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Abstract - Dithioketals are converted in good yields to vinyl sulfides by
actfon of diethylzinc and methylene {odide. The reaction has been
successfully applied to dialkyl and diaryl! dithioketals, to spirocyclic
analogs, and to a dithioacetal. A monothioketal produced a vinyl ether
(enol ether) with the same reagent.

Vinyl sulfides (i.e. thfoenol ethers) have become increasingly useful and versatile synthons.1
Among other things, they expand chemists' ability to manipulate carbonyl groups.2 Therefore,
easy access to molecules having the C=C-S- structural unit is highly desirable. Thioalcohols in
the presence of strong acids (P205; p-TsOH; A1C13) can sometimes convert ketones directly to
their corresponding vinyl su]fides,3 but the limitations of this method have prompted searches
for alternative routes.4

Dithioketals are appealing starting points because they are readily obtained from ketones
or from alkylation of dithioacetals.ls2 In one approach, diphenyl dithioketals have been
oxidized to monosulfoxides and then thermolyzed to produce vinyl phenyl sulfides.2»5 A more
straightforward route to a C=C-SAr unit focuses on direct elimination®? of a thiophenol from a
diaryl dithioketal by reagents such as mercuric triflate/L12C03 or copper(I) triflate.6b For
dithioacetal substrates, Cu(Il) salts in the presence of tertiary amines have been used. b€ we
now wish to report what appears to be a fairly general one-step procedure that converts dialkyl
dithioketals as well as diaryl dithioketals to vinyl sulfides in good yields.

The method involves treatment of a dithioketal with diethylzinc and methylene iodide.
These two chemicals are presumed to generate organometallic carbenoid precursors 1ike EtZnCH,l
and/or In(CH,I), probably akin to those involved in Simmons-Smith reactions.’ Fast capture of
the “CHZ“ carbenoid by a sulfur in the dithioketal is expected to produce a transient sulfonium
yl1de8 capable of undergoing a syn o°,g-elimination through a five-membered cyclic transitfon
state (see equation).9 Similar a~,g-eliminations are well known for amine oxfdes, sulfoxides,
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Footnotes to Table
a. New compounds were characterized spectrally and by elemental analyses (see Experimental).

b. All compounds are 1iquids at room temperature except where noted. Melting points are those
of analytically pure samples.

¢c. One isomer i{s E and the other is I, but we don't know which is which.
d. Reported earlier, mp 64.5-66°C but without elemental analyses (ref, 2).

e, Its preparation and characterization are described in the Ph.D. dissertation of A.D.
Rodriguez, The Johns Hopkins University, 1983.

f. Nickon, A.; Rodriguez, A.D.; Shirhatti, V.; Ganguly, R. J. Org. Chem. in press,

g. Nickon, A.; Rodriguez, A.D.; Ganguly, R.; Shirhatti, V. Tetrahedron Lett. 1984, 25, 3555-
3558. Full paper J. Org. Chem. 1985, 50, in press.

h. Only one geometric isomer was obtained. We do not know whether it is E or Z.

i. Prepared from 1,3-dithiane (Corey, E.J.; Seebach, D. Angew, Chem. Int. Ed. Engl. 1965, 4,
1075-1077).

J. VYield of this volatile olefin not available because of losses during in vacuo evaporation of
solvent. However, prior to workup, TLC showed complete conversion of starting material to
this product.

and selenoxides, and for ylides derived from sulfonium, hydrazonfum, and quaternary ammonium
salts.y  We applied this modified Simmons-Smith type reagent10 to substrates representing six
different structural classes; the conditions and results are collected in the adjoining Table.

The first compound (1) typifies a normal dialkyl dithioketal, and we prepared it readily
from cyclododecanone. With Etyln/CHply, substrate 1 gave the corresponding vinyl methyl sulfide
{71%) as a 55:45 mixture of E-Z isomers la and 1b. The expected by-product, CH3SCH3, was not
isolated but was evident from its distinctive odor. And, typically, a small amount of insoluble
polymer formed but was readily separated.7'1° Because vinyl sulfides themselves can react with
carbenoids to produce sulfur ylides, we routinely quenched our reactions with acetaldehyde prior
to workup. This technique has been used by others to regenerate vinyl sulfides from their
ylides (presumably through formation of propene oxidelo'lz) and it improved our yields markedly.

