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N-(3-Pyridinyl)-substituted secondary and tertiary sulfonamides have been synthesized in good to excel-
lent yields by the reaction of 3-bromopyridine with primary and secondary alkyl and aryl sulfonamides
(MeSO,NH,, MeSO,NHMe, TolSO,NH,, TolSO,NHMe, 1,3-propanesultam, and 1,4-butanesultam), cata-
lyzed by Cul (20 mol %) and 1,3-di(pyridin-2-yl)propane-1,3-dione (20 mol %) with K,CO3 (200 mol %)

in DMF (0.17 M for ArBr) at 110-120 °C over 36-40 h. 2-Bromopyridine, 4-bromopyridine, and a wide
variety of substituted phenyl bromides can also be successfully coupled with sulfonamides under these

reaction conditions.

© 2009 Elsevier Ltd. All rights reserved.

N-Arylated sulfonamides have been of interest to medicinal
chemists in recent years as B-secretase inhibitors for Alzheimer’s
disease,'*® dipeptidyl peptidase IV inhibitors for diabetes,'¢ insu-
lin-like growth factor receptor (IGF-IR) inhibitors for cancer,'®
HCV NS5B polymerase inhibitors for acute hepatitis and chronic li-
ver disease,'® and as antibacterial agents.'’ One of the most direct
ways of preparing them is the coupling of (hetero)aryl halides with
primary or secondary sulfonamides, generally using palladium or
copper catalysis. In the Pd-catalyzed reactions, Pd/Xantphos com-
bination? has been employed most frequently. However, other
Pd/ligand combinations have also been reported.> Cul has been
used as a catalyst without any ligand,* or in the following combi-
nations: Cu,0/2,2-bipyridine,?® Cul/trans-N,N'-dimethyl-1,2-cyclo-
hexanediamine,”® and Cul/N,N’-dimethylglycine.’® Very recently,
newer ligands have also been coupled with Cu(I) salts for the prep-
aration of N-arylated heterocycles and amides. These include the
use of CuBr/B-ketoester,5® Cul/(S)-pyrrolidinylmethylimidazole,®®
Cul/oxazolidin-2-one,’¢ and Cul/1,3-di(pyridin-2-yl)propane-1,3-
dione.%

During the course of a medicinal chemistry effort, we desired an
efficient method to access compound 2 in order to study the SAR
and to modulate the pharmacokinetic properties of these hetero-
arylated sulfonamides in comparison with the corresponding
amides. In our hands, Pd/Xantphos? gave only reduced product 3.
After screening a number of the above-mentioned Cu(I)/ligand
combinations, we were delighted to find that compound 2 was
formed in 35% yield along with 35% of reduced product 3 using
the Cul’/1,3-di(pyridin-2-yl)propane-1,3-dione combination (Eq.
1):6d

* Tel.: +1 2036777879; fax: +1 2036777702.
E-mail address: xiaojun.han@bms.com

0040-4039/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2009.11.037

R! R!
Br pdorcu >SS H
r2— | catalyst g2 || & © . R 7 )
/N /N /N
R3 RS RS
1 2 3

Having successfully applied these conditions to a molecule with the
complexity of compound 1 (polycyclic with a molecular weight of
350-400, containing two amide-like NH groups), we were
prompted to explore the application of these conditions to the cou-
pling of sulfonamides with bromopyridines. The resulting pyridines
would not only be more drug-like than the corresponding electron-
rich pyrroles, but reaction conditions developed for these more
challenging substrates would also be more likely to accommodate
other medicinally relevant heteroaryl halides. Although 2-bromo-
pyridine?® has been reported to be a good substrate for this type
of coupling reaction, 3-bromo®*° and 4-bromopyridine'® are not.
For example, 2-bromopyridine was reacted with SES-NH, under
Pd/Xantphos conditions to afford the coupled product in 85% yield.?f
It was also coupled with 1,4-butanesultam under Cu,O/bipyridine
conditions (93% yield)* and under Pd/Xantphos conditions (62%
yield).2¢ However, when 3-chloropyridine was reacted with phen-
ylmethanesulfonamide under Pd catalysis, only 8% of coupled prod-
uct was formed.>® When pre-complexed to Et3B, 4-bromopyridine
reacts smoothly with 4-methylbenzenesulfonamide under Pd/Xant-
phos conditions to afford the N-arylated product in 91% yield. How-
ever, without pre-complexation the same product was formed in
only 41% yield.!®

