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ABSTRACT

R O\\S/9 Pd(dppf) (0.1 equiv.} R O\\S’p j\
1\’}1 \NH T Dioxane / CO (65 si)’ 1\N/ ) ! Ar
Rz Rs Triethylamine (3 eqFL)Jiv.) Ra Rs
Microwaves
R1, Ry =H, alkyl, benzyl, aryl (36-92%)
R3 = H, alkyl
X= halogen

Ar= aryl, heteroaryl

A novel, simple synthesis of aryl and heteroaryl acyl sulfamides has been developed via palladium-catalyzed carbonylation of aryl or heteroaryl
halides in the presence of sulfamide nucleophiles. A range of reactions illustrating the wide scope of this reaction was carried out under
microwave irradiation in a vessel equipped with a gas inlet adapter and proceeded in good to excellent yields.

The sulfamide functional group 1 is not as widely represented
in the area of medicinal chemistry as either the urea or
sulfonamide functional groups (Figure 1). However, over the
past decade, it has found use in many applications in the
field of medicinal chemistry.? The sulfamide group can act
as a useful bioisosteric replacement for sulfamate, sulfon-
amide, carbamate, amide, and phenol functionalities.® At-
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tachment of an acyl group to the sulfamide group gives the
more acidic acyl sulfamides 2, which can serve as bioisosteric
replacements for carboxylic acids, sulfonic acids, and phe-
nols.® Over the past few years an increasing number of
patents have disclosed aryl acyl sulfamide structures as
potential therapeutic agents with diverse biological activities.*
To date, the only available methods for the preparation of
aryl acyl sulfamides involve activation of a precursor
carboxylic acid with a suitable coupling agent and reaction
with an appropriately substituted sulfamide.®> The scope of
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these transformations is limited by the availibility of the
required precursor acids which can, in some cases, be difficult
to handle and isolate. With the increasing use of aryl acyl
sulfamidesin medicinal chemistry, we decided to investigate
the development of alternative methodologies for their
synthesis.

0 0 00 O
Ry<, -S- Ry<, -S<
S oy NJLRa

Rz Rz

1 2

Figure 1. Sulfamide 1 and acyl sulfamide 2 functional groups

In 1974, Heck and co-workers reported the first use of a
palladium-catalyzed reaction of carbon monoxide, aryl
halides, and alcohols or amines as nucleophiles to give the
respective benzoate and benzamide products.® Since then the
scope of the palladium-catalyzed carbonylation reaction has
been developed such that a wide range of nucleophiles can
now be used, enabling the efficient synthesis of numerous
carbony! derivatives.”®

To the best of our knowledge the synthesis of aryl and
heteroaryl acyl sulfamides via palladium-catalyzed carbo-
nylation is unprecedented in the literature. We hereby report
the first palladium-catalyzed carbonylation process under
microwave irradiation using gaseous carbon monoxide for
the synthesis of these compounds of pharmaceutical interest.

Microwave-assisted organic synthesis is an increasingly
popular field. The advantages of using microwave irradiation
over conventional heating are often a reduction in reaction
times and cleaner reactions leading to improved yields.®

Recently we acquired a gas inlet adapter allowing us to
charge microwave vials with gaseous reagents and heat these
prepressurized reaction vessels safely in the microwave. ™
There are few reportsin the literature of using prepressurized
reaction vials in the microwave. Of interest to us was the
work of Kormos and L eadbeater who reported the formation
of esters and acids via carbonylation of aryl iodides using
carbon monoxide gas in prepressurized reaction vials.'*
Procedures for performing carbonylation reactions with use
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of microwave heating without the need for using gaseous
carbon monoxide have also been reported. These alternative
methods rely on the in situ generation of carbon monoxide
from molybdenum hexacarbonyl or DMF and formamide.*?
Our results on in situ carbon monoxide generation for this
reaction will be published in due course.

We focused our initial investigation on using bromoben-
zene asamodel aryl halide for reactions with sulfamide 1a,
triethylamine as base, 1,4-dioxane as solvent, and
PACl,(dppf)-CH.CI, as the palladium source. Carbon mon-
oxide pressure was fixed at 65 psi and an optimization of
the reaction was carried out in the microwave with respect
to time and temperature. A temperature of 100 °C and
reaction time of 4 h were found to give complete conversion
of bromobenzene and afforded an isolated yield of 92% of
the desired acylsulfamide (Table 1, entry 1). We aso
performed an identical control reaction using conventional
oil bath heating. Analysis of the crude HPLC/MS data for
the conventional oil bath heating and microwave irradiation
reactions indicated comparable results although the micro-
wave reaction did show a cleaner impurity profile. For
convenience in our laboratory we chose to use microwave
irradiation. To establish the scope of this transformation,
these reaction conditions were then applied to a range of
aryl halides. The results are summarized in Table 1. A variety
of functional groups were tolerated and both electron-
donating and electron-withdrawing groups give good isolated
yields. It is interesting to note that iodobenzene gave a
reduced isolated yield compared with bromobenzene (entries
1 versus 2). Ortho-substituted aryl bromides are well tolerated
in the reaction (entries 3—6). However, the more challenging
2-cyclohexylbromobenzene only gave a modest 36% yield
(entry 7). Para- (entries 8—12) and meta- (entries 13—16)
substitutued systems also performed well in the reaction. In
the preceding examples the complete chemoselectivity
observed for bromo over chloro is worth noting (entries 5,
11, and 15). Activated aryl chloride did provide a modest
isolated yield of product abeit with a longer reaction time
(entry 17). However, unactivated 3-methoxychlorobenzene
gave unreacted starting material (entry 18). Thisis not too
suprising since carbonylation of aryl chlorides usualy
requires more forcing conditions, and or aternative palladium
catalysts.™®

