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and Preparation of Dialkyl Polysulfides
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a-Sulfenylated ketones are useful intermediates in organic
syntheses'. These compounds are generally obtained from
lithium enolates or 1-alkenyl trimethylsilyl ethers and or-
ganic disulfides">?, sulfenyl chlorides"*, or S-pheny! thio-
sulfonates?. Further methods for the synthesis of a-sulfeny-
Jated ketones are the reaction of sulfenyl chlorides with
1,3,2-dioxaphospholes® or a-diazoketones®, and the reac-
tions of a-haloketones with thiolatc ion” or sulfenyl chlo-
rides/zinc®. Some B-oxoketones are mono- or bis-sulfeny-
lated by various benzenesulfenamides and sulfenimides’.
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SYNTHESIS

a-(Phenylthio)-ketones are also prepared from a-hydroxy-
dithioacetals®".

We have previously described a simple procedure for the
sulfenylation of aliphatic and aromatic nitriles, using po-
tassium hydroxide suspended in tetrahydrofuran and either
diphenyl disulfide'® or elemental sulfur plus an alkyl hal-
ide'!. The latter method avoids the use of aliphatic disul-
fides which are generally of Jow efficiency.

We report here an easy preparation of a-ketocarbanions in
a two-phase system at room temperature. These carbanions
are sulfenylated in situ by diphenyl disulfide or dimethyl
tetrasulfide to give a-ketosulfides or a-ketodithioacetals.
Dimethyl disulfide is an inefficient reagent under these
conditions.

Preparation of Dialkyl Polysulfides

A new synthesis of dialkyl tri- and tetrasulfides (2, R,S,,
n=3, 4) was carried out by alkylating in situ generated po-
tassium polysuifide (K,S,). The procedure consists of add-
ing elemental sulfur to a suspension of potassium hydrox-
ide in tetrahydrofuran containing a small quantity of water
or a phase-transfer catalyst, and then adding the alkyl hal-
ide (1). Usually, a mixture of dialkyl polysulfides is formed,
the composition depending on the reaction conditions. The
dialkyl trisulfide or tetrasulfide is generally the main prod-
uct and can be isolated by bulb-to-bulb distillation.

Sg/ KOH/H,0 (t )/ THF
2 R—X C 2 R—S,~R

1 2

This method for the synthesis of tri- and tetrasulfides was
found to be more convenient than known methods which
involve alkylation of isolated alkali metal polysulfides'> ',
reaction of mercaptans with sulfur chlorides'>'+'>1¢ or
amine-catalyzed reaction of mercaptans with sulfur'’.
Some tri- and tetrasulfides have also been prepared by
treatment of sodium S-alkyl thiosulfates with alkali metal
sulfides'®'*2° or of alkyl alkoxycarbonyl disulfides with
potassium #-butoxide'-*>. NMumerous dialkyl disulfides
have been obtained from alkyl halides and sulfur in an al-
kaline medium?,

a-Sulfenylation of Ketones

The primary a-oxocarbanions generated from methyl ke-
tones (3, R!' =H) are gem-bis-sulfenylated by diphenyl di-
sulfide and dimethyl tetrasulfide to give a-oxodithioacetals
(4) whereas the secondary a-oxocarbanions generated from
alkyl ketones (3, R'=alkyl, aryl) are mono-sulfenylated to
give a-alkylthio- or a-arylthioketones (5). Symmetrical
dialkyl ketones (6) are «,a’-bis-sulfenylated or a,a,a’-tris-
sulfenylated to give products 7 or 8, respectively.

0
I )
R'—CH,~C—R? + R3-5 —R? KOH/ THF
3 2
R3S 0 SR3 0
1 : Il 2 1 | 1l
R'=C—~C—K* or R'—=CH-C-R
SR?
4 5
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Table 1. Dialkyl Polysulfides (2) from Sulfur and Alkyl Halides (1) (at toom temperature)

Yield*  b.p. [°C]/torr or m.p. [°C] 'H-N.M.R.

