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Electrochemistry of Hypervalent Compounds. 6. Selective a-Fluorination of
Sulfides Using Electrogenerated Hypervalent p-Methoxyiodobenzene
Diftuoride’
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Anodically generated hypervalent p-methoxyicdobenezene difluoride reacted with o-(arylthio)- and a-
(benzylthio)acetates, and o-(phenylthio)acetophenone to provide the corresponding fluorinated com-
pounds. In all cases, a fluorine atom was introduced exclusively o to the ester or benzoyl group.

INTRODUCTION

Organofluorine compounds are highly useful for the
development of novel medicines, agrochemicals, and func-
tional materials.” Therefore, selective fluorination of or-
ganic compounds has been increasingly important.” On the
other hand, hypervalent iodobenzene difluorides have been
reported to be useful fluorinating reagents by Zupan® and
Motherwetl® However, such compounds are unstable in
general, and their preparation requires hazardous fluorine
gas™ or costly XeF,.*

In view of this, we have recently developed an electro-
chemical method for the preparation of hypervalent io-
dobenzene difluorides.” This new method is safe and does
not require any hazardous reagents. Although iodobenzene
difluorides are useful, their synihetic applications have still
been limited. The difluorides have been used for the fluori-
nation of alkenes and aikynes, and for fluorodesulfurization
so far**

With these in mind, we have attempted fluorination of
organo sulfur compounds such as o-(arylthio)-, o-(ben-
¢ylthio)- and o-(alkylthio)acetates and o-(phenylthio)ace-
tophenone using electrogencrated hypervalent iodobenzene
difluorides.

RESULTS AND DISCUSSION

Fluerination of ethyl o-(phenylthio)acetate 3a as a
model compound was carried out using various p-substi-
tuted iodobenzene difluorides 2° generated by anodic oxida-
tion of p-substituted iodobenznenes 1 in acetonitrile or di-
chloromcthane containing Et3N-3HF as a supporting elec-
trolyte and fluorine source. Since 2 is unstable to isolate,

except for 2¢ as reported previously,9 the electrolytic solu-
tion containing 2 was subsequently used for the fluorination
of 3a. Two molar equiv of 2 was used for this fluorination
because the fluorination was found to be slow.

As shown in Table 1, p-chloro- and p-nitroiodoben-
zene difluorides 2b and 2¢ gave only a trace amount of the
desired a-fluorinated product 4a, white p-methoxyiodoben-
zene difluoride 2a provided 4a in high yield based on the
consumed starting material 3a regardless of the solvents.
From these results, fluorinating ability of 2 toward sulftdes
such as 3a was greatly affected by the substituent R groups
on the benzene ring of 2. Thus, iodobenzene difluoride 2a
having an electron-donating methoxy group at the para posi-
tion was found to be suitable for this fluorination.
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Next, the fluorination using 2a was extended to vari-
ous a-(arylthio)-, o-(benzylthio)- and o-(alkylthio)ace-
tates, and a-(phenylthio)acetophenone. As shown in Table
2, o-(arylthio)acetates 3a-3c and o-(benzylthio)acetate 3d
underwent fluorination to provide the corresponding o-
fluorinated products 4a-4d, selectively, in reasonable abso-
lute yields and in high yields based on the consumed 3. Al-
though ¢-(benzylthio)acetate 3d has multiple positions sus-
ceptible to substitution by a fluorine, regioselective fluori-
nation took place: a flucrine was introduced exclusively o to
the ester group, and no benzylic fluorination was observed.
Moreover, fluorination did not take place at the benzene ring
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Table 1. Fluorination of Ethy] ot-(Phenylthio)acetate 3a Using
Anodically Generated lodobenzene Difluorides

Fuchigami et al.

