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Summary: Dialkyl or alkyl aryl thioethers, including
nucleoside thioethers, undergo virtually quantitative con-
version to a-fluoro thioethers with (diethylamino)sulfur
trifluoride (DAST) in dichloromethane at ambient tem-
perature. Antimony(III) chloride catalyzes the process.

a-Fluoro thioethers have recently been employed in
syntheses of novel biologically active compounds?+ and
in preparations of a-fluoro sulfoxides,5€ sulfones,” and
sulfoximines® which have been used to construct terminal
vinyl fluorides® by alternatives to “fluoromethylene-
Wittig”1® chemistry. We now report efficient direct
transformations of thioethers to a-fluoro thioethers with
(diethylamino)sulfur trifluoride (DAST) and antimony-
(I1I) chloride catalysis.

Prior direct conversions of thioethers to a-fluoro thio-
ethers have employed xenon difluoride,!! N-fluoropyri-
dinium triflates,!2 and electrochemical oxidation with
Et;N:3HF as the fluorine source.!3 Rigorously dried
potassium fluoride/18-crown-6 ether converted a-chloro
to a-fluoro thioethers.1* McCarthy et al.5 treated dialkyl
and alkyl aryl sulfoxides with DAST and obtained a-fluoro
thioethers by a “fluoro-Pummerer rearrangement” which
has been widely used.2-57815 We discovered the potent
and generally applicable!8-18 catalysis of this sulfoxide/
DAST transformation by antimony(III) chloride.? We now
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Table I. Conditions and Yields for Fluorination Reactions

, __ _DAST , __MCPBA .
RSC{I:R o0, RSCHZ(F)R Tl RS(;));(iHl(F)R
4n=2
F
RS9 o ) 1. DASTCH;Cl; RS o ] RCH,S+ o )
——— +
2. NHyMcOH
AcO OAc R"O OR" RO OR"
) 6'R"=Ac 7' R"=Ac
6 R"=H 7 R"=H
compd R R’ timesh  yield,? (%)
1-4a 4-MeOCgH; H 1@3) quant (95)¢
b Ce¢Hs H 39 quant (94)¢
¢ 4-CICgH, H 7(22) 98 (92)¢4
d CgH;s (CH,);CO.Et 3 quant¢ (85)¢
e CgHj (CHy)¢CHg 2 quant¢ (88)¢
f PhCH; H <1(3) 75 (55)/4
g CH; H 6 (82)8
h C.H; H 4 (88)8
5-6a CH; 2(14) (414
b 4-MeOCgH, 12 (59)i-*
¢ CgHs 20 (48)im

¢ Reactions with 1.4 equivof DAST, except as noted, were catalyzed
with SbCl; (0.07 equiv) (times in parentheses are for uncatalyzed
reactions). ® Estimated by !H NMR; values in parentheses are for
isolated products after column chromatography. ¢ 2. ¢ With ShClg
and 1.6 equiv of DAST. Without SbClg, 2¢/1¢ (~9:1) was obtained.
€3 (overall yield). / Combined yield of fluorination products. # 4
(overall yield). # 6a (R = CHjy) plus 7.  Fluorination was complete
(yield after deprotection and purification). / With SbClz and 2.2 equiv
of DAST. * 6b. ! 6¢. ™ Unreacted 5¢ (~10%) was recovered as 5'-
S-phenyl-5’-thicadenosine by Dowex 1 X 2 (OH-) chromatography.

report that the oxidation of thioethers to sulfoxides is
unnecessary; thioethers are converted to a-thioethers
readily with DAST or DAST/SbCl; at ambient temper-
ature.

(Methylthio)benzene (1b) was treated with DAST (1.4
equiv) in anhydrous CH3Cl; at ambient temperature for
9 h togive [ (fluoromethyl)thio]benzene (2b) quantiatively
[*'HNMR 65.70 (d, 2Ju r = 52.8 Hz, SCHyF)]. Conversion
of 1b to 2b was ~80% in 3 h with 1.4 equiv of DAST and
quantitative in 4 h with 2 equivof DAST. The small-scale
process was general for dialkyl, alkyl aryl, and nucleoside
5-thioethers, but it became vigorously exothermic with
larger scale reactions.

McCarthy noted that 4-methoxyphenyl (alkyl) sulfox-
ides gave markedly increased rates of reaction with DAST
and yields of a-fluoro thioethers relative to phenyl
substrates.® We found that 4-methoxy(methylthio)ben-
zene (la) reacted with DAST to give 2a only ~3 times
faster than the phenyl analogue 1b to give 2b. Problems
with reproducibility of fluorination yields with phenyl alkyl
sulfoxides and DAST with Znl; catalysis® resulting from
competing reduction of sulfoxides to unflorinated sul-
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fides24# had led to the use of the expensive 4-methoxy-
phenyl substrates,3%5 In contrast, even with the deac-
tivating p-chloro substituent present, our new thioether/
DAST transformation affords the a-fluoro thioether 2¢
efficiently from 4-chloro(methylthio)benzene (l¢).

