide. He
also proposed initial imine attack and migration to form the 2’-substituted
adduct; however, this was not demonstrated experimentally. Imine
linkages are known to form detectable adducts with water,! ethanol,
and aniline.l?

(8) (a) Scribner, J. D. J. Am. Chem. Soc. 1977, 99, 7383. (b) Gassman,
P. G.; Granrud, J. E. J. Am. Chem. Soc. 1984, 106, 2448.

(9) Narasimhan, L.; Sanitra, R.; Swenton, J. 8. J. Chem. Soc., Chem.
Commun. 1978, 719.

(10) We are unaware of this method for formation of a-amino nitriles.
For recent papers using a-amino nitriles as protected imines, see: (a)
Bunnelle, W. H.; Shevlin, C. G. Tetrahedron Lett. 1989, 30, 4203. (b)
Overman, L. E.; Osawa, T. J. Am. Chem. Soc. 1985, 107, 1698. (c) Royer,
J.; Husson, H. P. J. Org. Chem. 1985, 50, 670. (d) Royer, J.; Husson, H.
P. Tetrahedron Lett. 1985, 26, 1515.

(11) The double exchange process of a dimethyl ketal for a dithioketal
could not be effected in this system. For a similar experience, see: Kim,
S.; Park, J. H.; Lee, S. Tetrahedron Lett. 1989, 30, 6697.
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mixed ketal of the acylated quinone imine 17. Instead, the
meta-substituted amide 18! was formed as the exclusive
product. Since 15 was cleanly prepared from 14 under
these reactions conditions, it appears that 18 results from
an extremely rapid 1,2-migration of the ethylthio group

(12) This compound, mp 181-182 °C (lit.> mp 185-185.5 °C), showed
spectroscopic properties identical with those of an authentic sample.

in 17. Thus, if products akin to 4 (Y = S) or 10 (Nu = SR)
are formed in metabolic processes of acylated aromatic
amines, a 1,2-shift of the alkyl sulfur group to give 5a or
13 is a viable process.

The results presented herein establish the extremely
facile 1,2-shift of an ethylthio group in acylated quinone
imine systems. Analogous reactions explain the production
of 1- and 3-substituted products from the metabolism of
(N-acetylamino)fluorene in the rat. These results em-
phasize the different mechanisms by which oxygen and
sulfur nucleophiles may be incorporated into quinone
imine type intermediates. In view of the higher nucleo-
philicity of sulfur relative to oxygen and the presence of
sulfur nucleophiles in living systems, the addition of sulfur
nucleophiles to the carbon-nitrogen double bond of bio-
logically generated imine systems followed by 1,2-rear-
rangements may be an important reaction.
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Summary: The reaction of 2,2-disubstituted 1,3-cyclo-
hexanediones (1) with dimethyl methylphosphonate anion
in the presence of trimethylsilyl chloride produces 3-sub-
stituted 2-cyclohexenones (2) in moderate to very good
yields. This new overall reaction is accounted for by (a)
attack of the phosphonate anion on a carbonyl group, (b)
retro-aldol cleavage, (c) reorganization of the acidic proton,
and (d) an intramolecular Wadsworth-Emmonds con-
densation. The new rearrangement is applied to a short
synthesis of (+)-a-acoradiene.

3-Substituted 2-cyclohexenones are versatile building
blocks for the synthesis of complex cyclic natural products
such as spirocyclic and fused ring sesquiterpenes. The
synthetic method most commonly used is based either on
the 1,4-addition of organocopper reagents to 3-
halogenated(or acetoxy)-2-cyclohexenones! or on the 1,2-
addition of organolithium or magnesium reagents to 3-
alkoxy-2-cyclohexenones.? These organometallic-based
procedures are subject to inherent drawbacks involved in
the use of organometallic reagents; introduction of sec-
ondary alkyl groups or of functional groups often causes
difficulties.

We report herein a new approach for the synthesis of
3-substituted 2-cyclohexenones via phosphonate anions.
The reaction of 2,2-disubstituted 1,3-cyclohexanediones

(1) (a) Casey, C. P.; Marten, D. F.; Boggs, R. A. Tetrahedron Lett.
1973, 2071. (b) Piers, E.; Nagakura, 1. J. Org. Chem. 1975, 40, 2694.

(2) (a) Woods, G. F.; Griswold, P. H.; Armbrecht, B. H.; Blumenthal,
D. L; Plapinger, R. J. Am. Chem. Soc. 1949, 71, 2028. (b) Frank, R. L.;
Hall, H. K, Jr. J. Am. Chem. Soc. 1950, 72, 1645.
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(1) with methyl dimethylphosphonate anion produces 2
in moderate to very good yields.



