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Synthesis of Enantiomerically Enriched z-Sulfenylated Ketones
and Aldehydes

Joo-Hack Youn, Rudolf Herrmann, [var Ugi*

Organisch-Chemisches Institut der Technischen Universitidt Muinchen,
Lichtenbergstr. 4, D-8046 Garching, West Germany

a-Sulfenylated carbonyl compounds are prepared by the reaction of
imines of aldehydes and ketones containing a-hydrogens with disulfides
via the metalloenamines. With (R)-a-phenylethylamine as chiral auxilia-
ry, enantiomeric excesses of 13-51% are observed.

Chiral sulfoxides have found widespread use in organic syn-
thesis, particularly for the synthesis of natural products.' ~3 a-
Sulfinylketones are compounds of special interest in this re-
spect.* ~¢ However. no practical procedure for the preparation
of optically active a-sulfinylaldehydes has been reported up to
now. In this publication, we wish to present a synthesis of
potential precursors of these compounds, a-sulfenylated alde-
hydes and ketones. In contrast to the a-sulfinylaldehydes.* they
are stable and easy to handle, and may be oxidized to the
corresponding sulfoxides. The chemistry of achiral and racemic
a-sulfenylated carbonyl compounds has been reviewed,” their
preparation via metalloenolates and their applications in
organic synthesis have been reported.® However, this prepar-
ation. as well as others already known, e. g. the direct thiolation
of ketones,® the substitution reactions of a-halogenated car-
bonyl compounds,'® and the reaction of aldehydes with special
phosphonium ylids,!! can probably not be extended to obtain
enantiomerically enriched compounds.

In analogy to the well-known a-alkylations of imines vig the
metalloenamines,'? which lead to optically active carbonyl
compounds if chiral amines are used for the formation of the

imines,"*~*°, we studied transformations of the type given
below:
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As only one example for such a reaction sequence has been
found in the literature,'® we first studied the feasibility of the
method by preparing achiral or racemic a-sulfenylated alde-
hydes and ketones (Table 1).

Treatment of an imine 1 with lithium diisopropylamide (LDA)
gave the metalloenamine 2 which reacted cleanly with a disulfide
to give a a-sulfenylimine 3. Hydrolysis by dilute oxalic acid
afforded the a-sulfenylated carbonyl compound 4. The introduc-
tion of steric hinderance by bulky substituents at the nitrogen
atom is essential for high yields, the methyl imine I¢ gave
product 4b in only 25 % overall yield, while the - butyl imine 1h
leads to 91% of 4b. A comparison with procedures for the
preparation of a-sulfenylated carbonyl compounds via

Table 1. «-Sulfenylimines 3 and x-Sulfenylated Carbonyl Compounds 4 from Imines 1 and Disulfides
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SYNTHESIS
Table 2. Optically Active a-Sulferiylated Aldehydes and Ketones 4 from Imines 1 and Disulfides®
Imine R! R? R? R? Product  Yield®  m.p. (°C) or {a]2®* Molecular
No. (%) b.p. Formula? or
(“C/torr) Lit. b.p. ("C/torr)
le H i-C3H, H CH,4 af 88 32/18 —19.0 CeH,4,08
13222
le H i-C4H, H CeH; 4g 92 93/1.3 ~ 8.5 E)3/0.[‘ he
le H i-CyH, H 4-CH;C H, 4h 89 86/0.4 - 5.5 C,,H,,08*
(208.3)
i CeH; CH, H CH, 4i 93 58/0.1 +12.5 C;oH,08
(180.3)
If CoHs CH; H -CyH; 4j 91 70/0.1 +10.0¢ C;,H,,08
v (208.3)
if CeH; CH, H CH,C Hy 4k 79 120/0.3 +13.5 C,6H,608
(256.4)
1f CoH; CH, H CH; 41 95 74h + 57.0° C,sH,,08
(242.3)
1f CeH, CH, H 4-CH,C H, 4m 94 73k +63.59 C,H,608
(256.4)
1g H —(CH, )~ CH, 4n 92 62/0.6 ~15.5 C,H,08*
(144.2)
1g H —(CH, 3, ~ i-CyH, 40 87 72/0.6 +11.5 59.5/0.526-¢
1g H ~{CHyi,— CHy 4p 92 98/0.3 - 20 C;,H,,08!
(206.3)
ig H —{CH,).— 4-CH,C H, 4q 9n 103/0.3 - 15 154/0.827¢
@ R*N= = (R)-a-phenylethylimino. Compounds 3f-g were not ' Racemic procuct = 4b.
isolated. ¢ ee =13%.
® Yield of isolated product based on 1. b Recrystallized from hexane.
¢ ¢ =1, Chloroform. e =42%.
¢ All new compounds gave satisfactory microanalytical data (C £0.23, 7 e.e. = 51%.
H 1 0.27) and consistent mass spectra. & Racemic procuct = 4d.
e 1

