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Abstract: An additive- and transition metal-free
perfluoroalkanesulfonylation of alkynyl(phenyl)io-
donium tosylates with sodium perfluoroalkanesulfi-
nates (R;,SO,Na) is described. The poorly nucleo-
philic R;,SO,Na reacted with alkynyl(phenyl)iodo-
nium salts in dichloromethane at room temperature
under a nitrogen atmosphere for 5-60 minutes to
afford a variety of acetylenic triflones and alkynyl
perfluoroalkyl sulfones in good to quantitative
yields. The position of substituents on the phenyl
rings of the arylethynyl moiety in the iodonium
salts had a big influence on the reaction. The for-
mation of five-membered cyclic vinyl sulfones sug-
gested that the reaction proceeds via an alkylidene
carbene intermediate. Furthermore, successful scal-
ing-up of the reaction demonstrates the practicality
of the new method. Advantages of the method in-
clude short reaction times, mild conditions, and the
easy access to perfluoroalkanesulfonylation re-
agents (R;,,SO,Na).

Keywords: alkynes; fluorine; iodonium salts; per-
fluoroalkanesulfonylation; substituent effects; tran-
sition metal-free conditions

Fluorine has a small atomic size and the highest elec-
tronegativity among all elements (Pauling scale), and
it forms the strongest C-X single bonds with carbon
atoms."! The introduction of fluorine and fluorine-
containing groups into organic molecules can desira-
bly modulate their physical, chemical, and biological
properties.”! Fluorination has been widely used in the
synthesis of potent pharmaceuticals, agrochemicals,
and functional materials.>* Among the prevalent flu-
orine-containing moieties, the perfluoroalkanesulfonyl
(RuSO,) group has become one of the most impor-
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tant functionalities in the construction of new organic
scaffolds due to its strong electron-withdrawing ability
and high lipophilicity."*! The combination of R;,SO,
segments with alkynes has resulted in alkynyl per-
fluoroalkyl sulfones which have been confirmed as
highly reactive building blocks.!*! Acetylenic triflones
are useful building blocks for the preparation of vinyl
triflones,” and they are reliable reagents for the radi-
cal alkynylation of Csp’~H bonds.!! They can also un-
dergo [4+2] or [34+2] cycloaddition with dienes or 1,3-
dipoles to furnish a variety of CF;SO,-substituted het-
erocycles.”! In view of their wide applications, the de-
velopment of an effective method to prepare alkynyl
perfluoroalkyl sulfones is of broad interest.

To the best of our knowledge, the known synthetic
methods to prepare acetylenic triflones require n-
BuLi or Na as the base and Tf,O as the trifluometh-
anesulfonylation reagent. Such methods suffer from
disadvantages such as a narrow range of substrates,
harsh reaction conditions, and the use of toxic and ex-
pensive agents."® Because of the lack of variety of
perfluoroalkanesulfonylation reagents [R;,SO,X (X=
F, Cl) or (R,S0O,),0], the production of diversified al-
kynyl perfluoroalkyl sulfones from terminal alkynes is
severely limited.

Perfluoroalkanesulfinates  (R;,SO,M) including
Langois’ reagent (CF;SO,Na), derived from R;X
(X =1, Br) by a sulfinatodehalogenation reaction and
others,”! have been exploited as versatile perfluoroal-
kylation and perfluoroalkylthiolation reagents in the
last several years (especially CF;SO,Na as trifluoro-
methylation and trifluoromethylthiolation reagents).”!
They can also be used as perfluoroalkanesulfonylation
reagents.'*!  Trifluoromethanesulfonylation of sp?
carbon electrophiles by CF;SO,Na provided the cor-
responding triflated products, the utility of which was
fully demonstrated in organic synthesis.'®* Owing
to the strong electronegativity of the CF; group,?!
CF;SO;Na reacts slowly with electrophiles, leading to
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a limited substrate scope in reactions involving nucle-
ophilic CF;SO,Na components.'”’ Transition metal-
catalyzed trifluoromethanesulfonylation of sp? carbon
electrophiles by CF;SO,Na could be accomplished to
build C(sp*)-SO,CF; bonds.'""! However, in these re-
actions only diaryliodonium salts, arenediazonium tet-
rafluoroborates, and aryl triflates have been investi-
gated.'!!' Compared to perfluoroalkylation and per-
fluoroalkylthiolation, the perfluoroalkanesulfonyla-
tion with R;SO,Na is much less studied, and the con-
struction of C(sp)-SO,R;, bonds by R;SO,Na is
rarely reported.'”” Given the great interest in alkynyl
perfluoroalkyl sulfones, we were motivated to develop
a convenient synthetic method to these compounds
with the easily accessed and bench-stable R;,SO,Na
salts.

