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Chemoselective sulfonylation and isonitrilation reactions for the divergent synthesis of valuable diarylmethyl sulfones and isoni-

trile diarylmethanes starting from easy-to-synthesize para-quinone methides (p-QMs) and commercially abundant p-toluenesul-

fonylmethyl isocyanide (TosMIC) by using respectively zinc iodide and 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) as catalysts

were developed. The distinguishing feature of this method is that TosMIC plays a dual role from the same substrates in the reaction:

as a sulfonyl source or as an isonitrile source. The synthetic utility of this protocol was also demonstrated in the synthesis of di-

fluoroalkylated diarylmethane 5 and diarylmethane ketone derivatives 6 and 7, which are important core structures in natural prod-

ucts and medicines.

Introduction

Sulfones are ubiquitous units commonly found in marketed
drugs and natural products. Because of their unique electronic
and structural properties, they are often used in medicinal chem-
istry programs to search for anti-inflammatory, anti-HIV, anti-
microbial, antimalarial, and anticancer activities [1,2]. Diaryl-
methane motifs are widely present in natural products and phar-
maceuticals that exhibit extraordinary biological activity [3,4]

(Figure 1). Among them, their anticancer activity is particularly

attractive, demonstrated by drugs such as letrozole [5] and
entrectinib [6], with especially entrectinib showing a potent
anticancer activity against a broad spectrum of human cancer
cell lines. In recent decades, the construction of a hybrid system
with varied biological and pharmaceutical activities has
received extensive attention from medicinal chemists [7].
Therefore, merging the diarylmethane unit with the sulfonyl

motif to assemble the sulfonyl diarylmethane skeleton has
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attractive potential application value and provides the possibili-
ty for drug discovery [8-10] (Figure 1). Consequently, the de-
velopment of a rapid access to diarylmethyl sulfones is a valu-

able and appealing task in synthetic chemistry.

Traditionally, diarylmethyl sulfones are synthesized by transi-
tion-metal-catalyzed deoxy C—S bond-coupling reaction of sodi-
um arylsulfinates with diarylmethanols [11], C—H functionaliza-
tion of alkyl sulfones with aryl halides [12], and via a reductive
strategy through nitrogen loss of sulfonyl hydrazones [13,14].
In addition, a sulfa-1,6-conjugated addition reaction [15-17] has
also been developed for this purpose. Most of the reported
methods are affected by long reaction times and the need for
expensive metal catalysts or reagents. Therefore, there is great
need to develop a more effective and rapid method for prepar-

ing diaryl methyl sulfones.

p-Toluenesulfonylmethyl isocyanide (TosMIC), a versatile
synthon in organic chemistry, has been widely used to synthe-
size a myriad of valuable chemicals due to its high reactivity
shown by the combination of acidic a-carbon atoms, isocyano
groups, and sulfonyl moieties [18]. In general, TosMIC under-
goes base-mediated 1,3-dipolar cycloadditions with activated
alkenes to provide pyrroles as products [18] (Scheme 1A).
Recently, alternative functionalizations using TosMIC as a tosyl
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Figure 1: Selected bioactive compounds.
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source of arylalkenes or alkynes provided an attractive option
for the synthesis of vinyl sulfones [19-23] (Scheme 1B). How-
ever, in contrast to the reaction of TosMIC as tosyl source with
various aryl olefins, reports relating to reactions of TosMIC
with electron-deficient olefins such as p-QMs for the prepara-
tion of highly valuable diarylmethyl sulfones are relatively
scarce [24]. In addition, the important link between structural
diversity and complexity with bioactivity represented by
sulfones has led to the goal of developing strategies to as many

these pivotal scaffolds as possible.

