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ABSTRACT

Sulfamates were studied as the electrophilic partners in the palladium-catalyzed Suzuki�Miyaura cross-coupling reaction with potassium Boc-
protected primary and secondary aminomethyltrifluoroborates. A broad range of substrates was successfully coupled to provide the desired
products. Complexmolecules containing a newcarbon�carbon bond and an aminomethylmoiety could be prepared through this developedmethod.

Transition-metal-catalyzed cross-coupling reactions of
phenol derivatives, such as sulfonates1 and sulfamates,2�4

can complement procedures using more common aryl
halide electrophiles. Such substrates are inexpensive and
easy to prepare from the corresponding phenols. More-
over, phenolic moieties are readily found as intermediates
in many target-oriented syntheses and can thus be utilized
as coupling partners after activation when analogous
halides would be difficult to access.
Recently, sulfamates have gained interest because of their

facile preparation and ease of further functionalization.2,3a

The installationof functional groups viametalationorthoor
para to sulfamates have been reported, and the sulfamate
group can also remain intact during transformations of
other functional groups embedded within the molecules.
Subsequent to such transformations, sulfamates can serve

as electrophiles in cross-coupling reactions. Although sulfa-
mates have been utilized as partners inKumada couplings,3

many functional groups, such as esters, ketones, and nitro
groups, are generally not compatible with the Grignard
reagents used in these protocols. Therefore, Kumada cou-
plings cannot be widely applied. More recently, Suzuki�
Miyaura reactions with sulfamates have been reported by
several research groups.2,3a,4 Boronic acids and neopentyl-

glycolboronates have been successfully coupled with sulfa-

mates in the presence of nickel catalysts. Only nickel-

catalyzed reactions have been studied because palladium

catalysts were thought to be inefficient for sulfamate cou-

pling reactions.2a By a combination of these developed

methods (functionalization and coupling reactions), the

complexity of the starting materials used in these transfor-

mations can be rapidly increased (Scheme 1).
As a continuation of our study on phenol coupling

partners5,6a and aminomethylating reagents,6,7 we were
interested in the use of sulfamates as the electrophilic
coupling partners in the Suzuki�Miyaura reaction of
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potassium Boc-protected aminomethyltrifluoroborates.
We envisioned that carbon(sp3)�carbon(sp2) bonds could
be formed by the development of Suzuki�Miyaura coupling
reactions with sulfamates and aminomethyltrifluoroborates,
which were previously reported only with carbon(sp2)�
carbon(sp2) bond formation. To the best of our knowledge,
palladium-catalyzed Suzuki�Miyaura coupling reactions
with potassium organotrifluoroborates and sulfamates have
not been reported.
First, coupling reactions were investigated with the

N,N-dimethylsulfamate derived from1-naphthol andBoc-
protected primary aminomethyltrifluoroborate 1. Various
palladiumcatalysts, ligands, bases, solvents, concentrations,
temperatures, and reaction times were screened extensively
(see the Supporting Information for details). After this
process, the combination of 4 mol % of XPhos-Pd-G2
(Buchwald’s second-generation preformed catalyst, Figure 1)
and K2CO3 in t-BuOH/H2O (1:1, 0.5 M) at 85 �C for 3 h
emerged as the best conditions. Inexplicably, the amount of
basewasnotgeneral toall substrates.Therefore, 3, 5, or 7 equiv
of K2CO3 were required, depending on the nature of the
sulfamates.

With the optimized conditions in hand, we investigated
the scope of the coupling reactions with aryl sulfamates
(Table1). 1-Naphtholandphenol sulfamateswere successfully

coupled to provide the desired products in 93% and
85% isolated yields, respectively (Table 1, entries 1 and 2).
Unfortunately, the o- or p-methyl-substituted phenolic
derivatives were observed in low conversions and low yields
by 1H NMR with an internal standard (Table 1, entries 3
and4).Moreover, electron-rich substrates in general proved
to be inefficient coupling partners under the same set of
reaction conditions (Table 1, entry 5). Interestingly, the
aryl sulfamate with both electron-donating and electron-
withdrawing groups on the aryl ring gave the desiredproduct
2f inahighyield, 90%,with full conversion (Table1, entry 6).
In the case of fluoro-substituted aryl sulfamates, amixture of
t-BuOH/H2O was not efficient because low conversion
and yields were observed. After the solvents were screened
again, amixture of n-PrOH/H2O emerged as a better solvent
system for the fluoro substrate to obtain the desired product
in a higher yield with a better conversion (Table 1, entry 9).
Several functional groups, such as ketones, esters, nitriles,
and nitro groups were compatible throughout the coupling
reactions performed.Moreover, the reaction was scalable to
3 mmol of sulfamate with a lower catalyst loading, 2 mol%
instead of 4 mol %, and the desired product was isolated in
93% yield (Table 1, entry 1).