On the other hand, hypervalent alkynyl(aryl)iodo-
nium salts are very versatile reagents capable of react-
ing with a variety of nucleophiles.'"*'* Reactions be-
tween alkynyl(aryl)iodonium salts and the non-fluori-
nated alkyl or aryl sulfinates have supplied a large
number of alkynyl sulfones and/or cyclic vinyl sul-
fones.™® Although 1-alkynyl-A*-bromanes can undergo
a tandem reaction with trifluoromethanesulfinate,'?!
the interaction between alkynyl(phenyl)iodonium
salts and CF;SO,Na was unknown. Alkynyl(phen-
yl)iodonium salts are less electrophilic than 1-alkynyl-
A*-bromanes,'? and sodium perfluoroalkanesulfinates
bearing long-chain perfluoroalkyl groups have much
poorer nucleophilicity than the non-fluorinated ana-
logues (even poorer than CF;SO,Na).% Neverthe-
less, it is notable that all these reagents can be con-
veniently synthesized.'>"¥ Hence, we wondered
whether the reaction of R;SO,Na with alkynyl(phe-
nyl)iodonium salts could expediently form the useful
alkynyl triflones.

To our delight, the reaction of phenylethynyl(phe-
nyl)iodonium tosylate (1la) with an equal equivalent
of CF;SO,Na in CH,Cl, at room temperature under
a nitrogen atmosphere for 2 h provided 3a in 70%
yield (entry 1, Table 1). By varying the molar ratio of
CF;SO,Na from 1.0 to 1.5 or 2.0 equivalents and a re-
action time of 6 h, 3a was obtained in 87% or 91%
yield, respectively (entries 2 and 3, Table 1). Further
increments of CF;SO,Na to 3.0 or 4.0 equivalents did
not improve the trifluoromethanesulfonylation (en-
tries4 and 5, Table 1). Furthermore, reaction of la
with CF;SO,Na (2 equiv.) in CH,Cl, at room tempera-
ture for 0.5 h also afforded 3a in 91% yield, suggest-
ing that the trifluoromethanesulfonylation is complet-
ed in 30 min (entry 6, Table 1). Taking phenylethyn-
yl(phenyl)iodonium trifluoroacetate instead of 1a in
the same reaction for 2 h provided 3a only in 57%
yield (entry7, Table 1), despite the former being
more stable than the latter (1a).'*) Moreover, the
choice of solvent had a big influence on the reaction.
Reactions of 1a with CF;SO,Na (2 equiv.) in CHCl,
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Table 1. Trifluoromethanesulfonylation of 1a by
CF,;SO,Na
IOTs
iti SO,CF

/I\© + CF4SO,Na conditions / 2CF3

Ph 2a rt., Ny Ph 3a
1a

Entry 1a:2al™ Conditions Yield (3a [%])
1 1:1 CH,CL,, 2 h 70
2 1:1.5 CH,Cl,, 6 h 87
3 1:2 CH,Cl,, 6 h 91
4 1:3 CH,Cl,, 6 h 86
5 1:4 CH,Cl,, 6 h 67
6 1:2 CH,Cl,, 0.5 h 91
7 1:2 CH,Cl,, 2h 57
8 1:2 CHCI;, 0.5 h 45
9 1:2 toluene, 0.5 h 35
10 1:2 CH;CN, 0.5 h 0
11 1:2 THF, 0.5h 0
12 1:2 DMF, 0.5h 0
13 12 acetone, 0.5 h 0
14 1:2 CH,Cl,, 4h 0

[l Reaction conditions: 1a (0.1 mmol), CF;SO,Na (0.1, 0.15,
0.2, 0.3, or 0.4 mmol), solvent (1 mL), room temperature,
N,.

] Molar ratio.

[ Yields were determined by HPLC using [(trifluorometh-
anesulfonyl)ethynyl]benzene (3a) as the external stan-
dard [tz=6.922 min, A,,,=260.6 nm, CH;CN/H,0=
65:35 (vIv)].

[ Phenyl(phenylethynyl)iodonium
used instead of 1a.

