December 2009

Trade Science Ine.

Volume 5 Issue 4

CMISTRY
A Tndéian Yournal

A

CH

— Pyl Peper

OCAIJ, 5(4), 2009 [434-440]

A simple and efficient N-arylation of amines and sulfonamides
with Cu(BF)),.SIO,

G.A.Meshram*, Vishvanath D.Patil
Organic Chemistry Research Laboratory, Department of Chemistry, Vidyanagari, Santacr uz (E),
M umbai-400 098, M aharashtra, (INDIA)
E-mail: vdp148@yahoo.com
Received: 12" August, 2009 ; Accepted: 22" August, 2009

ABSTRACT

N — arylation of amines and sulfonamides with aryl boronic acidsin pres-
ence of Cu(BF,),.SIO, hasbeen carried out at roomtemperature The remark-
able selectivity under mild and neutral conditions, commercially available
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inexpensive catalyst is an attractive feature of this method.
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INTRODUCTION

Thedevel opment of smple, efficient, environmen-
tally-benign and economicaly viablechemica processes
or methodol ogiesfor widdy used organic compounds
isin great demand.

Theformation of C-N bond viacrosscoupling re-
action representsand important additiontothe synthetic
methodol ogiesfor the preparation of nitrogen contain-
ing compoundsin pharmaceutical s crop-protection
chemicasand materid sciences. In contrast to the pow-
erful C-C bond cross coupling reactionsof Suzuki and
Stile, aneed remainsfor mild (wesk baseand roomtem-
perature) and general C— N bond cross coupling reac-
tionsfor awidevariety of N —H containing substrates.

In recent years Buchwal d® and Hatwing®! have
pioneered ava uable Pdladium catalyzed C-N crosscou-
pling of aryl hdideswith amines, anilines, mononitrogen
azolesand carbamates, in generd involvingeither suong
oase (t-BuONa) or elevated temperature. Aryl
bismuthg®*4 and aryl leads®? have been demonstrated
to undergo copper promoted N-arylation at elevated

temperature. Subsequently, Copper catayzed amination
was d so achieved by adding 1 — 10 phenathrolineas
aligandto conduct coupling at lower temperaturethan
theclassical Ullmann condensation.”*d Morerecently,
copper promoted N — arylation with aryl boronic acids
for diverse N-H containing substrateswas discovered
by Chan® and Lam.!® Thismethodology wasfurther
extended toincludearyl stannanes” with limited suc-
cess. However thesereactionsaregeneraly dow (18 hr
— 13 days to proceed to compl etion) and carried out
witheither Et.N or pyridineasbasein dichloromethane.
Inall cases, the use of excessof aryl boronic acidsis
asoamgor limitation of themethods. Although there-
action conditionsin these powerful new methodsaresg-
nificant improvementsover classical Ullamann conden-
sation conditions, till thereisroomfor improvement.
However, many of these reported methods suffer
from one or more disadvantages such as harsh experi-
mental procedureand reagentsthat areexpensive, mois-
ture sengitive, or highly toxic in nature. Consequently,
thereisan opportunity for further devel opment towards
mild condition to increased variation of the subsequent
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inthecomponentsand for better yields(Scheme 1).

R@_B(OH)2+ H2N—®
CU(BF4)2 S|02
$-

R: Alkyl, heteroaryl
Scheme 1

MeCN r.t.

RESULTSAND DISCUSSION

The catalytic activity of the cupric fluoroborate
(Cu(BF,),.SI0,) for N —arylation of aniling(2m mole)

TABLE 1: Reactions of aniline with benzene boronic acid
under variousconditions

Cu(BF,),.Si0 Time Yield

Entry Solvent ((mrﬂcz)l) 2 (min) (%)*
1. Neat --- 90 10
2 THF 0.1 40 55
3 CH4Cl, 0.1 40 65
4, CHCl4 0.1 40 70
5. Et,O 0.1 40 70
6 EtOAC 0.1 40 80
7 DMF 0.1 40 80
8 CH;CN 0.1 20 92
9. CH;CN 0.15 20 92
10. CH;CN 0.2 20 92
11. CH;CN 0.05 40 82

