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1. PREFACE:

Interest in efficient protocols for obtaining sulfonium salts are stemmed
from their tremendous applications. Arylsulfonium salts are highly
photosensitive and are well known for their ability of releasing protons under
UV conditions. Thus, they are widely used as photoinitiators applied in the
fields of coatings and materials. From the synthetic standpoint, they can serve
as aryl or alkyl donation sources, forming interesting organic frameworks.
Therefore, access to these compounds is highly desired. Recently, our group
reported an efficient benzyne precursor, pseudocyclic arylbenziodoxaboroles,
that can be generated in mild conditions: treatment with water or weak base at
room temperature. Reactions of such benzyne precursor with various sulfide
substrates allow for diverse functionalized sulfonium salts obtained in moderate

to excellent yield.



2. BACKGROUND INFORMATION
2.1. General hypervalent iodine compounds
Elemental iodine is among the heaviest non-metal and non-radioactive elements.
lodine was first isolated from the ash of seaweed by Bernard Courtois in 1811. Since the
beginning of the 19" century, many derivatives of polyvalent iodine inorganic compounds
with oxidation states of +3, +5 and +7 were prepared. The formation of iodine organic and

inorganic derivatives in various oxidation states (-1, 0, +1, +3, +5, +7) was also found.
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Figure 1. Martin-Arduengo classification for hypervalent iodine compounds.

In organic chemistry, iodine and its compounds in higher oxidation states have
emerged as versatile and environmentally friendly reagents in the field. An attractive feature
of iodine is its similar reactivity to that of a heavy metal counterpart. lodine compounds are
often used for oxidative addition, ligand exchange, and reductive elimination, which are
commonly discussed in the field of transition metal chemistry. In contrast to its transition
metal competitor, iodine is more environmentally friendly and can be obtained at a low cost.
A large variety of trivalent and pentavalent iodine have been prepared, characterized and
tested for various applications. Lesser examples of heptavalent iodine compounds were

studied?.



Common examples of trivalent iodine compounds:
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Figure 2. Examples of common iodine oxidation agents in each oxidation state
2.2. Examples of new bond transformations using iodine compound catalysts
Ishihara and co-workers reported a first case of obtaining lactones from
oxocarboxylic acids using tetrabulammonium iodide and aqueous hydrogen peroxide at room
temperature®. The approach is simple and environmentally friendly while allows for obtaining
lactones in moderate to excellent yield in both large and small scale synthesis. An important
advantage of this approach is that it allows for the conversion to lactones without the Baeyer-

Villiger byproducts which potentially complicate the purification process.

0 0
HO.__o BusNI(10%), 30% H,0,, EtOAC, rt, 3-50h O0__o
R 28-99% R )
n

In

R = aryl, hetaryl, alkyl
n=1or2

Scheme 1. Oxylactonization from oxocarboxylic acids using tetrabutylammonium iodide as a



pre-catalyst.

This procedure inspires further oxidative applications to obtain carbonyl compounds
from carboxylic acids and ketones or 1,3-dicarbonyl compounds. Tert-butylhydroperoxide
(TBHP) is used as terminal oxidant instead of hydrogen peroxide. Similarly, aldehydes can
be a-oxyacylated using BusNI with piperidine and TBHP as terminal oxidant. Both
processes allow for the desired products to be obtained in good to excellent yields. Various
functional groups such as terminal or internal alkenyl, benzyloxy, silyloxy, acetal, halogen,

and ester are reported to be stable under the conditions®.

o Bu,NI (10 mol%),
JJ\/RZ + ROCO.H Bu'OOH (2 equiv), EtOAc, 75°C, 16-53h R2
R' 2 56-99% R'
OCOR?3

R' = aryl, hetaryl, alkyl
R2 = H, alkyl, COMe, COPh, etc.
R3 = aryl, Me, CH,=CH, CH,C(Me)

Scheme 2. a-Oxyacylation of ketones using tetrabutulammonium iodide as a pre-catalyst.

BuyNI (10 mol%), piperidine (5 mol%)
R‘\AO + R2CO,H BU'OOH (1.1 equiv), EtOAc, 75°C, 16-53h R1

62-89% %O

OCOR?

R' = aryl, hetaryl, alkyl
R2 = aryl, Me, CH,=CH, CH,C(Me)

Scheme 3. a-Oxyacylation of aldehydes using tetrabutylammonium iodide as a pre-catalyst.
In 2011, Nachtsheim and coworkers first reported that BusNI-H,O; or BusNI-TBHP
catalyst system can be used to obtain C-N bonds coupling. Reactions of benzoxazoles with
various amines under the said conditions affords the corresponding coupling products in
moderate to high yields. The BusNI-TBHP catalyst system is found to generate products
faster and in higher yields®.
BuyNI (10 mol%), 70% Bu'OOH

0O O . o N
Ru/j\ + M BF5-OEt,, MeCN, 80°C (\r/ -
NN, R R? 21-83% i N

R' =H, Me, CI
R2 = aryl, alkyl
R3 = Me, OMe, OEt




Scheme 4. Oxidative coupling of 2-aminopyridines with -ketoesters and 1,3-diones using
tetrabutylammonium iodide as a pre-catalyst.

Similarly, the same catalytic system is found useful in synthesizing benzimidazoles
by a similar coupling reactions between phenylenediamines with aromatic or aliphatic
aldehydes. The method allows for the corresponding product yield to be obtained in good to
excellent yields (Scheme 5)°. Another useful application of BusNI-H,O; catalyst system is the
couplings of B-ketoesters with benzylamines to obtain oxazoles and imidazoles in moderate

to good yields (Scheme 6)’.

Bu,NI (10 mol%)

NH ( H
2 30% H,0, (1.5 equiv), EtOH, rt N

Ay 72-96% 7~ NR
6] NH, N

R = alkyl or Ph

Scheme 5. Oxidative coupling of phenylenediamines with aldehydes and using

tetrabutylammonium iodide as a pre-catalyst.

BuyNI (20 mol%) e}
U . 70% BU'OOH (aq), rt, 6-15h N ]
R2 R3 NHZ/\Ar 50-76% Ar‘</ | R
(6] R1

R' = alkyl or Ph
R2 = OMe, OEt, OBu!, Me, Ph
Ar = Ph, 4'CICGH4, 2'C|06H4, 4'MeCGH4, 2'fury|

Scheme 6. Oxidative coupling of B-ketoesters with benzylamines using tetrabutylammonium

iodide as a pre-catalyst.

In 2011, Moran and co-workers discovered that the same of BusNI-H,O, catalyst
system oxidizes cyclization of 5-alkynyl B-ketoesters®. This is the first example of C-C bond
formation achievement using an iodine catalyst source. The cyclopentane products containing

adjacent quaternary and tertiary stereocenters were formed diastereoselectively and in good

yield.
O O Bu,NI (20 mol%)
70% BU'OOH (aq), rt, 6-15h
Me OMe
50-76%
X
Ar

Ar = Ph, 4'C|06H4, 2'C|CBH4, 4'MeC6H4, 2'fury|



Scheme 7. Oxidative cyclization of d-alkynyl B-ketoesters using tetrabutylammonium iodide
as a pre-catalyst.

Another example of successful C-C bond formation from using an iodine sourced
catalyst is the formylation of N-H and N-substituted indoles by using N-methylaniline as a
carbonyl source. BusNI-catalysed system allows for C3-selective formylation under metal-
free conditions. From the screening study, pivalic acid was chosen to be an additive because
of its ability to suppress the decomposition of indoles under most oxidative conditions. The
conversion is obtained in good yield. This is especially important considering the desired

products are present in many bioactive molecules®.

CHO
B BuyNI (10 mol%), Ph(Me)NH 0
R Bu'OOH, DMSO, 80°C, 8h R
Z N Z N
\ 50-82% \
R2 R2

R'=H, F, CI, Et, Br, I, OCH,, OMe, CN, Me, CO,Me in various
ring positions
R?=H, Me, CH,Ph, Ph

Scheme 8. Oxidative cyclization of indoles using tetrabutylammonium iodide as a
pre-catalyst.

2.3.Reactions using trivalent iodine species

Trivalent iodine compounds are amongst the most well studied class of hypervalent
iodines. In fact, a moderate amount of this species is commercially available to purchase. An
important class of trivalent iodine compounds are diaryl iodonium species. Cyclic trivalent
compounds exhibit better stability than their acyclic analogues. This can be attributed to the
effective overlapping of two sp?-hybridized lone pairs between iodine and the aromatic
system. However, because of this stability, poor reactivity in most organic solvents remains a
challenge. This can be overcome by conversion of these compounds to their corresponding
pseudocyclic iodonium salts that have slightly poorer moisture stability. However, they
display much better reactivity and have also been found to be useful for new bond forming
transformations while being easy to handle. They are known for their strong electrophilic

characteristics and consequently high leaving group ability. Okuyama and Ochiai have



calculated that the leaving group ability of iodobenzene is approximately million times higher
than the leaving ability of the triflate group. lodonium ylides have found broad application in
alkylation, alkenylation, alkynylation as well as arylations. Their high reactivity allows for
reactions to be carried out in mild conditions® .