Reaction of 2-, 3-, or 4-bromopyridine with 1,4-butanesultam or
1,3-propanesultam at 110 °C for 40 h in the presence of 20 mol % of
Cul, 20mol% of 1,3-di(pyridin-2-yl)propane-1,3-dione, and
200 mol % of K,COs5 afforded the corresponding pyridinyl-substi-
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tuted sulfonamides in good to excellent yields (60-86%, Table 1).
Among the three halopyridine regioisomers, 3-halopyridines are
the most challenging substrates toward transition metal-catalyzed
C-N coupling reactions.>>#-1° Therefore, to further explore the
scope of these conditions, 3-bromopyridine was reacted with a
number of primary and secondary alkyl and aryl sulfonamides under
similar reaction conditions (120 °C for 36 h vs 110 °C for 40 h).
Although the product obtained using methanesulfonamide was
formed in only modest yield (42%), the other three sulfonamides
afforded excellent yields of the N-arylated products (90-99%, Table
2). We hypothesized that this catalytic system works well with 3-
and 4-bromopyridines because of the very stable complex that
forms between Cul and 1,3-di(pyridin-2-yl)propane-1,3-dione.!"
Therefore, the unproductive coordination of the nitrogen atom of
the halopyridine and Cu* is prevented, allowing the catalytic reac-
tion to proceed smoothly to product.'®

These reaction conditions were also applied to the reaction of
substituted phenyl bromides with 1,4-butanesultam and 1,3-pro-
panesultam (Table 3). Methyl 4-bromobenzoate underwent clean
conversion to afford 4 in 85% yield, while methyl 3-bromobenzoate
produced 5 in 60% yield and methyl 2-bromobenzoate gave none of
the desired product 6 (even upon complete consumption of the
bromide starting material). This failure was likely due to intramo-
lecular interaction of the ester functionality with C-Cu bond of the
formed intermediates after oxidative addition but before reductive
elimination. Both 4- and 3-methoxphenyl bromides afforded the
desired product in modest yields (7-8, 43%). Yields were higher
when based on recovered starting material (brsm), improving the
yields to 60% and 65%, respectively. 2-Methoxyphenyl bromide
afforded 9 in poor yield (10% isolated; 40% brsm). Although the
yields of 7-9 were low to moderate, the reaction of 4-methyoxy-
phenyl bromide with SES-NH, did not afford any of the desired
coupling product using the Pd/Xantphos conditions.”f When the
phenylbromide contained both an electron-donating group (EDG)
at the para position and an electron-withdrawing group (EWG),
the substrate reacted well (10, 64%). 2-Bromotoluene afforded 11
in low yield (14% isolated; 38% brsm), and there was no desired
product formed from the very hindered 2,6-dimethyl phenyl bro-
mide (12). These bromides were also reacted with 1,3-propanesul-
tam under the same reaction conditions. These reactions showed
trends similar to the aforementioned results (i.e., 4 vs 13, 7 vs
14, 10 vs 15). These findings are in good agreement with the
well-established notion that Cu-catalyzed carbon-nitrogen bond-
forming reactions of aryl halides are particularly sensitive to steric

Table 2
Cul-catalyzed cross coupling of 3-bromopyridine with primary and secondary alkyl
and aryl sulfonamides
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hindrance at the electrophile, and that EWG-substituted phenyl
bromides are better substrates than EDG-substituted bromides in
these types of reactions.?>12

Substituted phenyl bromides also performed well in reactions
with primary and secondary alkyl and aryl sulfonamides. For
example, methyl 4-bromobenzoate underwent reaction with 4-
methylbenzenesulfonamide,  N,4-dimethylbenzenesulfonamide,
methanesulfonamide, and N-methylmethanesulfonamide to afford
the coupling products in modest to good yields (51-78%) (see Table
4).

To study the electronic effects of sulfonamides on Cul/1,3-
di(pyridin-2-yl)propane-1,3-dione-catalyzed coupling reactions,
3-bromopyrine and 4-nitrobenzenesulfonamide were reacted
and the coupling product was formed in 33% yield. In compari-
son, there was no coupling product formed between 4-chloro-
quinoline and 4-nitrobenzenesulfonamide under palladium
catalysis, although other sulfonamides worked fine.3* 4-Chloro-
and 4-methoxybenzenesulfonamide were also coupled with 3-
bromopyridine to afford desired coupling products in modest
yields (Eq. 2):"
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Table 1
N-Arylation of 1,4-butanesultam by aryl bromides catalyzed by copper
[ONPS) 0.2 eq.uiv.CuI (H)
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2 4-Bromopyridine hydrochloride salt was used, and 3 equiv of K,CO3 was used.
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Table 3
N-Arylation of 1,3-propanesultam and 1,4-butanesultam by aryl bromides catalyzed
by copper
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Table 4
Cul-catalyzed cross coupling of aryl bromides with primary and secondary alkyl and
aryl sulfonamides
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In conclusion, we have found that Cul/1,3-di(pyridin-2-yl)propane-
1,3-dione, first developed by Chen,®? successfully catalyzed the
coupling of primary and secondary alkyl and aryl sulfonamides with
2-, 3-, and 4-bromopyridines and other substituted phenyl bro-
mides.' This is the first catalytic system to afford modest to excel-
lent yields of coupling products between 3-bromopyridine and
various primary and secondary sulfonamides. We anticipate that
this catalytic system will find wide application in the medicinal
chemistry community for the coupling of nitrogen-containing het-
eroaromatic bromides and varied primary and secondary
sulfonamides.
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