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Limited methods for the synthesis of SFs-substituted compounds significantly restrict their widespread application. A Pd-catalyzed direct
arylation of nitro(pentafluorosulfanyl)benzenes with aryl bromides is reported. This protocol provides a facile and straightforward access to
diversified SFs-containing aryl derivatives. The notable features of this reaction are its synthetic simplicity, high reaction efficiency, and good

regioselectivity.

Due to the important role of fluorinated compounds in
life and material sciences,! it is of great interest to develop
new and efficient methods to prepare such compounds. In
the past few years, great endeavors have been devoted to
fluorination and trifluoromethylation of (hetero)arenes,
and it has become an intensive topic of organosynthetic
chemistry.? However, to meet the increasing demand of life
and materials, the preparation of novel fluorine-containing
compounds remains highly desirable. The pentafluorosul-
fanyl (SFs) group, namely, the “super-trifluoromethyl
group”,® is one of the fascinating fluorinated groups
bearing specific physicochemical properties, such as its
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high thermal, hydrolytic, and chemical stability, high
lipophilicity, high density, and strong electron-withdrawing
character.* It is beginning to find many applications in
pharmaceuticals, agrochemicals, and important functional
materials.” However, compared to trifluoromethylation
of (hetero)arenes, only a few methods for the synthesis
of SFs-substituted (hetero)aryl derivatives have been re-
ported so far.® This is mainly because of the difficulty in
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accessing pentafluorosulfanylated reagents and lack of key
SFs-substituted building blocks.” Hence, developing new
and efficient methods to access SFs-containing com-
pounds for widespread applications is appealing.

The meta- and para-nitro(pentafluorosulfanyl)benzenes
(1 and 2) are readily and commercially available and can
be easily prepared through direct fluorination of bis-
(nitrophenyl)disulfides on a large scale.®® Usually, the
SFs-substituted aryl derivatives can be accessed by reduc-
tion of the nitro group on (1 and 2) to amine, followed by
acylation, electrophilic halogenation, or diazotization.®%!
Despite the utility of this method, developing new efficient
and straightforward methods to access diversified struc-
tures would benefit the application of SFs-containing
compounds in life and material sciences. Considering that
SF5 and nitro groups are strong electron-withdrawing
groups that can acidify their corresponding ortho C—H
bonds, we envisioned that with the aid of a transition-metal
catalyst, such as palladium, the direct arylation of 1 and 2
would be possible,® and thus diversified SFs-containing
aryl derivatives can be easily accessed via this strategy.
Continuing our study of transition-metal-catalyzed direct
functionalization of electron-deficient arenes,’ herein we
describe an efficient and straightforward method for
the synthesis of SFs-substituted aryl derivatives through
palladium-catalyzed cross-coupling between nitro(penta-
fluorosulfanyl)benzenes and aryl bromides. The notable
features of this protocol are its synthetic simplicity, high
reaction efficiency, and good regioselectivity.

We began this study by choosing meta-nitro(penta-
fluorosulfanyl)benzene 1 and phenyl bromide 3a as model
substrates. Initially, a negative result was obtained with the
use of PA(OAc), (10 mol %), PPh; (20 mol %), and K,CO;
(1.2 equiv) in toluene at 120 °C (Table 1, entry 1). After a
survey of different reaction parameters, such as phos-
phane ligands, solvents, and additives, it was found that
the reaction is sensitive to the ligands and solvents. The use
of PCy;-HBF,4 L1 and nonpolar solvent toluene in con-
junction with PivOH showed better catalytic effect, albeit a
mixture of S5a and 4a was obtained in 31 and 8% yield,
respectively (Table 1, entry 2) (for details see Supporting
Information). Further, to improve the reaction efficiency
by investigation of different palladium sources (Table 1,

(7) SFsClis presently the only commercially available “reagent” that
can be used to introduce the SF5 substituent into aliphatic compounds.
However, SF5Clis a gaseous and highly toxic reagent. See: Ait-Mohand,
S.; Dolbier, W. D., Jr. Org. Lett. 2002, 4, 3013.

