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SYNTHESIS OF 4,5-DIMETHYL-1,3-DITHIOL-2-ONE
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1. Procedure

A. O-Isopropyl S-3-Oxobutan-2-yl Dithiocarbonate (1). A 1-L, 3-
necked flask, equipped with a 125-mL pressure equalizing addition funnel
and nitrogen inlet is oven-dried, assembled hot, and cooled to ambient
temperature under nitrogen vented to an external bubbler. The center neck is
equipped with an overhead stirrer and the third neck is fitted with an internal
temperature probe. The apparatus is cooled to ambient temperature and is
charged with anhydrous K,CO; (65 g, 470 mmol, 1.4 equiv) (Note 1)
followed by freshly distilled 2-butanone (500 mL, 403 g, 5.58 mol, 16
equiv) (Note 2). The resulting suspension 1is cooled to below
—75 °C with an acetone/dry ice bath, and a solution of bromine (17.7 mL,
55.2 g, 0.345 mol, 1.0 equiv) (Note 3) in 100 mL CH,Cl, (Note 4) is added
dropwise via the addition funnel over 30 min, maintaining the internal pot
temperature below —70 °C (Note 15, photograph A). The resulting orange-
colored reaction mixture is removed from the cold bath and is allowed to
warm to 18 °C over 4 h. During this time, the color of the mixture changes
from orange to colorless. The reaction mixture is stirred for an additional 4 h
at ambient temperature. Potassium O-isopropylxanthate (Note 5) (60.4 g,
0.346 mol, 1.0 equiv) is then charged via a solids addition funnel in a single

portion under nitrogen.
The resulting reaction mixture is heated to 60 °C (internal temperature)
with a heating mantle for 6 h. The progress of the reaction can be
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conveniently monitored by silica gel TLC (9:1 heptanes/EtOAc; potassium
O-isopropylxanthate R=0.0; desired product R=0.25). The heterogeneous
mixture is cooled to 18 °C and then vacuum filtered in the open air through a
packed 2 inch celite pad on a medium porosity, 3.5” diameter glass frit. The
filter contents are washed with CH,Cl, (3 x 100 mL), and the combined
filtrates are concentrated to dryness at 50 °C and 20 mmHg in a 1-L, round-
bottomed flask on a rotary evaporator to afford 59.6-61.7 g (0.289-0.299
mol, 83—86% yield based on potassium O-isopropylxanthate) of O-isopropyl
S-3-oxobutan-2-yl dithiocarbonate 1 as an orange oil that can be carried
forward without further purification. Analytically pure material is obtained
by vacuum distillation from a 150-mL, single-necked, round-bottomed flask
with a 10-cm Vigreaux column at 79-82 °C and 0.1 mmHg, which yields
48.9-50.1 g (0.237-0.243 mol, 68—70%) of 1 as a pale yellow, pungent
smelling oil (Notes 6 and 7).