Having established a good scope with aryl bromides,
application of the method to heteroaryl halides was per-
formed. The results are summarized in Table 2. Gratifyingly
the conditions optimized for aryl bromides provided moderate
to good isolated yields of heteroaryl acyl sulfamides without
further optimization. As shown in Table 2 the methodol ogy
is applicable to a wide range of heterocyles such as
5-membered (entries 1—3), 6-membered (entries 4—7), and
fused systems (entries 8 and 9). However, once agan
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Table 1. Pd-Catalyzed Carbonylation of Sulfamide 1a with Aryl
Halides 2a—r1®

o]
QL Pd(dppf) (0.1 equiv.) QL )Y

N’S\NHZ +  X-Ar N/S\N Ar
Dioxane / CO (65 psi) H
)

Triethylamine (3 equiv.
100 °C, Microwaves

1a 2a-r 3a-o0
acyl yield
entry Ar-X 2 sulfamide 3 (%)
1 2a CeHj5-Br 3a 92
2 2b CeHj-1 3a 80
3 2¢c 2-Me-CgH4-Br 3b 83
4 2d 2-MeO-CgH,4-Br 3c 73
5 2e 2-Cl-CgHy4-Br 3d 61
6 2f 2-F-C¢H4-Br 3e 76
7 2g 2-Cy-CsH4-Br 3f 36
8 2h 3-MEOQC-CBH4-BI' 3g 70
9 2i 3-Me-CgH4-Br 3h 83
10 2j 3-MeO-C¢H4-Br 3i 82
11 2k 3-Cl-C¢Hy-Br 3j 76
12 21 3-NC-C¢H4-Br 3k 78
13 2m 4-NC-C¢H4-Br 3l 80
14 2n 4-MeO-C¢H,-Br 3m 80
15 20 4-Cl-C¢Hy4-Br 3n 90
16 2p 4-Me-CgH4-Br 30 75
17 2q 4-NC-CgH,4-Cl 3l 54
18 2r 3-MeO-CsH4-Cl 3j 0

aYields quoted are isolated yields. P 20 h.

activated heteroaryl chlorides required alonger reaction time
to achieve only a modest isolated yield (entry 10).

Turning our attention to the sulfamide partner in these
carbonylation reactions, we synthesized a number of sub-
stituted sulfamides using known literature methods.™* Good
isolated yields of product were obtained with a range of
substituted sulfamides as can be seen in Table 3. Variations
of the dialkylated portion of the sulfamide did not signifi-
cantly affect the outcome of the reaction (entries 1—4).
Utilization of sulfamide produced a moderate yield of the
desired product (entry 5), whereas arange of monosubstituted
alkyl (entries 6—9) and benzyl (entries 10—12) substrates
performed well in the reaction. It is worth noting that in all
these cases complete regioselectivity was observed with
reaction taking place on the least substituted nitrogen.
Analysis of these crude reaction mixtures by HPLC/MS
revealed no evidence of the presence of the other regioiso-
mers. This regioselectivity is possibly due to steric effects
around the intermediate acyl palladium species.

(14) () McManus, J. M.; McFarland, J. W.; Gerber, C. F.; McLamore,
W. M.; Laubach, G. D. J. Med. Chem. 1965, 8, 766—776. (b) Aeberli, P.;
Gogerty, J.; Houlihan, W. J. J. Med. Chem. 1967, 10, 636-642. (c) Abdaoui,
M.; Dewynter, G.; Aouf, N.; Favre, G.; Morere, A.; Montero, J.-L. Bioorg.
Med. Chem. 1996, 4, 1227-1235. (d) Kavalek, J.; Kralikova, U.; Machacek,
V.; Sedlak, M.; Sterba, V. Collect. Czech. Chem. Commun. 1990, 55, 203
222. (e) Winum, J.-Y.; Toupet, L.; Barragan, V.; Dewynter, G.; Montero,
J-L. Org. Lett. 2001, 3, 2241-2243.

