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2-cycloalkenones
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2-Ethylthio- or 2-phenylthio-2-cycloalkenones (five-, six-, or seven-membered ring) were obtained in high yields

by the reactions of alicyclic f-ketosulfonium salts with sulfenamides.

It was found that dihydrofuran derivatives

were obtained in good yields from the sulfonium salts of the cycloalkenones and active methylene compounds.

Recently we found that a-phenylthioacrylophenone
was obtained in quantitative yield by the reaction of
dimethyl-a-methylphenacyl sulfonium bromide with N,
N-diethylbenzenesulfenamide.?

CH,
(CH,),8-CHCOCH; Br~ + CgHSN(G,H;),
_COC,H;,
—— CH,=C + (CH,),S + (C,H;),NH-HBr

ot
Scheme 1

This indicates that 2-alkylthio- or 2-arylthio-2-cyclo-
alkenones, valuable synthetic intermediates, would be
produced from alicyclic f-ketosulfonium salts and sul-
fenamides.

The preparation of alicyclic f-ketosulfonium salts and
the reactions of the salts with sulfenamides were in-
vestigated. It is well-known that sulfonium salts are
prepared by the reactions of alkyl halides with dimethyl
sulfide. However, it was found that the reaction of
2-bromocycloalkanones such as 2-bromocyclohexanone
with dimethyl sulfide afforded no corresponding sul-
fonium salts, except when the reaction was carried out
in the presence of silver tetrafluoroborate.? Thus, the
preparation of the sulfonium salts was attempted by the
reactions of B-keto-sulfides with dimethyl sulfate or
methyl p-tosylate.

When 2-ethylthiocyclohexanone was treated with di-
methyl sulfate at room temperature for 1—2 days or
with methyl tosylate at 75—85°C for 7—S8 hr, the cor-
responding sulfonium salts were obtained in almost
quantitative yields as viscous oil. In a similar way,
cyclopentanone and cycloheptanone analogs were pre-
pared in high yields.
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Scheme 2

The reactions of sulfonium salts (Ila—c) thus obtain-
ed with several sulfenamides were examined. When

1) T. Mukaiyama, K. Hosoi, S. Inokuma, and T. Kumamoto,
This Bulletin, 44, 2453 (1971).
2) T. Mukaiyama and M. Higo, Tetrahedron Lett., 1970, 5297.

methylethyl-2-oxocyclohexylsulfonium tosylate (IIb’)
was treated with N-phenylthiopyrrolidine® (sulfen-
amides of type 4 in Scheme III) in dichloromethane
at room temperature for a day, 2-phenylthio-2-cyclo-
hexenone (IVc) was obtained in 549, yield along with
diphenyl disulfide (319%,).

The result can be explained as follows. Sulfonium
salt (IIb’) reacts with N-phenylthiopyrrolidine to afford
a-sulfenylated intermediate (III) and pyrrolidine. III
is in turn converted to IVc with the elimination of
B-hydrogen atom and methyl ethyl sulfide by the in-
fluence of pyrrolidine produced at the same time. It
was established that IVc was obtained in 789, yield
by the reaction of IIb’ with N-phenylthiophthalimide
(sulfenamides of type B in Scheme III) in the presence
of triethylamine. These results indicate that sulfen-
amides of type B are preferable to those of type A4 for
the synthesis of 2-alkylthio- or 2-arylthio-2-cycloalke-
none. In a similar way, reactions of the five- or the
seven-membered sulfonium salt with N-phenylthio- or
N-ethylthiophthalimide gave the corresponding 2-phe-
nylthio- or 2-ethylthio-2-cycloalkenones (IVa—f) in
good yields (Tabel 1).

TABLE 1. SYNTHESES OF 2-ETHYLTHIO- OR 2-PHENYL~-
THIO-2-CYCLOALKENONES
[0]
N-SR
Y @
(CHQ)n L 24CH; 0 \«;Q,\EH
y 3 -SR
(Ic)l C2Hs (C,Hs)3N, CH,CLy ”/
CH3S0, 0
11 v

Analyses (%)

Mp °C Found (Calcd)

Yield

n R (%) (Bp °C/ ~ .
mmHg) ' g N
IVa 2 C¢H, 59 65—66 69.58 5.39 17.12
(69.46) (5.30) (16.85)
b 2 CH, 81 (127—128/15) 58.88 7.12 22.30
(59.14) (7.09) (22.54)
c 3 CH, 70 57—58 70.31 6.10 15.50
(70.57) (5.92) (15.70)
d 3 GH, 80 (110—112/4) 61.57 7.77 20.80
(61.52) (7.75) (20.51)
e 4 CH; 76 148—149» 71.83 6.29 14.50
(71.54) (6.47) (14.69)
f 4 CH; 76 (115—118/5.5)63.64 8.26 18.79

