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crude product was poured into ice-water and extracted with ether.
The organic layer was washed with 10% NaOH and water and dried
over NasSO,4. Removal of solvent gave 863 mg of residue which was
chromatographed on 50 g of silica gel. Elution with 1:1 petroleum
ether/benzene gave 645 mg (74%) of 2-heptyl-1,3-dithiane (2). An
analytical sample was prepared by bulb-to-bulb distillation: ir (neat)
6.82,7.05,7.86,8.47,10.98 u; 'TH NMR (CCly) 6 3.96 (t,1 H, J = 6.3 Hz,
2-dithiane H).

Anal. Caled for C;1H29Ss: C, 60.48; H, 10.15. Found: C, 60.37; H,
10.17.

Preparation of 2-Benzyl-1,3-dithiane. A mixture of 516 mg of
2-phenylethyl phenyl sulfide and 350 mg of NCIS in 20 ml of CCly was
refluxed, under Ny, for 20 min. After cooling and filtering, the solvent
was removed on a rotovac to give 583 mg of chloro sulfide, formed
quantitatively by NMR (CCly) 6 3.27 (d, 2 H, J = 7.0 Hz) and 5.28 (t,
1H,J = 7.0 Hz). The product and 1 ml of 1,3-propanedithiol in 20 ml
of CHgCly, under Ny, was cooled to 0 °C and 0.5 ml of BF3-Et,0 was
added. The resulting mixture was stirred at room temperature over-
night, then diluted with ether, washed with 10% NaOH solution and
water, and dried over NagSQy, and solvent was removed. The residue
was chromatographed on silica gel with a 1:1 petroleum ether/benzene
mixture to give 344 mg (68%) of the dithiane.!®

Preparation of 2-Cyanomethyl-1,3-dithiolane. A mixture of
1.039 g of 2-cyanoethyl phenyl sulfide,'® 0.850 g of NCIS, and 25 ml
of CCly, under N», was refluxed for 30 min, The usual workup gave
1.314 g of chloro sulfide, 80% pure by NMR. A mixture of 1.060 g of
the crude chloro sulfide, 1.3 ml of 1,2-ethanedithiol, and 1.0 ml of
BF3.Et90 in 5 ml of CH5Cl; was stirred at room temperature for 24
h. The usual basic workup gave 1.16 g of crude product which was
chromatographed on 30 g of silica gel. Elution with 1:1 petroleum
ether/benzene followed by bulb-to-bulb distillation gave 405 mg (52%)
of 2-cyanomethyl-1,3-dithiolane.!”

Preparation of 3-Bromopropyl Phenyl Sulfide and 4-Bro-
mobutyl Phenyl Sulfide. A mixture of 22 g of thiophenol, 100 g of
1,3-dibromopropane, 18 g of NaOH, 200 ml of H;0, 200 ml of PhH,
and 1.0 ml of a 40% aqueous solution of tetrabutylammonium hy-
droxide was stirred at room temperature, under Ny, for 25 min. The
organic phase was washed with 10% NaOH solution and water and
dried over NasS80,. After removal of solvent, the residue was distilled
at 52-54 °C (5.5 mm) to give 61.5 g of 1,3-dibromopropane and at
117-120 °C (1.5 mm) to give 34.6 g (75%) of 3-bromopropyl phenyl
sulfide.1® 4-Bromobutyl pheny! sulfide!® (bp 112-114 °C at 0.6 mm)
was prepared similarly in 76% yield.