The second substrate, a typical diaryl dithioketal (2) was made conventionally and gave the
corresponding E-Z vinyl phenyl sulfides (2a + 2b) in 92% yield. In this case we also isolated
the cao-product methyl phenyl sulfide and identified it by 1y NMR and TLC comparison with an
authentic sample.

Substrate 3 {llustrates a spirocyclic dithioketal, which affords a vinyl sulfide still
chained to the SCH3 unit. In this case the E-Z isomers {(3a + 3b) were obtained in virtually
equal proportions. The EtyIn/CHyl, reaction was likewise successful with a spirocyclic
dithioketal having an adjacent olefinic 1ink (compound &), At 25°C, this allylic-type precursor
led to vinyl sulfide 4a with conjugated double bonds. Diene #a (77% yfeld) was stereochemically
homogeneous and, therefore, is entirely Z or E. Of special {interest in connection with
substrate 4 was the possibility that the transient ylide might have undergone competitive [2,3]
sigmatropic rearrangement. Such competition was not observed at 25°C, but at higher temperature
(70° and 110°C) products of [2,3) rearrangement accompanied the diene,13 Therefore, with
allylic substrates like 4 temperature appears to be an important variable that influences yield.

We also examined 2-methyl-1,3-dithiane (5) as a substrate. The reaction gave the known 1-
(ethenylthio)-3-(methylthio)-propane (Sa)l‘ as the only product and indicates that our method is
applicable to dithfoacetals as well as to dithioketals.

Our final test compound 1,4-oxathiaspiro[4.11lhexadecane (6) is a monothioketal and was
included in our study because it differs functionally from the other substrates. The product
was identified as vinyl ether 6a (70%), produced as a single geometric isomer. This result
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demonstrates that the carbenoid generated in situ prefers to combine with sulfur (as expected)
rather than with oxygen, This formation of an enol ether from a 1,3-oxathiolane (6) is
specially noteworthy in view of recent findings by Nakayama and co-workers 15 They demonstrated
that the actfon of benzyne on 1,3-oxathiolanes effects net cleavage to produce vinyl phenyl
sulfides. Thus, from the standpoint of synthetic methodology the EtyZn/CHyl, reagent and the
benzyne reagent complement each other by allowing selective ways to produce either a vinyl ether
or a vinyl sulfide from a 1,3-oxathiolane.

EXPERIMENTAL

General - Melting points are uncorrected and were determined in open Pyrex capillaries.
Infrared (IR) spectra were obtained with a Perkin-Elmer Model 457A or Model 5998
spectrophotometer; polystyrene was the caHbratiYn standard., The letters s, m, w refer to
strong, medium, and weak IR bands, respectively. *H NMR refer to CDCl, solutions at 60 MHz on a
VYarian Model T-60; or at 80 MHz on a Varian Model CFT-20. UV were obgained on a Cary Model 219
double beam spectrophotometer. Elemental analyses were performed by Galbrafth Laboratories,
Inc., Knoxville, Tennessee. THF and OMF refer to tetrahydrofuran and dimethylformamide,
respectively.

1,1-Bis(methylthio)cyclododecanone (1). Cyclododecanone (6.42 g, 35.2 mmol) was dissolved
in 3:1 glacfal acetic acid-THF (80 mL) and the solution was cooled to 0°C. Methylmercaptan
(Matheson Gas Products) was stowly bubbled through as freshly distilled BF3-etherate (10 g, 70.4
mmol) was added. After 1.5 h at 0°C, the solution was poured into ice and was extracted with
ether (3 x 80 mL). The organic phase was washed with water and with saturated aqueous NaHCO5
and dried (NaySO4). Evaporation left white crystals. Recrystallization from hot ethanol gave
7.55 g, 85%; mp 472-7 °C. W NMR (60 MHz) & 2.0 (s, 6H), 1,9-1,2 (m, 22H), IR (CHC14) 2950,
2850, 1470, 1440 cm™". UV (hexane) X 238, 214 mm, Anal, Calcd for CiaH2gSy: C, 63.55; H,
10.83. Found: C, 64.73; H, 11.09.