1 Catalyst Reaction 2
time [%] (CDCL/TMS)
{hl found® reported 3 [ppm]*
H3C-J H,0 2 H3C—S,~CH; 60 70°/0.07  59°/1" 2.62 (s. CHY)™
CHs—) Ho0 2 CoHs—Sa—CoHs 30 70°/0.07  43-45°/0.4" 2.97 (q. CH)™
® 58-68°/0.1'"
i-C3Hy~Br {CH N C® 3 i-CqHy=S3-~C3Hq-i 50 50°/0.07  86-90°/8" 3.22 (m, CHY”
560/22I
Ho,C=CH—CH,—Cl  H,0 2 H,C=CH=CH,~S;~CH,—CH=CH,  30° 50°/0.07  66-67°/0.0008" 3.51 (d, CH, -S)**
S
Br—(CH,); —8r H,0 2 s\:> 30 46° 44020 313 (t, CHy---S)™
5

N

ethanol).
Bulb-to-bulb distillation (bath temperature).

e =

-9

torr; Ref.*!, b.p. 60-61 °C/3 torr.
"H-N.M.R. (CDCl,/TMS): 5=2.89 ppm (g, CH2)®".

The yields, based on sulfur, are given for distilled products (purity according to 'H-N.M.R. analysis) or recrystallized 1,2,3-trithiane (from

Only the protons next to sulfur are significant. They are in good agreement with the literature values.
(C,Hs),S; is also isolated; yield: 15%; b.p. 60 °C/0.07 torr (Ref.'?, b.p. 82.5°C/11 torr; Ref.'®, b.p. 40°C/0.07 torr; Ref.'®, b.p. 80°C/t1

¢ (H,C==CH—CH,),S, is also isolated; yield: 10%; b.p. 90°C/0.07 torr.

'H-N.M.R. (CDCL,/TMS): 5=3.59 ppm (d, CH,-S).

SR

I KOH/THF I
R'—CH,—C—CH,~R! + R3-§ R} ——

6 (R'$H) 2

The reaction of acetone (3a) with diphenyl disulfide under
the general conditions affords the expected product 4a
(80%) along with a small amount of S-phenyl 2-oxopropa-
nethioate (9, 10%). Butanone (3d) reacts with diphenyl di-
sulfide to give a mixture of mono- (5d; 10%), bis- (4d; 30%),
tris- (11; 10%), and tetrakis-sulfenylation product (10;
20%).

30
R'—CH—

SR3 R3s 0 SR?
1 CLn T
C—CH=-R' or R—cI:—c—CH—R
7 SR° g

off and ether (50 ml) is added to the residue. This solution is
washed with 0.02 normal hydrochloric acid (20 ml), dried with so-
dium sulfate, and evaporated. The residue is fractionated by evap-
orative bulb-to-bulb distillation under reduced pressure. A smali
amount of polysulfide R,S; or R,S, is disproportioned during the
distillation'®24,

0 CgHsS O 0
00 57 I H_SCeHs Il H_SCsHs
CgH5S—C—C—CHy H3C—~C~C~C_ H3C—CH—C~CT_
| SCgHs I SCgHs
9 10 SCsHs 11 SC5H5

2-Methyl-1-phenyl-1-propanone (12) is not deprotonated
by potassium hydroxide. Its carbanion may, however, be
obtained using lithium diethylamide at —70°C; subse-
quent addition of dimethyl tetrasulfide gives 2-methyl-2-
methylthio-1-phenyl-1-propanone (13; 65%) and methyl 2-
benzoyl-2-propyl disulfide (14; 5%). Compound 14 may
also be prepared from 12 using excess sulfur and methyl
iodide.

O CHsy 1. LiNIC;Hs), / THF
CsHs—g"éH 2. H3C—S,~CHy
CHsy
12 ? ('l,‘H3 % (i‘H3
CeHs—C—(—SCHy + Cohg—C—(—S—5—Ch,
13 s 14 CHy

Dialkyl Polysulfides (2); General Procedure:

Powdered sulfur (2.56 g, 10 mmol) is added to a vigorously stirred
suspension of finely powdered potassium hydroxide (10 g) in tetra-
hydrofuran (140 ml, containing 0.2% water). Stirring is continued
for 5 min. A brown coloration is observed which disappears upon
addition of a solution of the alkyl halide 1 (80 mmol) in tetrahydro-
furan (40 ml, containing 0.2% water). The mixture is stirred at
room temperature for 2 h, and then filtered. The solvent is distilled

Diisopropyl trisulfide is prepared following the above procedure
with the modification that dry tetrahydrofuran is used as solvent
and tetraethylammonium chloride (0.7 g) as catalyst in place of wa-
ter.

a-Alkylsulfenylation and «-Arylsulfenylation of Ketones 3 and 6 in
a Heterogeneous System; General Procedure:

