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Transition-Metal-Free Difunctionalization of Sulfur Nucleophiles**

Shobhan Mondal, Ester Maria Di Tommaso, and Berit Olofsson*

Abstract: Efficient protocols for accessing iodo-substi-
tuted diaryl and aryl(vinyl) sulfides have been developed
using iodonium salts as reactive electrophilic arylation
and vinylation reagents. The reactions take place under
transition-metal-free conditions, employing odorless and
convenient sulfur reagents. A wide variety of functional
groups are tolerated in the S-diarylation, enabling the
regioselective late-stage application of several hetero-
cycles and drug molecules under mild reaction condi-
tions. A novel S-difunctionalization pathway was discov-
ered using vinyliodonium salts, which proceeds under
additive-free reaction conditions and grants excellent
stereoselectivity in the synthesis of aryl(vinyl) sulfides.
A one-pot strategy combining transition-metal-free
diarylation and subsequent reduction provided facile
access to electron-rich thioanilines and a direct synthesis
of a potential drug candidate derivative. The retained
iodo group allows a wide array of further synthetic
transformations. Mechanistic insights were elucidated by
isolating the key intermediate, and the relevant energy
profile was substantiated by DFT calculations. )

Introduction

Sulfur based organic molecules have always been a prime
focus for synthetic chemists, owing to their variable redox
states that allow construction of several classes of organo-
sulfur compounds.!" Their prevalent role in biological
metabolic processes makes them essential for living organ-
isms spanning from marine to terrestrial systems.? Sulfide
moieties make up a prominent section of building blocks
and versatile intermediates, which allows for widespread
applications in synthetic chemistry, material science, phar-
maceutical  industry and  biological  applications
(Scheme 1A).P¥ Sulfides and their derivatives can be found

[*] Dr.S. Mondal, E. M. Di Tommaso, Prof. B. Olofsson
Department of Organic Chemistry, Arrhenius Laboratory, Stock-
holm University
10691 Stockholm (Sweden)

E-mail: berit.olofsson@su.se

[**]A previous version of this manuscript has been deposited on a
preprint server (https://doi.org/10.26434/chemrxiv-2022-c1bt4).

 © 2022 The Authors. Angewandte Chemie International Edition
published by Wiley-VCH GmbH. This is an open access article under
the terms of the Creative Commons Attribution Non-Commercial
License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used
for commercial purposes.

Angew. Chem. Int. Ed. 2023, 62, €202216296 (1 of 8)

A) Examples of biologically active thioethers

NEt2

@@

antiinflammatory agent

Q@‘"@

Intepirdine
N Alzheimer's treatment

O, //
dapsone
Ieprosy treatment

o, 0
i i s - OMe
NH, HoN \/\@[OMe

<HCI OMe

HIV-1 Vif Inhlbltor LFA-1/CAM-1 inhibitor anti cancer agent

B) Previous reports

1 « transition metal-catalyzed
ATY 1T cat. 4

. oS8, 0 < Ar'=l X"« thiol-mediated

2ey OF[TM]free AT, Ar ™M _.Ar « use of cyclic salts
Ar'sz - - « iodine eliminated
Y= B(OR),, halide, NHNH, etc. X=OTf, OTs

Z=H, R, O;R, SR etc.
C) This work

1
O |
— F S\Ar intermediate SO S | N
F

X i 1 R2
L r—=D x° o F\I,EWG
Ewe” g2 s
Rl or —— ] N SK —
4 \
@ O
— \ X EWG \ N
N F
| N +/ transition metal-free  + vinyl analogus
EWG R? + external base-free 4 unsymmetrical thioethers
+/ thiol-free +/ late-stage application

Scheme 1. Difunctionalization of sulfur nucleophiles.

as one of the leading series of pharmaceutically active
compounds among FDA listed 362 sulfur-containing drugs.”!
For instance, dapsone, a well-known antibiotic used for the
treatment of leprosy, contains a sulfone scaffold. Several
nitro and amino-incorporated sulfides are reported as bio-
logically active moieties widely used in the treatment of
inflammation, Alzheimer’s, HIV, breast cancer, malarial
diseases and fungal related conditions.**! Similarly, vinyl
sulfones play a crucial role in several classes of drugs for
cancer treatment.[®)

Synthetic routes to diaryl sulfides have been investigated
thoroughly,” and most commonly involve a transition
metal-catalyzed cross-coupling between thiophenols or other
organosulfur reagents and aryl halides or arylboronic acids.