1,1-Bis(phenylthio)cyclododecanone (2). Gaseous HC1 was bubbled through a solution of
cyclododecanone (4.0 g, 0.02 mol) in thiophenol (5.20 g, 0.047 mol) for 2-5 min, and the
solution was stirred at 25°C for ca. 24 h, The mixture was dissolved in CH Ciy (70 mL) and
washed with 5% aqueous NaOH (3 x 40 mL) and saturated aqueous sodfum chloride (21 -%x 40 mL). The
dried (Na,S0,) organic solution was concentrated in vacuo and the cruge material wis
recrystangzeé from ethanol; off-white crystals (7.17 g, 85%); mp 67-68°C (1it.° 64.5-66°C)., 'K
NMR (60 MHz) 5 7.6(m, 4H), 7.2 (m, 6H), 1.6-1.4 (m, 22H). IR (CHCl3) 2950, 2850, 1580, 1470,
1440 cm™*, Anal. Calcd for C24“3252= C, 74.94; H, 8,38, Found: C, 74.96; H, 8.57.

1,5-Dithiaspiro[5.11]heptadecane (3). A 0°C solutfon of cyclododecanone (3.0 g, 16.4 mmol)
in 3:1 acetic acfd-THF (40 mL) and 1,3-propanedithiol (1.8 g, 17 mmol) was treated with BF;-
etherate (4.3 g, 30 mmol) and stirred vigorously for 1 h., The temperature was increased to 25°C
and stirring was continued for another 48 h, during which a white, thick slurry formed. The
mixture was cooled to 0°C and the white solid was collected and rinsed repeatedly with cold THF
and was recrystallized twice from EtOH; mp 81-82°C (4.01 g, 89.4%). IR (C[iu) 2940 (s), 2860
(s), 2850 (s), 1470 (m), 1445 (m), 1345 (w), 1275 (w), 1240 (w), 915 (w) cm™*. 14 NMR (80 MHz)
§2.8 (m, 44, -SCH,), 2.0 (m, 6H), 1.36 (broad s, 18H). Anal. Calcd for CygHogS,: C, 66.11; H,
10.35. Found: C, 66.36; H, 10.55.

1-Methylene-1,5-dithiaspiro[5.11]heptadecane (4). For experimental procedure, see footnote
"g" of the Table.

2-Methyl-1,3-dithiane (5). A stirred solution of 1,3-dithfane (4.0 g, 33 mmol) in dry THF
(80 mL) at -30°C under argon was treated slowly (5-8 min) with 1.26 M n-butyllithium in hexane
(26.6 mL). After 1.5 h at -30°C, the solution was brought to 0°C and fodomethane (5.11 g, 36
mmol) was added. After 10 h at 0°C, water was added and the mixture was worked up with ether.
The derived GLC-pure liquid 5 (4.38 g, 98%) was used without further purification (see footnote
“{" of the Table). IlH NMR (60 MHz) & 4.2 (q, 1H), 2.8 (m, 4H), 2.1 (m, 2H), 1.5 (d, 3H).

1,4-Oxathfaspiro[4.11]hexadecane (6). A mixture of cyclododecanone (4.0 g, 22 mmol), 2-
mercaptoethanol (1.72 g, 22 mmol) and BFj-etherate (6.54 g, 46 mmol) in a 3:1 mixture glacial
acetic acid-THF (80 mL) was stirred at room temperature overnight for 12 h, The mixture was
poured in ice-cold water and was extracted with ether. The organic phase was washed with water,
5% aqueous NaOH, water, and brine. Concentration of the dried solution (Na 504) left a
colorless oil, which solidified after a few hours under refrigeration. Recrystallization from
ethanol -water gave white crystals (5.06 g, 94.5%); mp 37-38°C. *H KMR (60 MHz) id.l (t, 2H),
3.0 (t, 2H), 2.4-1,7 (m, 4H), 1.4 (m, 18H). IR (CHC1,) 2925, 2850, 1440, 1050 cm~'; UV (EtOH) A
206 nm. Anal. Calcd for CyqMp0S: C, 69.36; H, 10.8?. Found: C, 69.59; H, 11.04.