(8) For selected transition-metal-catalyzed direct arylation of electron-
deficient (hetero)arenes with aryl halides, see: (a) Lafrance, M.; Rowley,
C. N.; Woo, T. K.; Fagnou, K. J. Am. Chem. Soc. 2006, 128, 8754.
(b) Do, H.-Q.; Daugulis, O. J. Am. Chem. Soc. 2008, 130, 1128. (c)
Caron, L.; Campeau, L.-C.; Fagnou, K. Org. Lett. 2008, 10, 4533. (d)
Campeau, L.-C.; Rousseaux, S.; Fagnou, K. J. Am. Chem. Soc. 2005,
127, 18020.

(9) (a) Zhang, X.; Fan, S.; He, C.-Y.; Wan, X.; Min, Q.-Q.; Yang, J.;
Jiang, Z.-X. J. Am. Chem. Soc. 2010, 132, 4506. (b) He, C.-Y.; Fan, S.;
Zhang, X. J. Am. Chem. Soc. 2010, 132, 12850. (c) Fan, S.; Chen, F.;
Zhang, X. Angew. Chem., Int. Ed. 2011, 50, 5918. (d) Fan, S.; Yang, J.;
Zhang, X. Org. Lett. 2011, 13, 4374. (e) Fan, S.; He, C.-Y.; Zhang, X
Chem. Commun. 2010, 46, 4926. (f) Chen, F.; Feng, Z.; He, C.-Y.; Wang,
H.-Y.; Guo, Y.-1.; Zhang, X. Org. Lett. 2012, 14, 1176. (g) Chen, F.;
MinQ.-Q.; Zhang, X. J. Org. Chem. 2012, 77, 2992. (h) He, C.-Y.; Min,
Q.-Q.; Zhang, X. Organometallics 2012, 31, 1335. (i) Yu, Y.-B.; Fan, S.;
Zhang, X. Chem.—Eur. J. 2012, 18, 14643.

Table 1. Optimization of Palladium-Catalyzed Direct Arylation
of meta-Nitro(pentafluorosulfanyl)benzene 1 with Phenyl
Bromide 3a“

NO, [Pd] (x mol %) No2
/@ ngand (y mol %)
+
Br addmve (z equiv) F.S
FsS 3a(20equiv) toluene, K:CO3  FyS S
1(1.0 equiv) 120°C 4a

ligand, additive, 5a/4a yield
entry [Pd], x mol % y mol % z equiv (%)°
1 Pd(OAc)s, 10 PPhg, 20 NR
2 Pd(OAc)s, 10 L1,15 PivOH, 1 31/8
3 Pd(OAc),, 10 L1,15 AcOH, 1 2/trace
4 Pd(OAc)s, 10 L1,15 AdOH, 1 3/2
5 PdCl,, 10 L1,15 PivOH, 1 38/3
6 (AllylPdCl),, 5 L1,15 PivOH, 1 55/4
7 Pd(dppf)Cls, 10 L1,15 PivOH, 1 51/6
8 Pd(MeCN)Cl,, 10 L1, 15 PivOH, 1 38/4
9 Pd(PPh3)Cly, 10 L1,15 PivOH, 1 42/4
10° (AllylPdCl),, 5 L1,15 6,1 71/0
119  (AllylPdCl),, 5 L1,15 6,1 62/8
12¢  (AllylPdCl),, 5 L1,15 6,0.5 (82)7)
13*f  (AllylPdCl),, 2.5 L1,7.5 6,0.3 (TH)(7)
148 (AllylPdCD),, 2.5 L1,7.5 6,0.3 (T9NT)

15  (AllylPdCl),, 2.5 L1,7.5  PivOH, 0.3  61/8
16¢ L1,75 6,0.3 NR
17 (AllylPdCl), 2.5 6,0.3 NR
18 (AllylPdCl), 2.5 L1,7.5 NR