(63.51) (8.29) (18.83)
a) Mp of 2,4-dinitrophenylhydrazone

3) T. Mukaiyama, S. Kobayashi, and T. Kumamoto, ibid.,
1970, 5115.
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Reactions of the sulfonium salts (Va—c) of the
cycloalkenones with active methylene compounds, such
as ethyl acetoacetate or acetylacetone, were attempted.
When 2-ethylthio-2-cyclohexenone (IVd) or 2-ethylthio-
2-cycloheptenone (IVf) was treated with dimethyl sul-
fate at 40—50°C for 5 hr, the corresponding sulfonium
salts were obtained in almost quantitative yields. In
the case of the five-membered analog, the yield of the
sulfonium salt (Va) was low.

GH (CH3)250, [ TH
(CHQ)” /8 -SC;Hs — (CHZ)';/ICI—g:E';SS
1] I
0 CH3S04
IVb(n=2) Va(n=2)
d(n=3) b(n=3)
f (n=4) c(n=4)

Scheme 4

It was found that when the sulfonium salt (Vb) was
treated with ethyl acetoacetate in the presence of tri-
ethylamine or sodium ethoxide under ice-cooling for
5 hr, the compound, mp 58—59°C, C,,H;40,, was ob-
tained along with methyl ethyl sulfide. Its IR spectrum
showed the presence of ester group at 1725 cm~?, car-
bonyl group of cyclohexane ring at 1695 cm~! and the
C=C stretching of enol ether at 1640 cm~!, but not a
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band for acetyl group. The NMR spectrum (60 MHz)
exhibited characteristic peaks of two angular hydrogens
at 6.1—6.6 v (1H, multiplet) and at 5.4 ¢ (1H, doublet,
J=10Hz), and the UV spectrum in ethanol showed
absorption maximum at 255 mg (e=12200). Thus,
the structure is assigned to the dihydrofuran derivative,
9-ethoxycarbonyl-8-methyl-7-oxabicyclo[4.3.0]-8-nonen-
5-one (Xb).

ChC0LCaMs
@+CH3 CH3COCH,CO,CoHs Q/\g é(;iocm N
O CaHs EtsN or NaOC,Hg o 253 ‘
CH3S0; 3 2 CaHs
Vb VI
C0O2CoHs
&.C05CaHs C=CCH,
o e OLS
v S-CH, I S-CHy
CHs CoHs
VII VIII
%_CH:’SCzHS j—CH:‘)SCZHS
COZCZHS Q;C_JECOZCZHS
COCH4 0" CH,
0
IX Xb

Scheme 5

This result may be explained as follows. First, the
intermediate ylide (VI) is produced from the sulfonium
salt (Vb) and ethyl acetoacetate by the Michael addi-
tion. The ylide (VI) is in turn changed to the betaine
form (VII or VIII) by the proton transfer. Subsequent
intramolecular nucleophilic attack of enolate anion
(VIII) at the a-carbon of sulfonium group affords
Xb with the elimination of methyl ethyl sulfide. There
is an alternative route for a possible formation of the
cyclopropane derivative (IX) involving an attack of
the carbanion (VII) at the a-carbon. However, no

TABLE 2. PREPARATION OF DIHYDROFURAN DERIVATIVES

RCOCH,X X
(CH2)n u +C 3 ’ (CHp) |
PN 7 (n
G CyHg (CyHg)3N or NaOC,Hs ¢ 07 "R
© chys0; °
% X
Analyses (%)
" R X Yield Mp °C AEOH Found (Calcd)
(%)  (Bp °C/mmHg)  myu (¢x10-) ——
(] H
Xa 2 CH, CO,C,H, 18 (127—130/4) 62.55 (62.84)  6.62 (6.71)
b 3 CH, CO,C,H, 91—98  58—59% 255 (1.92)  64.51 (64.27)  7.26 (7.19)
c 3 CH, COCH, 70 90—91» 274 (1.29) 67.79 (68.02) 6.98 (7.27)
d 3 H CO,C,H; 50 (115—118/4.5) 252 (1.03)  63.11 (62.84)  6.74 (6.71)
e 4 CH, CO,C,H, 85 64—65% 255 (1.21)  65.83 (65.53)  7.63 (7.61)
f 4 CH, COCH, 67 86—87» 273 (1.36) 68.92 (69.21) 7.44 (7.74)

a) Recrystallized from cyclohexane

4) J. Gosselck, H. Ahlbrecht, F. Dost, H. Schenk, and G. Schmidt, Tetrahedron Lett., 1968, 995.



