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ABSTRACT: A mild cross-coupling reaction of heteroaryl sulfinates with Grignard reagents has been developed under
transition-metal-free conditions. This study provides an example of the SO, as a leaving group in an aromatic system and an

effective methodology for the construction of C—C bond.

S ulfur-containing organic molecules not only act as bioactive
entities and functional materials but also serve as useful
building blocks and reagents in organic synthesis." For organic
chemists, it is also an extremely useful functional group for
further manipulations. The traditional desulfitative cross-
couplings of sulfinates,” sulfonyl chlorides,® or sulfonyl
hydrazides® in the presence of transition metals provide an
efficient protocol for the synthesis of heterobiaryl products
(Figure 1a). However, transition-metal catalysts are expensive,
and high temperatures are needed with this approach.’
Furthermore, the sulfur atom can strongly bind to the transition
metal, poisoning the catalyst and leading to deactivation.’
Therefore, a mild, scalable, and transition-metal-free desulfina-
tive cross-coupling is highly desirable. Recently, Wang and co-
workers reported a cross-coupling reaction between aryl and
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Figure 1. Traditional desulfitative cross-couplings and the applications
of sulfinate.
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heteroaryl thiols and arylzinc reagents to access the bi(hetero)-
aryl products.” This pioneering report aroused our interest into
conducting desulfinative cross-coupling reactions with other
sulfur-containing compounds.

Sulfinates are easy to prepare and are bench-stable, non-
volatile solids. These superior chemical properties have
permitted their widespread use in the pharmaceutical and
chemical industry.” Sulfinates are generally used as nucleophiles
to react with different electrophiles to form sulfonamides,
sulfones, and sulfonyl fluorides (Figure 1b).”' Sulfinates also
can be used as coupling partners in Pd-catalyzed cross-coupling
reactions (Figure lc).” It is known that heterobiaryl skeletons
are important structural motifs in various biological active
compounds, including marketed medicines and herbicides
(Figure 2)."" Taking inspiration from the versatility of sulfinates,
we aimed our attention at the use of heteroaryl sulfinates and
Grignard reagents for the synthesis of heterobiaryl products by a
desulfinative coupling reaction (Figure 1d).

In our initial studies, the reaction of sodium §-
(trifluoromethyl)pyridine-2-sulfinate (1a) with phenylmagne-
sium bromide 2a was chosen as the model reaction for
optimization of the reaction conditions. First, the amount of
the Grignard reagent was screened (Table 1, entries 1—4), and
the results showed that 1.5 equiv of phenylmagnesium bromide
was optimal to furnish 3aa in 93% yield (Table 1, entry 2).
Several other solvents, including ethyl ether, toluene, 1,4-
dioxane, and DME, were employed to replace THF in this
reaction, while no improvement in yields were observed (Table
1, entries 5—8). In addition, Na* was found to be the optimal
metal cation partner of the sulfinate in the reaction (Table 1,
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Figure 2. Examples of medicinally relevant heterobiaryl-containing
molecules.

Table 1. Reaction Optimization”

SOzNa MgBr "t
O e OO
_N —N

3aa
entry solvent 2a (equiv) yieldb (%)
1° THF 1.0 54
2 THF 1.5 93
3 THF 2.0 84
4 THF 3.0 86
S ethyl ether LS 83
6 toluene 1.5 84
7 1,4-dioxane 1.5 82
8 DME 1.5 43
9° THF 1.5 68
107 THF 15 73

“Reaction conditions: 1a (0.3 mmol), 2a (2.0 M in THF), solvent (1
mL), rt, 12 h. ®Yields were determined by F NMR usmg PhOCEF; as
an internal standard. “Potassium sulfinate was used. “Lithium sulfinate
was used.

entries 9 and 10). The best result was obtained with a
combination of 1.0 equiv of sulfinate and 1.5 equiv of Grignard
reagent in THF at room temperature to furnish 3aa in 93% yield
(Table 1, entry 2).