Scheme 1 Table 1. Cross-Coupling of Various Aryl Sulfamates with
Primary Aminomethyltrifluoroborate 1

aReaction conditions: 1.0 equiv of aryl sulfamate, 1.05 equiv of
trifluoroborate, 4 mol % of XPhos-Pd-G2, K2CO3, t-BuOH/H2O (1:1,
0.5 M), 85 �C, 3 h. b Isolated yield. cCalculated by 1H NMRwith 30 μL
of CH2Cl2.

d 3 equiv of K2CO3.
e 5 equiv of K2CO3.

f 7 equiv of K2CO3.
g n-PrOH/H2O. h 3 mmol of sulfamate, 2 mol % of XPhos-Pd-G2,
3 equiv K2CO3, t-BuOH/H2O (1:1, 0.5 M), 85 �C, 18 h.

Figure 1. Buchwald’s second-generation preformed catalyst.
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Subsequently, 4-chlorophenylN,N-dimethylsulfamate 3
was examined as the electrophilic coupling partner using
the same set of conditions (eq 1). Perhaps not unexpect-
edly, the product that was isolated resulted from coupling
of the chloride site, and no trace of product resulting from
coupling at the sulfamate could be detected by 1H NMR.
Conditions that had been previously developed for cou-
pling of aryl chlorides with Boc-protected primary amino-
methyltrifluoroborate were also applied to this substrate,
with essentially the same result. Therefore, oxidative addi-
tion to chlorides is evidently faster than that of sulfamates
when the two substrates are on the same aryl ring. In fact,
nickel-catalyzed Suzuki�Miyaura cross-coupling reac-
tions provide the same result with competing sulfamate/
halide electrophilic sites, albeit using an iodide as the halide
as opposed to a chloride as in the present study.2b

To expand the array of electrophiles, hetaryl sulfamates
were employed as the coupling partners using the same
reaction conditions (Table 2). Various hetaryl sulfamates
containing nitrogen and sulfur proved to be good electro-
philic coupling counterparts. However, the desired product
wasnot detectedwith indazole derivatives (Table 2, entry 7).
In the case of indole, the reaction proceeded to give the
corresponding product 5c without protection in 68% iso-
lated yield (Table 2, entry 3). 2-Pyridyl sulfamate gave the

product 5f in lower yield compare to 3-pyridyl sulfamate
(Table 2, entries 5 and 6).
Based on the reaction conditions with Boc-protected

primary aminomethyltrifluoroborate, we screened the cou-
pling reactions of Boc-protected secondary aminomethyltri-
fluoroborate 6 with different bases, solvents, and times. The
optimal conditions were a combination of 4 mol % of
XPhos-Pd-G2 and 7 equiv of K2CO3 in t-BuOH/H2O (1:1,
0.5 M) at 85 �C for 18 h. Although the amount of base was
varied with primary aminomethyltrifluoroborate 1, 7 equiv
of base was more efficient for secondary aminomethyltri-
fluoroborate 6.Moreover, a longer reaction time, 18 h rather
than 3 h, was required for the reactions to go to completion.
We applied these optimized conditions to coupling

reactions with various aryl sulfamates (Table 3). Unfortu-
nately, many of the substrates did not give as high yields as
the coupling reactions with the primary aminomethyltri-
fluoroborate 1. 1-Naphthol sulfamate was successfully cou-
pled toprovide thedesiredproducts in92%isolatedyield,but
the substrate derived from phenol gave the correspond-
ing product in only 33% yield (Table 1, entries 1 and 2). A
sulfamate with both electron-rich and electron-poor func-
tional groups on the aryl ring provided the desired product in
63% isolated yield, while lower yields and lower conversions
were observed by 1H NMR in the case of an electron-
rich sulfamate (Table 3, entries 3 and 4). Several functional
groups, such as nitriles, ketones, and esters, were tolerated.

Table 2. Cross-Coupling of Various Hetaryl Sulfamates with
Primary Aminomethyltrifluoroborate 1

aReaction conditions: 1.0 equiv of hetaryl sulfamate, 1.05 equiv of
trifluoroborate, 4 mol % of XPhos-Pd-G2, K2CO3, t-BuOH/H2O (1:1,
0.5 M), 85 �C, 3 h. b Isolated yield. cCalculated by 1H NMRwith 30 μL
of CH2Cl2.

d 3 equiv of K2CO3.
e 5 equiv of K2CO3.

f 7 equiv of K2CO3.