2.4. Evolution of benzyne precursors

2.4.1. Introduction to benzyne: preparation, characterization and application

Arynes are valuable species in organic chemistry. They have been found useful in the

construction of heterocyclic compounds, natural products, polycyclic aromatics and
polysubstituted aromatic compounds. Due to their high bond and angle strains, arynes can
only be generated in situ under suitable conditions summarized in Scheme 9. Treatment of
aryl halides with strong base is found to be effective. However, this method suffers from an
unavoidable drawback where the strong base competes with the nucleophile yielding a
considerable amount of side products. Active metals (lithium or magnesium) may be used to
generate metal-halogen exchange. Upon reaction with a nucleophile, benzyne is generated.
Oxidation of benzyne precursors such as 1-aminobenzotriazole, anthranilic acid and 1,2,3-
benzothiadiazole 1,1-dioxide also produces benzyne. However, these methods should be
avoided due to the starting materials explosive nature. Decarboxylation of arene-diazonium-

2-carboxylates works effectively but with relatively harsh conditions that requires extreme

©:SiMea
OTf
@[XStrong base ©/X \ BuNF, @NN Pb(OAc), @NN
H i N N
\ - N:

NH,

high temperature?2,

Harsh Conditions | ©| . Explosive

""""" SN CcO,

@[X Metal ©:X @ NaNO, @CO?H
H M ‘A N3 X NH,

Metal Conditions N Explosive
- ; N Difuctionalised Benzyne Precursor
)l\jl Jﬁ:t\glnsg groups (halogens, OTf,...) @SI\ LG: Leaving group
0 AG: Activating group




Scheme 9. General methods for benzyne preparations®,

In 1983, Kobayashi and co-workers reported 2-(trimethylsilyl)phenyl triflates as an
alternative benzyne precursor that is activated under mild conditions. Benzyne is obtained by
treating the precursor with a fluorine source (tetrabutylammonium fluoride, BusNF) at room
temperature. Due to their high affinity, the fluorine acts as a nucleophile attacking the
silicone, followed by reductive elimination of the triflate leaving group, forming the desired
benzyne in situ. Because of the mild conditions required to induce the benzyne formation, 2-
(trimethylsilyl)phenyl triflates is made available for purchase commercially and consequently

been applied in many new molecule synthesis® 4,

o
Cl' Megsicl, Mg, I, (cat.) SiMe,  DIBITIOH SiMes  gyne \ /]
HMPA, 100°C —
Cl ! i 0°Ctort MeCN, rt
SiMe;  0°Cto oTf eCN,
F'\
SiMey -SiMe,

L, = @l

Scheme 10. Preparation of Kobayashi benzyne reagent and its cycloaddition application with
tetrahydrofuran.
2.4.2. Arylboronic acid as benzyne precursor

The first evidence of phenylboronic acid being used as an benzyne precursor dates
back to 1964 by Morrocchi and coworkers?®. Treatment of 2-chlorophenylboronic acid in
ether with n-butyllithium in the presence of furan at rt, followed by acidic workup afforded
various cycloaddition products in 55-60% yield. This reaction template was then screened for
optimal conditions by Hosoya and co-workers in 2013, Treatment of 2-
(trifluoromethanesulfonyloxy)arylboronic acid with t-BuLi in diethyl ether with 2,5-
dimethylfuran afforded cycloaddition product at 97%. The reaction suffers the drawback of
using strong base. However, this can be overcome by adding the base-sensitive nucleophiles

after boron-ate complex formations.



. Me
s-BuLi ﬂ\ @
H or
@EB"'” +Bui () Me™ >0~ Me O Me

-78°Ctort

\Ojf 97%
Bpin

Bu )pl /

~

oTf

Scheme 11. Preparation of arylboronic benzyne reagent and its cycloaddition application with
2,5-dimethylfuran.

Ikawa and coworkers introduced an approach to obtain benzyne from 2-[neopentyl
glycolato)boryl]phenyl triflates at 120°C in the presence of a fluoride ion'®. The advantageous
feature of this approach is that it allows for the generation of benzynes bearing functionalized
groups such as carbonyl, cyano, bromo, and primary amino groups. The activation with mild
fluorine source instead of strong base such as t-BuL.i allows for functionalized benzyne
generation. Cycloaddition of precursor with 2,5-dimethylfuran afforded cycloaddition product
at 85%. Moreover, the precursor is easily made through Miyaura borylation of iodophenyl
derivatives followed by triflation without the need of using protection group for the case of
synthesising functionalized benzyne precursor. However, this approach suffers the drawback

of needing elevated temperature to generate benzyne.

s-BuLi Rt Me @
Bpin l‘-BOL:Li Me™ >g” ~Me Me
C[ow -78°Ctort @' 97%
$ )Bpin /

oTf

Scheme 12. Preparation of arylboronic benzyne reagent and its cycloaddition application with
2,5-dimethylfuran.

Despite the drawbacks of harsh conditions to generate benzyne from arylboronic
acids, these examples set forth the concept of utilising boronic acid functional group as the

trigger point.



2.4.3. Hypervalent iodine as benzyne precursor

Organohypervalent iodine compounds are efficient, versatile reagents that generate
benzyne quantitatively under mild conditions. The first hypervalent iodine benzyne precursor,
2-(trimethylsilyl)phenyl triflate, was introduced by Kitamura and co-workers in 1995. The
high efficiency of Kitamura reagent can be attributed to the hypervalent iodine functional
group. The leaving ability of the phenyliodanyl group is approximately ~10° times greater
than the trifluoromethylsulfonyloxy group of the Kobayashi reagent. This is the advantageous
of hypervalent iodine compound that allows for benzyne to be generated extremely efficiently
in milder conditions. This can be seen in Scheme 11, the cycloaddition with furan gives the
product higher yield in a shorter amount of time® 14 5, Another advantage of this method is
that it allows for benzynes to be generated from a mild source, in this case, a fluorine source
from BusNF. By taking advantage of the affinity of fluorine to silicone, BusNF is mild yet
effective in triggering the SiMe;s activator group. This approach expands the utilisation of
base sensitive nucleophiles.
©:C' Me,SiCl, Mg, I, (cat) @ESiMea Ph"%ﬁ‘;@g foH @S”\A% Bu,NF @

Cl  HMPA, 130°C, 4d 0°Ctort MeCN, rt

.
SiM IPh
Mes " 879, ot 61%

. o)
N oo g /O
©i’]§h -IPh ©|

OTf

Scheme 13. Preparation of Kitamura benzyne reagent and its cycloaddition application with
tetrahydrofuran.

In previous research published in 2017, our group reported the preparation, structural
identification, and reactivity via aryne adduct reactions with various benzyne trapping
substrates of the precursor mesityl-2-fluoro-1-phenyboronic acid-6-iodonium triflate. The
precursor is prepared by the ligand exchange reaction between the corresponding hypervalent
iodine heterocycles 3 (1-acetoxybenziodoxaboroles) and arenes in the presence of strong acid
TfOH. The reaction of 1-acetoxy-4-fluorobenziodoxaborole (1 equiv.) with mesitylene in the

presence of triflic acid (2 equiv.) under mild conditions afforded the corresponding 1-

10



mesitylbenziodoxaborole triflate 1 in 95% yield??,

The pseudocyclic structure of 1-phenyl-4fluorobenziodoxaborole triflate is confirmed
by x-ray analysis. The structure reveals a short intramolecular interaction of 2.698 to 2.717 A
between the oxygen and iodine atoms in the benziodoxaborole ring. An additional interaction
of triflate oxygen and the iodine centre results in the overall pseudo square planar geometry.

It is expected that the pseudocyclic salt performs as a benzyne precursor similarly to
common ortho functionalized groups benzyne reagents. Similar to Kitamura and Kobayashi
reagents’ trigger group tetramethylsilane, ortho-B(OH), of our compound is easily activated
by hard bases. The boric acid group may also be activated using a fluorine source at room
temperature. This is important because unlike strong bases, mild fluorine anion does not
compete in a nucleophilic reaction. Interestingly, it is found that upon aqueous workup, in the
absence of a fluorine source, the desired adduct product is isolated in good yield. This
suggests that water is the main trigger source of boric acid. Subsequent elimination of the
boric acid group leads to the nucleofugic group iodomesitylene leaving, forming the desired
benzyne intermediate in situ. Optimization of reaction reveals optimal yield is obtained with
dichlomethane/water (9:1) as solvent at room temperature for 3 hours.
Various reactions with benzyne trapping agents affords desired products in good to excellent
yield. Such promising results encourage us to develop an inspired protocol to synthesize a

diversely functionalized sulfonium salts.

OAc I\Illes
' AcOH, NaOCl I\o 1. TIOH (2 equiv.), DCM, 0°C ' ‘:_)Tf
; / 2. ArH (xs), rt, 12h
B(OH),  Overight B (xs) B(OH),
F F OH F
3 5 1
95% 70%

Scheme 12. Synthesis of fluorinated hypervalent iodine benzyne precursor.

pAc I\|/Ie3
@I ACOH, NaOClI @I\O 1. TfOH (2 eqUiV-), DCM, 0°C EIl“L-
OTf
; / 2. ArH (xs), rt, 12h
B(OH), overnight E{ B(OH),
4 6 OH 2
95% 70%

11



Scheme 14. Synthesis of hypervalent iodine benzyne precursor.
2.5. Sulfonium Salts from Hypervalent lodine Benzyne Precursors

Interest in sulfonium compounds has been stimulated by their useful application as
raw materials for the synthesis of drugs and sulfur containing natural compounds. In addition,
sulfonium salts are desired for their high photosensitivity and therefore useful as efficient
photochemical catalyst for cationic polymerization. Ultraviolet (UV) curing of polymeric
materials quickly become of the most popular technigques used in the paints and coatings
industry owing to its efficient and low energy consumption because curing can typically take
place in matter of minutes; UV cured coatings are also one of the most environmental friendly
coating solutions because it contains and emits essentially no volatile organic compounds
while maintaining outstanding performance delivered by traditional or powder coatings such
as abrasion and chemical resistance, and customization of hardness and flexibility*°.