[l 1-Phenylethynyl-1,2-benziodoxol-3(1H)-one (EBX) was
used instead of 1a.

trifluoroacetate  was

and toluene for 0.5 h afforded 3a in 45% and 35%
yield, respectively (entries 8 and 9, Table 1). Nonethe-
less, when using CH;CN, THF, DMF, and acetone as
solvents, there was no 3a obtained (entries 10-13,
Table 1). These results implied that CH,Cl, is a suita-
ble solvent for the reaction. In addition, the reaction
of CF;SO,Na with 1-phenylethynyl-1,2-benziodoxol-
3(1H)-one (EBX, the commonly used alkynylation re-
agent) instead of la failed to afford 3a (entry 14,
Table 1). EBX had successfully been used for the al-
kynylation of the non-fluorinated sulfinates."*!> This
lack of reactivity is believed to stem from the poor
nucleophilicity of sodium trifluoromethanesulfinate.
With the optimized reaction conditions in hand, the
scope of the reaction was investigated. Arylethynyl-
(phenyl)iodonium tosylates like 1b-1 reacted smoothly
with CF;SO,Na in CH,Cl, at room temperature under
N, to give the corresponding acetylenic triflones (3b—
1) in moderate to quantitative yields (Table 2). Treat-
ment of (3,3-dimethylbutynyl)(phenyl)iodonium tosy-
late (1m) with CF;SO,Na afforded 3,3-dimethyl-1-(tri-
fluoromethanesulfonyl)butyne (3m) in 85% yield (de-
termined by "F NMR). TLC technique was employed
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Table 2. Transition metal- and additive-free trifluorometh-
anesulfonylation of 1b-p by CF;SO,Na.

OTs

1

' CH,CI
/ \© + CF,SO,Na  —2
R r.t., N2
1 2a

SO,CF;

SOZCF3 SOZCF3 SO,CF;

4

3c, 61%M! 3d, quant|tat|ve[a]
20 min 5 min

SO,CF; SO,CF,

iogf

3g, 79%
20 min

3b, 86%[51
30 min

Keglh

3e, 63%!
15 min

SO,CF;

Bogl

3f, 69%]°]
15 min

Q/SOZCF3/©/

3i, 59%(@
5 min

SO,CF;

Nl

3j, 79%l@l
10 min

SO,CF;

3h, 48%!2]
5 min

SO,CF,
o

3k, 69%]el
30 min

SO,CF; SO.CF
2 3

SOZCF3 :

3n, 67%!!
30 min

3| 47%lacl  3m, 85%la.cl
5 min 30 min

SOZCFg

s°2°F3 302CF3

3o, 19%[31

3p, 21%ld]
20 min B .

30", 51%l 7
30 min

[} Reaction  conditions: 1  (0.2mmol), CF;SO,Na
(0.4 mmol), CH,Cl, (2 mL), room temperature, N,. Iso-
lated yield.

b1 Reaction  conditions: 1 (0.3mmol), CF;SO,Na
(0.2 mmol), CH,Cl, (2 mL), room temperature, N,. Iso-
lated yield.

[l Yield was determined by F NMR using C4HsCF; as an
internal standard.

W' Reaction conditions: 1-octyne (6.0 mmol), Koser’s re-
agent (2.0 mmol), CH,Cl, (10 mL), reflux, 4h, then
CF;SO,Na (4.0 mmol), room temperature, 30 min. Isolat-
ed yield.

to monitor the progress of the reaction. Once the io-
donium salt was completely consumed, the product
was isolated from the reaction mixture by flash
column chromatography. The position of the substitu-
ents on the phenyl rings of arylethynyl iodonium salts
had a significant impact on the reaction. It was found
that iodoniums bearing meta-substitution on the aryl-
ethynyl groups gave lower yields of the desired prod-
ucts than those with para-substitution (e.g., 3b vs. 3c,
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3g vs. 3h). [(4-Methoxyphenyl)ethynyl](phenyl)iodo-
nium tosylate (1le) reacted with CF;SO,Na under the
standard conditions for 15 min to provide 1-methoxy-
4-[(trifluoromethanesulfonyl)ethynyl]benzene (3e) in
63% vyield, whereas the reaction of [(2-methoxyphe-
nyl)ethynyl](phenyl)iodonium tosylate (Imn) with
CF,;SO,Na afforded 3-(trifluoromethanesulfonyl)ben-
zofuran (3m) in 67% yield. Additionally, treatment of
[(2-ethylphenyl)ethynyl](phenyl)iodonium tosylate
(10) with CF;SO,Na under the standard reaction con-
ditions gave a mixture of 1-methyl-3-(trifluorometh-
anesulfonyl)-1H-indene (30’, 51% yield) and 1-ethyl-
2-[(trifluoromethanesulfonyl)ethynyl]benzene (30,
19% yield). These findings indicated that an alkyli-
dene carbene intermediates might be formed in the
reaction, which underwent 1,2-rearrangement to yield
acetylenic triflones (e.g., 3a-m and 30) or was insert-
ed into an appropriate C-H bond to form five-mem-
bered cyclic vinyl sulfones (e.g. 30").'>"*'°l Also, alky-
nyl(phenyl)iodoniums bearing stronger para-electron-
withdrawing groups such as CO,Me and COCHj; on
the arylethynyl moieties could also give the desired
trifluoromethanesulfonylation products, which were
unstable and rapidly decomposed during the work-up.