These methods often require ligands, a number of
additives and harsh conditions (Scheme 1B).®! The use of
hazardous thiophenols as the nucleophile has several
disadvantages, including unpleasant smell and oxidation
sensitivity, which leads to undesired side products as well as
causing irritation to skin and permanent organ damage."
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Meanwhile, transition metal-free methodologies often re-
quire highly functionalized substrates such as aryne precur-
sors or disulfides, or employ harsh conditions, delivering a
limited scope of sulfide products."”

Diaryliodonium salts (Ar,IX) are emerging electrophilic
aryl sources in organic synthesis due to their high electro-
philicity, ease of synthesis and air-moisture stability.!""
These reagents enable application of user-friendly, odorless,
cheap and stable sulfur reagents in the synthesis of cyclic
and acyclic sulfides."” Arylations with diaryliodonium salts
generally suffer from poor atom economy as stoichiometric
aryl iodide (Arl) is wasted. This drawback is avoided in
reactions with cyclic Ar,IX, although the scope is limited
with such methods.['™"*! Recent progress includes transition
metal-catalyzed one-pot methods where both aryl groups of
acyclic diaryliodonium salts are transferred through in situ
cross-coupling with the formed ArL."! Jiang and co-workers
reported such a copper-catalyzed S-diarylation with potas-
sium thioacetate.'*! Recently, the Olofsson group developed
a sustainable and transition-metal free approach for diary-
lation of N- and O-nucleophiles using certain diaryliodo-
nium salts under basic conditions, where both aryl groups
and the iodide were retained in the product."” The diary-
lation was suggested to proceed through nucleophilic
aromatic substitution (SyAr) followed by intramolecular
aryl transfer to afford the product.

In this paper, abundant sulfur-based nucleophiles are
employed in atom-efficient and thiol-free difunctionalization
reactions using iodonium salts with a strong electron-with-
drawing substituent (EWG) under transition metal-free
reaction conditions (Scheme 1C). The methodology gives
facile access to unsymmetrical, difunctionalized aryl sulfides
with an iodide handle that is accessible for further derivati-
zations, and demonstrates novel reactivity of vinyliodonium
salts.

Results and Discussion

Based on previous work from our group and literature
precedence,>'®! we commenced our initial investigation
using iodonium salt 1a, molecular sulfur (2a), and K,CO; as
a base in DMSO at 80°C. The desired product 3a was not
detected, but the diaryl ether 3a’ was observed instead
(Table 1, entry 1).l") Changing the sulfur source to thiourea
2b"™ allowed the formation of 3a in 26 % yield (entry 2).
The more nucleophilic sulfur reagents potassium thioacetate
2¢ and potassium ethyl xanthogenate 2d gave significantly
increased reactivity already at room temperature. Further-
more, the formation of 3a’ was entirely suppressed and
external base was no longer necessary (entries 3-5). Other
polar solvents proved to be effective for this transformation
(entries 6,7), and significantly improved yields were ob-
tained in reactions performed in the absence of light
(entries 8-10).') Upon increased reaction scale, sulfide 3a
was isolated in excellent yield at 40°C in DMF (entry 11),
whereas surprisingly poor results were obtained in acetone
(entry 12).1"]
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Table 1: Optimization of the reaction conditions.?

F

CICH l
|) OTf source S
e oy
O,N oy
1a 3a
S i 7
’ HZNJ\NHZ /U\SK /\O)kSK
2a 2b 2c 2d
entry “S"2 base solvent T[°C] yield3a[%]" yield3a [%]"

1 2a K,CO; DMSO 80 n.d. 11

2 2b KCO, DMSO 80 26 nd.