Literature data for racemic prodnct.

enamines'” 2% reveals that most of these reactions need highly

reactive sulfenylating agents, e.g. sulfenyl chlorides, which are
less convenient than the disulfides. The yields of the compounds
4 are in most cases lower than those obtained with the imine
method. We therefore considered the imine procedure to be most
promising.

For the preparation of enantiomerically enriched x-sulfenylated
carbony! compounds, we used (R)-(+)-a-phenylethylamine as
chiral auxiliary. The imines of this amine, when treated as above,
gave the desired compounds 4 in good overall yield {Tables Z and
3).

As the optical rotations of the enantiomerically pure compouncds
4 are not known, a direct determination of the 2nantiomeric
excesses by polarimetry is not possible. However, the chiral shit
reagent  tris-(heptafluoropropyl-camphorato)-curopium(IIi)
[Eu(hfc),] splits up the signals of the aldehyde groups in the *H-
NMR specta of the aldehydes 4j,1 and m and allows the
determination of the enantiomeric excesses {e.e.). The results
(maximum e.e. = 51 %) compare well with those of the asym-
metric alkylation of imines.'® The use of chelating amines as
chiral auxiliaries!#!% can be expected to improve the optical
purities.

An interesting dependence of the enantiomeric excesses on the
substituent R of the disulfide is observed. In the case of the imine
1f, aromatic disulfides give much higher enantiomeric excesses
than the aliphatic counterparts. On the other hand, the optical
rotations of the a-sulfenylcyclohexanones 4n-¢ suggest an
inverse effect in the case of the imine 1g. This leads to the
conclusion that the interactions of the substituents R of the
disulfide with the substituents of the metalloenamine 2 are
mainly responsible for the asymmetric inductions observed.

Racemic procuct = 4e.

Preliminary experiments show that the oxidation of the a-
sulfenylated carbonyl compounds to the corresponding chiral
sulfoxides is possible, thus giving an alternative to present
syntheses of this important class of compounds.

The imines 1 used as starting materials have been prepared from the
corresponding aldehydes or ketones and amines by standard methods;
1 8.21 ”),22 lc’ﬂj ﬂd,24 18,25 lg.”

The new imine 1f has been prepared analogously,®® yield: 92%, b.p.
94°C/0.6 torr, [x]3° = ~ 64.5 (¢ = 1, chloroform).

CH N cale. C86.03 HB8.07 N 590

(237.3) fourd 86.20 8.15 5.70

'H-NMR (CDCl;/TMS): 6 =141 (d, 3H, J=7Hz); 1.73 (d, 3H,
J =9 Hz): 3.6 (m, 1 H);4.23(q, 1 H,J = 7 Hz); 7.30 (m, 10 H); 7.70 ppm
(d. 1H, J = 5 Hz).

a-Sulfenylated Iimines 3; General Procedure:

To a solution of diisopropylamine (4.04 g, 40 mmol, distilled over
calcium hydride) in dry etaer (20ml), a 1.5 molar solution of n-
butyllitrium in hexane (42mmol, 28.0ml) is added at — 10°C with
stirring. After 30 min at this temperature, the imine 1 (40 mmol) in dry
diethyl ether (10 ml) is added dropwise with stirring. After stirring for
30 minutes still at — 10°C, the mixture is cooled to —78°C and a
solution of the disulfide (40 mmol) in dry dicthyl ether (20 ml) is added
dropwise. Stirring is continued for 2 h at — 78°C and for 12h at room
temperature. The mixture is then poured into 10% aqueous sodium
hydroxide solution (200ml) and stirred vigorously for 10 min. The
phases are separated and the aqueous phase is extracted with ether
(2x 150 ml). The combined organic phases are washed with water
(3 x 150 ml) and dried with sodium sulfate. The solvent is evaporated in
vacuum and the residue is either distilled (compounds 3a-e) or used
directly for hydrolysis.