B. 4,5-Dimethyl-1,3-dithiol-2-one (2). A 250-mL, 3-necked, round-
bottomed flask equipped with a magnetic stirring bar, 250-mL pressure-
equalizing addition funnel, internal temperature probe and glass stopper is
charged with previously distilled O-isopropyl S-3-oxobutan-2-yl
dithiocarbonate 1 (53.0 g, 0.257 mol), and the neat oil is cooled to 0 °C. Ice-
cooled 15 M aqueous H,SO,4 (100 mL, 1.5 mol, Note 8) is added dropwise
via addition funnel over 30 min, maintaining the pot temperature below
10 °C. The reaction mixture is maintained between 0 °C and 10 °C for 1 h,
warmed to room temperature, and then stirred for an additional hour.
During this time, the reaction mixture darkens progressively to a brown
color. Reaction progress is conveniently monitored by silica gel TLC
analysis (9:1 heptane/EtOAc; SM R=0.25; product R=0.35). The reaction is
quenched by slowly pouring the contents over 500 mL of ice in 10 mL
portions over a 15 min period. The resulting two-phase aqueous—organic
mixture is transferred to a 1-L separatory funnel and is extracted with Et,O
(3 x 200 mL) (Note 9). The combined Et,O extracts are dried by stirring
over MgSO, (75 g) for 2 h. The MgSO, is removed by vacuum filtration on
a coarse, sintered glass filter, and the cake is washed with 2 x 200 mL Et,0.
The filtrates are concentrated on a rotary evaporator (25 °C, 20 mmHg) to
produce a crude, dark, waxy solid that is purified by short-path vacuum
distillation from a 100-mL, single-necked, round-bottomed flask (Note 10
and Note 15, photograph B) at 60—-64 °C and 0.1 mmHg to afford 31.6-32.5
g (0.216-0.222 mol, 84-87%) of 4,5-dimethyl-1,3-dithiol-2-one as a pale
yellow oil that solidifies upon standing (Notes 11 and 13).
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Highly crystalline material is prepared by dissolving 5.0 g of freshly
distilled 4,5-dimethyl-1,3-dithiol-2-one in 25 mL warm hexanes followed by
cooling to —25 °C to afford 4.10 g (82%) of off-white needle crystals that are
isolated by decanting the mother liquor and drying at 18 °C in open air.
Crystallization of 5.0 g crude (non-distilled) 2 in the same manner produces
a lower recovery (2.1 g, 42%) of brown needles that are relatively clean by
'H and °C NMR (Note 15, photograph C). Compound 2 is stable to air,
moisture and light and is soluble in common organic solvents such as
pentane, hexane, diethyl ether, dichloromethane, benzene, toluene,
acetonitrile and methanol (Note 14).

2. Notes

I. Anhydrous potassium carbonate (ReagentPlus grade, 99%) from
Sigma-Aldrich was used as received. The use of K,CO; is necessary to
scavenge the HBr generated during the bromination reaction. In one
instance, the checkers noted a poor yield (21%) resulting from using older,
‘wet’ potassium carbonate.

2. Reagent grade 2-butanone (methyl ethyl ketone) was obtained
from Sigma Aldrich (99+%) and distilled from CaSO, at ambient pressure
using a fractionating column. A forerun is set aside. The 2-butanone used in
the procedure is collected when the distillation is steady at ~80 °C. The 2-
butanone is used both as solvent and substrate in this reaction. The use of
smaller volumes of 2-butanone results in heterogeneous mixtures that are
difficult to stir.

3. Reagent grade bromine from Sigma Aldrich (99.5%) was used as
received.

4. Reagent grade dichloromethane from JT Baker was used without
additional purification.

5. Potassium O-isopropylxanthate is available commercially from a
variety of suppliers (e.g. $44.10 / 25 g from TCI America, used as received).
The checkers noted that one-portion addition of this material resulted in an
average exotherm of 20 °C at this scale. Care should be taken on larger
scales to insure proper jacket cooling is available.

6. Pure O-isopropyl S-3-oxobutan-2-yl dithiocarbonate may be stored
in the open air at ambient temperature without noticeable decomposition for
a period of months. The material obtained after rotary evaporation of the
CH,Cl, and 2-butanone solvent is generally of sufficient purity for the next
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step. This determination is made on the basis of 'H NMR spectroscopy and
by the observation of only slightly diminished overall yields using
undistilled 1.

