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Abstract: The reactions of enamines with sulfoxides bearing a-hydrogens in the presence of a

magnesium amide, generated in sity from the reaction of ethylmagnesium bromide with
lll“sllh"lulll IR, EDII\II“‘VU e JEFA ALURRL [F8L%) 1vawvuivia Vi \.'I-IIJ llll‘lsll AW ELL UL USIEIUS wilii
diisopropylamine, afforded the corresponding c-sulfenylalkylated ketones and aldehydes in isolated vields

ranging from 39 to 76%. This procedure was successfully extended to the bis(methylthio)methylation
with methyl (methylthio)methyl sulfoxide. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

A number of interesting methods have been reported! for preparing a-(a-sulfenyl)alkylated carbonyl
compounds because of their efficiency in organic synthesis.1.2 Most of these methods rely upon the
sulfenylalkylation of carbonyl compounds. !2-f The methods reported by Paterson and Fleminglab.d, f involve
reactions of ketone silyl enol ethers with a-chloro thioethers. Hosomi and Sakuraile have used monothioacetals
in their approach similar to that of Paterson and Fleming. o-(N,N-Dialkylamino)thioethers have been used in the
method utilizing enamines reported by Sekiya et al.lc These methods are convenient, but the use of rather
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activated sulfoxides, such as o-sulfinyl ketones4 or allyl sulfoxides,5 have been reported to give the
corresponding o-sulfenylalkylated ketones by Mukaiyama et al. or Hunter et al., respectively. Moreover, Kita et
al. have reported that the zinc iodide—induced reaction of ketene silyl enol ethers with a simple sulfoxide, such as
phenyl 2-phenylethyl sulfoxide, gave the corresponding a-sulfenylalkylated carboxylates.¢ However, to the best
of our knowledge, there has been no report on the preparation of a-(a-sulfenyl)alkylated ketones or aldehydes
utilizing simple sulfoxides. On the other hand, we have recently reported the transformations of sulfoxides
carrying a-hydrogen(s) into symmetrical 74b and unsymmetrical dithioacetals,?d and thioethers’c including vinyl
thioethers, 7> through formation of the sulfur-stabilized carbonium ion intermediates induced by magnesium
amides. So, we were interested in investigating the nosmblhtv of develomng a procedure for the o-

r
0 describe_z t.hr; res ths of our inv e.,t_,:,“-__n_; % b__..h offer a leple

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00048-9



2692 K. Kobayashi et al. / Tetrahedron 54 (1998) 2691-2696

and general route to o-(c-sulfenyl)alkylated ketones and aldehydes from enamines and sulfoxides, as
Scheme 1.

utlined i

RESULTS AND DISCUSSION

We selected 1-pyrrolidinocyclohexene (1) and methyl phenyl sulfoxide (3) as the model substrates, and
carried out several experiments on reaction conditions for the satisfactory production of the desired product, 2-
(phenylthiomethyl)cyclohexanone (8). It was found that when the enamine 1 was treated with equimolar

amounts of the sulfoxides 3 in Et;O containing the (diisopropylamino)magnesium reagent, generated in situ
from 3 molar amounts each of EtMgBr and diisopropylamine, at room temperature, the a-
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Table 1. Preparation of a-(a-alkylthio)alkylated ketones and aldehydes
from enamines and sulfoxides

Entry Enamine Sulfoxide Product (yield/%)?
1 1 3 8 (76)
2 1 4 9 (39)
3 1 5 10 (71)P*
4 1 6 11 (55)%¢
5 1 7 12 (42)d¢
6 2 3 13 (62)
7 14 3 15 (63)
8 16 3 17 (47)
9 16 5 18 (55)'°

solated yields based on enamines. YA mixture of diastereomers (ca. 7:3).
°A mixture of diastereomers (ca. 8:2). 9A mixture of diastereomers (ca. 1:1).
®The stereochemistry of each diastereomer was not determined.
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ylalkylated ketone 8 was

procedure, reactions using ranges of sulfoxides and enamines under the above- mentioned conditions were

tained in an acceptable yield. In order to examine the generality of the present
e summarized in Table 1, which indicates that several sulfoxides, including a
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reaction of 3 with isopropyl phenyl sulfoxide did not give the expected a-sulfenylalkylated ketone and that no
detectabie amount of 8 was observed in the reaction mixture of 1-(trimethylsiloxy)cyclohexene with 3.

The pathway depicted in Scheme 2, which involves the nucleophilic attack of an enamine on the sulfur-
stabilized carbonium ion intermediate 19, is proposed for the formation of the a-sulfenylated ketones.