3 2c KCO, DMSO rt 16 n.d.

4 2c - DMSO rt 22 n.d.

5 2d - DMSO rt 52 n.d.

6 2d - DMF rt 47 n.d.

7 2d - acetone rt 44 n.d.
8l 2d - DMF rt 99 n.d.
9 2d -  acetone rt 76 n.d.
101 2d - DMSO rt 75 n.d.
14 2d - DMF 40 93 n.d.
1264 2d - acetone 40 25 n.d.

[a] Reaction conditions: Ta (0.05 mmol), 2 (0.10 mmol), base

(2.0 equiv), solvent (0.1 M) for 1518 h. [b] 'H NMR yields using 1,3,5-
trimethoxybenzene (TMB) as internal standard. [c] Reactions carried
out in the absence of light. [d] Reaction conditions: Ta (0.2 mmol), 2
(0.28 mmol), solvent (0.2 M). [e] Isolated yield.

Next, we investigated the generality of our protocol
using the conditions in entry 11 (Scheme 2A). Diaryliodo-
nium salts 1 bearing alkyl groups in the ring displayed
excellent reactivity, producing diaryl sulfides 3b-3d in high
yields. Haloarenes are primary precursors for metal-cata-
lyzed synthesis of sulfides, which limits the synthesis of the
corresponding halide-substituted derivatives.”” Importantly,
our route can sustain halogen substituents in the aryl ring of
1, providing moderate to excellent yields of diaryl sulfides
3e-3h. Electron withdrawing groups such as NO,, CF;,
OCF;, CN, and COMe were endurable to the reaction
conditions, furnishing the desired products 3i-3m in good to
excellent yields. Electron-donating substituents (EDG) like
Ph, OMe, OPh, and NHAc were also tolerated (3m-3q).
Even a free hydroxyl group could be carried through to
product 3r, which is impressive as applications of hydroxy-
substituted iodonium salts are scarce in literature.”'!

The reactivity was not influenced by ortho-substitution
in the iodonium salt, and target products 3t and 3u were
secured in high yields. We were also delighted by the
straightforward formation of sterically congested sulfides 3v
and 3w, even allowing the synthesis of the triisopropylphen-
yl derivative 3x in high yield. The substitution pattern of the
electron-deficient ring was investigated next, and the nitro
group could be replaced by SO,CF; to give sulfide 3y in
excellent yield. While weaker EWG (CO,Me, CN) resulted
in poor conversion,'? addition of further electron-with-
drawing substituents was well tolerated (3z, 3aa). In the
latter case, the CF; group reinforced the SyAr reactivity
along with NO, group. The introduction of additional
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Scheme 2. Diarylation scope. [a] Reaction conditions: 1

(0.2 mmol), 2d (0.28 mmol), DMF (0.2 M) under argon atmosphere for 18 h in the absence

of light, isolated yields are reported. [b] BF, salt was used. [c] OTs salt was used. [d] Reaction performed at rt for 12 h and 60°C for 6 h.

fluoride substituents resulted in complete regioselectivity in
favor of the desired transformation, with SyAr para to the
nitro group yielding 3ab—3ad. The reactivity was influenced
by the position of the extra fluorides, with 3ab giving
excellent yield whereas 3ac required prolonged reaction
time and heating to reach full conversion. Interestingly, a
symmetric, highly electron-deficient iodonium salt could be
utilized in the reaction to produce 3ae. To our satisfaction,
the introduction of an electron deficient pyridiyl ring, which
could also undergo SyAr,?? did not interfere with the
reaction and the desired product 3af was obtained in 73 %
yield.
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The utility of the developed diarylation methodology
was demonstrated through the synthesis of more complex
products using functionalized diaryliodonium salts derived
from heterocycles, bioactive compounds and drug molecules.
Todonium salts 1ag-1am were thus synthesized with com-
plete regioselectivity from the corresponding arenes 4 and
iodoarene 5a using literature methods (Scheme 2B).**! They
were then employed in the diarylation to yield a range of S-
functionalized products with complete regioselectivity, con-
stituting novel late-stage applications under transition met-
al-free conditions.