An important class of UV cure coating system is living cationic photoinitiating
system. Compared to traditional free radical polymerization system, cationic initiated
polymers have many advantages such as rapid and selective polymerization without oxygen
inhibition; its physical performance also exceeds radical initiated polymers in terms of
abrasion, resistance and hardness. However, there are a few disadvantages when utilizing this
system. The polymer relies on the photoinitiator as it plays an important role in curing and
polymerization. Physical characteristics also depend on the initiator used. Low solubility of
photoinitiator inhibits effective polymerization for it does not activate the monomer of
interest. Resin mixture also takes a long time to cure because of the lack of effective
photoinitiator contribution. Therefore, a great demand of effective cationic polymer
photoinitiators rizes. Several groups have reported the use of diphenyliodonium salts/metal
halides, radical photoinitiators/metal halides, zinc salts, and dimanganese decacarbonyl/alkyl
bromide as catalytic source for cationic photoinitiators. However, the use of non-metal
initiator was limited because of its incompatibility with the resin. Most importantly, metal
system has sufficient Lewis acidity level that activates the propagating cation end. Recently,

Nishikawa and coworkers published the use of diaryliodonium salt as non-metal catalyst.

12



Degradation of diaryliodonium under UV light generates hydroiodic acid that subsequently
reacts with nBusNI to generate initiating and propagating species with C-I bonds to achieve
monomer conversion of 95% with high polymer weight?.

Sulfonium salts demonstrate as a competitive photoinitiator for its excellent solubility
in common organic solvents. Depending on the substituent placed on the aromatic groups,
desirable properties of end polymer film can be fine-tuned. For example, dibenzothiophene
moieties improve hardness of the coatings; benzoyl moieties provide excellent in monomer
conversion due to its high photoinitiation efficiency. Pappas et al. reported the synthesis and
photoactivity of anthracene bound sulfonium salts, which absorb longer wavelengths between
330 and 410 nm due to the strong absorptivity of anthracene in this region. Zhang et al.
reported a novel class of triarylsulfonium salts with competitive hardness, cure time with

glossy and transparent cured film.

0 K/ ) . F
4(\)ﬂ O-\_OPh RILR micenns :
B S 5 —

A

OPh R3 L

Shimomura, O., et al. Polymer Chem., 2000, 38, 18. 10.1039/C8CC03766C

&2 lm,
i 2 \2
w0 Ph \\ase
R’O‘R" OH o Ph
ph” L
(o) 10.1055/s-0029-1219359

R
RN

J. Am. Chem. Soc. 1971, 93, 15, 3773-3774
Scheme 15. Examples of sulfonium salts applications.

Among several synthetic methods reported to obtain sulfonium salts, the direct
synthesis from the corresponding sulfides is most preferred due to its direct and relatively
simpler procedure. Alkylation or arylating agents for reactions with such sulfides have been
reported such as alkyl iodides, diaryliodonium salts, triaryloxonium salts, and strongly acidic
alcohols or ethers.

Zhang et al. recently provided a mild approach to synthesize triarylsulfonium salts
using the Kobayashi benzyne precursor. This precursor needs a mild fluorine source to
activate at room temperature. Reaction of such precursor to a variety of aromatic sulfides

yield triarylsulfonium salts with moderate to good yield. This route however lack of
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application to unsymmetrical and alkyl sulfonium products and requires tedious long reaction

time?2,
Ph.*_Ph
.S« oTf
O e OB 2
TMs MeCN, 25°C, 36 h
90%

Scheme 16. Sulfonium salts from Kobayashi’s benzyne precursor?

Herein, we report a mild and effective approach to synthesize sulfonium salt from our
benzyne precursors (1 and 2) and sulfides. This method provides a library of sulfonium
products with symmetrical and unsymmetrical alkyl and aryl groups with plethora of
applications. Because the benzyne precursor used efficiently can be activated by water or
weak base at room temperature, desired salts can be obtained in good to excellent yield in less

reaction time.

OAc Mes _S. i
I AcOH, NaOClI |\ 1. TfOH (2 equiv.), DCM, 0°C I - R1 R2 S\R
B ————— 0 2. ArH (xs), 1t, 12h oTt i 2
B(OH), °vernight B AAH (xs), 1, B(OH), Conditions
F F OH F i
3 5
95% 70% 70%
IMes
| / Ro
-B(OH)2
Scheme 17. Sulfonium salts from hypervalent fluorinated iodine benzyne precursor
OAc Mes F|{1
I ACOH. NaOCl I 1. TIOH (2 equiv.), DCM, 0°C I R "R, S.
@ overnight @EB'O 2. ArH (xs), rt, 120 @ ort ©/ Re
B(OH), [¢] ) B(OH), Conditions
4 ¢ OH 2
95% 70% IMes

-B(OH), ©|

Scheme 18. Sulfonium salts from hypervalent iodine benzyne precursor.

RESULTS AND DISCUSSION

3.1. Synthesis of hypervalent iodine starting materials

The synthesis and optimization of the benzyne precursors 1 and 2 have been described in
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detail elsewhere??, Commercially available 2-iodophenyl boronic acid is oxidized with acetic
acid and bleach. The resulting white solids 5 and 6 are filtered and washed with water. To
achieve the final acyclic product 1 and 2, 5 and 6 are treated with triflic acid. Mesitylene is

then added to achieve the corresponding ligand.

pAc Mes
l AcOH, NaOCl I\o 1. TIOH (2 equiv.), DCM, 0°C I+
) OTf
@iB(OH)Q overnight B 2. ArH (xs), rt, 12h B(OH),
F F OH F
3 5 1
95% 70%

Scheme 19. Synthesis of fluorinated hypervalent iodine benzyne precursor.

OAc Mes
@' AcOH, NaOCl @i '\, _1-TfOH (2 equiv), DCM, 0°C @i'*_
OTf
; / 2. ArH (xs), rt, 12h
B(OH), overnight B\ B(OH),
95% 70%

Scheme 20. Synthesis of hypervalent iodine benzyne precursor.
3.2. The aim of this research

The aim of this research is to synthesize a library of sulfonium salts from the
hypervalent iodine benzyne precursor 1 and commercially available disulfides. The library
consists of sulfonium salts with symmetrical and asymmetrical ligands. Sulfonium salts with
both aliphatic and aromatic side chains are successfully synthesized. The hypervalent iodine
species: mesityl-2-fluoro-1-phenyboronic acid-6-iodonium triflate (1) and mesityl-1-
phenyboronic acid-2-iodonium triflate (2) were used to introduce fluorophenyl or phenyl
functional group to commercially purchased sulfides (Schemes 19 and 20). Because of its
higher cost, 10 representative examples with mesityl-1-phenyboronic acid-2-iodonium
triflateare chosen to demonstrate feasibility. Both benzyne precursors are activated using
water. Non-fluorinated precursor requires slightly more basic media to achieve excellent
yield. Therefore, sodium bicarbonate is added to raize the reaction’s pH (Scheme 20).
lodomesitylene bi-product can be easily washed off using either ether or hexane, no column

chromatography is necessary.
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Mes

|+ F
@i oTt i R‘S\R2 CH,Cl»-H,0 (9:1) ?
2Ulo-Hy : ~
B(OH), rt, 3-24h + OTf

F ’ RO R2

(1.2-2.0 equiv.) (1.0 equiv.) (69-100%)

Scheme 21. Sulfonium salts synthesized from fluorinated benzyne precursor 1.

RZ . R!
Mes CH,Cl,-H,0 (9:1) St
oTt S. oTf
B(OH), RTR?
(1.2-2.0 equiv.) (1.0 equiv.) (69-100%)

Scheme 22. Sulfonium salts synthesized from benzyne precursor 2.
3.3. Structural study of benzyne precursor mesityl-2-fluoro-1-phenyboronic acid-6-
iodonium triflate

In previous research published in 2017, our group reported the preparation, structural
identification, and reactivity via aryne adduct reactions with various benzyne trapping
substrates of the precursor mesityl-2-fluoro-1-phenyboronic acid-6-iodonium triflate. The
precursor is prepared by the ligand exchange reaction between the corresponding hypervalent
iodine heterocycles 3 (1-acetoxybenziodoxaboroles) and arenes in the presence of strong acid
TfOH. The reaction of 1-acetoxy-4-fluorobenziodoxaborole (1 equiv) with mesitylene in the
presence of triflic acid (2 equiv) under mild conditions afforded the corresponding 1-

mesitylbenziodoxaborole triflate 1 in 95% yield?.

.

2898A P \2 7M7A

\%\’05 01()c ‘ ‘

Figure 3. X-ray analysis of acyclic 1-mesitylbenziodoxaborole triflate?

~Q

The pseudocyclic structure of 1-phenyl-4fluorobenziodoxaborole triflate is confirmed
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by x-ray analysis. The structure reveals a short intramolecular interaction of 2.698 to 2.717 A
between the oxygen and iodine atoms in the benziodoxaborole ring. An additional interaction
of triflate oxygen and the iodine center results in the overall pseudo square planar geometry.

It is expected that the pseudocyclic salt performs as a benzyne precursor similarly to
common ortho functionalized groups benzyne reagents. Similar to Kitamura and Kobayashi
reagents’ trigger group tetramethylsilane, ortho-B(OH), of our compound is easily activated
by hard bases. The boric acid group may also be activated using a fluorine source at room
temperature. This is important because unlike strong bases, mild fluorine anion does not
compete in a nucleophilic reaction. Interestingly, it is found that upon aqueous workup, in the
absence of a fluorine source, the desired adduct product is isolated in good yield. This
suggests that water is the main trigger source of boric acid. Subsequent elimination of the
boric acid group leads to the nucleofugic group iodomesitylene leaving, forming the desired
benzyne intermediate in situ. Optimization of reaction reveals optimal yield is obtained with
dichlomethane/water (9:1) as solvent at room temperature for 3 hours.