1,2,14,0or16  H30"

37 i-PryNMgX

Scheme 2

Subsequently, we investigated the possibility of an application of the present procedure to o-

[bis(methylthio)lmethylation with methyl ( methylthio)methyl sulfoxide (20), and found that treatment of the
t

enamine 1 with 20 in the presence of the magnesium amide under conditions similar to those described above
methylthio)methylcyclohexanone (21)8¢ in moderate _‘,’l@ld
(methylthiomethylene)cyclohexanone (22),° arising from a loss of methanethiol from 21, as shown in Scheme
2.8 The E geometry of 22 was confirmed by a comparison of its spectral data (IR and 'H NMR) with those

previously reported by Ila and Junjappa.®



2694 K. Kobayashi et al. / Tetrahedron 54 (1998) 2691-2696

O SMe
1 ] 1
EtMgBr-HN(i-Pr),
1 + MeSCH,S(O)Me - SMe + " " SMe
Cs N N~ DT
Latzu, UV LiIUNL l\ ) L J
20 ~ ~
21 (46%) 22 (9%)
Scheme 3
Tt ran thiic he ¢ceaan that tha nrncr-\nf magenesium amida_indnrad reantinn hattwsan anaminac amd cnlfavidacs
AL WAL LEIMD LW JVACEE LEGL UL 1L INASIIVIIMIHT GLITUCT IV ULV TVaviivil Ul ouil VRIARILIVY QLU DULLUARIUGD

.
o
e
bl
w
=
1
e
-
B
g<l
>
™
=
9
or
—
[¢]
w
>
g.
&
=
(441
g
3
[77)

DVUDDDIMENTAT
ERArGRIMENIAL
The mps were recorded with a Laboratory Devices MEL-TEMP II melting point apparatus and are
uncorrected. The IR spectra were determined with a Perkin-Elmer 1600 Series FT IR spectrometer. The 1
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reference with a JEOL INM-GX270 FT NMR spectrometer in CDCls. The coupling constants (J) are given in

Hz. Low-resolution mass spectra were recorded on a JEOL AUTOMASS 20 spectrometer (Centre for
Cooperative Research and Development, this University). Thin layer chromatography (TLC) was carried out on
Merck Kieselgel 60 PF,s4. All of the solvents used were dried over appropriate drying agents and distilled
under argon prior to use. 3-Pyrrolidino-2-pentene (14)10 and 1-morpholino-1-propene (16)!1 were prepared
according to the appropriate reported procedures. All other chemicals except for 14 and 16 were obtained
commercially, and purified by distillation prior to use.

(Phenylthiomethyl)cyclohexanone 8.1¢ The following preparation of 8 illustrates the general

2+(
rocedure for the a-suifenyla kvlatlon of enamines. To a stirred solution of EtMgBr (3.0 mmol) in Et,0 (4.5
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then at room temperature for 15 min. The resulting turbid solution was cooled to 0 °C and treated successively
with the enamine 1 (0.15 g, 1.0 mmol) and the suifoxide 3 (0.14 g, 1.0 mmol). The resulting reaction mixture
was allowed to warm to room temperature, and stirring was continued overnight, after which time it was
quenched with saturated aqueous NH4Cl and extracted with Et;0 (3 x 20 ml). The combined extracts were

washed with brine and dried (MgSQOy). After evaporation of the solvent, the residue was purified by preparative
TLC on silica gel to afford 8 (0.16 g, 76%) as a pale-yellow oil: Ry 0.63 (1:3 EtOAc-hexane); Vmax (neat)/cmr-!
1710; 8y 1.35-1.7 (4H, m), 1.85~1.9 (1H, m), 2.0-2.1 (1H, m), 2.35-2.6 (3H, m), 2.73 (1H, dd, J 13.2 and

and 40\ 7 187 3§ (SH m): S,.')ﬁﬂ ’)’752 QQA '1’20 A’)n 504 1259 1280
ok €AIENA TT. S 1 L .

J3 1207 .00 \wLd, 111), U T, Ty 1T,

2-(Methylthiomethyl)cyclohexanone 9:1c.e R; 0.39 (1:5 EtOAc—hexane); Vmax (neat)/cm-! 1708; 5y
1.35-1.9 (6H, m), 2.10 (3H, s), 2.3-2.55 (4H, m), 2.97 (1H, dd, J 13.1 and 5.1).
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2-[af(Benzylthio)benzyl}cyclohexanone 10: a mixture of diastereomers (ca. 7:3); Ry 0.49 (1:5
EtQAc-hexane) (Found: C, 77.55; H, 7.37; §, 10.24. C;3H»,08 req s C, 77.38; H, 7.14; S, 10.33); Vinax

Ll 201122V 16 Wy AV

(neat)/cm-! 1712; 6y 1.25-1.95 (6H, m), 2.15-2.35 (2H, m), 2.7-2.8 (1H, m), 3.4-3.7 (2H, m), 4.13 (0.7H,
d, 78.7),4.26 (0.3H, d, J 1.3 Hz), 7.15~7.35 (10H, m); m/z 310 (M+, 0.60%), 219 (19), 121 (25), 91 (100).