Although the insertion of an alkylidene carbene
into the C—H bond of an adjacent alkyl group to form
five-membered rings is well documented,'*'*"'% the
reaction between an alkylidene carbene and the
ortho-OCH; group on the phenyl ring has never been
reported. Here we report a new method to access 3-
trifluoromethanesulfonylbenzofuran. A proposed re-
action mechanism is suggested (Scheme 1), which in-
volves the formation of alkylidene carbene (II), the
bonding of II with an oxygen atom of an ortho-OCHj,
group, the demethylation of III by nucleophilic attack
of tosylate anion, and the protonation by residual
moisture in CH,CL."*'"! These assumptions are sup-
ported in part by the isolation of methyl 4-methylben-
zenesulfonate from the reaction mixture and by the
formation of 2-deuterated-3-(trifluoromethanesulfo-
nyl)benzofuran (3n-D) when 4 equiv. of D,O were
used at the beginning of the reaction (see the Sup-
porting Information). Nevertheless, the exact details
of the mechanism are still unclear.

Sodium perfluoroalkanesulfinates with long-chain
perfluoroalkyl groups that have stronger electronega-
tivity than CF; group™ were also suitable reagents in
the reaction. Sulfinates like C,F;SO,Na (2b),
C,F,SO,Na (2¢), CiF5SO,Na (2d), and CgF;SO,Na
(2e) reacted with alkynyl(phenyl)iodonium salts in
CH,(I, at room temperature under a nitrogen atmos-
phere to afford 3ab-ae, 3db, 3ec, 3gd, and 3be in 44—
72% yields (Table 3). Notably, if disodium 2,2'-
oxybis(1,1,2,2-tetrafluoroethanesulfinate) (2f) was
treated with 1a and 1d under the standard reaction
conditions for 60 min, 3af and 3df were formed in
51% and 66% yield, respectively. It should be men-
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IOTs
|
o ©
v
o 1n

SO,CF;
D50 (4 equiv.)
+ 24> N D
CH2C|2Y r.t., N2 O
CF3SO;Na 3n-D (96% D-form)
2a 59% isolated yield
ICSI)A Na*
c’-~0~ OTS \\ //0 _/‘/Ph
! — Phi
e

\,. Y% - NeOTs FaC NP
Z o
~

S

Q\S/,o
F,C-S_
3 =\ 1)NaOTs. FsC~
O~ "m0
I

Scheme 1. A proposed reaction mechanism for the forma-
tion of 3n.

Table 3. Transition metal- and additive-free perfluoroalkane-
sulfonylation of alkynyl(phenyl)iodonium tosylates by
R;,SO,Na.l

OTs
[ CH,Cl,
—>» R—

|
/ + R;,SO,Na
R r.t., N2

1 2b—f 3

SO2R¢,

50202F5 SOZC4F9 SOZC6F13

3ab, 72% 3ac, 61% 3ad, 55%

5 min 60 min 45 min

SO,C4F SO,C,F SO,C,F

©/ 2/8\17/©/ | 2/5©/ -
M

3ae, 66% €0

3db, 55% 3ec, 44%
20 min 15 min 30 min
SOZC6F13 SOZCBF17
=z 74

3gd, 54%
45 min

3be, 69%
50 min

S0,(CF;),0(CF2),S0,

Z
R" = H, 3af, 51%®], 60 mm\©\

R' = n-Pr, 3df, 66%!, 60 min

(2} Reaction conditions: 1 (0.2 mmol), R;,SO,Na (0.4 mmol),
CH,Cl, (2 mL), room temperature, N,. Isolated yield.