Isocyanide is an important C1 synthon. Its special reactivity,
such as the ability to react with electrophilic, nucleophilic, and
radical reagents [25-28], determines that it can participate in
many types of reactions such as multicomponent reactions [29-
32], tandem reactions [33,34], and insertion reactions [35-39],
etc. In this context, the electron-rich aryl(phenol)methane isoni-
trile may be a new active unit, which can be seen from the
previous case of p-QMs type reaction [40-51] and the above-

mentioned properties of isocyanide.

Herein, we report the chemoselective sulfonylation and isonitri-
lation of p-QMs by changing the reaction conditions. This
new general protocol allows, from the same substrates p-QMs 1
and p-tosylmethyl isocyanide (TosMIC, 2a), the formation of

F O Q
O HN —
NH —
CN HN- )/’@‘N\,JN
(0]

letrozole
anti-breast
cancer drug

entrectinib
drug for non-small cell carcinoma
solid tumor drugs

I 1\
antidepressant agent

2823



Beilstein J. Org. Chem. 2021, 17, 2822-2831.

A. general approach to pyrrole synthesis using TosMIC with electron-deficient olefins
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B. TosMIC as a tosyl source in the reactions with electron-rich aromatic olefins
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C. TosMIC as a tosyl or isonitrile source in the reaction with p-QMs (this work)

OH
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Scheme 1: The chemistry of TosMIC in the reactions with olefins.

quite different products 3 or 4 in a simple and mild manner,
which provides an efficient entry into the rapid assembly of
various diarylmethyl sulfones and isonitrile diarylmethanes
(Scheme 1C).

Results and Discussion

We commenced the study by using p-QMs 1a and TosMIC (2a)
as model substrates to optimize the reaction conditions. As
shown in Table 1, when 1a and 2a were treated with 20 mol %
AgyCOj3 in THF in the presence of Cs,CO3 at 90 °C under
microwave irradiation for 10 min, fortunately, the sulfonylated
diarylmethane product 3a was isolated in 36% yield (Table 1,
entry 2). When Znl, or Cu(OAc), was used instead of Ag,COs,
we found that the yield of 3a catalyzed by Znl, reached 94%
(Table 1, entry 3), and the reaction with Cuy(OAc), as a cata-
lyst did not proceed smoothly (Table 1, entry 1). Other bases
such as CH3ONa or -BuONa (Table 1, entries 4 and 5) were

then investigated and no better result was found. In the follow-

® chemoselectivity ® oxidant-free
® up to 94% yield ®21 examples

up control experiments, we studied the reaction without adding
bases, and unexpectedly found Ag salts could catalyze the 1,6-
conjugate addition of TosMIC (2a) and p-QM 1a to provide
aryl(phenol)methane isonitrile 4a under base-free conditions
(Table 1, entries 6-8). When the silver salt was removed from
the reaction conditions, the reaction did not proceed (Table 1,
entry 9). Then, we investigated the effect of a catalytic amount
of DBU on the reaction and found that reaction efficiency did
not decrease, indicating that the reaction could also be cata-
lyzed by DBU (Table 1, entry 10). When DABCO (triethylene
diamine) was used instead of DBU, the reaction also proceeded,
however, the reaction efficiency was lower compared to DBU
(Table 1, entry 11).

After identifying the optimal conditions, we first evaluated the
substrate scope of the sulfonylation reaction. As shown in
Scheme 2, various substituted p-QMs were readily transformed

in this sulfonylation reaction, providing the corresponding
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Table 1: Optimization of the reaction conditions for the sulfonylation and isonitrilation of p-quinone methides with TosMIC.2

o] OH OH
t-Bu t-Bu [M] 20 mol % t-Bu t-Bu t-Bu t-Bu
+ Ts._NC base (2 equiv) or
| 9a MW 90 ;’C, 110 min Te
Ph solven PR Ts Ph
NC

