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ABSTRACT: In contrast with aromatic orthothio es-
ters that undergo desulfurative fluorination to produce
trifluoromethyl substituted aromatics, aliphatic ortho-
thio esters react with BrF with replacement of only one
or two methylthio groups by fluorine. An elimination
step often follows the first sulfur replacement to pro-
duce novel unsaturated fluorinated systems. q 1999
John Wiley & Sons, Inc. Heteroatom Chem 10: 31–
34, 1999

Fluorodesulfurization involves replacement of
sulfur by fluorine. The process generally is successful
for replacement of thiols [1], sulfides [2], thioketals
[3] and acetals [4,5], thioesters and dithioesters [6]
with fluorine obtained from mixed halogens [6],
mercuric fluoride [4], or diethylaminosulfur trifluor-
ide [7]. Complete replacement of three sulfur atoms
occurs only in aromatic orthothio esters [6]. Ali-
phatic orthothioesters have received little attention,
but the few known examples show either elimination
without fluorination [1] or fluorination accompa-
nied by rearrangements or oxidation [5].

We observe that fluorodesulfurization of several
selected aliphatic orthothio esters occurs smoothly
with replacement of one or two fluorine atoms fol-
lowed by elimination to produce unique unsaturated
fluorinated systems. The present study describes our
results of fluorodesulfurization with several ali-
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phatic orthothio esters obtained through nucleo-
philic substitution with tris(methylthio)methyl lith-
ium [8]. Reaction of 1-indanone (1) with (CH3S)3CLi
provides 2 in 77% yield. Reaction of 2 with excess
BrF, prepared from dibromohydantoin and HF/pyr-
idine [6], occurs smoothly to give 3 in 82% yield
(Scheme 1). Compound 2 likely loses water and
CH3SF under the acidic conditions to produce the
unsaturated intermediate A. Rearrangement and
fluorination leads to the final product observed (3).

Styrene oxide (4) reacts with (CH3S)3CLi to give
the trimethylthio alcohol 5 in 77% yield. Fluorode-
sulfurization of 5 gave the difluoro adduct 6 in 68%
yield in which the alcohol function is replaced by
bromine (Scheme 2). In this case, the thiomethyl
groups are replaced by fluorine until two fluorines
are present. Further fluorination is stopped because
an unstable difluoro cation would be required.

Benylideneacetophenone (7) gave the Michael
addition product 8 in 84% yield. Fluorodesulfuriza-
tion of 8 gave both the monofluoro product 9 (48%)
and the difluoro ketone 10 (34%) (Scheme 3). Both
9 and 10 can arise from a common intermediate B
that undergoes further rearrangement and fluorina-
tion under the acidic conditions.

In Scheme 4, a brief general rationalization of
the results is shown. Reactions of this type follow a
known carbocation mechanism [1,3,6]. After initial
fluorination, C is converted to cation D, which fluor-
inates further to E or eliminates to F. Elimination
and rearrangement routes occur when the cation
can be conjugated with the aromatic system. With-
out elimination, the difluoromethylthio is observed,
as seen in 6. Two fluorine atoms destabilize the fur-
ther formation of cations.
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SCHEME 1

SCHEME 3

SCHEME 4

SCHEME 2

EXPERIMENTAL

1-Tris(methylthio)methyl-1-indanol (2)

In a 25 mL round-bottom flask, under dry nitrogen,
were placed 1.0 mL (7.5 mmol) of tris(methyl-
thio)methane and 10 mL of dry THF. The mixture
was cooled to 1788C in a dry ice–acetone bath. n-
Butyllithium (2.5 M in THF, 3.0 mL, 7.5 mmol) was
added dropwise by syringe. The reaction mixture
was allowed to stir until a white solid formed, ap-
proximately 5 minutes. A solution of 1-indanone
(0.690 g, 5.22 mmol in 5 mL THF) was added drop-
wise. The reaction mixture was allowed to stir for
1.5 hours at 1788C after which 1 mL 1:1 acetic
acid:ethanol was added, and the reaction mixture
was allowed to come to room temperature. Satu-
rated sodium bicarbonate (20 mL) was added to the
reaction mixture, and the THF was taken off with a
rotary evaporator. Three 20 mL methylene chloride
extracts of the aqueous layer were combined and
dried over anhydrous magnesium sulfate. The sol-
vent was removed on a rotary evaporator, and the
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residue was purified by chromatography. The yield
was 0.816 g, 77%, mp 62–648C, Rf 4 0.42 (20% ethyl
acetate in hexanes). 1H NMR (CDCl3) d 1.99 (9H, s,
CH3), 2.22–3.24 (5H, m, CH2CH2-COH), 7.2–8.0 (4H,
m, Ar); 13C NMR (CDCl3), 15.0 (s, CH3), 31.3 (s, CH2),
40.5 (s, CH2), 75.7 (s, CS), 94.0 (COH), 124.8–129.1
(4 peaks, Ar). Mass spectrum: m/z (relative inten-
sity), 285 (3) [(M ` H) 1 H2]`: IR 3500 cm11 (OH).