November, 1971]

such compound could be isolated from the reaction
mixture.

Similarly, dihydrofuran derivatives (Xa—f) were ob-
tained from the sulfonium salts of cyclopentenone or
cycloheptenone analog and active methylene compounds
as shown in Table 2.

Experimental

Materials. 2-Ethylthiocyclopentanone (Ia, bp 57—
59°C/4 mmHg) and 2-ethylthiocycloheptanone (Ic, bp 96.5—
97.5°C/5 mmHg) were prepared according to the method of
Mousseron.®)

Preparation of Methylethyl-2-oxocycloalkylsulforium Salts (II).
A mixture of 2-ethylthiocyclohexanone (Ib)® (1.58 g,
0.01 mol) and freshly-distilled dimethyl sulfate (1.39 g,
0.011 mol) was stirred at room temperature. After stirring
for 1—2 days, methylethyl-2-oxocyclohexylsulfonium methyl-
sulfate (IIb) was obtained in almost quantitative yield as a
slightly yellowish viscous oil. Similarly, methylethyl-2-
oxocyclopentylsulfonium methylsulfate (ITa) and methylethyl-
2-oxocycloheptylsulfonium methylsulfate (IIc) were obtained
in good yields. Methylethyl-2-oxocyclohexylsulfonium tosyl-
ate (IIb’) was prepared by the treatment of Ib (4.75 g,
0.03 mol) with methyl tosylate (6.15g, 0.033 mol) at 75—
85°C for 7—8 hr as a slightly brownish viscous oil. All of
these oily salts were used for the reaction with sulfenamides
without further purification, and identified by transformation
into their picrates.

TABLE 3. METHYLETHYL-2-OXOCYCLOALKYL~
SULFOMIUM PICRATES

/\ NO2
CH,
CH CH; _
( 2)!’1 /ClH"g\ 3 0 Noz
c CyoHs
5 NO,
. Mp °C Analyses, Found (Caled) (%)
(dec.) c H N S
2 109—110 43.90 4.41 10.80 8.14
(43.41) (4.42) (10.58) (8.28)
3 158 45.17 4.61 10.72 8.29
(44.89) (4.77) (10.47) (7.99)
4 129.5 46.51 5.25 10.28 7.68
(46.26) (5.10) (10.12) (7.77)
Preparation of 2-Phenylthio-2-cyclohexenone (1Ve). (4)
The Reaction of IIb' with N-Phenylthiopyrrolidine: A solution

of N-phenylthiopyrrolidine (5.37 g, 0.03 mol) in dichloro-
methane (5 ml) was added dropwise to a solution of IIb’
(10.9 g, 0.03mol) in dichloromethane (10 ml) under ice-
cooling. The reaction mixture was stirred continuously
at room temperature for a day. After removal of the solvent,
the resulting dark brown syrup was extracted with ether and
the ether layer was chromatogaphed on silica gel. Elution
with petroleum ether gave diphenyl disulfide 1.0g (31%)
and that with benzene gave slightly yellowish-green crystals,
mp 52—54°C, 3.3 g (54%), which were crystallized from
isopropyl alcohol to afford colorless needles (IVc), mp 57—
58°C.

(B) The Reaction of IIb" with N-Phenylthiophthalimide:
Into a mixture of IIb’ (7.26 g, 0.02 mol) and N-phenylthio-

5) M. Mousseron, R. Jacquier, and A. Fontaine, Bull. Soc.
Chim. Fr., 1952, 767.
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phthalimide (5.1 g, 0.02 mol)® in dichloromethane (25 m/),
a solution of triethylamine (2.02 g, 0.02 mol) in dichloro-
methane (2 m/) was added dropwise with stirring under ice-
cooling. After additional stirring at room temperature for a
day, the precipitate of phthalimide (2.11 g, 72%,) was filtered
off. The filtrate was concentrated under reduced pressure
and the resulting oil was chromatographed on silica gel.
Elution with benzene gave slightly brownish crystals, mp
52—55°C, 3.2 g (78%). Recrystallization from isopropyl al-
cohol gave colorless needles (IVc), mp 57—58°C. In a similar
manner, 2-phenylthio-2-cyclopentenone (IVa) or 2-phenythio-
2-cycloheptenone (IVe) was obtained by the reaction of the
corresponding sulfonium salt (IIa or IIc respectively) with
N-phenylthiophthalimide as shown in Table 2.