@ | solated yield of the corresponding diphenylamine

—= Py/] Peper

with Boronic acid (2 mmol) at room temperaturewas
studied and it was found that application of lessthan
0.1mmol (30mg) of (Cu(BF,),.SIO,) in acetonitrile
(5ml) amoderateyield of the corresponding dipheny-
lamine (TABLE 1, entries-11), whereas use of more
than 0.1mmol (30mg) obtained an excellent yields
(TABLE1, entries-9-10). Thereactionin THF, Ch,CN,
CHCI,, Et,0, EtOAc, DMF (TABLE 1, entries—1-7)
werefound less effective. Sincewe have carried out
thereactionin presence of CH,CN solvent to get the
excellent yield (92%, entries8)

A variety of aromatic, aiphatic, and heterocyclic
amineswere converted to corresponding N-arylation
using Cu(BF,),.SIO, inexcellent yields at room tem-
perature and in short reaction times. Furthermore, the
reaction conditionsarevery mild and no by-products
wereobserved. Theresultsaresummarized inTABLE
2.All aroméaticaminescarring e ectron donating or with-
drawing substituents reacted well and gave excellent
yields(TABLE 2 1-21). Aliphatics amines produced
N-arylationingoodyields(TABLE 2, 23-25). Theni-
tro substituted aryl aminesrequired dightly longer re-
action timesto produce comparabl e yieldsthan those
of their smpleand e ectron-rich counterparts (TABLE
2, entries4,5,16,17). Thereactionresponded well with
vaiousaryl / hereto aryl boronic acidswith variouseec-
tron donating and withdrawing anilineana ogs, furnish-
inggoodyiedof productsin short reectiontime(TABLE
2, 15-21, 24, 25).

TABLE 2: N-arylation of aminesusing Cu(BF,),.SO,

. . . b Time Yield®©
Entry Amines® Boronic Acid Product (min) (%)
NH, B(OH),
H
1. @—N—@ 20 92
NH2 B(OH),
H
2. CH3—©—N—® 20 92
CHs
NH> B(OH),
H
3. CI—@—N—@ 20 91
Cl
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Entry Amines® Boronic Acid Product® ;I'nl]rl‘r;g Y(';:)()j
NH
2 B(OH),
H
4. @ ozN—©—N—® 40 80
NO,
NH
2 NO, B(OH), H
QO
5. 50 70
NO,
NO,
L2 B(OH) .,
6. cl < 2 N_© 20 83
cl
Cl
NH2 B(OH),
H
7. @ @ Meo—Q—N—Q 20 88
OMe
NH, B(OH), H_@
N
8. @\ @ Q 20 90
CHs CHg
NH2 B(OH),
H
9. © @ Br—@—N—@ 20 86
Br
NH2 B(OH),
H
Cl
NH2 B(OH),
H
11, © @ |—©—N—© 20 86
|
NH2 B(OH),
H
12 © @ NC—@—N—@ 20 86
CN
NH, B(OH), H
CH N
13, 3 Q _© 20 80
CHs
(Continued)
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) , . b Time  Yield®
Entry Amines’ Boronic Acid Product (min) (%)
B(OH),
NH,
H
14, © © @—N—©—0Me 20 85
OMe
NH» B(OH),
H
15, © © CH3®—N—®—OMe 20 9%
CH3 OMe
NH, B(OH),
H
16. @ © CH3©—N—®—OMe 40 81
NO> OMe
NH, B(OH),
H
NO, O,N N—@—OMe
17. 50 72
NO,
NO, OMe
NH, B(OH),
H
18, @ © MeO—@—N—@—OMe 20 91
OMe OMe
NH, B(OH)
H
19, @ Br—@—N—@—OMe 20 87
Br OMe
B(OH),
NH,
H
20. © @ @-N—@-OCHZPh 20 88
OCH,Ph
NH, B(OH), ]
N—@—OCHZPh
21, @\ © < 2 20 85
CH
CHs OCH,Ph
NH, B(OH),
H
22. © @ <:>—N—© 20 90

(Continued)
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. . . b Time Yield®
Entry Amines® Boronic Acid Product (min) (%)
CHZ_NHZ B(OH)Z
H
23. @—CHZ—N—Q 20 88
B(OH),
NH,
H
- O OO e
OMe
B(OH),

CHZ_NHZ

H
25. © @—CHZ—NO—OMe 20 85

OMe

2The substrate was treated with boronic acid (2 mmol) by using 0.1 mmol of Cu(BF,),.SiO, in the presence of acetonitrile under

neat conditions at room temperature.
b All products were identified by their IR and *H NMR spectra.
°|solated yields.