1a 3a - CH,NC 4a
Entry [M] (20 mol %) Solvent Base Yield of 3a (%) Yield of 4a (%)P
1 Cu(OAc)2 THF Cs>CO3 trace -
2 AggCO3 THF 052CO3 36 -
3 Zn|2 THF CSzCO3 94 -
4 Znly THF CH3ONa 61 -
5 Znl, THF t-BuONa 50 -
6° Ag>CO3 MeCN . . 67 (dr=1:1)
7° Ag,0 MeCN - - 63 (dr = 1:1)
8¢ AgOTs MeCN - - 81 (dr=1:1)
9c - MeCN - - trace
10¢d - MeCN DBU - 82 (dr =1:1)
11¢d - MeCN DABCO - 61 (dr = 1:1)

aReactions were performed on a 0.2 mmol scale of 1a using 2.0 equiv of 2a, 20 mol % [M], and 2.0 equiv of base, MW, 90 °C, 10 min; Pyields refer to
the products isolated by column chromatography; €80 °C oil bath for 10 h was used; 90.3 equiv DBU or DABCO was used.

sulfonylated diarylmethane derivatives with good to excellent
yields. Both electron-donating groups and electron-with-
drawing substituents located in the para-, ortho-, or meta-posi-
tion of the p-QMs were well tolerated and furnished the desired
products 3a—m in good yields (81-94% yields). It was note-
worthy that p-QMs bearing functional groups, such as methyl,
methoxy, fert-butyl, fluoro, chloro, bromo, and trifluoromethyl
were well compatible under the optimal reaction conditions.
The efficiency of this method was not affected by the pattern of
substituents on the phenyl ring. In particular, p-QMs with naph-
thyl 11 and thienyl moieties 1m provided the products 31 and
3m in good yields (90 and 87%, respectively).

However, with other substituted p-QMs, such as Bpin, CN, and
COOMe at C-4 position, and p-QMs bearing 2,6-diethyl or 2,6-
diisopropyl, new main spots were detected by TLC, but they
quickly decomposed during column chromatography so that the
target products could not be obtained (Scheme 3), which might

be due to the easy-to-cleave nature of the p-toluenesulfonyl

group.

To further confirm the structure of the sulfonylated diaryl-
methanes, product 3e was chosen as a representative compound
and its structure was clearly verified by single crystal X-ray
diffraction analysis, as shown in Figure 2 (CCDC No.
2104242).

Next, the substrate scope of the 1,6-conjugate reaction of
TosMIC to p-QMs was examined under optimized conditions
(Table 1, entry 10). As depicted in Scheme 4, the substrate
scope of p-QMs 1 was first examined. In general, the 1,6-conju-
gate reaction tolerated a wide range of p-QMs 1, furnishing a
series of isonitrile diarylmethanes 4a—h in good to high yields
(60-88%) with moderate diastereoselectivity. Substitution of
the aryl ring of p-QMs 1 with functional groups such as alkyl,
fluoro, bromo, trifluoromethyl, and thiophenyl was generally
well tolerated (4a—g). Further, it should be noted that other acti-
vated methylene isonitriles such as methyl isocyanoacetate (2b)
were also compatible with the reaction conditions providing, for
example, the product 4h with a yield of 86% and excellent dia-
stereoselectivity (dr > 19:1).

To further underline the utility of this transformation, several
experiments were carried out (Scheme 5). First, the model reac-
tion is scalable. When 1b (3 mmol) and 2a (6 mmol) were
mixed under the standard conditions, the desired products 3b or
4b were obtained with yields of 92% and 88%, respectively.
Second, the sulfonylated diarylmethane 3b obtained through the
C-S bond-cleavage sulfonylation reaction is a versatile build-
ing block for preparing diarylmethane derivatives through a
nucleophilic substitution process. For example, compound 3b
reacted with difluoroenolate to form the difluoroalkylated

diarylmethane 5 in 83% yield via a Cu(OAc),-catalyzed
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t-Bu t-Bu Zn|2 (20 mol %) t-Bu t-Bu

NC Cs,CO03 (2.0 equiv)