3,3,3-Tris(methylthio)-1-phenyl-1-propanol (5)

In a 100 mL round-bottom flask, under dry nitrogen,
was placed (4.0 mL, 30 mmol) of tris(methyl-
thio)methane in 40 mL of dry THF. The mixture was
cooled to 1788C in a dry ice–acetone bath. n-Butyl-
lithium (2.5 M in THF, 12.0 mL, 30 mmol) was added
dropwise by syringe. The reaction mixture was al-
lowed to stir until a white solid formed, approxi-
mately 5 minutes. Styrene oxide (2.28 mL, 20 mmol)
in 20 mL of dry THF was added dropwise by syringe.
The reaction mixture was stirred 23 hours at 1788C
after which 3.5 mL of 1:1 acetic acid:ethanol was
added, and the reaction mixture was allowed to
come to room temperature. Saturated sodium bicar-
bonate (80 mL) was added to the reaction mixture,
and the THF was taken off with a rotary evaporator.
Three 80 mL methylene chloride extracts of the
aqueous layer were combined and dried over anhy-
drous MgSO4. The solvent was removed by rotary
evaporator, and the residue was purified by flash
chromatography. The yield was 4.26 g, 77%. Rf 4
0.39 (10% ethyl acetate in hexanes). 1H NMR (CDCl3)
d 2.17 (9H, s, CH3), 2.27–2.53 (2H, m, CH2), 3.89 (1H,
d, J 4 3 Hz, OH), 5.29 (1H, dt, J1 4 7 Hz, J2 4 3 Hz,
CH), 7.24–7.38 (5H, m, Ar); 13C NMR (CDCl3) d 13.1
(s, CH3), 46.5 (s, CH2), 70.2 (s, CS), 71.7 (s, CHOH),
125.9–144.4 (m, Ar): mass spectrum 227 (49) [(M `
H)-SCH3]`: IR 3400 cm11 (OH).

4,4,4-Tris(methylthio)-1,3-diphenyl-1-butanone
(8)

In a 50 mL round-bottom flask, under dry nitrogen,
were placed 1.0 mL (7.5 mmol) of tris(methyl-
thio)methane and 8 mL of dry THF. The mixture was
cooled to 1788C in a dry ice–acetone bath. n-Butyl-
lithium (2.5 M in THF, 3.0 mL, 7.5 mmol) was added
dropwise by syringe. The reaction mixture was al-
lowed to stir until a white solid formed, approxi-
mately 5 minutes. A solution of benzylideneaceto-
phenone (1.00 g, 4.84 mmol) in 5 mL dry THF was
added dropwise by syringe. The reaction mixture
was allowed to stir for 1 hour at 1788C after which
1 mL of 1:1 acetic acid:ethanol was added, and the

reaction mixture was allowed to come to room tem-
perature. Saturated sodium carbonate, 20 mL, was
added to the reaction mixture, and the THF was
taken off with a rotary evaporator. Three 20 mL
methylene chloride extracts of the aqueous layer
were combined and dried over anhydrous magne-
sium sulfate. The solvent was removed by rotary
evaporator, and the residue was purified by chro-
matography. Further purification by mild heating
under vacuum to remove low boiling contaminants
was required. The yield was 0.99 g, 84%. Rf 4 0.04
in 10% methylene chloride in hexanes: 1H NMR
(CDCl3) d 1.94 (9H, s, CH3), 3.49–4.00 (3H, m,
CHCH2), 7.11–7.91 (10H, m, Ar); 13C NMR (CDCl3) d
14.3 (s, CH3), 42.0 (s, CH2), 50.5 (s, CH), 126.7–133.2
(m, Ar), 197.6 (s, C4O): IR 1680 cm11 (C4O); mass
spectrum 315 (19) [(M ` H)-SCH3]`.

General Procedure for Reaction of 2, 5, and 8
with Bromine Fluoride

In a 25 mL round-bottom flask under nitrogen were
placed dibromohydantoin (1.25 g, 4.8 mmol) and 10
mL of dry methylene chloride. The mixture was
cooled to 1208C (dry ice–carbon tetrachloride). The
trismethylthio substrate (2, 5, or 8, 0.97 mmol) in 1
mL of dry methylene chloride was added dropwise
to the stirred mixture. After 5 minutes, pyridinium
poly(hydrogen fluoride) (1 mL, 4.4 mmol) was added
dropwise by syringe. The reaction mixture was al-
lowed to come to room temperature over 60 min-
utes. Saturated sodium carbonate solution was
added very slowly for neutralization. Three 20 mL
methylene chloride extracts were combined and
dried with magnesium sulfate. The solution was con-
centrated on a rotary evaporator, and the residue
was purified by column chromatography on silica
gel. The products were isolated as oils.

Results for the individual experiments are sub-
sequently given.