In order to understand the reactivity profile of the sulfinate in
this type of reaction, a solution of either the heteroaryl sulfinate
(Het-SO,Na), heteroaryl sulfonate (Het-SO;Na),” heteroaryl
methyl sulfide (Het-SCH,),"” heteroaryl methyl sulfone (Het-
SO,CHj;),"? or heteroaryl thiol (Het-SH)” in THF was reacted
with PhMgBr (1.5 equiv) at room temperature (Table 2). The
reaction mixtures were allowed to stir at room temperature for
12 h, and the crude product mixtures were analyzed by '’F NMR
to determine the conversion to the product 3aa. The results in
Table 2 confirmed that the heteroaryl sulfinate showed much
higher reactivity than the heteroaryl thiol and the heteroaryl
methyl sulfide under standard conditions, with activity on par
with the heteroaryl sulfonate and the heteroaryl methyl sulfone.

Then, the reaction scope and limitations of sulfinates 1 were
surveyed, and the results are summarized in Scheme 1. In
general, the electronic effect influences the yields of this reaction
obviously. Pyridine sulfinates with electron-withdrawing sub-
stituents (1a, 1b, 1c, 1d) react with the Grignard reagent 2a
smoothly to afford the desired products (3aa, 3ba, 3ca, and 3da)
in good to excellent yields (74—87%), whereas for substrates
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Table 2. Survey of Various S-Containing Electrophiles”

O 050
Foc” N T2n
1a 2a
entry R yieldb (%)
1 SO,Na 93
2 SO,Na 85
3 SO,Me 89
4 SMe 0
S SH
“Reaction conditions: 1 (0.5 mmol, 1.0 equiv), PhMgBr (2 M in
THF, 0.75 mmol, 1.5 equiv), THF (2 mL), 12 h. %Ylelds were

determined by "’F NMR using PhOCF; as an internal standard.

Scheme 1. Investigation of the Scope of Pyridine Sulfinates”
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“Reaction conditions: sulfinates (1.0 mmol, 1.0 equlv), PhMgBr (1.5
mmol, 1.5 equiv), THF (3 mL), 12 h. Isolated yields. *Sulfinates (0.5
mmol, 1.0 equiv), PhMgBr (0.75 mmol, 1.5 equiv), THF (2 mL), 12
h. “PhMgBr (3.0 equiv).

without electron-withdrawing groups (1e, 1f, 1g, and 1h), the
respective products (3ea—ha) were isolated in low to moderate
yields (24—51%). Sodium pyridine-4-sulfinate 1i and sodium
pyridine-3-sulfinate 1j afforded 3ia and 3ja, respectively, which
indicates that the 2-azaaryl group is not necessary for this
transformation. Note that when 1.5 equiv of PhMgBr was used,
only a small amount of 2-phenylisonicotinonitrile was detected
by GC—MS. When we increased the equivalents of Grignard
reagent, the product of the ketone 3ka was obtained in a yield of
56%, indicating the higher reactivity of cyano group than the
sulfinate group toward nucleophilic attack. Other heteroar-
omatic sulfinates, including sodium quinoline-2-sulfinate 11-n
and sodium isoquinoline-1-sulfinate 1o, were also suitable
substrates for this transformation and gave the respective
products 3la—oa in good to excellent yields (73—83%).
However, the electron-rich heteroaryl sulfinate, sodium
thiophene-2-sulfinate 1p, only provided trace of 3pa, indicating
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the electron-rich heteroaryl sulfinates were not suitable for this
reaction.