Applications of heteroaryl iodonium salts are still scarce
in arylation methodologies,” and we were pleased that
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pyridine-derived sulfide 3ag and coumarin-derived product
3ah could be obtained in high yields. The phthalimide-
derived sulfide 3ai was easily obtained, and the methyl ester
derivative of gemfibrozil was converted to sulfide derivative
3aj in excellent yield. Likewise, the drugs clofibrate and
isoxepac could be S-functionalized to give the desired
products 3ak and 3al. A derivative of another NSAID drug,
flurbiprofen, was applied to the salt synthesis and S-
functionalization sequence to give the corresponding sulfide
3am.

To examine whether the difunctionalization method-
ology could be expanded beyond diarylations, we envisioned
the application of vinyliodonium salts!"'**! to reach aryl-
(vinyl) sulfides. Literature routes to aryl(vinyl) sulfides
primarily require thiophenols as sulfur source® or employ
transition metals to exploit the reactivity of disulfides.[*"!
Thiiranes have been utilized to synthesize aryl(vinyl)
sulfides from diaryliodonium salts with the common atom-
economy drawback caused by elimination of ArLP® A
primary objective for such methodologies is to ensure high
E:Z selectivity, and our difunctionalization methodology
would be an attractive and atom-efficient route to highly F-
selective aryl(vinyl) sulfides under transition metal-free
conditions.

Reactions with vinyliodonium salts generally lead to the
monofunctionalization of nucleophiles or fragmentation to
vinyl iodides,” and vinylbenziodoxolones (VBX) were
recently reported as a related reagent class.” While oxy-
vinylations with VBX are known,?" it should be noted that
difunctionalizations creating two C—Nu bonds from vinyl-
iodonium salts or VBX remain unreported.?®*"]

When the aryl(vinyl)iodonium salt 6a(OTf) was reacted
with 2d under the diarylation conditions, only 21 % of the
desired product 7a was observed, with 8:1 E:Z selectivity
(Table 2, entry 1). Reactions with potassium thioacetate 2¢
afforded 7a with similar selectivity (entry 2). The reaction
conditions were reoptimized using vinyliodonium salts with

Table 2: Optimization of the reaction conditions.?

Ph -
_\\_|@Xe X= |

OTf 6a(OTf) s
F oTs 6a(0Ts) + 'S' solvent Ph” X
BF, 6a(BF,) SOU®® 1518h
O,N 2 7a NO,

2!

entry 6a(X) “S” solvent T[°C] yieldof7a[%]" E:Z
1 OTf 2d DMF rt 21 8:1
2 OTf 2c DMF rt 32 9:1
3 BF, 2c DMF rt 58 >20:1
4 OTs 2c DMF rt 72 17:1
5 BF, 2c  acetone rt 49 13:1
6 OTs 2d acetone rt trace -
7 BF, 2c DMF -15 83 >20:1
8 BF, 2d DMF —-15 81 13:1
9 BF, 2c DMF  —40,rt 92 >20:1
109 BF, 2c DMF —40,nt 80 >20:1
119 OTs 2c¢ DMF  —40,rt 75¢ >20:1

[a] Reaction conditions: 6a (0.025 mmol), 2 (0.075 mmol), solvent
(0.05 M). [b] '"H NMR yield using TMB as internal standard. [c] Re-
eactions were done at —40°C for 6h and then at rt for 12 h.
[d] Isolated yields using 6a (0.2 mmol), 2 (0.4 mmol).
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varying counter ions, and enhanced yields and diastereose-
lectivities were observed with both 6a(BF,) and 6a(OTs)
(entries 3, 4). While reactions in acetone proceeded poorly
(entries 5, 6), the transformation benefitted from lower
temperature, and reactions at —15°C gave significantly
increased yield of 7a (entries 7, 8). Further improvements
were observed with 2¢ upon initially lowering the temper-
ature to —40°C followed by reaction at rt, which gave 7a in
92 % yield with excellent E: Z selectivity (entry 9). Increased
reaction scale delivered 7a in high isolated yield and
excellent E:Z selectivity using both 6a(BF,) and 6a(OTs)
(entries 10, 11).