To a vigorously stirred suspension of powdered potassium hydrox-
ide (3 g) in tetrahydrofuran (60 ml) are added the ketone 3 or 6 (10
mmol) and, after 5 min, a solution of diphenyl disulfide or dime-
thyl tetrasulfide (amount, see Table 2) in tetrahydrofuran (20 ml).
Stirring is continued at room temperature for the time given in Ta-
ble 2. The mixture is then filtered and the solvent distilled off. The
residue is poured into 0.02 normal hydrochloric acid (50 ml) and
the mixture extracted with ether (3 x 20 ml). The extract is dried
with sodium sulfate and the solvent evaporated. Products 4c, 5i, 7a,
7c, and 8d are purified by recrystallization (for solvent, see Table
2). In all other cases, the residual oil is fractionated by bulb-to-bulb
distillation in vacuo. The collected fractions are purified by an-
other distillation in the case of products 4d, 4e, Se, 5f, and 5h and
by recrystallization in the case of the other products. Ketones 5d
and 8a cannot be sufficiently purified by distillation.

a-Alkylsulfenylation of Ketones 3h and 12 in a Homogeneous Sys-
tem:

Activated lithium diethylamide is prepared by the procedure of
Ref?.

Method A, using Dimethyl Tetrasulfide: A mixture of diethylam-
ine (2.7 g, 37 mmol), hexamethylphosphoric triamide (10 ml). an-
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Table 1. Dialkyl Polysulfides (2) from Sulfur and Alkyl Halides (1) (at room temperature)

1 Catalyst Reaction 2 Yield*  b.p. [°C]/torr or m.p. [°C] 'H-N.M.R.
time [%] (CDCL/TMS)
{h] found® reported 3 [ppm]*
HyC-J H,0 2 HyC—S,~CH, 60 70°/0.07 59°/1' 2.62 (s. CH;)zf
CHg~J H,0 2 CoHs—S,—CHs 30¢ 70°/0.07 43-45°/01" 2.97 (q. CH»)*
58-68°/0.1"
i-C3Hy=Br (CHs K @ 3 i-CyHy=S3=CaHy-i 50 50°/0.07 86-90°/8' 3.22 (m, CH)"
56° /2%
H,C=CH—CH,—Cl  H,0 2 H,C=CH-CH~S;--CH,—CH=CH,  30° 50°/0.07  66-67°/0.0008' 3.51 (d, CH, -S)*
S
Br—{CH,); —8r H,0 2 S :> 30 46° 4402 313 (t, CH,--S)

S

N

ethanol).
Bulb-to-bulb distillation (bath temperature).

e

-9

torr; Ref?', b.p. 60-61 °C/3 torr.
"H-N.M.R. (CDCl,/TMS): 5=2.89 ppm (g, CHa)®.

The yields, based on sulfur, are given for distilled products (purity according to "H-N.M.R. analysis) or recrystallized 1,2,3-trithiane (from

Only the protons next to sulfur are significant. They are in good agreement with the literature values.
(C;Hs),8; is also isolated; yield: 15%; b.p. 60 °C/0.07 torr (Ref.'?, b.p. 82.5°C/11 torr; Ref.'®, b.p. 40°C/0.07 torr; Ref.", b.p. 80°C/t1

¢ (HyC==CH—CH,),S, is also isolated; yield: 10%; b.p. 90 °C/0.07 torr.

'H-N.M.R. (CDCL,/TMS): §=3.59 ppm (d, CH, -S)*".

I 0 RS 8 §F°
RI=CH;—C—CH,—R' + R3-5,—R? —M o RI_CH-C—CH—R' or RI~C—C~CH—R
3
6 (R'+H) 2 7 SR* 8

The reaction of acetone (3a) with diphenyl disulfide under
the general conditions affords the expected product 4a
(80%) along with a small amount of S-phenyl 2-oxopropa-
nethioate (9, 10%). Butanone (3d) reacts with diphenyl di-
sulfide to give a mixture of mono- (5d; 10%), bis- (4d; 30%),
tris- (11, 10%), and tetrakis-sulfenylation product (10;
20%).

off and ether (50 ml) is added to the residue. This solution is
washed with 0.02 normal hydrochloric acid (20 ml), dried with so-
dium sulfate, and evaporated. The residue is fractionated by evap-
orative bulb-to-bulb distillation under reduced pressure. A smali
amount of polysulfide R,S; or R,S, is disproportioned during the
distillation'®24,

0 CgHsS 0 0
0 6157 1 H_sCeMs 0 H_SCeHs
CGH5$—C—C—CH3 H3C—C—C-C\sc H H3C—(|3H-C—C\SC H
65 65

9 10 SCeHs 11 SCeHs

2-Methyl-1-phenyl-1-propanone (12) is not deprotonated
by potassium hydroxide. Its carbanion may, however, be
obtained using lithium diethylamide at —70°C; subse-
quent addition of dimethyl tetrasulfide gives 2-methyl-2-
methylthio-1-phenyl-1-propanone (13; 65%) and methyl 2-
benzoyl-2-propyl disulfide (14; 5%). Compound 14 may
also be prepared from 12 using excess sulfur and methyl
iodide.