7. The spectroscopic and analytical properties of O-isopropyl S-3-
oxobutan-2-yl dithiocarbonate (1) are as follows: bp: 79-82 °C at
0.1 mmHg. Rg: 0.25 on silica (9:1 heptane:EtOAc), visualization by UV-vis.
'H NMR (CDCl;, 400 MHz, 25 °C) &: 1.359 (d, J = 6.4 Hz, 3 H), 1.363 (d, J
=6.4 Hz,3 H), 1.43 (d,J="7.6 Hz, 3 H), 2.28 (s, 3 H),4.34 (q,J = 7.2 Hz, 1
H), 5.69 (sep, J = 6.4 Hz, 1 H). °C NMR (CDCl;, 100 MHz, 25 °C) §: 15.0,
20.69, 20.74, 26.9, 53.1, 78.3, 203.9, 210.8. FTIR (neat oil, ATR, cm):
2981, 1717, 1386, 1374, 1356, 1242, 1157, 1143, 1091, 1038, 900, 631, 537.
CI-MS: m/z 207 (IM + H]", 46), 165 (M — 'Pr, 77), 147 (M — O'Pr, 26), 105
(100). HRMS: (ESI+) m/z: 207.05080 [calcd for CgH;50,S, (M+H)
207.05090]. Anal. Calcd. for CsH;40,S,: C, 46.57; H, 6.84; S, 31.08.
Found: C, 46.53; H, 6.80; S, 31.15.

8. An 80 mL volume of concentrated H,SO, is diluted to 100 mL by
slowly pouring it into a 20 mL volume of ice cold water, resulting in a 15 M
solution. The checkers noted a poor yield (34%) when sulfuric acid was
added too quickly to the pot mixture without proper cooling.

9. The aqueous acidic phase should be brought to a neutral pH with
saturated aqueous K,COj; and transferred to an aqueous waste storage bottle.

10. The condenser of the short-path distillation apparatus should not be
cooled with cold water. During the course of the vacuum distillation, 4,5-
dimethyl-1,3-dithiol-2-one solidifies within the distillation condenser and
requires mild, continuous heating with a heat gun to ensure that it remains
melted until collected in the distillation receiver. Alternatively, the checkers
found that circulation of warm (55 °C) fluid through the short-path
distillation head is highly effective.

11. The submitters obtained an additional 2.8% of product by
chromatographic purification of the dark distillation pot residue as follows.
Following the distillation of 4,5-dimethyl-1,3-dithiol-2-one obtained from
the cyclization of 62.3 g (0.302 mol) of undistilled O-isopropyl S§-3-
oxobutan-2-yl dithiocarbonate, an additional 1.25 g (8.53 mmol, 2.8% yield)
of product is recovered. The column is packed as a silica slurry (Note 12) in
hexanes (1 in diameter x 10 in height) and is loaded by evaporation of a
concentrated CH,Cl, solution of the distillation pot residues onto 10 g silica
followed by transferal of this dry coated silica directly onto the column. The
column is then eluted with a gravity drip. The 4,5-dimethyl-1,3-dithiol-2-one
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readily and completely resolves from the other components of the mixture as
the leading band and is completely eluted within a 150 mL volume of
hexanes after loading.

12. The silica used for the column was 70-230 micron and was
obtained from EMD Chemicals (Merck), Gibbstown NJ, Catalog Number
7734-3.

13. The checkers found that using undistilled 1 in Step B (61.7 g,
0.299 mol) provided 25.9 g of 2 (0.177 mol, 59% yield).

14. Spectroscopic and analytical data for 4,5-dimethyl-1,3-dithiol-2-
one are as follows: mp: 4648 °C. bp: 59—64 °C at 0.1 mmHg. Rg 0.35 on
silica (9:1 heptane:EtOAc), visualization by UV-vis. 'H NMR (CDCls, 400
MHz, 25 °C) &: 2.13 (s). °C NMR (CDCl;, 100 MHz, 25 °C) §: 13.7, 122.8,
192.1. FTIR (neat oil, ATR, cm™): 3243, 2942, 2851, 1753, 1650, 1596,
1433, 1373, 1189, 1092, 1017, 941, 866, 756. CI-MS: m/z 147 (IM + H]’,
100). HRMS: [M + H] caled for CsH;0,S;: 146.99329. Found: 146.99333.
Anal. Calcd. for CsH¢OS,: C, 41.07; H, 4.14; S, 43.86. Found: C, 41.11; H,
4.04; S, 44.75.