“Reaction conditions (unless otherwise specified): 1 (0.3 mmol), 3a
(2.0 equiv), K,CO; (1.2 equiv), toluene (1 mL), 8 h, 120 °C. > NMR yield
determined by "’F NMR usmg fluorobenzene as an internal standard
(isolated yield in pdrentheses) "Reaction conducted dt 130 °C. “Reac-
tion conducted at 140 °C. € Using 2.4 equiv of K»,CO5.” Using 1.8 equiv
of K,COs3. #1 (0.5 mmol), 3a (1.5 equiv), K,CO; (1.8 equiv), toluene
(0.8 mL), 130 °C, 8 h. L1: PCy3-HBFy; 6, 2,2-dimethylbutyric acid.

entries 5—9), it turned out that (AllylPdCl), is the optimal
precatalyst with 55% vyield of Sa as the major product
obtained (Table 1, entry 6). We were delighted to find that
increasing the reaction temperature to 130 °C in combina-
tion with bulky carboxylic acid 2,2-dimethylbutyric acid 6
could improve the yield of 5a to 71% without observation
of 4a (Table 1, entry 10). Further optimization revealed
that 79% yield of isolated product 5a was afforded by
decreasing the (AllylPdCl), loading to 2.5 mol % with use
of PCy;-HBF,4 (7.5 mol %), 6 (0.3 equiv), and K,CO5 (1.8
equiv) in high concentration at 130 °C (Table 1, entry 14).
The use of PivOH diminished the yield (Table 1, entry 15).
Without Pd catalyst or phosphane ligand, no desired
product was obtained (Table 1, entries 16 and 17), thus
implying that a Pd(0/II) catalytic cycle is involved in the
reaction. Furthermore, the absence of additive 6 failed to
afford any desired product, thus demonstrating the essen-
tial role of carboxylic acid for the reaction efficiency
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(Table 1, entry 18). On the basis of previous studies, we
supposed that 2,2-dimethylbutanoate generated by the
reaction of 6 with K,CO3; may serve as a suitable base to
assist the C—H cleavage for compound 1."°

Under optimal reaction conditions, the substrate scope
of direct arylation of meta-nitro(pentafluorosulfanyl)-
benzene 1 was investigated (Scheme 1).

Scheme 1. Pd-Catalyzed Direct Arylation of meta-Nitro-
(pentafluorosulfanyl)benzene 1 with Aryl Bromides 3¢

(AllylPdCl), (2.5 mol %) NO,
/O R _PCyyHBF (7.5 mol %) _
6 (0.3 equiv)
FsS K,CO3 (1.8 equiv)

3 (1,5 equiv)
1 (1.0 equiv) toluene, 130 °C

NO, O NO, O NO, O NO, O
O JTT T
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5e, 64%; 4e, 5%

5d, 53%; 4d, 4%

5f, 72%; 4f, 8% 59, 37%; 4g, 3%

“Reaction conditions (unless otherwise specified): 1 (0.5 mmol,
1.0 equiv), 3 (1.5 equiv), (AllylPdCl), (2.5 mol %), PCy;-HBF,
(7.5 mol %), K,CO; (1.8 equiv), and 2,2-dimethylbutyric acid 6
(0.3 equiv) in toluene (0.8 mL) at 130 °C for 15 h.

The present method allowed the direct arylation of 1
with a variety of aryl bromides, and high regioselectivity
was observed with aryl groups ortho to the nitro group.
Generally, the reaction efficiency depends on the nature of
the substituents on the aryl bromides. Substrates bearing
an electron-donating group afforded higher yields than
those substituted with an electron-withdrawing group.
However, for the heteroaryl bromide, a reasonable yield
was obtained (5g).

To probe the applicability of this method further, cou-
plings of para-nitro(pentafluorosulfanyl)benzene 2 with
aryl bromides 3 were also tested (Scheme 2). Interestingly,
diarylated compounds 6 were obtained as major products
when 2.5 equiv of 3 was used. Similarly, the coupling of
compound 2 with electron-rich aryl bromides provided
yields of compounds 6 higher than those of electron-
deficient ones. The position of the substituents on the
phenyl bromide also affected reaction efficiency, and
meta-substituted phenyl bromides furnished their corre-
sponding products in higher yields (6¢c and 6e). For elec-
tron-deficient aryl bromides, more monoarylated 7 was
afforded (6e—h). 2-Bromonaphthalene also underwent the
reaction smoothly, providing 6j in 75% yield along with a
17% yield of 7j (6j), but for 6-bromoquinoline, a mixture
of 6k and 7k (6k/7k = 1.36) was obtained in moderate
yield (6k).