Various reactions with benzyne trapping agents affords desired products in good to excellent
yield. Such promising results encourage us to develop an inspired protocol to synthesize a
diversely functionalized sulfonium salts.

Zhang and coworkers have performed extensive studies to synthesize aromatic
sulfonium salts, but it lacks examples using asymmetrical alkyl/aromatic sulfides and alkyl
sulfides. Therefore, this study begins with the simplest form of asymmetrical alkyl/aromatic
sulfide, thioanisole. Reaction of benzyne precursor 1 with thioanisole using developed
reaction condition yields successful results (100% isolated yield), and the sulfonium salt

product is confirmed by x-ray analysis.

17



Figure 4. X-ray analysis of thioanisole sulfonium product.
3.4. Regioselectivity of fluorinated benzyne precursor

Benzyne’s instability is attributed to the internal bond angle being strained to 120°.
Alkyne bonds’s angle are estimated about 180°C. The angle difference accounts for arynes’s
high reactivity, thus challenging to isolate. Moreover, the decrease in bond angle also causes
7 orbitals distortion, which drives arynes to quickly re-aromitize. There are three models that
can be used to explain the regioselectivity: the charge-controlled, steric, and aryne distortion
models. The charge controlled-model predicts nucleophilic attack at the partial positive
carbon. The steric model also predicts nucleophilic addition at the same carbon. Both models
provide a good estimation to explain the regioselectivity outcome. However, they do not

guantify the exclusivity of the meta product.
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Scheme 24. Charge-controlled model Scheme 25. Steric model

Nuc

Computational study efforts have been made to elucidate decorated benzynes’s
electrophilicity via the aryne distortion model. The model compares halobenzynes and the
effect of halogens on the benzyne carbons. Nucleophilic attack favors carbon that most
resembles a linear angle. Halogens of smaller size are observed to distort the internal angle
most thus providing a quantitative tool to explain the meta exclusive outcome. It is
determined that fluorinated benzyne has 4 folds electrophilicity compared to undecorated

benzynes. Therefore, meta adducts of fluorinated benzyne are exclusively achieved?.
Br Cl F

I124° /1220 @/1210 @1180

130° 1320 1320 1350
10° 11° 17°

Increase in regioselectivity

60

Scheme 26. Aryne distortion model®
3.5. Optimization study

Optimization studies were conducted on the model reaction between 1 and
thioanisole. Table 1 summarizes all conditions screened. It is hypothesized that the sulfonium
product is formed from the nucleophilic attack of sulfide to the benzyne intermediate. To
verify the benzyne mechanism pathway, the optimized reaction is tested with and without
water (conditions 1&2). In the absence of water, no desired product is achieved; the reaction
does not homogenize and the starting materials are recovered at 100% NMR vyield. By
introducing water in catalytic amount (condition 2), the reaction mixture homogenizes. The
desired product is obtained at 100% NMR and isolated yield.

Solvents of different polarities were screened to determine the effect on the reaction.
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Entries 3-8 demonstrate that good to excellent yields can be achieved with acetonitrile,
chloroform, dichloroethane, benzene, ethyl acetate, heptane. No noticeable trend is observed
corresponding to solvent’s polarity. Interestingly, product can be obtained in good yield using
just water as a solvent (condition 11). Dichloromethane (condition 2) is found to achieve the
best yield.

Conditions 9 & 10 explores different benzyne trigger agents. Methanol and tert-
butoxide are added in lieu of water. Because methanol and tert-butoxide anions are stronger
nucleophile than hydroxide generated by water, they compete with sulfide nucleophiles, thus
decreasing overall yield.

Conditions 12 & 13 explore different ratio of dichloromethane to water. It is found
that the 9:1 ratio of dichloromethane to water is best. Decreasing the water provides
insufficient benzyne trigger amount while increasing water ratio provides more opportunity
for more water nucleophiles competing with the sulfides.

Negative control experiments are performed to highlight the importance of using I(111)
precursor 3 (entries 14 and 15). Benzyne formation could not be achieved without converting
iodine of compound 3 to be a good leaving group (entry 14). It is also not possible to obtain

benzyne with the proposed mild reaction condition while the compound is in cyclic form

(entry 15).
Entry Solvent Solvent Ratio | Arl(lll) | Isolated Yield (%)?
1 CH.Cl, 100% 1 0%
2 CH.CI>-H,0 9:1 1 100 %
3 MeCN-H.0 9:1 1 94%
4 C2H4Cly- H,O 9:1 1 60%
5 CHCIs-H.0 9:1 1 81%
6 PhH-H,O 9:1 1 64%
7 AcOEt-H,0 9:1 1 86%
8 Heptane-H,O 9:1 1 63%
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9 CH,Cl,-MeOH 9:1 1 48%
10 CH.Cl-BuOH 9:1 1 <50% (impure)
11 H,O 100% 1 75%
12 CH.Cl,-H,0 7:3 1 93%
13 CH,Cl,-H,0 955 1 79%
14 CH.Cl,-H,0 9:1 3 0%
15 CH,Cl,-H,0 9:1 5 0%
16 | CH,Cl-NaHCOs solid 9:1 2 0%

Table 1. Reaction optimization of benzyne 1 with thioanisole

Non-fluorinated derivative 2 was also examined. Due to the high cost of the starting
material, only a few representatives of sulfides and selenide were chosen. The non-fluorinated
benzyne precursor 2 is less electrophilic than 1 due to the lack of fluorine on the 3" carbon.
Thus, there is a general drop of desired product yield observed. Although water was a
sufficient base that can be used to activate the benzyne precursor, the overall reaction yield
was extremely low (3% NMR yield, 0% isolated). Therefore, saturated solution of sodium
bicarbonate is used as a mild base to activate the non-fluoronated benzyne precursor. A blank
experiment was ran to determine the role of sodium bicarbonate (Entry 16). Without water,
the reaction did not homogenize and no product is detected. This concluded that the benzyne
precursor was activated by water. Sodium bicarbonate acted as a reaction catalyst. It did not
participate in the reaction. Sodium bicarbonate only altered the pH to improve water
nucleophilicity. Compared to the fluorinated analogue 1, 2 is less electrophilic, thus requiring
a basic medium?®,
3.6. Reaction with fluorinated benzyne precursors

A variety of types of sulfides were then evaluated., beginning with thioanisole
derivatives bearing different benzene substitutions. The reaction conditions provide for

nucleophilic sulfides to react with electronic benzyne precursor. Sulfides with electron rich
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benzene rings inducted by electron donating groups (hydrogen, methyl, chlorine) provide for

better nucleophilicity of sulfur, thereby having higher yield than analogues with electron

withdrawing groups (cyano, nitro, aldehyde). Increasing in reaction time from the original

time of 3 hours overcomes weak nucleophilicity, thus improving the overall yield of desired

compounds.
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Other alkyl and aromatic substituted sulfides are investigated. All reactions provide

good to excellent yield. Nucleophiles with simple alkyl substitutions render excellent yield

due to maximized nucleophilicity of sulfur. Sulfide candidates with electron rich groups have

decreased nucleophilicity thus lower yield. Increasing benzyne precursor concentration and/or

reaction time are found to overcome low yield challenges.
3.7. Reactions with non-fluoronated benzyne precursors

Excellent yields of sulfonium salts are achieved with benzyne precursor without
fluorine. Without the fluorine inductive effect, mild base is needed to improve reaction’s
yield. It should be clarified that water is the benzyne activator source. Mild base (sodium

bicarbonate) is added only to increase the pH which favours reaction’s high yields.

R2..R!
Hes CHoCly-H,0 (9:1) S+
I S (s
om * s. ot
B(OH), R'R?
(1.2-2.0 equiv.) (1.0 equiv.) (69-100%)

o, Q. 9, O, O
o= o o oy ot

2a, 84% 2b, 97% 2¢, 91% 2d, 77% 2e, 76%

OTf 4+ OTf + OTf oTf + OTf

. ‘ @ ph-S ph CaHy S CiH, Ph-S%ph
2f, 88% 29, 89% 2h, 88% 2i, 76% 2j, 84%
Scheme 28. Sulfonium salts from non-fluorinated benzyne precursors 2
3.8. Reactions of benzyne with selenides
Selenium salts are achieved in excellent yields using the current reported methods.

Only one derivative of selenide is evaluated to demonstrate feasibility. Reaction

optimizations and limitation evaluation is not within the scope of this study.
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Mes CH,Cl,-H,0 (9:1) Se,
I+ . rt, 3-24h F\@ :
OTf Se_ OTf
( IB(OH)Q Ph" “Ph
(1.2 equiv.) (1.0 equiv.) (84%)

Scheme 29. Selenium salt from reaction of selenide and fluorinated benzyne precursor

Ph._  .Ph
Mes CH,Cly-H,0 (9:1) Se
@'*_ . rt, 3-24h @ )
OTf Se_ OTf
B(OH), Ph" “Ph
(1.2 equiv.) (1.0 equiv.) (84%)

Scheme 30. Selenium salt from reaction of selenide and benzyne precursor 1

3.9. Reaction with amines

Ammonium salts are achieved in excellent yields using the current reported methods.

Only one derivative of amine is evaluated to demonstrate feasibility. Reaction optimizations

and limitation evaluation is not within the scope of this study.