With the optimized conditions in hand (entry 10), the
generality of the protocol was evaluated using aryl-
(vinyl)iodonium salts 6 bearing electronically varied styryl
handles (Scheme 3). A set of 4-substituted vinyl salts were
investigated first, and the desired products 7b-7c¢ were
obtained in high yields and excellent E:Z selectivities.
Extension of the conjugation in the styryl moiety gave 7d in
high isolated yield but diminished E:Z selectivity, due to
isomerization in the purification process. Similar selectivities
were observed when electron rich and electron deficient
substituents were utilized, as exemplified by 4-OMe sub-
stituted 7e and NO,-substituted product 7f. On the contrary,
the addition of a fluoride substituent did not affect the
reactivity and desired product 7g was isolated in 89 % yield
with 20:1 E:Z selectivity. When the aryl group was
decorated with an additional fluoride, the SyAr reaction still
took place para to the nitro group to yield the desired
product 7h with excellent E-selectivity.

To broaden the scope of vinyl sulfides, several trisub-
stituted aryl(vinyl)iodonium salts were synthesized from the
corresponding vinylboronic acids.® To our satisfaction, the
2-bromo substituted vinyliodonium salt 6i reacted swiftly to
give trisubstituted vinyl sulfide 7i. This bromo-substituted
sulfide enables orthogonal reactivity due to the presence of

AN\ @ © 0 i

BF.
F4 )J\SK 2c (2 equiv) AIA/\«‘JS\@\
[ :] DMF NO,

OaN 6 -40°C (6-8h), 1t (12h) 7 (E:Z ratio below)

| |
MO OO
R NO, 4 NO,

79%, 9:1(
H  7a80%,>20:1
Me  7b 72%, >20:1

| |
Cl 7c86%,>2011 F s s F
y AN X
0, -1lb,c]
OMe 7e 48%, 9:1 79 NO, 7h NO,

89%, >20:1 67%, >20:1
Br | | D |
D D
. NO, ) NO, NO,
7i 7i 7k

69%, 20:1[1 89%, >20:1[1 79%, >20:10]
Scheme 3. Scope of aryl(vinyl) sulfides 7. [a] Reaction conditions: 6
(0.20 mmol), 2¢ (0.40 mmol), DMF (0.2 M) under argon atmosphere
for 18 h, isolated yields are reported. [b] OTs salt was used. [c] The

diastereoselectivity was >20:1 in crude '"H NMR.
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the vinyl bromide. Reactions with deuterium-labelled vinyl-
iodonium salts proceeded smoothly to generate the corre-
sponding sulfides 7j and 7k in excellent yields with exclusive
E selectivity.

The diarylation of N- and O-nucleophiles was proposed
to proceed via initial SyAr to form a Meisenheimer complex
followed by intramolecular aryl transfer.'” A related
mechanism can be proposed for the S-diarylation, where
reaction of 1 with the S-nucleophile forms the SyAr product
A, followed by nucleophilic cleavage of the xanthogenate
fragment to B and carbonothioate derivative C, then intra-
molecular aryl transfer would yield diarylated product 3
(Scheme 4A). Alternatively, the aryl transfer could proceed
before hydrolysis via intermediate D. The SyAr step could
proceed via a stepwise or concerted mechanism, as pre-
viously reported in S-arylation.®™ We propose that fluoride
or trace water cleaves the xanthogenate intermediate, as a
Chugaev elimination is unlikely due to the low reaction
temperature.*

