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A one-pot synthesis of C1-elongated amides starting from
olefins and carbamoyl chlorides has been developed. Alkyl-
boranes, generated by hydroboration of terminal olefins with
9-BBN-H, underwent smooth coupling with carbamoyl
chlorides in the presence of palladium catalyst and Cs2CO3.

Amides have a fundamental importance in organic chemistry
due to their biological significance and synthetic utility. Gener-
ally, amides are formed through condensation of amines and
carboxylic acids (Figure 1, path a).1 However, this method is
not always efficient, especially when the availability of the
carboxylic acid is limited. Therefore alternative methods have
been developed for the synthesis of a broad range of amides.
Recent examples include oxidative coupling of alkynes with
amines,2 hydrative condensation of alkynes and sulfonyl azides,3

and iridium-catalyzed conversion of alcohols to amides via
oximes.4 The transition-metal-catalyzed amidation of multiple
C-C bonds with formamide derivatives (X-CO-NR′2) is a
unique strategy, which enables the use of the corresponding one-
carbon-less olefins and acetylenes as the amide precursors
(Figure 1, path b). Our recent studies showed that rhodium-
catalyzed intramolecular hydroamidation (X) H) of alkynes5

and palladium-catalyzed intramolecular cyanoamidation (X)

CN) of alkynes and alkenes6 followed such transformations.7,8

Expanding these methods to intermolecular reactions is an
ongoing task, with the difficulties of finding an effective catalyst
and controlling the regiochemical course of the reaction.9,10

The direct amidation of organometallic reagents with forma-
mide derivatives is also an attractive method owing to its
simplicity and reliability (Figure 1, path c); however, the
organometallic reagents used for such an approach have been
limited mainly to magnesium or lithium reagents.11 It would
be useful to develop the amidation of less reactive metallic
reagents, to allow the presence of various functional groups.12,13

In this paper, we report a one-pot amidation of olefins through
hydroboration, and subsequent coupling of the resulting alkyl-
boranes with carbamoyl chlorides (X) Cl), which allows
olefins to be precursors for amide synthesis (path df path c).
For the hydroboration, 9-BBN-H was chosen as a reagent due
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FIGURE 1. Strategy for amide formation.
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to its well-established regioselectivity and high functional group
tolerance. In the second step, the viability of the coupling
reaction of alkylborane with carbamoyl chlorides was expected
to be a novel contribution to the growing alkylborane coupling
chemistry.14,15

To optimize the reaction conditions, styrene (1a) andN,N-
dibenzylcarbamoyl chloride (3a)16 were chosen as substrates
(Table 1). Hydroboration of styrene (1a) with 9-BBN-H was
carried out in THF. Carbamoyl chloride3a, palladium catalyst
(5 mol %), and inorganic base were added, and the mixture
was heated to reflux. To avoid hydrolysis of carbamoyl chloride,
anhydrous basic conditions rather than aqueous conditions were
chosen for the coupling. The combination of Pd(PPh3)4 with
CsF was tested (entry 1). After refluxing for 16 h, the desired
amide,4aa, was isolated in only 36% yield, and a considerable
amount of N,N-dibenzylcarbamoyl fluoride was obtained.17

Other inorganic bases, K3PO4, K2CO3, and Cs2CO,3 were tested
in the presence of Pd(PPh3)4. A large amount of chloride3a
was recovered from the reactions with use of K3PO4 and K2-
CO3: 63% and 81%, respectively (entries 2 and 3). However,
when Cs2CO3 was used, the reaction proceeded smoothly to
give the desired amide4aa in 78% yield (entry 4). Although
this yield was quite acceptable considering the difficulty of the

coupling reactions of alkylborane reagents,14,15this reaction was
studied further. Increasing the reaction time improved the yield
slightly (entry 5). A quick investigation of palladium catalysts
showed that the frequently utilizedtBu3P or dppf complexes
were not suitable for the current coupling (entries 6 and 7). The
effect of solvent was examined by adding cosolvents to the THF
solution after the hydroboration reaction. The addition of either
toluene, 1,4-dioxane, DMF, or DME did not improve the yield
(entries 8-11).

By using the following conditions, Pd(PPh3)4 (5 mol %) and
Cs2CO3 (1.5 equiv) in THF, and refluxing for 16 h, a broad
range of amides was obtained in good yield (Table 2). Starting
materials were not only simple olefins (entry 1), but also olefins
possessing functionalities such as the trimethylsilyl group (entry
2), benzyl ether (entry 3), acetal (entry 4), and ester (entry 5).
1,1-Disubstituted olefins were amidated with no problem (entry
5). Carbamoyl chlorides derived from dialkyl and cyclic amines
proved to be good coupling partners (entries 6 and 7). Moreover,
a carbamoyl chloride derived from an amino acid underwent
amidation without any problem (entry 8). These results clearly
indicate the advantage of the current methodology: function-
alized amides can be synthesized directly from the corresponding
one-carbon-less olefins.

This protocol was not limited to alkylboranes generated from
olefins. Without optimization, triethylborane, phenylboronic
acid, and styrylboronic acid underwent the amidation reaction
in excellent yields (eqs 1-3). It is worth noting that the latter

two examples are the first copper-free coupling reactions of
boronic acids with carbamoyl chlorides. By comparing the
current conditions [cat. Pd(PPh3)4, Cs2CO3] and Deng’s condi-
tions [cat. Pd(PPh3)4, cat. Cu2O, K3PO4],19 the superior promo-
tion of the reaction by Cs2CO3 is highlighted.