Mes
|+ Ph F
- |
Q oTt ' Me” M CH,Cl,-H,0 (9:1) \© -
e e 2blx-Mp : OTf
I B(OH). ft, 3-24h +y-Me
Me” “Ph
(1.2 equiv.) (1.0 equiv.) 70%

Scheme 31. Ammonium salt from reaction of amine and benzyne precursor 1

24



4. EXPERIMENTAL PART

Reaction of mesityle-2-fluoro-1-phenylboronic acid-6-iodonium triflate with various
substrates

Sulfide or selenide was added to a solution of mesityle-arylboronic acid-iodonium triflate in
methylene chloride (1.8 mL) and water (0.2 mL). The reaction was stirred at room
temperature for 3-24 h. After completion of the reaction, and the mixture was extracted with
dichloromethane. The organic phase was dried over anhydrous Na,SO4 and concentrated
under reduced pressure. Purification by extraction over diethyl ether afforded analytically
pure products.

3-Fluorophenyl-methyl-phenylsulfonium triflate

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and
thioanisole (124 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded
37 mg (100%) of product, isolated as white solid: mp 118.8-119.3°C; IR (neat) cm™' 3099,
3072, 3024, 2940, 1597, 1255, 1221, 1168, 1078, 1028, 686, 636; *H NMR (400 MHz, CDCls):
8792 (d, J =7.3Hz, 2H), 7.83-7.68 (m, 5H), 7.53 (d, J = 7.6Hz, 1H), 7.42 (t, J = 7.5Hz, 1H),
3.78 (s, 3H); °C NMR (100 MHz, CDsCN):  163.5 (d, *J = 253.0 Hz), 138.7 (d, *J = 8.0 Hz),
135.2, 131.8, 130.7, 128.6 (d, *J = 8.1 Hz), 126.8 (d, *J = 3.2 Hz), 126.2, 122.1 (d, ?J = 22.0
Hz), 121.7 (q, 1 J = 319.0 Hz), 117.0, 28.2; °F NMR (376 Hz, CDsCN):  -79.3 (s, 3F), -108.7
(s, 1F); HRMS (ESI-TOF-positive mode): calcd for Ci1sH1:FS ([M-OTT])*™: 219.0644 found:
219.0633.

3-Fluorophenyl-methyl-4-phenylsulfonium triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and methyl
p-tolyl sulfide (138 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 37 mg (100%) of product, isolated as white solid: mp 120.1-120.6°C; IR (neat) cm™!
3071, 3031, 2940, 2879, 1596, 1479, 1258, 1222, 1163, 1084, 1030, 756, 676, 636; 'H NMR
(400 MHz, CDCla): 6 7.80 (d, J = 8.0Hz, 3H), 7.74-7.67 (m, 1H), 7.53-7.45 (m, 3H), 7.42 (t,J
=7.5Hz, 1H), 3.75 (s, 3H), 2.48 (s, 3H); *C NMR (100 MHz, CDsCN): § 163.5 (d, 1 J = 250.0
Hz), 147.0, 133.7 (d, *J = 8.1 Hz), 132.4, 130.7, 129.5 (d, ®J = 8.1 Hz), 126.5 (d, *J = 3.2 Hz),
121.9(d,2J=22.0Hz),121.7 (q,*J=317.9 Hz), 117.4, 28.3, 21.2 1°F NMR (376 Hz, CDsCN):
& -129.5 (s, 1F), -99.7 (s, 3F); HRMS (ESI-TOF-positive mode): calcd for CisH14FS ([M-
OTf])*": 233.0795 found: 233.0793.

4-Chlorophenyl-3-fluorophenyl-methysulfonium triflate

Cl

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 4-
chlorothioanisole (159 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 40 mg (100%) of product, isolated as white solid: mp 99.3-100.5°C; IR (neat) cm™!
3073, 3026, 2941, 2896, 1596, 1573, 1482, 1255, 1219, 1163, 1098, 1030, 821, 757, 681, 636;
'H NMR (400 MHz, CDCls): 6 7.90 (d, J = 7.9Hz, 2H), 7.82 (d, J = 8.1Hz, 1H), 7.77-7.72 (d,
1H), 7.69 (d, J = 7.9Hz, 2H), 7.52 (dt, J = 7.3Hz, 1H), 7.47 (td, J = 7.3Hz, 1H), 3.80 (s, 3H);
13C NMR (100 MHz, CDsCN): 8 163.5 (d, *J = 251.0 Hz), 141.3, 132.5, 131.9, 133.7 (d, ®J =
8.6 Hz), 128.2 (d, ®J = 8.1 Hz), 124.9 (d, *J = 3.0 Hz), 124.9, 122.3 (d, 2J = 21.0 Hz), 121.7

(g, 1J = 319.0 Hz), 117.6, 28.4; F NMR (376 Hz, CDsCN): & -79.3 (s, 3F), -108.6 (s, 1F);
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HRMS (ESI-TOF-positive mode): calcd for CiHuCIFS ([M-OTf])*: 253.0254 found:
253.0249.

3-Chlorophenyl-3-fluorophenyl-methysulfonium triflate

Cl st

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 3-
chlorothioanisole (159 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 39 mg (98%) of product, isolated as white solid: mp 92.9-93.5°C; IR (neat) cm™! 3071,
3034, 3022, 2936, 1596, 1581, 1479, 1269, 1250, 1222, 1164, 1085, 1028, 878, 757, 682, 635;
'H NMR (400 MHz, CDCls): 6 7.96 (d, J = 7.3Hz, 1H), 7.84-7.64 (m, 5H), 7.58 (d, J = 7.3Hz,
1H), 7.45 (1, J = 7.4Hz, 1H), 3.82 (s, 3H); *C NMR (100 MHz, CDsCN): & 163.5 (d, *J =
251.0 Hz), 136.9, 135.2, 133.7 (d, ®J = 8.6 Hz), 130.3, 129.3, 128.1, 127.1 (d, *J = 8.3 Hz),
127.9(d,*J=3.0 Hz), 122.4 (d, 2J = 21.0 Hz), 121.7 (g, * J = 319.0 Hz), 117.8, 28.2; **F NMR
(376 Hz, CDsCN): & -79.3 (s, 3F), -108.5 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for
C13H1:CIFS ([M-OTf])*: 253.0254 found: 253.0249.

2-Chlorophenyl-3-fluorophenyl-methysulfonium triflate

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 2-
chlorothioanisole (159 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 37 mg (94%) of product, isolated as white solid: mp 152.9-153.4°C; IR (neat) cm™!
3078, 2939, 2367, 1596, 1481, 1248, 1224, 1166, 1028, 752, 679, 636; 'H NMR (400 MHz,

CDCls): & 8.28 (d, J = 7.7Hz, 1H), 7.88 (m, J = 7.7Hz, 1H), 7.83-7.69 (m, 4H), 7.67-7.63 (m,

27



1H), 7.57 (dt, J = 7.7Hz, 1H), 7.45 (td, J = 7.7Hz, 1H), 3.82 (s, 3H); °C NMR (100 MHz,
CDsCN): § 163.5 (d, 1J = 251.0 Hz), 136.7, 135.9, 132.4, 130.8, 130.5, 133.8 (d, 3J = 8.5 Hz),
127.0 (d, 3J = 8.1 Hz), 1275 (d, *J = 3.5 Hz), 122.6 (d, 2J = 21.0 Hz), 122.0 (g, }J = 319.0
Hz), 118.4, 27.6; *F NMR (376 Hz, CDsCN): 5 -79.3 (s, 3F), -108.5 (s, 1F); HRMS (ESI-TOF-

positive mode): calcd for C13H11CIFS ([M-OTf])*: 253.0254 found: 253.0249.

4-Bromophenyl-3-fluorophenyl-methysulfonium triflate

F
oTf

S\T\/Ie

Br

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 4-
bromothioanisole (203 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 37 mg (83%) of product, isolated as white solid: mp 112.2-113.3°C; IR (neat) cm™!
3072, 3025, 2917, 2849, 1596, 1479, 1256, 1479, 1256, 1164, 1031, 816, 757, 680, 636; ‘H
NMR (400 MHz, CDCls): 6 7.86-7.78 (m, J = 7.7Hz, 1H), 7.74-7.67 (m, 1H), 7.56 (d, J =
7.9Hz, 1H), 7.45 (t, J = 7.9Hz, 1H), 3.79 (s, 3H); *C NMR (100 MHz, CD3sCN): 8 163.5 (d, *
J=251.0 Hz), 134.9, 133.8 (d, ®J = 8.2 Hz), 132.4, 129.8, 128.1 (d, *J = 8.2 Hz), 126.9 (d, *J
=3.5Hz), 122.5,122.3 (d, ?J = 21.3 Hz), 121.8 (9, * J = 320.0 Hz), 117.6, 28.3; °F NMR (376
Hz, CDsCN): 6 -79.3 (s, 3F), -108.6 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for

Ci3H11BrFS ([M-OTf])*: 296.9749 found: 296.9743.