1-Tris(methylthio)methyl-1-indanol (2) gave af-
ter chromatography with 60% methylene chloride in
hexanes (Rf 4 0.53) compound 3 in 82% yield as a
colorless oil: 1H NMR (CDCl3, TMS) d 2.34 (3H, s,
CH3), 4.60 (1H, dd, JHH 4 7.0 Hz, JHF 4 14.0 Hz, CH),
4.76 (1H, dd, JHH 4 7.0 Hz, JHF 4 44 Hz, CHF), 6.7
(1H, d, J 4 4.0 Hz, vinyl), 7.36 (5H, m, Ar and vinyl);
13C NMR (TMS) d 29.3 (CH3), 39.7 (d, JCF 4 24 Hz,
CH), 81.0 (d, J 4 273 Hz, CHF), 124–131 (Ar and
vinyl): 19F NMR (trifluoroacetic acid that is 76.5 ppm
upfield from the common standard CFCl3) d-52.7 (d,
J 4 44 Hz): mass spectrum, 175 [(M ` H)-HF]`.
Anal. calcd for C11H11FS: C, 68.04; H, 5.67. Found: C,
68.20; H, 5.76. A minor amount of material thought
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possibly to contain a trifluoromethyl group was also
obtained but could not be sufficiently purified.

3,3,3,-Tris(methylthio)-1-phenyl-1-propanol (5)
gave after chromatography with 50% methylene
chloride in hexane (Rf 4 0.73) one major component
identified as 6 in 68% yield: 1H NMR d 2.39 (3H, s,
CH3), 2.33 (2H, m, CH2), 5.41 1H, (m, CH), 7.25 (5H,
m, Ar); 13C NMR d 8.9 (SCH3), 56.8 (m, CH2), 72.2
(m, CH), 114.8 (t, J 4 268 Hz, CF2), 123–148 (Ar);
19F NMR d ` 2.66 (m). Mass Spectrum, 242 [(M `
H)-HF]`. Anal. calcd for C10H11BrF2S: C, 45.82; H,
4.22. Found. C, 45.77; H, 4.00.

4,4,4-Tris(methylthio)-1,3-diphenyl-1-butanone
(8) produced two main components. Chromatogra-
phy with 40% methylene chloride in hexane gave 9
(Rf 4 0.21) in 48% yield: 1H NMR d 1.93 (3H, m,
CH3), 4.49, 4.60 (1H, m, CH, CHBr), 4.95 (1H, d, JHF

4 52 Hz, CHF), 7.4 (m, Ar); 13C NMR d 13.8 (CH3),
56.0 (d, J 4 37 Hz, CH), 58.1 (CHBr), 92.5 (d, J 4
178 Hz, CHF), 170 (C4O); 19F NMR d 1 73.9 (dd,
2JHF 4 52 Hz, 3JHF 4 15 Hz). Anal. calcd for
C17H16BrFOS: C, 56.60; H, 4.36. Found. C, 56.66; H,
4.22. The second component was 10 (Rf 4 0.13) in
34% yield: 1H NMR d 6.27 (1H, dt, JHF 4 63 Hz, JHH

4 5 Hz, CHF2), 7.23 (11H, Ar and vinyl); 13C NMR d
100 (t, J 4 270 Hz, CF2), 123–148 (Ar and vinyl),
190.1 (C4O): 19F NMR d 1 14.3 (dd, JHF 4 63 Hz,
JHH 4 5 Hz). Mass spectrum, 259 (M ` H)`. Anal.
calcd for C16H12F2O: C, 74.42; H, 4.65. Found: C,
74.40; H, 4.71.

REFERENCES

[1] J. Kollonitsch, S. Marburg, L. M. Perkins, J. Org.
Chem., 41, 1976, 3107.

[2] K. C. Nicolau, R. E. Kolle, D. P. Papahatjis, J. L. Rand-
all, J. Am. Chem. Soc., 106, 1984, 4189.

[3] J. A. Katzenellenbogen, S. C. Sondej, J. Org. Chem., 51,
1986, 3508.

[4] S. T. Purrington, J. H. Pittman, Tetrahedron Lett., 28,
1987, 3901.

[5] (a) M. Kuroboshi, S. Furuta, T. Hiyama, Tetrahedron
Lett., 36, 1995, 6121; (b) S. Fututa, T. Hiyama, Tetra-
hedron Lett., 37, 1996, 7983.

[6] (a) D. P. Matthews, J. P. Whitten, J. P. McCarthy, Tet-
rahedron Lett., 27, 1986, 4861; (b) K.-I. Kim, J. R. Mc-
Carthy, Tetrahedron Lett., 37, 1996, 3223.

[7] W. H. Bunnelle, B. R. McKinnis, B. A. Narayanan, J.
Org. Chem., 55, 1990, 768.

[8] S. Knapp, A. F. Trope, M. S. Theodore, N. Hirata, J. J.
Barchi, J. Org. Chem., 49, 1984, 608; R. E. Damon,
R. H. Schlessinger, Tetrahedron Lett., 1976, 1561.