Preparation of Octyl Phenyl Sulfide by the Coupling of Gri-
gnard Reagents and Bromoalkanes. To a Grignard solution, 1.1
equiv, prepared from 906 mg of bromopentane and 144 mg of Mg in
10 ml of THF, under Ny, and at 0 °C, was added 1 ml of a 0.1 M solu-
tion of LizCuCl4!2 and 1.26 g of 3-bromopropy! pheny! sulfide, pre-
pared as above, in 5 ml of THF. After stirring for 2hat0°Cand4h
at room temperature, the mixture was poured into water and ex-
tracted with ether. The organic phase was washed with water, 5%
NaOH solution, and water and dried over NaxSQ4. Removal of solvent
gave 1.23 g of residue which was carefully chromatographed on 50 g
of silica gel. Elution with petroleum ether gave 902 mg (87%, based
on unrecovered starting material) of octyl phenyl sulfide!* and 186
mg of 3-bromopropyl phenyl sulfide. The same product was prepared
in 70% yield by a similar coupling reaction between 4-bromobutyl
phenyl sulfide and butylmagnesium bromide. Alternately, but less
conveniently because of a more complex product mixture, the sulfide
could be prepared by the coupling of 3-bromomagnesiopropyl phenyl
sulfide and bromopentane.
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The reaction of isocyanates with sulfoxides has been re-

ported to yield carbon dioxide and sulfilimine derivatives (2),
presumably via a cyclic intermediate 1.1:2 By analogy we an-

0 R R
4 N0
R—N==C=0 + R—S—R" — l
N——=0
R
1
Rl
7
—> R—N=8§ + €O,
\ 14
R
2

ticipated that reaction of sulfoxides with ketenes might lead
to 3. However, when dibenzyl sulfoxide (4a) was treated with
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Notes
Table I. Reaction of Sulfoxides with Acid Chlorides and Anhydrides’
Acid halide or
Sulfoxide acid anhydride Products® (% yield?)
i i
(C, HSC ) S (4a) CHCl,CC1 C,H,CH(SCH,C.H,), (91)
(621-08-9) (79-36-7) (5418-20-2)
i
4a (C,H,),CHCCI C,H.CH(SCH,CH,), (27.4)
(1871-76-7)
4a AcCl C,H,CH(SCH,CH,), (5.4); (C,H,CH,),S (88)"
‘ (75-36-5) (538-74-9)
4a Ac,0Oc C,H,CH(SCH,C H,), (55.5); (C;H,CH,),S (4);
(108-24-7)
I
C,H,CH,SCCH, (6.9)
(32362-99-5)
ﬁ)
4a ‘ CHC],C /,0¢4 C,H,CH(SCH,C.H,), (76); (C;H,CH,),S (21)
(4124-30-5)
i i
C,H,CH,SC.H, (4b) CHCl,CCl C,H.CH(SC.H,), (38); C,H.CH,SC H, (18);
(833-82-9) (7695 -69- ) (831-91-4)
I
C.H.CHCISC H, (16.5)
(21128-89-2)
4b Ac,0¢ C,H.CH(SC,H,), (80)
(7695-69-4)
i 0
C,H,SCH, CHCIL,CCHd CH,(SC,H,),f (11.8); (C,H,S¥; (3)
(1193-82-4) (3561-67-9) (882-33-7)
i i
C,H,SCH, Ac,0¢ C,H,SCH,0CCH, (73)
(1193 -82- -4) (57440-42-3)
; ” i
C,H,SCH, CHCLC /,049 C,H,SCH,0CCHC],8 (58.5)

(1193-82-4)

(59231-04-8)

a Known compounds exhibited physical and spectral parameters in agreement with those of authentic samples. ? Isolated
yield after chromatography. ¢ Neat in acetic anhydride, 20 h at 100 °C. ¢ Anhydrous THF, 1 equiv of dichloroacetic an-
hydride, 2 h at 25 °C. ¢ Anhydrous p-xylene, 12 mmol of acetic anhydride, sealed tube at 140 °C for 6 h. f Oil, NMR &
7.50-7.13 (m, 10), 4.31 (s, 2). Anal. Caled for C,,H,,S,: C, 67.20; H, 5.21, Found: C, 67.33; H, 5.28, See ref 10, § Anal.
Caled for C,H,N,0,S,: C, 43.04; H, 3.21. Found: C, 43.10; H, 3. 31 h The conversion of sulfox1des to sulfides on reaction
with acid chlcorldes is a well known reactlon ) Reglstry no. are in parentheses.