4-Cyanophenyl-3-fluorophenyl-methysulfonium triflate

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 4-

cyanothioanisole (149 mg, 0.10 mmol) according to the general procedure above for 3 hours
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afforded 31 mg (90%) of product, isolated as white solid: mp 134.6-135.3°C; IR (neat) cm™!
3108, 3066, 3036, 3019, 2934, 2237, 1594, 1479, 1430, 1277, 1253, 1223, 1152, 1078, 1028,
873, 835, 755, 674, 636; *H NMR (400 MHz, CDCls): § 7.94 (dd, J = 7.9Hz, 4H), 7.75-7.50
(m, 4H), 3..56 (s, 1H); *C NMR (100 MHz, CDsCN): § 163.6 (d, *J =251.0 Hz), 135.2, 131.77,
133.9(d, *J =8.2 Hz), 127.6 (d, *J = 3.4 Hz), 127.2 (d, 3J = 8.4 Hz), 122.7 (d, 2J = 21.0 Hz),
121.6 (q, 1J = 319.0 Hz), 118.1, 28.1; °F NMR (376 Hz, CDsCN): & -79.2 (s, 3F), -108.3 (s,
1F); HRMS (ESI-TOF-positive mode): calcd for C13H11NO.S ([M-OTf])*: 244.0596 found:
244.0591

4-Nitrophenyl-3-fluorophenyl-methysulfonium triflate

F
OTf

Sjl-\/le

O.N

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 4-
nitrothioanisole (203 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 37 mg (90%) of product, isolated as white solid: mp 136.5-137.2°C; IR (neat) cm™!
3108, 3067, 3031, 2931, 2917, 2849, 1607, 1595, 1524, 1348, 1281, 1223, 1150, 1092, 1030,
857, 743, 681, 640; *H NMR (400 MHz, CDCls): § 8.47 (d, J = 9.0Hz, 2H), 8.06 (d, J = 9.0Hz,
2H), 7.77 (m, 3H), 7.61 (m, 1H), 3.66 (s, 3H); **C NMR (100 MHz, CDsCN): § 163.4 (d,*J =
251.0 Hz), 151.5, 133.7 (d, 3J = 8.5 Hz), 133.0, 131.9, 127.5 (d, *J = 3.5 Hz), 126.6 (d, ®J =
8.2 Hz), 126.1, 122.6 (d, 2J = 21.0 Hz), 121.6 (q, *J = 319.0 Hz), 118.3, 28.2; °F NMR (376
Hz, CDsCN): 6 -79.3 (s, 3F), -108.6 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for
C13H1.FNO:S ([M-OTf])*: 264.0495 found:

4-(3-fluorophenyl-methysulfonium)benzaldehyde triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 4-
(methylthio)benzaldehyde (152 mg, 0.10 mmol) according to the general procedure above for
3 hours afforded 27 mg (67%) of product, isolated as white solid: mp 104.9-106.2°C; IR (neat)
cm™!' 3093, 3067, 3026, 2930, 1698, 1594, 1577, 1481, 1254, 1224, 1178, 1156, 1027, 820,
788, 689, 636; 'H NMR (400 MHz, CDCls): 5 10.12 (s, 1H), 8.15 (dd, J = 8.5 Hz, 4H),7.84-
7.82 (m, 1H), 7.74 (dd, J = 8.2 Hz, 1H), 7.58 (d, J = 7.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 3.86
(s, 3H); *C NMR (100 MHz, CDsCN): § 192.0, 163.6 (d, *J = 251.0 Hz), 140.6, 133.9 (d, ®J
= 8.5 Hz), 132.0, 131.9, 131.3, 127.6 (d, ®J = 8.2 Hz), 127.4 (d, *J = 3.5 Hz), 122.6 (d, 2J =
21.0 Hz), 121.7 (q, *J = 318.4 Hz), 118.2, 28.2; **F NMR (376 Hz, CDsCN): § -79.3 (s, 3F), -
108.4 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for C14H12.FOS ([M-OTf])*: 247.0593
found: 247.0604.

3-Fluorophenyl-ethyl-phenylsulfonium triflate

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and
ethylthiobenzene (138 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 27 mg (67%) of product, isolated as white solid: mp 104.9-106.2°C; IR (neat) cm™!
3067, 1593, 1480, 1448, 1259, 1225, 1158, 1029, 998, 755, 687, 637; *H NMR (400 MHz,
CDCls): 6 8.02-7.89 (m, 3H), 7.82-7.69 (m, 4H), 7.58 (d, J = 7.5 Hz, 1H) , 7.44 (t, J = 7.8 Hz,

1H), 4.41-4.27 (m, 2H), 1.52 (t, J = 7.3 Hz, 3H); *C NMR (100 MHz, CD:CN):  163.6 (d, *J
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= 251.0 Hz), 135.5, 132.0, 133.9 (d, *J = 8.3 Hz), 126.7 (d, 3J = 8.1 Hz), 1275 (d, *J = 35
Hz), 124.2, 122.4 (d, 2J = 21.0 Hz), 122.0 (g, 1 J = 319.0 Hz), 118.4, 40.8, 9.3; 1°F NMR (376
Hz, CDsCN): 6 -79.3 (s, 3F), -108.4 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for
Ci3H13FS ([M-OTf])*: 233.0800 found: 233.0795.

3-Fluorophenyl-diphenylsulfonium triflate

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and
diphenyl sulfide (186 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 42 mg (98%) of product, isolated as white solid: mp 111.3-112.5°C; IR (neat) cm™!
3093, 3066, 3031, 1591, 1477, 1263, 1150, 1064, 1032, 841, 754, 686, 636; ‘H NMR (400
MHz, CDCls): 6 7.82-7.71 (m, 11H), 7.66 (d, J = 7.6 Hz, 1H) , 7.47 (t, J = 7.6 Hz, 1H), 7.34
(td, J = 7.6 Hz, 1H); **C NMR (100 MHz, CDsCN): § 163.3 (d, *J = 254.0 Hz), 135.0, 133.5
(d,®*J=8.0Hz), 131.8,131.3,126.3 (d, *J = 7.8 Hz), 127.3 (d, *J = 3.4 Hz), 123.8, 122.1 (d, 2
J=21.0Hz), 122.0 (q, *J = 319.0 Hz), 118.1 (d, 2J = 25.6 Hz); F NMR (376 Hz, CDsCN): &
-79.3 (s, 3F), -108.6 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for C1gH13FS ([M-OTf])*:
281.0800 found: 281.0795.

Dibutyl-3-fluorophenylsulfonium triflate

F
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and dibutyl
sulfide (146 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded 37
mg (95%) of product, isolated as light yellow oil: IR (neat) cm™' 2966, 2938, 2878, 1593, 1482,
1258, 1225, 1158, 1030, 755, 678, 637; *H NMR (400 MHz, CDCls): § 7.66 (d, J = 7.5 Hz,

1H), 7.81-7.73 (M, 1H), 7.68 (dt, J = 7.5 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 4.00-3.81 (m, 4H),
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1.73-1.62 (m, 3H), 1.55-1.44 (m, 5H), 0.93 (t, J = 7.0 Hz, 6H); 23C NMR (100 MHz, CDsCN):
8 163.7 (d, 1J = 250.0 Hz), 133.7 (d, *J = 8.4 Hz), 123.5 (d, 3J = 8.3 Hz), 128.8 (d, *J = 3.2
Hz), 122.4 (d, 2J = 21.1 Hz), 120.7 (g, *J = 319.0 Hz), 118.9 (d, 2J = 25.2 Hz); °F NMR (376
Hz, CDsCN): 6 -79.3 (s, 3F), -108.7 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for
CuH2FS ([M-OTf])*: 241.1426 found: 241.1421.

3-Fluorophenyl-dioctylsulfonium triflate

O
+ OTf
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and dioctyl
sulfide (258 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded 50
mg (100%) of product, isolated as light yellow oil: IR (neat) cm™ 3062, 2930, 2850, 1593,
1481, 1256, 1225, 1160, 1030, 756, 678, 638; *H NMR (400 MHz, CDCls): § 7.92 (d, J=7.8
Hz, 1H), 7.81-7.73 (m, 1H), 7.71-7.65 (m, 1H), 7.55-7.48 (m, 1H), 3.96-3.83 (m, 4H), 1.67-
1.38 (m, overlap), 1.26-1.22 (m, 18H), 0.988-0.83 (m, 6H); *C NMR (100 MHz, CDsCN): &
163.7 (d, J = 250.0 Hz), 133.7 (d, *J = 8.2 Hz), 123.5 (d, *J = 8.1 Hz), 128.8 (d, *J = 3.3 Hz),
122.9 (d, 2J = 21.1 Hz), 121.7 (q, *J = 319.0 Hz), 118.9 (d, ?J = 25.2 Hz); 44.6, 31.9, 29.1,
28.9, 28.1, 24.6, 22.9, 13.9; **F NMR (376 Hz, CDsCN): § -79.2 (s, 3F), -108.6 (s, 1F); HRMS
(ESI-TOF-positive mode): calcd for CaoHssFS ([M-OTf])*: 353.2678 found: 353.2673.

3-Fluorohenyl-tetrahydro-thiophenium triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and thiolane
(88 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded 25 mg (81%)
of product, isolated as white solid: mp 72.2-73.0°C; IR (neat) cm™! 3075, 3031, 3004, 2974,

2956, 1596, 1587, 1483, 1260, 1221, 1167, 1154, 1094, 1028, 828, 757, 679, 635; 'H NMR
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(400 MHz, CDCls): & 7.74-7.60 (m, 3H), 7.51 (d, J = 8.0 Hz, 1H), 3.94 (quintet, J = 6.7 Hz,
2H), 3.70 (quintet, J = 6.7 Hz, 2H), 2.53-2.30 (M, 4H); 3C NMR (100 MHz, CDsCN): & 163.4
(d,2J = 250.0 Hz), 133.4 (d, 3J = 8.4 Hz), 128.7 (d, ®J = 8.1 Hz), 126.9 (d, *J = 3.4 Hz), 122.9
(d,2J = 21.1 Hz), 120.8 (g, *J = 319.0 Hz), 117.6; 49.0, 29.4; **F NMR (376 Hz, CDsCN): & -
79.3 (s, 3F), -108.6 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for C1oH12FS ([M-OTH])*:
183.0644 found: 183.0638.