Pl Reaction conditions: 1 (0.3 mmol), NaO,SR;SO,Na
(0.1 mmol), CH,Cl, (2 mL), room temperature, N,.
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tioned again that alkynyl perfluoroalkyl sulfones (e.g.,
3af and 3df) are difficult to synthesize by the known
means due to the lack of appropriate electrophilic
R;,SO,X or (R;SO,),0 reagents.®! This transition
metal-free reaction does not require R;SO,X or
(R;,S0O,),0 and proceeds very rapidly, thus allowing
for a simple, efficient, and reliable access to these
compounds.

Furthermore, a 10 mmol scale reaction of la with
CF;SO,Na was performed to test the practicality of
the method. The reaction at room temperature under
standard conditions for 30 min provided 3a in 97%
yield (2.28 g), indicating that alkynyl perfluoroalkyl
sulfones could be prepared in a large scale by our
method (Scheme 2). In addition, the one-pot reaction

CI)Ts
|
#0
1a

CH,CI
22 Ph—==—S50,CF;
r.t., Ny, 30 min 3a
CF3SO,Na 2.28¢
2a 97% isolated yield

Scheme 2. Scaled-up synthesis of 3a from 1a and 2a.

was explored. Treatment of ethynylbenzene with
Koser’s reagent in CH,Cl, at room temperature for
16 h without purification followed by addition of 2a
provided 3a in 33% isolated yield (Scheme 3). A simi-
lar one-pot reaction was also performed for 1-octyne,
which gave 3p in 21% yield (Table 2). These results
demonstrate the feasibility of a one-pot synthesis of
acetylenic triflones from the corresponding arylacety-
lenes, albeit at the cost of lower product yields being
obtained.

OH

I<
OTs
1)
y SO,CF3
©/ CH.Cly Np rt., 16 h _ ©/
2) CF3S0O;Na (2a), r.t., 30 min 3a, 33%

Scheme 3. One-pot synthesis of 3a from ethynylbenzene and
2a.

In conclusion, we have developed a fast, conven-
ient, and transition metal-free method for the prepa-
ration of acetylenic triflones that are valuable build-
ing blocks in organic sythesis. Alkynyl perfluoroalkyl
sulfones bearing long perfluoroalkyl chains that are
difficult to synthesize by the known approaches are
also favorably prepared under our reaction condi-
tions. Since sodium perfluoroalkanesulfinates can be
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easily derived from the commercially available per-
fluoroalkyl iodides by a sulfinatodehalogenation reac-
tion, the accessibility of perfluoroalkanesulfonylation
reagents is no longer problematic. Moreover, the
scaled-up reaction and the one-pot synthesis have
demonstrated the practicality of the new method.
This protocol features short reaction times (5—
60 min), mild reaction conditions, the easy prepara-
tion of perfluoroalkanesulfinates, and provides an ef-
ficient way to numerous alkynyl perfluoroalkyl sul-
fones without the use of additives.

Experimental Section

Typical Procedure for the Synthesis of 3b

In a nitrogen-filled glovebox, a reaction tube was charged
with phenyl(p-tolylethynyl)iodonium tosylate (1b, 98.1 mg,
0.2 mmol), CF;SO,Na (62.4mg, 0.4 mmol), and CH,Cl,
(2 mL) with vigorous stirring. The mixture was reacted at
room temperature for 30 minutes, concentrated to dryness,
and purified by flash column chromatography on silica gel
using petroleum ether/ethyl acetate =20:1 (v/v) as eluents to
give 3b as a yellow solid; yield: 42.5 mg (0.17 mmol, 86% ).
'"HNMR (500 MHz, CDCl,): 6=7.58 (d, /J=82Hz, 2H),
729 (d, J=8.1Hz, 2H), 2.44 (s, 3H); "FNMR (471 MHz,
CDCl;): 6=-79.7 (s, 3F); ®*C NMR (126 MHz, CDCl;): 6=
144.8, 133.8, 129.9, 119.0 (q, /=323.9 Hz), 112.6, 101.8, 77.2,
22.0.

Acknowledgements

We thank Wuhan University of Technology, the Natural Sci-
ence Foundation of Hubei Province (China) (2015CFB176),
the “Chutian Scholar” Program from Department of Educa-
tion of Hubei Province (China), and the “Hundred Talent”
Program of Hubei Province for financial support. We thank
Professor David A. Vicic at Leigh University for proofread-
ing this manuscript.