a-Sulfenylated Carbonyl compounds 4; General Procedure:

The imine 3 (30 mmol) is stirred for one day at room temperature with a
solution of oxalic acid (3.2 g, 35 mmol) in water (150 ml). The mixture is
extracted with cther (1 x 200 ml, 3 x 70 ml) and the combined organic
solution is washed with saturated aqueous solution of sodium hydrogen
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Table 3. Spectroscopic Data of Isolated New Compounds 3 and 4.
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Com- 'H-NMR (CDCL,/TMS) 4 (ppm)* R MS
pound (Film) (70eV)* »
R* R? R? R* R® viem ™) mje (M™)
3a 1.40 (s, 6 H) 7.53 (s, 1H) 1.10 (s, 9H) 2.30 (s, 3H); 7.02, 1650 249
7.35 (4H, AA'BB’)
3p° 352t 1H, 1.00 (m, 6 H); 730 n. 1H) 110 (s, 9H) 2.5 (s, 3H); 1640 263
J=8Hz) 2.10 (m, 1H) 717 (m, 4H)
3¢®  343(dd, 1H, 1.03 (m, 6 H); 7.30 (m, 1H) 2.36 (s, 3H) 2.36 (s, 3H); 1640 221
Ji=6Hz, J, =12Hz) 2.67 (m, 1H) 7.45 (m, 4H)
3¢ 2,57 (m, 1H) 0.90 2.37(m, 16H) 1.90 (s); 2.00 (s); 1620 225
3.40 (m, 1H) BH)¢
3e 4.70 (m, 1H) 0.76 212 (m, 16 H) 7.23 (m, SH) 1610 287
226 (m. 2H) 310 (m, 1H)
4a 1.23 (s, 6H) 9.30 (s, 1H) , 2.28 (s, 3H); 7.03, 1710 194
7.28 (4H, AA'BB’)
4b¢ 3.18 (dd, tH, 1.11 (t, 9.33(d. 1 H, 2.28 (s, 3H); 7.03, 1715 208
Jy=5Hz,J,=8Hz) 6H,J=8Hz) J=5Hz) 7.30 (4H, AA'BB")
243 (m, 1H)
4f 2.73 (dd, 1H, 1.00, 1.15 (24, 9.20 (d, tH, 1.95 (s, 3H) 1710 132
Jy=5Hz,J,=9Hz) 6H, J = 3Hz): J=5Hz)
2.03 (m, 1H)
4 743 (m, 5H) 1.66 (s, 3H) 933 (s, 1H) - 1.93 (s, 3H) 1710 180
4j 7.40 (m, 5H) 1.73 (s, 3H) 9.46 (s, 1H) - 133 (d, 6H, J=7Hz2); 1710 208
2.86 (sept, 1H)
4k 7.30 (m, 5H) 1.66 (s, 3H) 9.33 (s, 1H) - 3.50 (s, 2H); 1705 256
7.30 (m, SH)
41 7.36 (m, 5H) 1.56 (s, 3H) 9.63 (s, 1H) - 7.36 (m, SH) 1710 242
4m 7.43 (m, SH) 1.56 (s, 3H) 9.67 (s, 1H) - 2.36 (s, 3H); 1710 256

7.08 (d, 2H);
733 (d, 2H, J = 8 Hz)

* Recorded on a Jeol PMX 60 spectrometer.
b

3

d

Recorded on a Varian CHS instrument.
EJZ-isomers.
¢ Spectra identical with 4h.

carbonate (200 ml) and saturated brine (200 ml). After drying with
sodium sulfate, the solvent is evaporated in vacuum and the residue
either distilled or recrystallized from hexane (compounds 41 and 4m).
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