A) Proposed mechanism

Fe
J

OEt
S=<\, Nu

@
OTf I u OEt
Ar

rB 9aNu-OH

9b Nu =
OEt | intramolecular
S aryl transfer |
®S-Ar
S\Ar
! c
b O,N 3

O,N

B) Isolating the intermediate

®©  EtOCS,K
| OTf (1 05 equiv) 63%
“DMF 08 M) . (08M)
OoN m,2h
8a 69% OTf
Me isolated e

[ o o

1b

C) Trapping experiments 83%

| OTf
F 4+ aryneor EtOCSZK (1.4 equiv)
radical
scavenger T owreim 0.1 M)
30 °C 18 h
furan (5 equiv) 85%
DPE (3 equiv) 90%
D) Cross-over experiment s !
)55 jon e
| OTf | OTf  EtOCSK F 3e 53% NO,
F (3.0 equiv)
———
DMF (0.1 M) |
F1CO,S 30°C, 18 h s
1.0 equw 1. 0 equw 3y 90% SO,CF3

Scheme 4. Mechanistic studies. Reaction conditions i) DMF, 40°C,
12 h, ii) Mel, DMF, rt, 2 h. NMR yields are reported using TMB as
internal standard.
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The mechanism was investigated by isolation of key
intermediates through shortening the reaction time and
adding diethyl ether to precipitate out key intermediates. To
our satisfaction, SyAr product 8a could be isolated as a
light-yellow solid in 69 % yield (Scheme 4B). As 8a was
unstable in the NMR solvent and gradually transformed to
product 3b when subjected to the standard conditions, it
was transformed to the methylated sulfide 8b to confirm the
structure of 8a.

Kinetic experiments suggest fast formation of the
intermediate and gradual transformation to the product."”
At the end of the reaction, trace amounts of carbonothioate
derivative 9a were detected in crude '"H NMR and HRMS.
Furthermore, a fluorine-containing intermediate was ob-
served in “FNMR, suggesting that fluoride acts as the
primary nucleophile in the xanthogenate cleavage to give
9b, which can be hydrolyzed to 9a in the presence of
moisture (Scheme 4A).

Standard control experiments in the presence of aryne
or radical scavengers (furan or 1,1-diphenylethylene
(DPE)), did not influence the reaction outcome, indicating
that such pathways are unlikely (Scheme 4C). When a
crossover experiment was performed with diaryliodonium
salts 1e and 1y, no traces of cross-over product was detected
(Scheme 4D). All the experimental findings support the
proposed mechanism with initial SyAr followed by nucleo-
philic cleavage of the xanthogenate and intramolecular aryl
transfer.

Density functional theory (DFT) calculations were
performed at the M06-2X level of theory to substantiate the
experimental observations and detail the mechanistic path-
way further with fluoride as the nucleophile."” The key
intermediates and transition states are depicted in Figure 1.
Initial coordination of xanthate 2d to the iodine gives
intermediate I (—2.5 kcalmol ™), followed by a concerted
SyAr via transition state TS; (21.8 kcalmol™) to deliver
iodine(IIT) intermediate II. From intermediate II, the
mechanism could proceed via an ene-type elimination
assisted by the fluoride or via nucleophilic attack of the
fluoride onto the xanthate carbon.

The ene-type reaction resulted in a very high calculated
energy profile,'” whereas the nucleophilic attack via TS,
(10.7 kcalmol ) led to intermediate III. Then, intermediate
IV and fluorocarbonothioate derivative 9b form via TS;
(10.2 kcalmol ™). 9b is easily hydrolyzed in presence of trace
amount of water to yield 9a, which was experimentally
observed. Next, the sulfur anion attacks the ipso-carbon of
the iodine in a Smiles-type rearrangement™ to yield the
desired product 3a via TS, (21.7 kcalmol ™). This is the rate-
determining step of the reaction, in agreement with the
kinetic experiments.'"” The energy profile was also calcu-
lated without the potassium cation,'” which resulted in a
considerably higher energy profile. This indicates that the
potassium cation plays a key role in the mechanism by
stabilizing the ionic intermediate and the fluoride. Such
influence has been previously reported in reactions involving
hypervalent iodine reagents.”!