1-(Methylthio)cyclododecene (E,Z) (1a and 1b). To a 25°C toluene solution of diethylzincl®
(1.6 mmol) in dry freshly distilled benzene (10 mL) was added quickly a solution of dithioketal
1 (0.30 g, 1,15 mmol) in dry benzene (10 mL). Diiodomethane (0,3 mL, 0.99 g, 3.72 mmol) was
then added and the flask was lowered into a preheated oil bath (80°C). After 2 h the content
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was allowed to cool slowly to room temperature then was quenched with acetaldehyde {3 mL) and
stirred at 25°C for 10-15 min., The mixture was poured into aqueous NHsCl and was extracted with
benzene. The organic phase was washed with brine and was dried over 25504, Evaporation first
with a water aspirator and then under vacuum (to remove toluene and excess CHyly) left a 1iquid
residue which was triturated with pentane, After filtration of insoluble polymeric materfal and
evaporation, an oily residue (171 mg, 71%) was obtained. SeparatiYn by chromatography on silica
gel (hexane) gave isomer la (94.2 mg, 39.2%) as a colorless ofl, “H NMR (60 MHz) & 5.6 (t, 1H),
2.3 (m, 4H), 2.1 (s, 3H), 1.7-1.2 (m, 16H). IR (neat) 2925, 2850, 1620, 1460, 1420 cm~i., UV
(EtOH) A 249, 228, 206 nm. Anal. Calcd for CyqHpeS: C, 73,51; H, 11.39. Found: C.173.85; H,
11.66. Further elution gave Tsomer 1b (76.4 mg, 31.8%) also as a colorless ofl, ‘H NMR (60
MHz) & 5.1 (t, 1H), 2.3 (m, 4H), 2.1 (s, 3H), 1.7-1.2 (m, 16H). IR (neat) 2925, 2850, 1620,
1470, 1420 cm™". UV (EtOH) A 228 nm. Anal. Caled for Cy3HpaS: C, 73.51; H, 11.39. Found: C,
73.69; H, 11.75.

1-(Phenylthio)cyclododecene (E,Z) (2a and 2d). To a solution of diethylzinc (1.02 mmol) in
dry benzene (10 mL) under argon at room temperature was added a solution of dithioketal 2 (0.30
g, 0.78 mmol) in benzene (10 mL). Difodomethane (0.665 g, 2.48 mmol) was added by syringe and
the solution was immersed in an oil bath at 70°C. After 1 h the mixture was allowed to cool
slowly to room temperature, was quenched with acetaldehyde (3 mL) and was stirred at 25°C for
10-15 min. The mixture was partitioned between benzene and aqueous NH4Cl.  The combined benzene
phase was washed with brine and was dried over NaySO,. Concentration at 30°C left a liquid.
After precipitation of the polymer (with pentane) and filtration, the solvent was removed to
leave a liquid, which was chroTatographed on silica gel. The first product eluted was 2a (0.14
g, 66.6%); colorless 1iquid. “H NMR (60 MHz) & 7.1 (s, SH), ?.0 (t, 1H), 2.4 (m, 4H), 1.4 (m,
16H), IR {neat) 3050, 2950, 2850, 1580, 1480, 1460, 1440 cm~. UV (EtOH) x 265, 248, 205 nm.
Anal. Calcd forCigHpeS: C, 78.78; H, 9.55. Found: C, 79.02; H, 9.78. The second isomer 2b
T0.054 g, 25.4%) was also eluted as a colorless liquid. 'H NMR (60 MHz) & 7.15 (i' 5H), 5.8 (t,
H), 2.2 (m, 4H), 1.3 (m, 16H). IR (neat) 3075, 2950, 2850, 1580, 1470, 1440 cm~". UV (EtOH) A
265, 248, 205 nm. Anal, Calcd for CigH26S: €, 78.78; H, 9,55, Found: C, 79.18; H, 9'821 The
third product eluted {19 mg, 20%) was a fetid liquid, which proved to be thioanisole by ‘H NMR
and TLC comparisons with a commmercial sample.

(3-Methylthio)propyl cyclododecenyl sulfide (E,Z) (3a and 3bd). A solution of diethylzinc
(2.86 mmol), spirodithioketal 3 (0.60 g, 2.2 mmol) and diiodomethane (1.18 g, 4.4 mmol) in dry
benzene (10 mL) under argon was stirred at 25°C for 4 h, The stirred mixture was quenched with
acetaldehyde (3 mL) and after 10 min was poured into saturated aqueous NH,C (40 mL) and was
worked up with benzene, After precipitation of polymer with petroleum ether as in previous
runs, we obtained a GLC-pure liquid residue (0,420 g, 67%). Separation of the two isomers by
chromatography on silica Ye] (40:1 petroleum ether-ether) gave the first olefin 3a (0.214 g,
34%) as a colorless ofl. “H NMR (80 MHz) & 5.5 (t, 1H), 2.9-2.15 (m, 8H), 2.{)5 (s, 34H), 1.8 (m,
24), 1.3 (broad s, 16H). IR (neat) 2920, 2860, 1460, 1440, 1255, 1245 cm™'. Anal. Calcd for
C16H30S2: €, 67.06; H, 10.55. Found: C, 67,23; H, 10.61. Further elution gave the second
isomer gb (0.206 g, 33%) as a colorless ofl. 1y (80 MHz) & 5.9 (t, 1H), 2.9-2.15 (m, 8H),
2.0? (s, 34), 1.8 (m, 2H), 1.3 (broad s, 16H). IR (neat) 2920, 2860, 1460, 1440, 1255, 1245
cm” Anal, Calcd for C16H30S2: C, 67.07; H, 10.55. Found: C, 67.23; H, 10.56.