A working model for the reaction mechanism was proposed
based on the well-accepted mechanism of Suzuki-Miyaura
coupling (Scheme 1).20 Of particular mechanistic interest is the
possibility of several chemical species corresponding toB, from
which oxidative addition may proceed. The simplest is chloride
B1, which is subjected to the reaction. But if attack of carbonate
on B1 occurred, anionB2, which can be described as a mixed
anhydride of carbonic acid and carbamic acid, could be
generated.21 Considering the significant presence of borane in
the reaction mixture, anionB2 could be trapped as borateB3.(14) Palladium-catalyzed coupling reaction of alkylboranes with aryl or
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TABLE 1. Optimization of the Palladium-Catalyzed Amidation
Reaction of Alkylboranea

entry catalyst baseb cosolvent yield (%)

1c Pd(PPh3)4 CsF 36d

2 Pd(PPh3)4 K3PO4 8e

3 Pd(PPh3)4 K2CO3 f
4 Pd(PPh3)4 Cs2CO3 78
5g Pd(PPh3)4 Cs2CO3 80
6h Pd2(dba)3, tBu3P Cs2CO3 33
7 PdCl2(dppf) Cs2CO3 toluene 31
8 Pd(PPh3)4 Cs2CO3 toluene 72
9 Pd(PPh3)4 Cs2CO3 1,4-dioxane 75

10 Pd(PPh3)4 Cs2CO3 DMF 52
11 Pd(PPh3)4 Cs2CO3 DME 55

a Unless otherwise indicated, reactions were carried out on a 1.2-1.3
mmol scale under Ar; isolated yields based on3a are reported.b Dried by
heating under vacuum before use.c Styrene (1a) (1.0 equiv), 9-BBN-H (1.0
equiv), 3a (1.5 equiv), and CsF (3.0 equiv) were used; yield is based on
1a. d 30% (based on3a) of N,N-dibenzylfluoroformamide was isolated.e 63%
of 3a was recovered.f 81% of 3a was recovered.g Reaction was carried
out for 40 h.h Pd2(dba)3 (2.5 mol %) andtBu3P‚HBF4 (15 mol %) were
used.18
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Although the reactivity ofB2 or B3 toward transition metal
complexes has never been discussed to our knowledge, oxidative
addition of carboxylic acid anhydrides toward palladium
complexes has been shown to be involved in some coupling
reactions.22 Efforts are underway to elucidate the mechanistic
details of the current reaction.

In conclusion, we have demonstrated a one-pot amidation of
olefins through the first reported palladium-catalyzed coupling
reaction of carbamoyl chlorides with alkylboranes. With use of
this reaction protocol, one-carbon-less olefins are promising
synthetic precursors for amides. Under the same reaction
conditions, the first copper-free coupling reaction of boronic
acids with carbamoyl chlorides was demonstrated. Additionally,
the possibility of mixed anhydrides of carbonic acids and
carbamic acids as a substrate for oxidative addition to palladium
complexes was proposed, which may be a starting point for
new transition-metal-catalyzed reactions.

Experimental Section
Typical Procedure for One-Pot Amidation of Olefins. To

styrene (1a) (220 µL, 1.92 mmol) at 0°C was added 9-BBN-H
(0.5 M solution in THF, 4.20 mL, 2.10 mmol). The reaction mixture
was warmed to room temperature and stirred for 2 h.N,N-
Dibenzylchloroformamide (3a) (343 mg, 1.32 mmol) in anhydrous
THF (3 mL), Cs2CO3 (636 mg, 1.95 mmol), and Pd(PPh3)4 (77.0
mg, 0.0666 mmol) were added sequentially at 0°C. After the
solution was stirred for 16 h at reflux, water was added at 0°C,
and the product was extracted with EtOAc. The combined organic
extracts were washed with brine, dried over MgSO4, filtered, and
concentrated. Purification by silica gel column chromatography
(hexane/EtOAc) 9/1f 5/5), followed by trituration from hexane,
and drying under vacuum gaveN,N-dibenzyl-3-phenylpropanamide
4aa(339 mg, 78%) as a white solid:Rf 0.48 (hexane/Et2O ) 5/5);
mp 104.5-105.0 °C; 1H NMR (CDCl3) δ 7.35-7.24 (m, 8H),
7.20-7.17 (m, 5H), 7.07 (d, 2H,J ) 7.4 Hz), 4.60 (s, 2H), 4.37
(s, 2H), 3.05 (t, 2H,J ) 3.1 Hz), 2.72 (t, 2H,J ) 3.1 Hz); 13C
NMR (δ, CDCl3) 173.0, 141.4, 137.5, 136.6, 129.1, 128.8, 128.7,
128.6, 128.5, 127.8, 127.6, 126.5, 126.3, 50.0, 48.4, 35.1, 31.7; IR
(KBr) 1633 cm-1; HRMS (EI) calcd for C23H23NO (M+) 329.1779,
found 329.1773. Anal. Calcd for C23H23NO: C, 83.85; H, 7.04; N,
4.25. Found: C, 84.15; H, 7.20; N, 4.24.
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TABLE 2. One-Pot Amidation of Olefins through
Palladium-Catalyzed Coupling of Alkylboranes and Carbamoyl
Chloridesa

a Reactions were carried out on a 1.6-3.8 mmol scale under Ar; isolated
yields based on carbamoyl chlorides are reported.

SCHEME 1. Plausible Mechanism for Alkylborane
Amidation.
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