References

[1] a)I. Ojima, Fluorine in Medicinal Chemistry and
Chemical Biology, Wiley, Chichester, 2009; b) P. Kirsch,
Modern Fluoroorganic Chemistry: Synthesis Reactivity,
Applications, 2™ edn., Wiley-VCH, Weinheim, 2013.

[2] a) I. Tirotta, V. Dichiarante, C. Pigliacelli, G. Cavallo,
G. Terraneo, F. B. Bombelli, P. Metrangolo, G. Resnati,
Chem. Rev. 2015, 115, 1106-1129; b) H. Yin, A. V.
Zabula, E.J. Schelter, Dalton Trans. 2016, 45, 6313—
6323; c¢) E.P. Gillis, K.J. Eastman, M. D. Hill, D.J.
Donnelly, N. A. Meanwell, J. Med. Chem. 2015, 58,
8315-8359; d) D. O’Hagan, R. J. Young, Angew. Chem.
2016, 128, 3922-3924; Angew. Chem. Int. Ed. 2016, 55,
3858-3860.

[3] a) Y. Zeng, C. Ni, J. Hu, Chem. Eur. J. 2016, 22, 3210-
3223; b) Y. Zhou, J. Wang, Z. Gu, S. Wang, W. Zhu,

Adpv. Synth. Catal. 0000, 000,0-0

These are not the final page numbers! 77

J. L. Acena, V. A. Soloshonok, K. Izawa, H. Liu, Chem.
Rev. 2016, 116, 422-518; c) S. Preshlock, M. Tredwell,
V. Gouverneur, Chem. Rev. 2016, 116, 719-766; d) A.
Koperniku, H. Liu, P. B. Hurley, Eur. J. Org. Chem.
2016, 871-886; ¢) X. Shao, C. Xu, L. Lu, Q. Shen, Acc.
Chem. Res. 2015, 48, 1227-1236; f) S.-M. Wang, J.-B.
Han, C.-P. Zhang, H.-L. Qin, J.-C. Xiao, Tetrahedron
2015, 71, 7949-7976; g)J.-B. Han, J.-H. Hao, C.-P.
Zhang, H.-L. Qin, Curr. Org. Chem. 2015, 19, 1554—
1565; h) X.-H. Xu, K. Matsuzaki, N. Shibata, Chem.
Rev. 2015, 115, 731-764; i) T. Liang, C. N. Neumann, T.
Ritter, Angew. Chem. 2013, 125, 8372-8423; Angew.
Chem. Int. Ed. 2013, 52, 8214-8264; j) C.-P. Zhang, Q.-
Y. Chen, Y. Guo, J.-C. Xiao, Y.-C. Gu, Chem. Soc. Rev.
2012, 41, 4536-4559.

a) C. Rouxel, C. Le Droumaguet, Y. Macé, S. Clift, O.
Mongin, E. Magnier, M. Blanchard-Desce, Chem. Eur.
J. 2012, 18, 12487-12497; b) L. Porres, O. Mongin, C.
Katan, M. Charlot, T. Pons, J. Mertz, M. Blanchard-
Desce, Org. Lett. 2004, 6, 47-50; c) K. Barta, G. Fran-
cio, W. Leitner, G. C. Lloyd-Jones, I. R. Shepperson,
Adv. Synth. Catal. 2008, 350, 2013-2023; d) R. Kargbo,
Y. Takahashi, S. Bhor, G. R. Cook, G. C. Lloyd-Jones,
I. R. Shepperson, J. Am. Chem. Soc. 2007, 129, 3846—
3847; e) S. Hikishima, M. Hashimoto, L. Magnowska,
A. Bzowska, T. Yokomatsu, Bioorg. Med. Chem. 2010,
18, 2275-2284; ) T. M. Briitsch, P. Bucher, K.-H. Alt-
mann, Chem. Eur. J. 2016, 22, 1292-1300.