Antimony(III) chloride exerts less dramatic catalysis of
this thioether process relative to its acceleration of the
fluoro-Pummerer reaction.’® SbCl; (0.05-0.07 equiv)
caused 3-5-fold acceleration of 1b + DAST — 2b [DAST
(1.2 equiv)/SbClsgave ~85% conversion to 2b *H NMR)
in 2 h; ~10 h without catalyst]. The ratios of DAST/
thioether required for complete conversions were the same
for catalyzed and uncatalyzed reactions, depended strongly
onthe DAST quality, and varied slightly with the thioether
(1.4-1.6 equiv). Larger quantities of SbCl; (0.75~1.0 equiv)
inhibited the a-fluorination and gave dark mixtures.

Treatment of a-fluoro thioethers with XeF5!!# or elec-
trochemically,!® or a-fluoro sulfoxides with DAST,? gave
a,a-difluoro thioethers. However, our new DAST/thio-
ether procedure did not perform this second fluorination.
Treatment of 2a with DAST (3 equiv)/SbCl; (0 or 0.07
equiv)/CH2Cly/20 h/ A gave dark mixtures which contained
mainly unreacted 2a (~85%).

Dialkyl thioethers were converted to a-fluoro thioethers
efficiently with DAST. Treatment of (methylthio)ethane
(1h) with DAST/SbCI; for 4 h resulted in regiospecific
formation of [(fluoromethyl)thiolethane (2h) which was
oxidized in situ (3-chloroperoxybenzoic acid, m-CPBA)
to the stable, less volatile sulfone 4h (88% from 1h) for
analysis. DAST converted the benzyl methyl thioether
(1f) into a regioisomeric mixture!? (~1:1) of 2f and the
labile a-fluoro-a-(methylithio)toluene which decomposed
(2 h, ambient, CHCl3 solution) to give benzaldehyde. A 'H
NMR spectrum of the crude mixture immediately after
workup at 0 °C had peaks at & 5.38 (d, 2Jyr = 52.9 Hz,
SCH;F), 6.61 (d, 2Ju r = 55.6 Hz, PA\CHFS), and 10.02 (s,
PhCHO) (2f/5/benzaldehyde, ~2:1:1; the & 6.61 signal
diminished with increasing intensity of the signal at § 10.02
upon standing). The labile dialkyl a-fluoro thioethers 2
were directly oxidized in situ to stable sulfoxides 3 or

J. Org. Chem., Vol. 58, No. 15, 1993 3801

sulfones 4. The expected® major sulfoxide diastereomers
(R-sulfur) were obtained (3d, ~2.6:1; 3e, ~2.1:1).
Treatment of 2/,3’-di-O-acetyl-5’-S-methyl-5'-thioade-
nosine (5a) with DAST (2.2 equiv) or DAST/SbCl; gave
the labile 2’,3’-di-O-acetyl-5'-fluoro-5’-(methylthio) (6'a)
diastereomers and 2’,3'-di-O-acetyl-5'-S-(fluoromethyl)-
5'-thioadenosine (7”). °F NMR peaks? were diagnostic
for the isomeric composition. Silica chromatography gave
6'a/7’ (~2.2:1;60%) which could be deacetylated, purified,
and resolved to give 6a plus 7 directly by ion-exchange
chromatography [Dowex 1X2 (OH-), MeOH].42 The 5'-
S-(4-methoxyphenyl) (5b) and phenyl (5¢) nucleoside
derivatives were converted directly to their 5-fluoro
analogues?6’ by this procedure. The 4-methoxy derivative
5b reacted more readily to give 6’b [6b (§'R/S (~1:1.7))
after deacetylation], but the phenyl diastereomers 6¢
(5'R/S (~1:1.6)) were obtained in comparable yields.
Fluorination might occur via 6-membered transition
state A with transfer of fluorine from DAST to the
thioether sulfur atom and abstraction of an a-proton by
the electron pair on nitrogen. A postulated intramolecular

F\ /F
{F’a\t{&z 4,
RefQ | R | — reeuor
S F
A
H R
A B 2

3-centered fluorine rearrangement!'b12 or conjugate nu-
cleophilic attack by external fluoride on intermediate B
would complete the transformation to 2.
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