S-(3-Fluorophenyl)-dibenzothiophenium triflate

F
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (1280 mg, 0.12 mmol) and
dibenzothiophene (184 mg, 0.10 mmol) according to the general procedure above for 24 hours
afforded 34 mg (80%) of product, isolated as white solid: mp 169.8-170.5°C; IR (neat) cm™!
3098, 3072, 3037, 11595, 1480, 1255, 1221, 1154, 1084, 1029, 868, 759, 670, 637; *H NMR
(400 MHz, CDCls): 6 8.36 (d, J = 7.8 Hz, 2H), 8.12 (d, J = 7.8 Hz, 2H), 7.97 (t, J = 7.7 Hz,
2H), 7.74 (t,J = 7.7 Hz, 2H), 7.67-7.60 (m, 2H), 7.36 (dt, J = 8.0 Hz, 1H); *C NMR (100 MHz,
CD3CN): 6 163.5 (d, *J =250.0 Hz), 135.3, 134.1 (d, 3J = 8.2 Hz), 132.4, 131.9, 128.7, 127.4,
129.9 (d, ®J = 8.2 Hz), 127.4 (d, *J = 3.2 Hz), 123.0 (d, ?J = 21.2 Hz), 120.8 (g, *J = 319.0
Hz), 118.1; 49.0, 29.4; F NMR (376 Hz, CD3CN): § -79.3 (s, 3F), -107.9 (s, 1F); HRMS (ESI-
TOF-positive mode): calcd for C1gH12FS ([M-OTf])*: 279.0644 found: 279.0638.

3-Fluorophenyl-diphenyselenium triflate

F

oTf
+

SRS
Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and

diphenyl selenide (233 mg, 0.10 mmol) according to the general procedure above for 3 hours
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afforded 47 mg (100%) of product, isolated as dark yellow oil: IR (neat) cm™! 3067, 1592, 1477,
1258, 1223, 1154, 1029, 743, 636; *H NMR (400 MHz, CDCls): § 7.77-7.54 (m, 11H), 7.45-
7.39 (td, 2H, J = 8.4 Hz), 7.25-7.22 (m, 1H, overlap); **C NMR (100 MHz, CD3;CN): § 163.7
(d, J =251.0 Hz), 134.4, 133.9 (d, ®J = 8.1 Hz), 132.2, 132.0, 128.5 (d, J = 7.9 Hz), 128.1
(d, *J =3.5Hz), 127.0, 121.5 (d, 2J = 21.1 Hz), 121.7 (g, } J = 319.0 Hz), 119.1 (d, 23 = 25
Hz); F NMR (376 Hz, CDsCN): & -79.3 (s, 3F), -108.7 (s, 1F); HRMS (ESI-TOF-positive
mode): calcd for C1gH14FOSe ([M-OTf])*: 329.0245 found: 329.0239.

3-Fluorophenyl-isopropyl-phenylsulfonium triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and
isopropyl phenyl sulfide (152 mg, 0.10 mmol) according to the general procedure above for 3
hours afforded 37 mg (94%) of product, isolated as colourless oil: IR (neat) cm™' 3067, 2988,
1684, 1593, 1474, 1258, 1225, 1171, 1029, 750, 686, 636; *H NMR (400 MHz, CDCls): 5 8.20-
8.12 (m, 3H), 7.82-7.70 (m, 5H), 7.46 (td, 1H, J = 8.0 Hz), 5.45 (septet, 1H, J = 6.7 Hz), 1.55-
1.51 (m, 6H, overlap); *C NMR (100 MHz, CDsCN): 5 163.6 (d, 1 J = 251.0 Hz), 135.7, 134.0
(d,®*J=8.5Hz),132.1, 132.1, 125.6 (d, *J = 8.1 Hz), 128.3 (d, *J = 3.5 Hz), 122.8 (d, ?J =
21.2 Hz), 120.9 (g, 13 = 319.0 Hz), 118.9), (d, 2J = 25 Hz). 51.9, 18.3, 18.2; °F NMR (376 Hz,
CDsCN): 6 -79.3 (s, 3F), -108.1 (s, 1F); HRMS (ESI-TOF-positive mode): calcd for CisH16FS
(IM-OTHf])*: 247.0957 found: 297.0951.
1-(3-Fluorophenyl)-1,4-dithianium triflate
F
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 1,4-
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dithiane (120 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded
19 mg (53%) of product, isolated as white solid: mp 98.0-99.2°C; IR (neat) cm™' 3064, 3000,
2944, 2368, 1588, 1477, 1422, 1264, 1223, 1142, 1027, 909, 792, 754, 671, 636; *H NMR (400
MHz, CDCls): 6 7.86 (d, 1H, J = 7.5 Hz), 7.75-7.68 (m, 2H), 7.48 (t, 1H, J = 8.3 Hz), 4.28 (d,
2H,J=12.8 Hz),3.80 (t, 2H, J = 11.6 Hz), 3.54 (t, 2H, J = 12.8 Hz), 3.19 (d, 2H, J = 11.3 Hz);
13C NMR (100 MHz, CDsCN):  163.5 (d, ! J = 251.0 Hz), 133.6 (d, 3J = 8.5 Hz), 125.0 (d, *J
=8.2 Hz), 127.3 (d, *J = 3.5 Hz), 122.5 (d, 2J = 21.0 Hz), 123.3 (q, * J = 313.0 Hz), 117.1 (d,
2J =235 Hz). 41.9, 25.1; F NMR (376 Hz, CDsCN): § -79.3 (s, 3F), -108.9 (s, 1F); HRMS
(ESI-TOF-positive mode): calcd for C1oH12FS; ([M-OTf])*: 215.0364 found: 215.0359.
1-(3-Fluorophenyl)-1,4-thioxanium triflate
F
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and 1,4-
thioxane (104 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded
23 mg (53%) of product, isolated as white solid: mp 121.2-123.1°C; IR (neat) cm™! 3079, 3065,
3014, 2912, 2887, 2862, 1587, 1478, 1264, 1223, 1162, 1071, 1032, 1104, 831, 755, 673, 642;
'H NMR (400 MHz, CDCls): 6 7.88 (d, 1H, J = 7.5 Hz), 7.74-7.65 (m, 2H), 7.47 (t, 1H,J=7.3
Hz), 4.41 (d, 2H, J=13.2 Hz), 4.19 (t, 2H, J = 12.3 Hz), 4.07 (d, 2H, J = 13.2 Hz), 3.61 (t, 2H,
J=12.2 Hz); C NMR (100 MHz, CD3sCN): § 163.6 (d, *J = 250.0 Hz), 133.6 (d, *J = 8.4 Hz),
124.8 (d, 3J = 8.4 Hz), 127.0 (d, *J = 3.3 Hz), 122.1 (d, 2J = 21.2 Hz), 121.7 (g, } J = 319.0
Hz), 117.7, 63.7, 38.5; **F NMR (376 Hz, CD3CN): 6 -79.3 (s, 3F), -108.9 (s, 1F); HRMS (ESI-
TOF-positive mode): calcd for C10H1,FOS ([M-OTf])*: 199.0593 found: 199.0587.

1-(3-Fluorophenyl)(pentamethylene)sulfonium triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and
tetrahydrothiopyran (102 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 27 mg (79%) of product, isolated as white solid: mp 76.5-77.9°C; IR (neat) cm™! 3086,
3074, 3007, 2952, 2912, 1596, 1482, 1448, 1437, 1282, 1260, 1225, 1153, 1083, 1028, 844,
755, 676, 637; *H NMR (400 MHz, CDCls): 6 7.98 (d, 1H, J = 7.9 Hz), 7.76-7.69 (m, 2H), 7.45
(t, 1H,J =7.9 Hz), 4.06 (t, 2H, J = 11.0 Hz), 3.77 (d, 2H, J = 11.0 Hz), 2.40 (m, 2H), 2.02 (m,
4H); 3C NMR (100 MHz, CDsCN): § 163.5 (d, *J = 250.0 Hz), 133.5 (d, 3J = 8.5 Hz), 126.0
(d, ®J =8.1Hz),126.9 (d, *J = 3.4 Hz), 122.0 (d, 2J = 21.0 Hz), 121.7 (g, * J = 319.0 Hz),
117.5, 41.2, 22.8, 22.7; **F NMR (376 Hz, CDsCN): & -79.3 (s, 3F), -109.2 (s, 1F); HRMS
(ESI-TOF-positive mode): calcd for C11H14FS ([M-OTf])*: 197.0800 found: 197.0795.
3-Fluorophenyl-cyclopropyl-phenylsulfonium triflate
F
(;W
o
Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (640 mg, 0.12 mmol) and
cyclopropyl phenyl sulfide (150 mg, 0.10 mmol) according to the general procedure above for
3 hours afforded 32 mg (86%) of product, isolated as light yellow oil; IR (neat) cm™' 3062,
1593, 1478, 1259, 1224, 1157, 1029, 754, 685, 637; 'H NMR (400 MHz, CDCls): § 8.02 (d,
2H,J =7.7 Hz), 7.94 (d, 1H, J = 7.8 Hz), 7.79-7.64 (m, 4H), 7.61 (dt, 1H, J = 7.7 Hz), 7.4 (t,
1H, J=8.0 Hz), 4.03 (septet, 1H, J = 7.4 Hz), 31.77-1.66 (m, 2H), 1.55-1.44 (m, 2H); **C NMR
(100 MHz, CDsCN): 8 163.5 (d, *J = 250.0 Hz), 133.5 (d, *J = 8.5 Hz), 126.0 (d, ®J = 8.1 Hz),
126.9 (d, *J = 3.4 Hz), 122.0 (d, 2J = 21.0 Hz), 121.7 (g, * J = 319.0 Hz), 117.5, 41.2, 22.8,

22.7; F NMR (376 Hz, CDsCN): § -79.3 (s, 3F), -108.9 (s, 1F); HRMS (ESI-TOF-positive
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mode): calcd for CisH1sFS ([M-OTH])*: 245.0800 found: 245.0795.