15. Photographs of the procedure:

(A) Step A during bromine addition.
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(B) Step B product distillation

(C) Comparison of Step B product (2) obtained by recrystallization of
distilled (left two samples) or undistilled (right two samples) material
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3. Discussion

The 1,3-dithiol-2-ones constitute a class of molecules with
demonstrated synthetic utility for the synthesis of tetrathiafulvalenes and
related materials (Scheme 1). Oligo- and polytetrathiafulvalenes have been
subjected to intense investigation for a broad variety of applications ranging
from conducting organic materials® to solar energy conversion systems'’ to
sensors”'' and switching devices.”'' A key reaction for the synthesis of
many kinds of elaborated tetrathiafulvalenes is the phosphite mediated
coupling of 1,3-dithiol-2-chalcogenones to form the tetrathio-substituted
olefinic bond. First reported by Corey'* and later extended by Miles," this
reaction type has become ubiquitous for the synthesis of all manner of
tetrathiafulvalenes. The 1,3-dithiol-2-ones are also useful synthetically as
protected forms of dithiolene ligands that are readily unmasked by simple
base hydrolysis (Scheme 1).'*"” The rich electrochemical and photophysical
behavior associated with metal dithiolene complexes has also stimulated a
large body of research aimed at applications such as superconducting
materials,'® sensing devices,'’ photocatalysts,'® and reversibly bleachable
dyes for Q-switching in near IR lasers."’

Scheme 2
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One of the more simple, symmetrically substituted 1,3-dithiol-2-ones
is the 4,5-dimethyl form. Despite the amenability of this compound to
further derivatization, e.g., by bromination of the methyl groups and
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subsequent nucleophilic substitution,®* its use has been more limited than
would be expected. A considerable number of molybdenum and tungsten
dithiolene complexes with the dimethyl-substituted ligand have been
reported as structural and functional analogues of the catalytic sites of
molybdo-and tungstoenzymes,”'* but in all instances the ligand is derived
ultimately from 3-hydroxy-2-butanone/P4S;, rather than through a more
direct approach proceeding through 4,5-dimethyl-1,3-dithiole-2-one. A
possible reason for the surprisingly little use that has been made of 4,5-
dimethyl-1,3-dithiole-2-one as a protected dithiolene ligand 1is an
underappreciation of the ease by which it may be prepared in large,
multigram quantities.

The preparation of this useful molecule can be accomplished by
several distinct routes (Scheme 2). One approach involves the radical-
initiated reaction of diisopropyl xanthogen disulfide with 2-butyne to form
the 1,3-dithiol-2-one directly (Path A).> A related synthesis describes the
palladium-mediated coupling of bis(triisopylsilyl)disulfide with 2-butyne to
yield 2,3-bis(triisopropylsilanylsulfanyl)but-2-ene, which is subsequently
treated with phenyl chlorothiolformate and TBAF to form the 1,3-dithiol-2-
one (Path B).** Another method begins with the reaction between 3-bromo-
2-butanone and an O-alkylxanthate salt to afford an O-alkyl S-3-oxobutan-2-
yl dithiocarbonate intermediate (Path C) that is then subjected to acid-
catalyzed ring closure.”””?° The 4,5-dimethyl-1,3-dithiol-2-one product is
also available via mercuric acetate mediated chalcogen exchange” from the
corresponding trithiocarbonate (Path D).*® The route to 4,5-dimethyl-1,3-
dithiol-2-one that begins with 3-bromo-2-butanone and potassium O-
isopropylxanthate avoids the use of 2-butyne and its associated flammability
and expense. While this reaction sequence has been previously reported,”**”
% we describe procedural modifications that enable the cost effective
synthesis of 4,5-dimethyl-1,3-dithiol-2-one on a scale of tens of grams. In
contrast, the largest reported scale on which it has previously been reported
is seven grams.”’