a) . Ryu, N. Kusumoto, A. Ogawa, N. Kambe, N.
Sonoda, Organometallics 1989, 8, 2279-2281; b)J.S.
Xiang, A. Mahadevan, P. L. Fuchs, J. Am. Chem. Soc.
1996, 718, 4284-4290; c)J. Xiang, P. L. Fuchs, J. Am.
Chem. Soc. 1996, 118, 11986-11987; d)J. Xiang, W.
Jiang, J. Gong, P.L. Fuchs, J. Am. Chem. Soc. 1997,
119, 4123-4129; e) D. Shikanai, H. Murase, T. Hata, H.
Urabe, J. Am. Chem. Soc. 2009, 131, 3166-3167; f) M.
Hanack, B. Wilhelm, Angew. Chem. 1989, 101, 1083—
1084; Angew. Chem. Int. Ed. Engl. 1989, 28, 1057-1059.
a) J. Gong, P. L. Fuchs, Tetrahedron Lett. 1997, 38, 787—
790; b)J. Xiang, W. Jiang, P.L. Fuchs, Tetrahedron
Lett. 1997, 38, 6635-6438; ¢) J. Xiang, P. L. Fuchs, Tetra-
hedron Lett. 1998, 39, 8597-8600; d) Y. Uenoyama, T.
Fukuyama, K. Morimoto, O. Nobuta, H. Nagai, I. Ryu,
Helv. Chim. Acta 2006, 89, 2483-2494; ¢) J. Gong, P. L.
Fuchs, /. Am. Chem. Soc. 1996, 118, 4486-4487; f) J.
Bian, M. V. Wingerden, J. M. Ready, J. Am. Chem. Soc.
20006, 128, 7428-7429; g) J. Lei, X. Wu, Q. Zhu, Org.
Lett. 2015, 17, 2322-2325.

a) R.S. Glass, D.L. Smith, J. Org. Chem. 1974, 39,
3712-3715; b) H. C. Berk, J. E. Franz, Synth. Commun.
1981, /1, 267-271; c) N. Kano, J.-H. Xing, A. Kikuchi,
S. Kawa, T. Kawashima, Phosphorus Sulfur Silicon and
Related Elements 2002, 177, 1685-1687; d) H. Isobe, S.
Sato, T. Tanaka, H. Tokuyama, E. Nakamura, Org.
Lett. 2004, 6, 3569-3571; e)S. Sato, H. Isobe, T.
Tanaka, T. Ushijima, E. Nakamura, Tetrahedron 2005,
61, 11449-11455; f) H. Kawai, Z. Yuan, E. Tokunaga,
N. Shibata, Org. Lett. 2012, 14, 5330-5333; g) X. Zhou,
S. Yu, Z. Qi, X. Li, Sci. China Chem. 2015, 58, 1297-
1301; h) K. D. Barnes, R. Ward, J. Heterocycl. Chem.
1995, 32, 871-874.

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

(8]

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

a) M. Hanack, F. Massa, Tetrahedron Lett. 1977, 661-
664; b) F. Massa, M. Hanack, L. R. Subramanian, J.
Fluorine Chem. 1982, 19, 601-615; ¢) J. S. Xiang, P. L.
Fuchs, Tetrahedron Lett. 1996, 37, 5269-5272; d) X.-J.
Wang, Y. Lin, J.-T. Liu, Chin. J. Chem. 2006, 24, 775-
780; e) X.-J. Wang, J.-T. Liu, Chin. J. Chem. 2007, 25,
649-652; f) M. Hanack, B. Wilhelm, L. R. Subramani-
an, Synthesis 1988, 592-595.

Selected examples for perfluoroalkylation and perfluor-
oalkylthiolation with R;SO,Na: a) L. Li, X. Mu, W.
Liu, Y. Wang, Z. Mi, C.-J. Li, J. Am. Chem. Soc. 2016,
138, 5809-5812; b) L. Zhu, L.-S. Wang, B. Li, B. Fu, C.-
P. Zhang, W. Li, Chem. Commun. 2016, 52, 6371-6374;
c) L. Jiang, J. Qian, W. Yi, G. Lu, C. Cai, W. Zhang,
Angew. Chem. 2015, 127, 15178-15182; Angew. Chem.
Int. Ed. 2015, 54, 14965-14969; d) Y. Yang, L. Xu, S.
Yu, X. Liu, Y. Zhang, D. A. Vicic, Chem. Eur. J. 2016,
22, 858-863; e) B. Yang, X.-H. Xu, F-L. Qing, Org.
Lertt. 2015, 17, 1906-1909; f) M. Wu, X. Ji, W. Dai, S.
Cao, J. Org. Chem. 2014, 79, 8984-8989; g) A. Maji, A.
Hazra, D. Maiti, Org. Lett. 2014, 16, 4524-4527; h) L.
Zhang, Z. Li, Z.-Q. Liu, Org. Lett. 2014, 16, 3688-3691;
i) W. Wei, J. Wen, D. Yang, X. Liu, M. Guo, R. Dong,
H. Wang, J. Org. Chem. 2014, 79, 4225-4230; j) C.
Zhang, Adv. Synth. Catal. 2014, 356, 2895-2906, and
the references cited therein.