(15) General reaction conditions: sulfamide 1a (2 equiv), aryl halide
(1 equiv), PdCl,(dppf)-CH,Cl, 10 mol %, triethylamine (3 equiv), 0.3 M
dioxane, 4 h, 100 °C, 65 psi CO.
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Table 2. Pd-Catalyzed Carbonylation of Sulfamide 1a with
Heteroaryl Halides'®

e}
O\\//O Pd(dppf) (0.1 equiv.} O\\//O )k

N“S NH,*+ X-Het N“S N7 “Het
Dioxane / CO (65 psi) H

Triethylamine (3 equiv.)
100 °C, Microwaves

1a 4a-j Sa-j
entry Het - X product yield (%)@
0.0
S (W2
1 N S 70
Br
J oy
Br—” O\\SI/O i
H —
N Q0 9
Br N
3 LY NN y 50
N
N N
\ o \
Br XN o\\S’/O
4 § WSS e
H 4
00 O
Br N
AN
5 | N NN %8
= H ~N
O
Br |N\ N(?\\//(\)N N\
6 66
Z O H l/
Br BN O\V/o i
! \{N NN SN 7g
NGRS
N
N
Br Q\S//

| NN =N
10 b
ZeN O Hol 50

aYields quoted are isolated yields. ® 20 h.

Exploring this effect further, the reaction of trisubstituted
sulfamide 8a with 4-cyanobromobenzene was performed and
gave only a 20% isolated yield of product representing a
limitation with these reactions conditions (Table 4, entry 1).
Other products isolated were the dimethylamide resulting
from breakdown of the sulfamide under basic conditions and
benzonitrile via unwanted reduction of the aryl bromide.*®
Some reports in the literature suggests that DMAP can act
as an acyl transfer reagent reacting readily with the acyl
palladium species, to give a sterically less demanding acyl-
DMAP derivative, which then reacts with the nucleophile.*”
It was satisfying to note that the addition of DMAP did
provide the desired product with a significant increase in
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Table 3. Pd-Catalyzed Carbonylation of Sulfamides 6a—i with
Aryl Bromides 2a, 2m, and 2n*°

Table 4. Pd-Catalyzed Carbonylation of Sulfamides 7a—d with
Aryl Halide 2m*®

[e}¥e] ) 00 O Br
W Pd(dppf) (0.1 equiv.) Y 0.0 ) 00 @
R1\[\II/S\NH2 + Br—Ar . . R1\’Tl /S\NJJ\Ar \N’\S/\NH . Pd(dppf) (0.1 equiv.) \N:S/\N
R> Qloxane /‘CO (65 p§1) R2 H | IlR Dioxane / CO (65 psi) | é
Triethylamine (3 equiv.) Triethylamine (3 equiv.) CN
. 100 °C, Microwaves CN DMAP (1 equiv.)
6a-i 2a,m,n 7a-m 8a-c om 100 °C, Microwaves 9a-c
entry R1‘N'\‘ Br-Ar product yield (%)? ) acy} yield
R, entry sulfamide R 8 sulfamide 9 (%)
00 0 ! 1 8a CH, 9a (20)*
1 NS 2m NN CN 84 2 8a CH; 9a 68
Q Q H i 3 8b CH;CH, 9b 47
2 2n 1OMe 66 4 8¢ Ce¢H;CH, 9c 0
O\\S,P Q | aYields quoted are isolated yields.
3 N 2m (\N/ \HJKCU CN 72
4 o 2n o\) "OMe 69
00 O ' no reaction at all (entry 4). Although we hypothesize that
5 H2N‘>< 2a HzN/S‘M 500 this may be due to steric effects, this could equally be due
to adecrease in stability of the trisubstituted sulfamides and/
.0 9 , or products under our reaction conditions.
6 L 2a SNSN TH 85 In summary, we have developed a novel, simple, and
; N om H o H N 75 efficient route to aryl and heteroaryl acyl sulfamides via a
60 O ! palladium-catalyzed carbonylation of readily available aryl
A A\ N or heteroaryl bromides in the presence of sulfamides. The
8 N 2m NN 70 reaction tolerates awide range of substituted sulfamides and
00 O CN substituted aryl or heteroaryl halides. We anticipate that this
N new method will find broad application for the synthesis of
69

[(e]
~ §
Iz

\

N

3
s§
Iz

\

wZ

/
Iz

CN

00 0O ,
N N
10 gt 2m P NN FCN 67
H H H :
11 2n "OMe 84
12 A 2m  Ph” NN 75
CN
00
\ N
13 Ph\N,\ 2m Ph\N,S\NJKQ\ 50
H
CN

2 Yields quoted are isolated yields. ® 0.3 M DMF used as solvent instead
of dioxane and 3 equiv of sulfamide used.

T
I

yield (Table 4, entry 2).*8 Inspired by this result we extended
this procedure to a set of trisubstituted sulfamides. As can
been seen from the results summarized in Table 4, an
increase in the size of the group on the reacting sulfamide
nitrogen leads to a proportional decrease in the yield of
isolated product (entry 3) with the benzyl substituent giving
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awider variety of aryl and heteroaryl acyl sulfamides than
currently accessible through the known methodol ogies.
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(1 equiv), 0.3 M dioxane, 4 h, 100 °C, 65 psi CO.

1267