Post-synthetic modifications were achieved by trans-
forming the diaryl sulfide 3a using literature reactions
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Figure 1. Calculated free energy profile for diarylation of sulfur nucleophiles. [M06-2X(SMD)/def2-TZVP//M06-2X(SMD) /def2-SVP level in implicit
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Scheme 5. Post synthetic applications of sulfide 3 a. Reaction condi-
tions: i) B,(OH),, 2,2"-bipyridine, DMF, 40°C, 4 h or Fe, NH,Cl, MeOH/
THF/H,0, 70°C, 5 h; ii) mCPBA, acetone, 16 h, 40°C.; iii) phthalic
anhydride, urea-H,0,, EtOAc, 16 h, rt iv) PhCCH, PdCl,(PPh),, Cul,
Et;N, 14 h, rt; iv) PhB(OH),, Pd(PPh,),, K,CO,, DMF, 15 h, 100°C.

(Scheme 5). Interestingly, the nitro group can easily be
reduced to the corresponding amino group using transition
metal-catalyzed or transition metal-free pathways, enabling
a straightforward route to electron-rich amino sulfide 10a
using either iron and ammonium chloride, or B,(OH), and
2,2'-bipyridine. Transition metal-free oxidation of the sulfide
using meta-chloroperbenzoic acid (mCPBA) gave facile
access to sulfone derivative 10b, which makes the difunc-
tionalization route interesting in the synthesis of biologically
interesting sulfones (see Scheme 1A). Also, diaryl sulfides
can be smoothly oxidized to sulfoxides 10c¢ using urea
peroxide and phthalic anhydride. The iodide substituent
present in all sulfides 3 and 7 allows several post-synthetic
cross-coupling reactions. Indeed, a Pd-catalyzed Sonogashira
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coupling resulted in alkynylated sulfide 10d, and a Suzuki
coupling delivered arylated sulfide 10e.

To showcase the synthetic flexibility of the difunctional-
ization methodology, it was combined with a one-pot
transition metal-free reduction to the corresponding anilines
(Scheme 6). In this fashion, the synthesis of thioaniline 10a
could be performed in a sequential one-pot setup without
the need for solvent change or workup between the steps.
Furthermore, the functionalized iodonium salt 1an could be
transformed into heterocyclic arylamine 10f through diary-
lation followed by reduction in the presence of iron and
ammonium chloride. Product 10f exhibits specific binding
ability towards Cytochrome P450 in Mycobacterium
tuberculosis,*! hence it provides a new derivative of a
potential drug candidate (drug bank reg. no DB07971).5*"!
The iodine handle available for further derivatizations of the
synthesized drug derivative is an extra feature of this
methodology.

Conclusion

In conclusion, we have developed a strategy for the synthesis
of iodo-containing diaryl sulfides from iodonium salts in the
absence of transition metals, external bases and thiols. Aryl
groups containing acid- or base-sensitive substituents, as
well as sterically congested substituents could be transferred
to S-nucleophiles under mild reaction conditions. The
applicability of the diarylation was demonstrated using
heteroaryl and drug-derived iodonium salts, outlining a
route to the corresponding sulfides in excellent yields. A
novel type of difunctionalization strategy was discovered
using aryl(vinyl)iodonium salts, whereby aryl(vinyl) sulfides

© 2022 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH
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could be obtained in excellent stereoselectivity through a
sequential arylation and vinylation. The developed difunc-
tionalization was amenable to one-pot transition metal free
reduction to reach thioanilines and a potential drug
candidate derivative. A mechanistic proposal is given,
substantiated by DFT studies and isolation of the key
intermediate. Overall, a general synthetic methodology
harnessing the reactivity of iodonium salts has been
presented that enables further applications.
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