To demonstrate the utility of this method, a transforma-
tion of 5¢ was performed. As shown in Scheme 3, reduction
of the nitro group on 5S¢ with iron powder and concentrated
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Scheme 2. Pd-Catalyzed Direct Arylation of para-Nitro(penta-
fluorosulfanyl)benzene 2 with Aryl Bromides 3¢

NO, (AllylPdCl), (2.5 mol %)
Z Z =
Q J}MWWMQ$QW$OR
+ . ~
F

6 (0.3 equiv) .
3(25equiv)  KoCOs (1.8 equiv)
toluene, 130 °C SFs SFs
2 (1.0 equiv) 6 v

* catlLan e hee
SFs SFs SFs
6a, 87%, 7a, 4% 6b, 71%, Tb, 2%
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MeO O OMe OHC O CHO O
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6d, 92%, 7d, 3%

FsC l NO, l CFs NC l NO, i CN EtO,C l NO, l CO,Et
SFs SFs SFs

69, 66%, 79, 11%

CA L0

6c, 95%, 7¢, 2%

6e, 58%, 7e, 18% 6f, 32%, 7f, 21%

6h, 59%, 7h, 24%

N N,

e

S O =z
SFs

6k, 38%, 7k, 28%

6i, 86%, 7i, 5%

6j, 75%, 7j, 17%

“Reaction conditions (unless otherwise specified): 2 (0.2—0.3 mmol,
1.0equiv), 3 (2.5 equiv), (AllylPdCl), (2.5 mol %), PCy;- HBF, (7.5 mol %),
K,CO; (1.8 equiv), and 2,2-dimethylbutyric acid 6 (0.3 equiv) in toluene
(1 mL) at 130 °C for 15 h.

hydrochloric acid afforded SFs-substituted aniline 8 in
good vyield,"! thus providing a good opportunity for
further applications of this key SFs-substituted building
block in life and materials sciences.

Scheme 3. Transformation of Compound 5S¢

OMe OMe

Je e
O Fe, HCI O
FsS EtOH, rt FeS

5¢ 8, 71% yield

To understand the working mode of the present reac-
tion, a kinetic isotope effect (KIE) experiment was con-
ducted (Scheme 4). The intermolecular competition reac-
tions between 1 and d-1 showed a KIE of 1.91. Although
the exact mechanism of the reaction is still not clear, on the
basis of the results reported by others'® and the preliminary
kinetic data and the fact that a Pd(0/II) is involved in the
catalytic cycle (Table 1, entries 16 and 17), we proposed
that the catalytic cycle could be initiated from oxidation
of Pd(0) to aryl bromides. The resulting Pd(II) intermedi-
ate subsequently goes through the concerted metalation—
deprotonation (CMD) process'® with 1 or 2 to form a

(11) Welch, J. T.; Lim, D. S. Bioorg. Med. Chem. 2007, 15, 6659.



Scheme 4. Kinetic Isotope Effect Study
NO,
O OMe

Me
(AllylIPdCl); (2.5 mol %)
/@ _PCygHBF, (7.5 mol %) _ O
6 (0.3 equiv) FsS

K2CO3 (1.8 equiv) 5c

O
toluene, 130 °C Kifko = 1.91

diarylpalladium complex. Finally, reductive elimination
provides the final product and releases Pd(0). However, the
detailed reaction mechanism remains a point of discussion.

In conclusion, we have developed a straightforward
and convenient method for Pd-catalyzed direct arylation
of meta- and para-nitro(pentafluorosulfanyl)benzenes
(1 and 2). The reaction makes direct use of simple and
readily available SFs-substituted benzenes without the

requirement of several synthetic steps to prepare cross-
coupling partners. Because of the high reaction efficiency,
high regioselectivity, and the ease of conducting such
reactions, this protocol provides a useful and facile access
to SFs-substituted aryl derivatives of interest in life and
materials sciences.
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