3-Methylene-2-[(3-methylthio)propyl J-cyclododecenyl sulfide (E or Z) (4a). A solution of
diethylzinc (0.85 mmol), spirodithioketal 4 (0.20 g, 0.70 mmol) and diiodomethane (0.50 g, 1.86
mmol) in dry benzene (15 mi) under argon was stirred at 25°C for 2.5 h. The reaction was
quenched with acetaldehyde (3 mL), was stirred for 15 min, was poured into saturated aqueous
NHaC1 solution (40 mL), and was extracted with ether (3 x 30 mL). The ether was processed as in
other runs, The polymer-free #4a (0.16 g, 77%) was a colorless oil. *H NMR (80 MHz) & 5.75 (t,
1H), 4,95 (m, 2H), 2.5 (m, 8H), 2.05 (i' 3H), 1.25 (broad s, 16H). IR (neat) 3070, 2920, 2860,
1620, 1465, 1445, 1260, 1250, 905 cm--. UV (EtOM) A 260 nm. Anal. Caicd for CqjH3gSy: C,
68.39; H, 10.13. Found: C, 68.59; H, 10.27.

1-(Ethenylthio)-3-(methylthio)-propane (5a). 2-Methyl-1,3-dithiane (5, 0.39 g, 2.9 mmol)
in dry benzene (15 mL) was added to a solution of diethylzinc (3.76 mmol) in dry benzene (15 mL)
under argon at 25°C, Diiodomethane (2.47 g, 9.2 mmol) was added, and the content was stirred
for 2 h. The reaction was treated with acetaldehyde (3 mL) and stirred for another 10-15 min,
TLC analysis at this point revealed complete conversion of the starting thioacetal into the
product. The mixture was poured into aqueous NH4C1 and was worked up with benzene. Removal of
the solvent at 45°C in vacuo led to inadvertent evaporation of most of the volatile product.
The remainder was chromatographed on silica gel (4:1 hexane-benzene) to give (after careful
hand1ing) the pure 5a (22.1 mg, 5.3%) as a colorless 1iquid (STENCH!) 1y MR (60 MHZ) & 6.2 (m,
1H), 5.01 (m, 2H), 2.6 (m, 4H), 2,05 (s, 3H), 1.8 (m, 2H). IR (neat) 3100, 2920, 1580, 1430.
1260 cm™®, UV (EtOH) A 228, 205 nm. Compound Sa has been prepared before by other means.}

(2-Methylthio)ethyl cyclododecenyl ether (E or Z) (6a). To a 25°C solutfon of diethylzinc
(1.6 mmol) in dry benzene (10 mL) under argon was added a solution of spirooxathiolane 6 {0.30
g, 1.23 mmol) in dry benzene (15 mL) followed by diiodomethane (1.05 g, 3.9 mmol). After being
stirred at 25°C for 8 h, the solution was quenched with acetaldehyde (3 mL), was stirred for 15
min, was poured into water, and was extracted with ether. Workup as described earlier gave the
polymer-free oily product, which was passed quickly through a short column of silica gel (4:1
hexane-benzene). A total of 0.22 g (70%) of the pure 1iquid vinyl! ether 6a was recovered. Ly
NMR (60 MHz) & 4.2 (t, 1H), 3.7 (t, 2H), 2.6 (t, 2H), 2.1 (m, 7H), 1.3 (m, 16H). IR (neat)
2950, 2850, 1660, 1470, 1440 cm'l; UV (EtOH) A 209 nm. Anal. Calcd for Cy5Hpg0S: C, 70.25; H,
11.00. Found: €, 70.51; H, 11.33, -
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