Table 3. Cross-Coupling of Various Aryl Sulfamates with
Secondary Aminomethyltrifluoroborates 6

aReaction conditions: 1.0 equiv of aryl sulfamate, 1.05 equiv of
trifluoroborate, 4 mol % of XPhos-Pd-G2, 7 equiv of K2CO3, t-BuOH/
H2O (1:1, 0.5 M), 85 �C, 18 h. b Isolated yield. cCalculated by 1H NMR
with 30 μL of CH2Cl2.

d 5 equiv of K2CO3.
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In the case of the nitrile-containing substrate, a lower amount
ofbase, 5 equivofK2CO3,was required (Table3, entry5).An
acyl-substituted sulfamate gave a lower yield compared to
other substrates (Table 3, entry 6). Even though the expected
products were obtained with fluoro and trifluoromethyl
substituted aryl sulfamates, the yields, 47%and42%, respec-
tively, were lower (Table 3, entries 8 and 9). Unfortunately,
the desired product was not observed with a nitro group-
containing aryl sulfamate (Table 3, entry 10).
We also studied hetaryl sulfamates as the electrophilic

coupling partners in the coupling with secondary amino-
methyltrifluoroborate 6 (Table 4). Unfortunately, the
reactions were limited to only a few hetaryl sulfamates.
Quinoline, isoquinoline, and thiazole derivatives provided
the desired products in good yields (Table 4, entries 1�3).
However, pyridine derivatives were inefficient coupling
partners under the same set of conditions (Table 4, entries
4 and 5). No conversion was observed in the case of the
2-pyridyl sulfamate, and with the 3-pyridyl sulfamate a
complex mixture of products was formed. Moreover, the
expectedproductwasnotdetectedwhen the indolederivative
was applied (Table 4, entry 6), with again unreacted starting
material being observed.Even though expanded studieswere
conductedwith these substrates, all effortswereunsuccessful.
Next, we employed various Boc-protected secondary

aminomethyltrifluoroborates 9a�f as the nucleophilic cou-
pling partners with N,N-dimethylsulfamated 1-naphthol
using the same set of conditions (Table 5). An aliphatic
alkyl groupon the amine nitrogenwas effectively coupled to
give the desired product 10a in good yield (Table 5, entry 1).
In the caseof the substrates possessing cyclic alkyl groupson
the nitrogen, only a cyclohexyl group provided the corre-
spondingproduct10b in68%isolatedyield (Table5, entry2).
Unfortunately, the expectedproductwas not observedwith a

cyclopropyl group (Table 5, entry 3). Benzyl groups on the
nitrogen, evenwith electron-donating groups on an aryl ring,
afforded the desired products in good yields (Table 5, entries
4 and 5). Moreover, the trifluoroborate with an embedded
acetal also proved to be an effective coupling partner,
providing the corresponding product 10f in 86% isolated
yield with full conversion (Table 5, entry 6).
In conclusion, a method has been developed to couple

sulfamates as the electrophilic coupling partners with
various potassium Boc-protected aminomethyltrifluo-
roborates, primary and secondary aminomethylating re-
agents, in the presence of palladium catalyst. By this
method, new carbon(sp3)�carbon(sp2) bonds could be
efficiently forged, and the complexity of the molecules
could be readily increased. This study provides evidence
that potassium alkyltrifluoroborates can be utilized to
expand the scope of cross-coupling to diverse electrophilic
partners, thus complementing similar methods that em-
ploy less advantageous nucleophilic partners.
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Table 4. Cross-Coupling of Various Hetaryl Sulfamates with
Secondary Aminomethyltrifluoroborates 6

aReaction conditions: 1.0 equiv of hetaryl sulfamate, 1.05 equiv of
trifluoroborate, 4 mol % of XPhos-Pd-G2, 7 equiv of K2CO3, t-BuOH/
H2O (1:1, 0.5 M), 85 �C, 18 h. b Isolated yield. cCalculated by 1H NMR
with 30 μL of CH2Cl2.

Table 5. Cross-Coupling of 1-Naphthol Sulfamate with Various
Secondary Aminomethyltrifluoroborates 9a�f

aReaction conditions: 1.0 equiv of hetaryl sulfamate, 1.05 equiv of
trifluoroborate, 4 mol % of XPhos-Pd-G2, 7 equiv of K2CO3, t-BuOH/
H2O (1:1, 0.5 M), 85 �C, 18 h. b Isolated yield. cCalculated by 1H NMR
with 30 μL of CH2Cl2.
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