Table 2. -Monofluorination of Sulfides Using Anodically Gen-
erated p-Methoxylodobenzene Difluoride

__ 2 _Anodic Potential Charge Passed Yield of 4a2® Sulfide Conversion Yield of 4*
No. R (Vvs. SSCE) (Ffmol) Solvent (%) 3 R R’ (%) (%)
2a CHsO 1.9 4.9 CHsCN  73(37) 3a Ph OEt 49 4a 78 (38)
2a CHs30 19 4.9 CH;Cla 78{(38) k) p-CICsHa OFEt 35 4b 86 (30)
2b Cl 22 5.2 CHCly  trace 3c p-CH30CsH4 OFEt 48 d4c 79 (38)
2c NO; 23 51 CH2Cl;  trace d PhCH; OEt 6b7 4d 66 (44)
a B 3e n-C7H;s OFEt - de trace
Based on consumed 3. The values in parentheses show abso- 3 Ph Ph b H (25

lute yields.

at all. Therefore, this fluorination is highly selective. In
contrast to the cases of 3a-3d, o-(alkylthio)acetate 3e gave
only trace amount of a-fluorinated product 4e, and a large
amount of starting 3e was recovered. «-(Phenylthio)aceto-
phenone 3f also reacted with 2a to provide the desired o-
fluorinated product 4f.
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It was proposed that the sulfur atom of dithioacetals at-
tacked nucleophilically the iodine atom of iodobenzene di-
fluoride in the fluoredesulfurization to give the correspond-
ing gem-difluoro compounds.”™ As mentioned already, io-
dobenzene difluorides 2b and 2c, having electron-with-
drawing groups at the para position, did not fluorinate o-
(phenyithio)acetate. In consideration of these facts, a possi-
ble mechanism for the a-fluorination of organo sulfur com-
pounds with 2a can be illustrated as shown in Scheme I.

Scheme I
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* Based on consumed 3. The values in parentheses show abso-
lute yields.
bA large amount of the starting malerial was recovered.

In this mechanism, the electron-donating methoxy
group should promote the elimination of a fluoride ion of 2a
to form another type of a hypervalent compound A as the in-
termediate, followed by deprotonation and elimination of p-
methoxyiodobenznene 1 to form the cationic intermediate
B, which reacts with a fluoride ion from either 2 or support-
ing electrolyte Et:N-3HF to provide 4. In fact, a large
amount of 1 was recovered after the fluorination reaction.
The intermediate similar to A was also proposed for the re-
action of a-acylsulfides with iodobenzene bis(trifluoro-
acetate).'’

Thus, we have demonstrated for the first time that elec-
trogenerated hypervalent p-methoxyiodobenzne difluoride
can be used for the selective fluorination of organo sulfur
compounds.

EXPERIMENTAL SECTION

The electrolysis experiment was carried out using a
Hokutodenko HA-501 potentiostat/Galvanostat equipped
with a Hokutodenko HF-201 digital coulombmeter.

Fluorination of Organo Sulfur Compounds 3 Using
Electrogenerated p-Methoxyiodobenezene Difluoride 2a
A typical procedure went as follows. Electrolysis was
performed at a platinum anode and cathode (3 x 4 cm?) in
0.67 M EtsN-3HF/MeCN or CH,Cl, (20 mL) containing 1.5
mmol of p-methoxyiodobenzene 1a using a divided cell
with an anion-exchange membranc (IE-DF34-5 TOSOH)
under nitrogen atmosphere at ambient temperature. After
the starting 1a was completely consumed (TLC monitor-
ing), the electrolytic solution containing electrogenerated
2a’ was mixed with a sojution of 0.75 mmo! of organosulfur
compound 3 in 10 mL of MeCN or CH;Cl,. The resulting
mixture was stirred overnight under nitrogen atmosphere at
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ambient temperature. After evaporation of the solvent under
reduced pressure, the residue was dissolved in CHCl, and
mixced with 50 mL of water. The organic layer was sepa-
rated, the remaining aqueous solution was extracted repeat-
edly with CHCI; (50 mL. x 3). The combined extracts were
dried over anhydrous MgSQ,, and 4 was isolated by column
chromatography on silica gel (CH,Cl, for 4c; CHCly/CCL,
1:1-7:3 for 4a, 4b, 4d-4f). The spectral data (MS, "°F NMR,
'"H NMR) of these products 4a-4f are identical with the re-
ported values."
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