Sulfonamidesareextremely useful pharmaceutical
compounds becausethey exhibit awiderange of bio-
logical activities such as anticancer, anti-inflammatory
and antiviral functions®. Morerecently N-arylation of
sulfonamides arereported intheliterature.**4 How-
ever use of oxidant, drastic conditions, long reaction

S
O

R=H or -CH3

timeand low to moderateyieldsarethelimitationsas-
sociated with these methods.

Encouraged by theseresults, wefurther treated aryl
boronic acidswith benzene/ p-toluene sulfonamidesat
room temperaturetoyield N-arylated productsof corre-
gponding sulfonamidesat short reactiontime (Scheme2).

CU(B F4)2 S|02

—< :>—s—NH—®
MeCN r.t. o

Scheme 2

A variety of aryl, heteroaryl boronic acidsreacted
smoothly with sulfonmidesat room temperatureto fur-

nish the corresponding N — arylated sulfonamidesin
goodyields. (TABLE 3).

TABLE 3: N-arylation of sulfonamideusing Cu(BF,),.SO,

Entry Amidée® Boronic acid

Product®

Time (min) Yield (%)

e

B(OH),
0=s=0

e

0=S=0 B(OH),

CHs;

—@ 20 92

O:(D"_'O

U)"_'O

170 T

o=

(Continued)
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Entry  Amidée® Boronic acid Product® Time(min)  Yield® (%)
I}IHZ B(OH)2
0=s=o0 9 4
3, © © @—ﬁ—N—@—OMe 20 92
o)
OMe
2 B(OH),
0=S=0
0
. © —@—:s; —@—OMe 20 89
o]
CHs
NH, B(OH),
0=$=0 o]
5, @ @—:s; —@—OCHZPh 20 91
o]
OCH, Ph
e B(OH),
0=s=0
0
6. © @—% —@—OCHZPh 20 89
o)
OCH,Ph
CHs

2The sulfonamide (2 mmol) was treated with boronic acid (2 mmol) by using 0.1 mmol of Cu(BF,),.SiO, in the presence of

acetonitrile under neat conditions at room temperature.
b All products were identified by their IR and *H NMR spectra
°|solated yields.

CONCLUSION

In conclusion, thismanuscript describesamethod
inwhich Cu(BF,),.SIO, isahighly efficient catalyst for
N-arylation of aminesand sulfonamides. The advan-
tagesincludelow cost, ease of catalyst handling, mild
reaction conditionsand reactionscarried out at room
temperaturewith excellent yields. Theremarkable se-
lectivity under mild and neutral conditions, of thiscom-
mercially availableinexpensvecatalyst isan attractive
feature of thismethod.

EXPERIMENTAL

General procedurefor theN-arylation of amines
fromaryl boronicacids

Toamixtureof benzeneboronicacid (2 mmoal), so-
dium (or potassi um) carbonate (2 mmol) and aniline (2

mmol), Cu(BF,),.SO,, (100 mg, 50 mol %) wasstirred
at room temperature. Thereaction was monitored by
TLC. After completion of thereaction, diethyl ether (20
ml) was added and the organic layer was dried over
anhydrous sodium sul phate and concentrated under
vacuum to furnish the crude product, whichwasfurther
purified by column chromatography (Pet. Ether : Ethyl
acetate = 9:1). In al the cases, the product obtained
after theusua work up gave satisfactory spectra data.
Spectral datafor selected compounds

N, N-Biphenyl amine (1b) : Whitesolid; mp. 52°C;
IR (KBr) :3365, 2626, 1599, 1495, 1177, 1024, 844,
746 cmt

'H NMR (200 MHz, CDCI.,): 5.65(brs, 1H), 6.87-
7.08 (m, 5H), 7.21—7.31 (m, 5H);

C NMR (50 MHz, CDCl,): d 117.67, 120.83,
129.23, 142.96; EIMSm/z 169 (M);
And.Cacdfor C_H. N:C,85.14; H, 8.54; N, 8.30.

12" '11

Found: C, 85.28; H, 6.63; N, 8.42.
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