dichloroacetyl chloride in tetrahydrofuran containing tri-
ethylamine, the usual conditions for generating dichloroketene
in situ, the products were benzaldehyde and the dibenzyl-
mercaptal of benzaldehyde 5a (91% yield). Although the first

i
CH;—CH,—S—R + CLCHC—Cl
4
Et,N
THE CH.CH(SR), + C,H,CH=0
a, R = CH,CH; 5 6
b, R= C(sHa

step in the reaction, under the conditions employed, quite
probably is the reaction of the acid chloride with the sulfoxide,
the surprising fact is the formation of the mercaptal in high
vield rather than the expected «-acyloxy sulfide.

Under the definition suggested by Johnson3 that the
Pummerer reaction embraces a class of reactions involving
reduction of a sulfonium sulfur with concomitant oxidation
of the a carbon, the above transformation belongs in the broad
category of Pummerer reactions. The more usual Pummerer

reaction is that of a sulfoxide with a carboxylic anhydride to
give an a-acyloxy sulfide*® or o,8-unsaturated sulfides.87 This
suggested the possibility that the dibenzylmercaptal of
benzaldehyde (5a) might be a transformation product of the
initially formed a-acyloxy sulfide 7. In Scheme I a possible
mechanism for the conversion of 7 to 5a is presented. This
reaction pathway is analogous to that proposed by Vedejs and
Mullins to account for the formation of thicacetal during the
thermal rearrangement of a trimethylsilyl sulfoxide.?

The key step in the mechanism proposed in Scheme I is the
spontaneous reaction of 7 with itself, via an SN1 or SN2
pathway, to give 8. Subsequent attack on 8 by dichloroacetate
anion would then give dichloroacetic anhydride, benzaldehyde
(6), and the dibenzylmercaptal of benzaldehyde (5a). To test
the question of whether 7 is stable or whether it would spon-
taneously undergo conversion to the thioacetal 5a, an inde-
pendent synthesis of 7, involving quite different reaction
conditions, was investigated. Treatment of a-chlorobenzyl

Cl
O
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benzyl sulfide (9) with sodium dichloracetate in anhydrous
acetonitrile, which would be expected to give 7 directly, was
found instead to produce the dibenzylmercaptal of benzal-
dehyde (5a) in 70% yield. This result provides good evidence
for the intermediacy of a-acyloxy sulfide 7 in the formation

Scheme I
0 B CH,CHSCH,C.H, O
0—CCHCL, __ +S\ -QCCHCl,
C.H:CH, CHCH;
2 CH;,CHSCH,CH,
7 ' OCCHCl,
L
0
8

0

|
||

5a + 6 + (CLCH—C0

of 5a and is supportive of the mechanism proposed in Scheme
L ‘

If an a-acyloxy sulfide is first formed during the reaction
of a sulfoxide with an acid anhydride or an acid chloride, the
question of whether the a-acyloxy sulfide survives intact or
is converted to the corresponding thioacetal would be ex-
pected to be governed by the usual factors affecting rates of
SN1-SN2 reactions. Thus, the nature of the substituents in
the sulfoxide as well as the stability of the departing acyloxy
anion should play a role. We have carried out several experi-
ments to gain insight regarding these factors and the results
are summarized in Table L.

Thus, the reaction of benzyl phenyl sulfoxide (4b) with
dichloroacetyl chloride under the same conditions as before
gave mainly the diphenylmercaptal of benzaldehyde (5b) as
would be expected. Although methyl phenyl sulfoxide, which
lacks benzylic activation, was converted by dichloroacetyl
chloride to the corresponding diphenylmercaptal of formal-
dehyde, the yield was quite poor. Furthermore, the reaction
of methyl phenyl sulfoxide with either acetic anhydride or
dichloroactic anhydride gave the corresponding a-acyloxy
sulfides in good yield. In these instances the reaction condi-
tions were not sufficiently severe for the further conversion
of the a-acyloxy sulfides to the acetals. However, when the
product, dichloroacetoxymethyl phenyl sulfide (10), was
heated in N -mefhylpyrrolidone (NMP) at 120 °C for 48 h, it
was converted to the diphenylmercaptal of formaldehyde (11)
in 45% yield.