The first point we emphasize is that the a-bromo ketone that is
condensed with O-isopropylxanthate can be generated in situ from 2-
butanone/Br, and used immediately. The 2-butanone can in fact be used in
excess as both solvent and reagent. Previously published procedures have
described the use of a-bromo ketone purchased from commercial sources or
have implied a need to prepare and isolate it in a discrete step. The ease and
selectivity with which 2-butanone is brominated in the 3-position and the
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intrinsic reactivity of the resulting a-bromoketone render in sifu generation
and immediate use a greatly preferable approach. The second procedural
improvement we note for the synthesis of 4,5-dimethyl-1,3-dithiol-2-one is
that, although a solid at ambient temperature and pressure, it has a low
melting point and is sufficiently volatile at reduced pressure as to be
amenable to vacuum distillation. A simple short-path distillation can yield a
large volume of pure 4,5-dimethyl-1,3-dithiol-2-one without the need to
resort to column chromatography as a purification method, as has been
reported earlier.”’ Together, these improvements should make this useful
molecule much more accessible than has heretofore been recognized.
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

O-Isopropyl S-3-Oxobutan-2-yl Dithiocarbonate: Carbonodithioic acid, O-
(1-methylethyl) S-(1-methyl-2-oxopropyl) ester; (958649-73-5)

2-Butanone; (78-93-3)

Potassium O-isopropylxanthate: Carbonodithioic acid, O-(1-methylethyl)
ester, potassium salt (1:1); (140-92-1)

4,5-Dimethyl-1,3-dithiol-2-one; (49675-88-9)
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Solvent: cdcl3
Ambient temperature
UNITYplus-400

PULSE SEQUENCE
Relax. delay 0.100 sec
Pulse 45.0 degrees
Acqg. time 1.331 sec
Width 24623.0 Hz
256 repetitions
OBSERVE C13, 100.5164067 MHz
DECOUPLE H1, 399.7487325 MHz
Power 40 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 2.0 Hz
FT size 65536
Total time 6 minutes

Data not saved (unable to retrieve from ISIS or NMR workstation)
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Ay

13C NMR in CDCl3

Solvent: cdcl3
Temp. 25.0 C , 238.1 K
UNITYplus=-400

PULSE SEQUENCE

Relax. delay 0.100 sec

Pulse 45_0 degrees

Acgqg. time 1.331 sec

Width 24623.0 Hz

128 repetitions
OBSERVE C13, 100.5164285 MHz
DECOUPLE H1, 399.7487325 MHz
Power 40 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 2.0 Hz

FT size 65536

Total time 3 minutes
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Data not saved (unable to retrieve from ISIS or NMR workstation)
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TH NMR in CDCl3

Solvent: cdcl13
Temp, 25.0 C 7 298.1 K
URITYplus-4080

PULSE SEQUENCE
—— ——Pulse 45.0 degrees

Acqg. time 2.411 sec

Width 6795.8 Hz

16 repetitions
Oﬂstlsg H1, 399.748739%6 NNz

DATA PROCESSING
FT size 32768
Total time 1 minute
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step A distillate Data not saved (unable to retrieve from ISIS or NMR workstation)

prd4o0: 090519

INDEX FREQUENCY PPM HEIGHT
1 2894.166 7.240 2.6
2 2283.570 65.713 4.5
3 2277.348 5.697 6.1
4 2271.126 5.681 4.6
S 1747 .224 4.371 2.0
6 1739.758 4.352 5.8
7 1732.706 4.335 6.1
8 910.143 2.277 69.8
9 5§77.468 1.445 43.1

10 $70.002 1.426 38.7
11 §50.920 1.378 5.5
12 548.017 1.371 33.7
13 546.358 1.367 36.4
14 541.795 1.355 34.2
15 540.135 1.351 35.8



Solvent: cdcl13
Ambient temperature
UNITYplus-400

PULSE SEQUENCE
Pulse 45.0 degrees
Acqg. time 2.411 sec
Width 6735.8 Hz
16 repetitions
OBSERVE H1, 398.7467324 MHz
DATA PROCESSING
FT size 32768
Total time 1 minute

HaC

S

HaC
IH NMR in CDCl;

Data

not saved (unable to retrieve from ISIS or NMR workstation)

prd400: 081015
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