The scope of Grignard reagents was also evaluated (Scheme
2). Grignard reagents bearing either electron-donating groups or

Scheme 2. Investigation of the Scope of Grignard Reagents®
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“Reaction conditions: sulfinates (1.0 mmol, 1.0 equiv), Grignard

reagents (1.5 mmol, 1.5 equiv), THF (3 mL), 12 h. Isolated yields.

bSulfinates (0.5 mmol, 1.0 equiv), Grignard reagents (0.7S mmol, 1.5

equiv), THF (2 mL), 12 h.

electron-withdrawing groups on the aromatic ring were well
tolerated in the reaction and provided the coupling products
3ab—al, 3Ib, 3le, 3 Im, 30b, 30c, and 300 in 62—95% yields. The
much lower product yield 3ac comparing with that of 3ab (77%
vs 93%) indicated the obvious effect of steric hindrance on yields
in this reaction. Reaction of 4-pyrenylmagnesium bromide 2j, 2-
naphthylmagnesium bromide 2k, and (4-octylphenyl)magne-
sium bromide 21 with 1a proceeded smoothly and gave 3aj, 3ak
and 3al in a yield of 51%, 72%, and 72%, respectively.
Interestingly, perfluorophenyl magnesium bromide 2n was
also a suitable substrate for this reaction and afforded the
product 3In in 80% yield. In addition, methylmagnesium
bromide 2p, cyclopropylmagnesium bromide 2q, and vinyl-
magnesium bromide 2r react with pyridine sulfinate 1a to give
the corresponding products 3op, 30q, and 3or in moderate
yields (32—56%), while ethynylmagnesium bromide 2s only
gave a trace amount of coupling product.

To further demonstrate the practicability and effectiveness of
this methodology, gram-scale syntheses were tested (Scheme 3).
When S mmol of sodium S-(trifluoromethyl)pyridine-2-
sulfinate 1a was reacted with 7.5 mmol of 4-morpholinophenyl
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Scheme 3. Preparative-Scale Synthesis of 3ai
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magnesium bromide 2i, the corresponding product 3ai can be
obtained with a satisfactory yield of 80%, demonstrating a great
potential in pharmaceutical synthesis.

We then turned our attention to the mechanistic features of
this reaction. First, when 2.0 equiv of 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO) was introduced to the reaction
mixture under standard conditions, the reaction could give the
cross-coupling product 3aa in 83% yield. No TEMPO-trapped
intermediate was observed (Scheme 4, eq 1). Second, the radical

Scheme 4. Preliminary Mechanistic Study
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“Isolated yields. “Yields were determined by ’F NMR using PhOCF;
as an internal standard.

clock reaction using (1-cyclopropylvinyl)benzene as the radical-
trapping reagent gave no radical trapping product but a direct
coupling product 3aa in 81% yield, and 92% (1-
cyclopropylvinyl)benzene was recovered (Scheme 4, eq 2).
Third, single electron-donor lithium di-tert-butylbiphenyl
(LiDBB) was reported to accelerate the coupling reaction of
Grignard reagent with aryl halides;"® however, in the presence of
LiDBB, the yield of product 3aa remains unaffected in the
present coupling reaction (Scheme 4, eq 3). These experimental
facts could exclude a single-electron-transfer mechanism. When
p-Me,N-PhMgBr 20 and p-CF;-PhMgBr 2m in a 1:1 molar ratio
were employed to react with the sulfinate 1a, a mixture of 3ao
and 3am was obtained in an 8:1 ratio (Scheme 4, eq 4); this
product distribution is consistent with the nucleophilic activity
of the Grignard reagents. This result indicated that a
nucleophilic aromatic substitution pathway may be involved in
the reaction mechanism.'* However, when PhMgBr was
replaced with PhZnCl, PhZnPh, or PhLi, the reaction to form
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3aa was fully inhibited (Scheme 4, eq S), suggesting that an
interaction between Mg** and the sulfinate may activate the C—
S bond (see the SI).

In conclusion, we have developed a transition-metal-free'
cross-coupling reaction of heteroaryl sulfinates with Grignard
reagents that provides an efficient method to synthesize
heterobiaryls under mild conditions. In this reaction, the
heteroaryl sulfinates were employed as electrophilic substrates
in a nucleophilic substitution reaction, and we anticipate this will
expand the future use of heteroaryl sulfinates in organic
chemistry.
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