Reaction of mesityle-1-phenylboronic acid-2-iodonium triflate with various substrates
Sulfide or selenide was added to a solution of mesityle-arylboronic acid-iodonium triflate in
methylene chloride (1.8 mL) and saturated NaHCO3 (0.2 mL). The reaction was stirred at
room temperature for 3-24 h. After completion of the reaction, and the mixture was extracted
with dichloromethane. The organic phase was dried over anhydrous Na,SO4 and concentrated
under reduced pressure. Purification by extraction over diethyl ether afforded analytically
pure products.

Methyl-diphenylsulfonium triflate

; +E)Tf
o

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and methyl
phenyl sulfide (124 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 28 mg (85%) of product, isolated as white solid: mp 95.1-96.8°C (lit.mp) ; IR (neat)
cm™' 3097, 3076, 3068, 3024, 2937, 1586, 1484, 1254, 1222, 1157, 1073, 1028, 824, 758, 690,
634; *H NMR (400 MHz, CDCls): § 7.94-7.88 (m, 4H), 7.48-7.64 (m, 6H), 3.73 (s, 3H, J = 7.4
Hz); 3C NMR (100 MHz, CDsCN): § 134.9, 131.8, 130.4, 126.8, 121.7 (g, *J = 319.0 Hz),
28.1; F NMR (376 Hz, CDsCN): & -79.2 (s, 3F); HRMS (ESI-TOF-positive mode): calcd for
Ci3H13S ([M-OTf])*: 201.0732 found: 201.0732.

Ethyl-diphenylsulfonium triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and ethyl

phenyl sulfide (138 mg, 0.10 mmol) according to the general procedure above for 3 hours
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afforded 28 mg (85%) of product, isolated as colourless oil; IR (neat) cm™' 3092, 3065, 2984,
2943, 1581, 1480, 1261, 1224, 1156, 1030, 839, 755, 685, 637; *H NMR (400 MHz, CDCls):
57.98 (d, 4H, J = 7.2 Hz), 7.75-7.65 (m, 6H), 4.32 (quartet, 2H, J = 7.2 Hz), 1.50 (t, 3H, J =
7.2 Hz); 3C NMR (100 MHz, CDsCN): § 134.7, 131.6, 130.7, 124.1, 120.9 (q, * = 318.5 Hz),
40.3,9.7; F NMR (376 Hz, CDsCN): § -79.2 (s, 3F); HRMS (ESI-TOF-positive mode): calcd
for C14H1sS ([M-OTf])*: 215.0894 found: 215.0889.

Isopropyl-diphenylsulfonium triflate

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and ethyl
phenyl sulfide (152 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 31 mg (83%) of product, isolated as colourless oil; IR (neat) cm™' 3066, 2988, 1581,
1478, 1259, 1158, 1076, 1029, 756, 690, 637; 'H NMR (400 MHz, CDCls): & 8.17-8.12 (m,
4H), 7.78-7.69 (m, 6H), 5.42 (septet, 1H, J = 6.5 Hz), 1.52 (d, 6H, J = 6.5 Hz); 3C NMR (100
MHz, CDsCN): § 135.5, 132.1, 131.9, 124.1, 120.6 (q, *J = 318.8 Hz), 51.5, 18.3; 1°F NMR
(376 Hz, CD3sCN): 6 -79.2 (s, 3F); HRMS (ESI-TOF-positive mode): calcd for CisH17S ([M-
OTf])": 229.1051 found: 229.1045.

Cyclopropyl-diphenylsulfonium triflate

; oTf
SA
Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and
cyclopropyl phenyl sulfide (150 mg, 0.10 mmol) according to the general procedure above for

3 hours afforded 31 mg (83%) of product, isolated as colourless oil; IR (neat) cm™' 3050, 1581,

1447, 1261, 1224, 1156, 1072, 1029, 827, 755, 684, 637; *H NMR (400 MHz, CDCls): § 7.00-
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7.96 (m, 4H), 7.76-7.67 (m, 6H), 4.16-4.08 (m, 1H), 1.77-1.71 (m, 2H), 1.44-1.39 (m, 2H); 1*C
NMR (100 MHz, CDCls): § 134.4, 131.4, 130.2, 126.5, 120.9 (q, 1J = 319.0 Hz), 22.5, 8.1; 1°F
NMR (376 Hz, CDCls): 6 -78.2 (s, 3F); HRMS (ESI-TOF-positive mode): calcd for CisH1sS
(IM-OTf])*: 227.0894 found: 227.0889.

Dibutyl-phenylsulfonium triflate

; OTf

st
C4Hg™ "~ “C4Hg

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and dibutyl
sulfide (146 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded 37
mg (100%) of product, isolated as light yellow oil; IR (neat) cm™ 3065, 2964, 2937, 2877,
1467, 1259, 1224, 1156, 1030, 755, 687, 637; *H NMR (400 MHz, CDCls): § 8.00-7.90 (m,
2H), 7.84-7.69 (m, 3H), 3.94-3.79 (m, 4H), 1.71-1.60 (m, 2H), 1.53-1.43 (m, 4H), 0.94-0.86
(m, 6H); **C NMR (100 MHz, CDCls): § 135.6, 132.0, 131.8, 121.8 (q, 1 J = 320.0 Hz), 121.7,
44.2, 26.6, 21.5, 13.1; °F NMR (376 Hz, CDCls): & -79.2 (s, 3F); HRMS (ESI-TOF-positive
mode): calcd for C14H23S ([M-OTf])*: 223.1520 found: 223.1515.

Tetrahydro-phenyl-thiophenium triflate

OTf

&

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and thiolane
(88 mg, 0.10 mmol) according to the general procedure above for 3 hours afforded 28 mg (88%)
of product, isolated as light yellow oil; IR (neat) cm™ 3061, 2918, 2361, 2334, 1594, 1448,
1158, 1026, 684, 637; 'H NMR (400 MHz, CDCls): & 7.80-7.64 (m, 5H), 4.37-4.27 (m, 2H),
3.70-3.67 (m, 2H), 2.67-2.52 (m, 4H); *C NMR (100 MHz, CDCls): & 134.1, 131.4, 129.7,
125.0,121.8 (g, J = 320.0 Hz), 48.7, 29.2; 1°F NMR (376 Hz, CDCls): § -79.3 (s, 3F); HRMS

(ESI-TOF-positive mode): calcd for C1sH1sS ([M-OTf])*: 165.0738 found: 165.0732.
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Triphenyl sulfonium triflate

[g?éﬂ
o0
Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and
biphenyl sulfide (186 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 28 mg (88%) of product, isolated as white solid: mp 132.1-133.6°C (lit.0. mp); IR
(neat) cm™' 3090, 3062, 1581, 1551, 1477, 1274, 1224, 1155, 1066, 1029, 749, 685, 636; ‘H
NMR (400 MHz, CDCls): § 7.78-7.68 (m, 1H); *C NMR (100 MHz, CDCls): § 135.3, 132.1,
131.7,125.7, 121.8 (q, 1 J = 318.3 Hz), 48.7, 29.2; 1°F NMR (376 Hz, CDCls): § -79.2 (s, 3F);

HRMS (ESI-TOF-positive mode): calcd for C1gH15S ([M-OTf])*: 263.0894 found: 263.0882.

S-Phenyl-dibenzothiophenium triflate

& +OTf

Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and
dibenzothiophene (184 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 28 mg (88%) of product, isolated as white solid: mp 187.0-188.1°C (lit. mp); IR (neat)
cm™'3027, 2921, 2851, 1635, 1574, 1269, 1153, 1030, 827, 755, 667, 635; *H NMR (400 MHz,
CDCls): 6 8.23 (d, J = 8.0 Hz, 2H), 8.16 (d, J = 8.0 Hz, 2H), 7.88 (t, J = 7.5 Hz, 1H), 7.74-7.64
(m, 5H), 7.54 (d, J = 7.5 Hz, 3H); *C NMR (100 MHz, CDCls): & 3027, 2921, 2851, 1635,
1574, 1269, 1153, 1030, 827, 755, 667, 635; °F NMR (376 Hz, CDCls): 5 -79.2 (s, 3F); HRMS
(ESI-TOF-positive mode): calcd for C1gH13S ([M-OTf])*: 261.0732 found: 261.0732.

Triphenyl selenium triflate
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Reaction of mesityl-1-phenyboronic acid-2-iodonium triflate (619 mg, 0.12 mmol) and
diphenyl selenide (233 mg, 0.10 mmol) according to the general procedure above for 3 hours
afforded 32 mg (71%) of product, isolated as light yellow oil; IR (neat) cm™' 3027, 2921, 2851,
1635, 1574, 1269, 1153, 1030, 827, 755, 667, 635; *H NMR (400 MHz, CDCls): § 7.74-7.68
(m, 5H), 7.67-7.61 (m, 12H); *C NMR (100 MHz, CDCls): 5 133.8, 131.7, 131.2, 126.3, 120.8
(g, *J = 319.0 Hz); °F NMR (376 Hz, CDCls): § -78.2 (s, 3F); HRMS (ESI-TOF-positive

mode): calcd for CigH15Se ([M-OTTf])*: 311.0339 found: 311.0334.
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4.2. CNMR diagrams
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