Preparation of 2-Ethylthio-2-cyclohexenone. Into a mix-
ture of IIb (29.7g, 0.1 mol) and N-ethylthiophthalimide
(20.7 g, 0.1 mol)® in dichloromethane (60 m/), a solution of
triethylamine (10.1 g, 0.1 mol) in dichloromethane (10 m/)
was added dropwise under ice-cooling. After additional
stirring at room temperature for a day, the white precipitate of
phthalimide (14 g) was filtered off and the filtrate was con-
centrated. The residue was extracted with ether and ether
layer was washed with 109, sodium hydroxide, 109 hydro-
chloric acid and water, and dried over sodium sulfate. After
removal of the solvent, the residual liquid was distilled to
afford a slightly yellowish-green liquid (IVd), bp 110—
112°C/4 mmHg, 12.5g (809%). Similarly, 2-ethylthio-2-
cyclopentenone (IVb) or 2-ethylthio-2-cycloheptenone was
obtained. The results are listed in Table 1.

Preparation of the Sulfonium Salt of 2-Ethylthio-2-cycloalkenone.
A mixture of 2-ethylthio-2-cycloalkenone and dimethyl sulfate
(1:1.1 molar ratio) was stirred at 40—50°GC for 5 hr or at room
temperature for 3—4 days. The corresponding sulfonium salt
was obtained as a viscous oil, which turned crystalline on
transformation into its 2,4,6-trinitrobenzenesulfonate or
picrate.

TABLE 4. SULFONIUM SALTS OF ALICYCLIG f-KETOSULFIDES

CH
(CHz)n “_ /CH3 X'
¢’ “CaHs
Mp °C Analyses, Found (Calcd) (%)
n e
dec.
B dec) ¢ ®H N g
2 TNBS® 191 37.13 3.45 9.45 14.14
(37.41) (3.36) (9.35) (14.27)
3 Pic® 113 45.01 4.14 10.50 8.12
(45.12) (4.29) (10.52) (8.03)
4 TNBS 156—157 40.04 4.12 8.58 13.18

(40.24) (4.01) (8.80) (13.43)

a) TNBS: 2,4,6-trinitrobenzenesulfonate
b) Pic: picrate

Preparation of 9-Ethoxycarbonyl-8-methyl-7-oxabicyclo[4.3.0]-8-
nonen-5-one (Xb). Into a mixture of ethyl acetoacetate
(0.98g, 0.0075 mol) and sodium ethoxide [prepared from
0.115 g (0.005 mol) of sodium] in absolute ethanol (5 ml), a
solution of the sulfonium slat (Vb) (1.47g, 0.005 mol) in
absolute ethanol ( 5 m/) was added dropwise under ice-cooling
and stirring for 5 hr. White crystals were precipitated
during the stirring. After removal of the solvent, water

6) M. Behforouz and J. E. Kerwood, J. Org. Chem., 34, 51,
(1969).
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(10 m!) was added to the residue, and the resulting oil was
extracted with ethyl acetate. Ethyl acetate layer was dried
over sodium sulfate, followed by evaporation of the solvent
giving slightly yellowish brown crystals (Xb), mp 53—55°C,
1.1 g (98%), which were recrystallized from cyclohexane to
afford colorless needles, mp 58—59°C. When the sulfonium
salt (Vb) was treated with a small excess of ethyl acetoacetate
in dichloromethane in the presence of equimolar amount of
triethylamine under ice-cooling, Xb was obtained in 91%,
yield. Similarly, the dihydrofuran derivatives (Xa), (Xc),
(Xe) and (Xf) were produced from the corresponding sul-
fonium salt and active methylene compound. The results
are listed in Table 2.
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Preparation of 9-Ethoxycarbonyl-7-oxabicyclo[4.3.0]-8-nonen-5-one
(Xd). Into a suspension of the sodium salt (2.07 g,
0.015 mol)? of ethyl formylacetate in absolute ethanol (10 m/),
a solution of Vb (2.94 g, 0.01 mol) in ethanol (10 ml) was
added dropwise under ice-cooling. After additional stir-
ring for 5 hr, the solvent was evaporated, and the residue
was extracted with ethyl acetate. Ethyl acetate layer was
chromatographed on silica gel. Elution with benzene-
chloroform (1:1) gave the pale yellow oil (Xd), 1.05 g (50%,),
which was distilled to afford the colorless oil, bp 115—118°C/
4.5 mmHg.

7) W. Wislicenus, Ber., 20, 2930 (1887).