2-(2-Tetrahydrothienyl)cyclohexanone 11: a mixture of diastereomers (ca. 8:2); Rf 0.63 (1:5
EtOAc-hexane) (Found: C, 65.28; H, 8.68; S, 17.29. CoH;60S requires C, 65.17; H, 8.75; S, 17.40); Viax

(nnnt\lpm-l 1707 &: 1,352 ﬁ 2“ m), 2.7-2.905 (2H m) 352 !’ﬂ 2H a 17 '7) 364 (ﬁ RH a JT7 7 m/

neatycm-1 1707, & 1.35-2.6 m), (2H, m), 3.52 (0.2H ,q,J7.7),3.64 (0.8H, q, J7.7): m/z
184 (M+, 60%), 87 (100).
2-(1-Phenylthioethyl)cyclohexanone 12:1b.f3a mixture of diastereomers (ca. 1:1); Rf 0.15 (1:40
EtOAc-hexane); identified by a comparison of its IR and TH NMR data with those reported in ref. 1f.
2-(Phenylthiomethyl)cyclopentanone 13:1a.c,f R 0.50 (1:3 EtOAc-hexane); identified by a
comparison of its IR and tH NMR data with those reported in ref. 1f.

2-Methyl-1-phenylthio-3-pentanone 15: R; 0.66 (1:3 EtOAc-hexane) (Found: C, 69.48; H, 7.56; S,

15.13. C,H¢O0S requires C, 69.19; H, 7.74; S, 15.39); Vnax (neat)/em-i 1713; 8y 1.04 (3H, t, J 7.3), 1.19

(3H, d, J 6.9), 2.3-2.6 (2H, m), 2.7-2.95 (2H, m), 3.24 (1H, dd, J 12.9 and 6.9), 7.1-7.4 (5H, m); 5¢ 7.5,

16.7, 35.0, 36.5, 45.5, 126.2, 128.9, 129.6, 132.7, 213.1; m/z 208 (M+, 80%), 123 (92), 110 (100).
2-Methyl-3-(phenylthio)propanal 17: R; 0.67 (i:3 EtOAc-hexane) (Found: C, 66.93; H, 6.65; S

)

17 &8 . rananirac { ARAAT H AT71- Q 17 70V v (neatYem-1 17722 8., 116 A A T £0 H\
17.0J. blulllzvu nwyu uires Ny UTUT, LAy UdT Ly WJy LT 7]y Vipax \LiVALjrviig 14y UH 1.1V \JI11, U, v U.7 114/,
2.4-2.65 (1H, m), 2.85 (1H, dd, J 13.5 and 7.1}, 3.23 (iH, dd, J 13.5 and 6.4), 7.1-7.5 (5H, m), 9.61 (iH,

s); m/z 180 (M+, 11%), and 110 (100).
3-Benzylthio-2-methyl-3-phenylpropanal 18: a mixture of diastereomers (ca. 1:1); Ry 0.47 (1:7

EtOAc-hexane) (Found: C, 75.45; H, 6.62; S, 11.64. C7H;30S requires C,75.51; H, 6.71; S, 11.86); Vpa,

1YY .1 T4 A b)Y D EL need VLY (el 1 11T 1A T 12 A ann~lad 2 778 /N0 &IT A T 1NN\ AN /N EIT A 7
i, 24, 7 15.4 eacn), 5.50 and 5.5+ (combined 1H, 2d,J 13.4 €acin), 5./ (Ww.on, G, J 1uU.2), 4.0 (U.On, Q,
6.9), 7.1-7.5 (10H, m), 9.50 (0.5 H, d, J 1.8), 9.56 (0.5H, d, J 3.3); m/z 270 (M+, 0.45), 213 (2.6), 145

(7.4), 118 (54), 91 (100).
2-Bis(methylthio)methylcyclohexanone 21:8¢ Ry 0.59 (1:3 EtOAc-hexane); identified by a
comparison of its IR and 1H NMR data with those reported in ref. 8e.
(E)-2-Methylthiomethylenecyclohexanone 22:9 0.40 (1:3 EtOAc-hexane); identified by a
comparison of its IR and 'H NMR data with those reported in ref. 9.
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