0

' I % <
CH—SCH,0—CCHCl, ——> CH,~-8CHy);
10 ) 1

From these studies it can be concluded that the reaction of
sulfoxides with acid halides or acid anhydrides may yield ei-
ther a-acyloxy sulfides or thioacetals, depending upon the
substituents present and the nature of the acid halide or acid
anhydride.

Experimental Section

General. Infrared spectra were recorded on a Beckman IR7 spec-
trophotometer. Solids were recorded as KBr pellets whereas liquids
were recorded as thin films on NaCl plates. NMR spectra were re-
corded on a Varian XL-100 spectrometer using CDCl; as solvent.
Elemental analyses were obtained with a Perkin-Elmer Model 240
C, H, N analyzer. Mass spectra were recorded on a CEC 21-110B mass
spectrometer. Melting points were taken with a Dreschel melting
point apparatus and are uncorrected. Boiling points were obtained

Notes

using a micro boiling point tube and are uncorrected. All preparative
layer chromatography was done on Analtech silica gel plates.

General Procedure for Reaction of Sulfoxides with Acid
Chlorides. A solution of 2 mmol of sulfoxide in 25 ml of anhydrous
THEF at 25 °C was treated with an equimolar amount of acid chloride.
After 15 min 1 equiv of triethylamine was added. The reaction mixture
was stirred overnight at 25 °C and the triethylamine hydrochloride
was removed by filtration. Concentration of the filtrate under reduced
pressure gave an oil which was purified by chromatography.

General Procedure for Reaction of Sulfoxides with Acid
Anhydrides. A solution of 2 mmol of sulfoxide in 10 ml of solvent was
allowed to react with the appropriate acid anhydride. After comple-
tion of the reaction the solution was concentrated under reduced
pressure and the resulting oil was purified by chromatography. For
specific experimental details see the footnotes of Table I.

Reaction of a-Chlorobenzyl Benzyl Sulfide (9) with Sodium
Dichloroacetate. A solution of 0.46 g (2 mmol) of dibenzyl sulfoxide
(4a) in 10 m] of anhydrous CH;Cl, was added dropwise over a 30-min
period to a refluxing solution of 0.17 ml (15% excess) of thionyl chlo-
ride in 20 ml of anhydrous CHsCls. The solution was refluxed for 3
h and concentrated under reduced pressure to give 9 as a slightly
yellow oil. A solution of 9 in anhydrous acetonitrile was treated with
0.30 g (2 mmol) of sodium dichloroacetate. A milky precipitate formed
immediately. The mixture was stirred for 3 days at 25 °C, the pre-
cipitate was removed by filtration, and the filtrate was concentrated
under reduced pressure to give a viscous oil. Preparative layer chro-
matography gave 235 mg (70%) of the dibenzylmercaptal of benzal-
dehyde (5a), mp 59-61 °C (1it.? mp 61 °C).

Pyrolysis of Dichloroacetylmethyl Pheny! Sulfide (10). A so-
lution of 120 mg (0.48 mmol) of 10 in 1 ml of anhydrous oxygen-free
N-methylpyrrolidinone was heated at 120 °C for 48 h. The solution
was diluted with 25 m] of CHCl; and washed with three 15-ml portions
of Hs0. The solution was dried (MgSQ,) and concentrated under
reduced pressure to give a dark oil. Preparative layer chromatography
gave 25 mg (45%) of the diphenylmercaptal of formaldehyde (11):
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It has been observed previously that o,w dihaloalkanes will
alkylate dianions of 3 diketones to form bis-8 diketones (eq
1) where n = 3 or higher. However, it was also observed that
the alkylation reaction did not work for n = 1 or 2 under the
same conditions.! We have recently found that cuprous ions
can catalyze coupling reaction of dianions of 3 diketones that
do not readily occur under the conditions or with reagents