O CHy 1. LiNIC;Hs), / THF
CsHs“g‘éH 2. H;C—S,—CH,
CH3
12 ﬂ (':H3 ﬁ (i‘H3
C5H5—C—(I:—SCH3 + CsHs—C—(IJ--S—S—CHg
13 s 1 CHy

Dialkyl Polysulfides (2); General Procedure:

Powdered sulfur (2.56 g, 10 mmol) is added to a vigorously stirred
suspension of finely powdered potassium hydroxide (10 g) in tetra-
hydrofuran (140 ml, containing 0.2% water). Stirring is continued
for 5 min. A brown coloration is observed which disappears upon
addition of a solution of the alkyl halide 1 (80 mmol) in tetrahydro-
furan (40 ml, containing 0.2% water). The mixture is stirred at
room temperature for 2 h, and then filtered. The solvent is distilled

Diisopropyl trisulfide is prepared following the above procedure
with the modification that dry tetrahydrofuran is used as solvent
and tetraethylammonium chloride (0.7 g) as catalyst in place of wa-
ter.

a-Alkylsulfenylation and «-Arylsulfenylation of Ketones 3 and 6 in
a Heterogeneous System; General Procedure:

To a vigorously stirred suspension of powdered potassium hydrox-
ide (3 g) in tetrahydrofuran (60 ml) are added the ketone 3 or 6 (10
mmol) and, after 5 min, a solution of diphenyl disulfide or dime-
thyl tetrasulfide (amount, see Table 2) in tetrahydrofuran (20 ml).
Stirring is continued at room temperature for the time given in Ta-
ble 2. The mixture is then filtered and the solvent distilled off. The
residue is poured into 0.02 normal hydrochloric acid (50 ml) and
the mixture extracted with ether (3 x 20 ml). The extract is dried
with sodium sulfate and the solvent evaporated. Products 4c, 5i, 7a,
7c, and 8d are purified by recrystallization (for solvent, see Table
2). In all other cases, the residual oil is fractionated by bulb-to-bulb
distillation in vacuo. The collected fractions are purified by an-
other distillation in the case of products 4d, 4e, Se, 5f, and 5h and
by recrystallization in the case of the other products. Ketones 5d
and 8a cannot be sufficiently purified by distillation.

a-Alkylsulfenylation of Ketones 3h and 12 in a Homogeneous Sys-
tem:

Activated lithium diethylamide is prepared by the procedure of
Ref?,

Method A, using Dimethyl Tetrasulfide: A mixture of diethylam-
ine (2.7 g, 37 mmol), hexamethylphosphoric triamide (10 ml). an-
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is maintained at 20-25 °C and dry tetrahydrofuran (8 ml) is added
to the dark-red solution. The mixture is then cooled to —70°C and
a solution of the ketone 12 (17 mmol) in dry tetrahydrofuran (10
m}) is added dropwise within 10 min. The mixture is allowed to
warm to 0°C within 1 h and then, powdered sulfur (1.09 g, 0.004
mol) and, after 5 min, a solution of methyl iodide (8.5 g, 60 mmol)
in tetrahydrofuran (20 ml) are added. The mixture is stirred for 4 h
at room temperature, and worked up as described above. Products
13 and 14 are purified by bulb-to-bulb distillation in vacuo.
2-Methyl-2-methylthio-1-phenyl-1-propanone (13); yield: 033 g
(10%); b.p. 70°C/0.05 torr (Ref.*®, b.p. 71-73 °C/0.05 torr).
'H-N.M.R. (CDCl;/TMS): §=1.54 (s, 6 H); 1.98 (s, 3H); 7.25-8.15
Ppm (mv 5Hamm)'

2-Benzoyl-2-propyl Methyl Disulfide (14); yield: 1.55 g (40%); b.p.
100°C/0.05 torr.

C;H,,08; calc. C5836 H624 S2832

(226.4) found 58.29 637 2857

'H-N.M.R. (CDCL/TMS): §=1.64 (s, 6H); 2.26 (s, 3H); 7.4-8.1
ppm (m, SHrom)-
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