+ Ts._-
| MW 90 °C, 10 min
2
Ar a THF Ar Ts
1 3
OH OH OH

3a, 94% 3b, 86% 3¢, 88%

3h, 85% 3i, 88% 3j, 86%

OH OH OH

t-Bu

3k, 91% 31, 90% 3m, 87%

Scheme 2: Znly-catalyzed C—S-bond cleavage of TosMIC for the synthesis of diarylmethyl sulfones 3a—m. Reaction conditions unless otherwise
specified: 1 (0.2 mmol), 2a (0.4 mmol), Znl, (0.04 mmol), Cs2CO3 (0.4 mmol), THF (1.0 mL), MW 90 °C, under air atmosphere for 10 min; yields are

reported for the isolated products.

OH OH o
t-Bu O t-Bu R R R R
column
or chromatography ‘
~TsH |
o Ohk
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Scheme 3: Cases encountered by other p-QMs examinations.
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Figure 2: Crystal structure of diarylmethyl sulfone 3e.
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(0] OH
t-Bu t-Bu t-Bu t-Bu
+ .
RZ\/NC DBU (0.3 equiv)
| ) 80°C,10h )
R
Ar MeCN Ar
1 4 NC
OH OH OH OH
t-Bu O t-Bu t-Bu O t-Bu t-Bu t-Bu t-Bu t-Bu
O Ts O Ts | x Ts | X Ts
NC NC NC NC
Me By NS
(+)-4a 82% (+)-4b 85% (+)-4c 88% (£)-4d 79%
dr=1:1 dr=2:1 dr=1.7:1 dr=1.6:1
OH OH OH OH
t-Bu O t-Bu t-Bu O t-Bu t-Bu t-Bu t-Bu t-Bu
O Ts O Ts B ~ Ts | X COOMe
\
Br NC F\C NC S NC Pz NC
(+)-4e 80% (+)-4f 83% (+)-4g 60% (+)-4h 86%
dr=1.1:1 dr=1.5:1 dr=1.4:1 dr>19:1

Scheme 4: DBU-catalyzed 1,6-conjugate addition for the synthesis of isonitrile diarylmethanes 4a—h. Reaction conditions unless otherwise specified:
1 (0.2 mmol), 2 (0.4 mmol), DBU (0.06 mmol), MeCN (1.0 mL), 80 °C, under air atmosphere for 10 h; yields are reported for the isolated products.

hydrodifluoroalkylation reaction [52]. Two other examples
were the use of photoredox catalysis to generate acyl anions in
situ from aromatic carboxylic acids via a triphenylphosphine-
mediated deoxygenation process, followed by reaction with
sulfonylated diarylmethane 3b to obtain diarylmethane ketone
derivatives 6 and 7 [53].

To gain mechanistic insight into this C-S-bond cleavage
sulfonylation reaction, some control experiments were con-
ducted (Scheme 6). The reaction of 1a with TosMIC derivative
2¢, bearing an aromatic ring smoothly occurred to provide prod-
uct 3a; more importantly, the presence of p-chlorobenzalde-

hyde (I) released from 2¢ can be detected by separation and
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2a
6 mmol, 1171 mg

Me 1b Me 3b 4b
3 mmol, 925 mg 1.28 g, 92% 1.33g, 88%
Arl__Ts nucleophilic Arl _Nu
, ° Nu substitution
Ar reaction Ar2
OH O HO OH

CF3
FF

Me blue LEDs, DCM/H,0 4:1, 16 h, N,
6, 84%
]
Ar)e
t-Bu
| X
Me =

Scheme 5: Synthetic applications of the synthesized compound 3b.