a) J. B. Hendrickson, A. Giga, J. Wareing, J. Am.
Chem. Soc. 1974, 96, 2275-2276; b) J. B. Hendrickson,
D. D. Sternbach, K. W. Bair, Acc. Chem. Res. 1977, 10,
306-312; c) J. B. Hendrickson, D. A. Judelson, T. Chan-
cellor, Synthesis 1984, 320-322; d) S. Z. Zhu, C. Y. Qin,
B. Xu, Phosphorus, Sulfur, and Silicon and the Related
Elements 1996, 113, 259-262; ¢) W. Dmowski, K. Pia-
secka-Maciejewska, J. Fluorine Chem. 2005, 126, 877-
882; f) J. Liao, W. Guo, Z. Zhang, X. Tang, W. Wu, H.
Jiang, J. Org. Chem. 2016, 81, 1304-1309.

a) S. C. Cullen, S. Shekhar, N. K. Nere, J. Org. Chem.
2013, 78, 12194-12201; b) L. A. Smyth, E. M. Phillips,

[14]

[15]

V.S. Chan, J. G. Napoltano, R. Henry, S. Shekhar, J.
Org. Chem. 2016, 81, 1285-1294; c) K. Zhang, X.-H.
Xu, F.-L. Qing, J. Org. Chem. 2015, 80, 7658-7665.

a) M. Ochiai, N. Tada, Y. Nishi, K. Murai, Chem.
Commun. 2004, 2894-2895; b) M. Ochiai, Y. Nishi, S.
Goto, M. Shiro, H. J. Frohn, J. Am. Chem. Soc. 2003,
125, 15304-15305.

Selected reviews and book: a) A. Yoshimura, V. V.
Zhdankin, Chem. Rev. 2016, 116, 3328-3435; b) V. V.
Zhdankin, P.J. Stang, in: Chemistry of Hypervalent
Compounds, (Eds.: K.Y. Akiba), VCH Publishers,
New York, 1999; c¢) Y. Li, D. P. Hari, M. V. Vita, I.
Waser, Angew. Chem. 2016, 128, 4512-4531; Angew.
Chem. Int. Ed. 2016, 55, 4436-4454.

a) L. Rebrovic, G. F. Koser, J. Org. Chem. 1984, 49,
4700-4702; b) A.J. Margida, G. F. Koser, J. Org. Chem.
1984, 49, 4703-4706; c) P.J. Stang, B. W. Surber, Z.-C.
Chen, K. A. Robert, A.G. Anderson, J. Am. Chem.
Soc. 1987, 109, 228-235; d) M. J. Bouma, B. Olofsson,
Chem. Eur. J. 2012, 18, 14242-14245; ¢) D. J. Hamnett,
W. J. Moran, Org. Biomol. Chem. 2014, 12, 4156-4162;
f) L. I. Dixon, M. A. Carroll, T.J. Gregson, G.J. El-
lames, R. W. Harrington, W. Clegg, Eur. J. Org. Chem.
2013, 2013, 2334-2345.

a) Z.-D. Liu, Z.-C. Chen, Synth. Commun. 1992, 22,
1997-2003; b) R. R. Tykwinski, B. L. Williamson, D. R.
Fischer, P. J. Stang, A. M. Arif, J. Org. Chem. 1993, 58,
5235-5237; c¢) A. Rodriguez, W.J. Moran, J. Org.
Chem. 2016, 81, 2543-2548; d) C. C. Chen, J. Waser,
Org. Lett. 2015, 17, 736-739.

M. Ochiai, M. Kunishima, S. Tani, Y. Nagao, J. Am.
Chem. Soc. 1991, 113, 3135-3142.

a) R. C. Larock, L. W. Harrison, J. Am. Chem. Soc.
1984, 106, 4218-4227; b) F. Manarin, J. A. Roehrs,
R. M. Gay, R. Brandio, P. H. Menezes, C. W. Nogueira,
G. Zeni, J. Org. Chem. 2009, 74, 2153-2162.

Adpv. Synth. Catal. 0000, 000,0-0

These are not the final page numbers! 77

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de
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