IH NMR analysis (Scheme 6A). This result indicates that
TosMIC may decompose to a Ts anion and formaldehyde,
possibly accompanied by the formation of a cyanide ion [54].
The previous reports on the reaction mechanism of TosMIC as a
source of Ts are mainly a radical mechanism [19-23]. To assess
the possibility of radical intermediates, a stoichiometric amount
of the radical inhibitor 2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO) was subjected to the model reaction system, howev-
er, the reaction was not inhibited (Scheme 6B). This result sug-
gests that no radical pathway is involved in this transformation.
Based on the above experiments, a proposed mechanism is
exemplified in Scheme 6C. The sulfonylation reaction starts
with Znl,/base system mediated C—S-bond cleavage of TosMIC
derivative 2c to yield Ts anion II, in which 2¢ acts as the sulfo-
nyl source. Finally, the sulfonylated diarylmethane 3a is formed

by a sequential addition/aromatization process.

Ir[dF(CF3)ppy]lodtbbpy)PFg (1 mol %)
Ph3P (1.2 equiv), KoHPO4 (1.0 equiv)

3b
Cu(OAc); (20 mol %)
DIPEA (2.0 equiv), THF
MW 100 °C, 30 min Me
PhCOOH 0®
AN
F
OH
t-Bu
Ph
(@]
86%
Conclusion

In conclusion, we have developed a chemoselective sulfonyla-
tion and isonitrilation of p-QMs by regulating the reaction
conditions. This new general protocol allows completely differ-
ent products to be formed from the same substrates in a simple
and gentle manner, thereby efficiently and quickly assembling
various diaryl methyl sulfones and isonitrile diarylmethanes. In
the follow-up study, it was found that the isonitrile diaryl-
methanes are versatile building blocks for the rapid assembly of
a series of compounds with novel structures. We are studying

this part of the work.

Experimental

General reaction procedure for synthesis of diarylmethyl
sulfones 3: In an oven-dried glass tube p-QM 1 (0.2 mmol,
1.0 equiv), TosMIC (p-toluenesulfonyl isonitrile (2a, 0.4 mmol,
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A) o Ts & NC OH o
t-Bu t-Bu Znl; (20 mol %) t-Bu t-Bu H
. Cs,CO3 (2.0 equiv)
MW 90 °C, 10 min + Cl
| Cl MeCN I
Ph Ph Ts
1
1a 2c 3a, 82% detected by '"H NMR
B) o 3 equiv TEMPO OH
t-Bu t-Bu Ts._NC Znly (20 mol %) t-Bu
Cs,CO3 (2.0 equiv)
| 2a MW 90 °C, 10 min
MeCN
Ph Ph Ts
1a 3a, 86%
C) Ts._NC
1
a 3a
2b Znly, Cs,CO;5
Cl o
Znly/base ), o-
S_
@/ + 1a t-Bu t-Bu
o
Ph”™ "Ts
1

I
H -
+ "CN
cl

Scheme 6: Mechanistic studies and proposed mechanism.

2.0 equiv), CspCO3 (0.4 mmol, 2.0 equiv), and Znl,
(0.04 mmol, 0.2 equiv) were dissolved in THF (1 mL). The
glass tube was sealed and the reaction mixture was heated under
microwave irradiation at 90 °C for 10 min and monitored by
TLC until starting material was consumed. Then, the reaction
mixture was concentrated under reduced pressure followed by
column chromatography over silica gel using petroleum/EtOAc
(0 to 10%) as eluent to afford the desired product 3.

General reaction procedure for synthesis of isonitrile diaryl-
methane 4: In an oven-dried glass tube p-QM 1 (0.2 mmol,
1.0 equiv), TosMIC (p-toluenesulfonyl isonitrile (2a, 0.4 mmol,
2.0 equiv), DBU (9 uL, 0.06 mmol, 0.3 equiv) were dissolved
in MeCN (1 mL) and the reaction mixture was stirred at 80 °C
for 10 h and monitored by TLC. Then, the reaction mixture was
concentrated under reduced pressure followed by column chro-
matography over silica gel using petroleum/EtOAc 10:1 to =5:1

as eluent to afford the desired product 4.
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