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Abstract

The thesis contains five chapters. First two chapters focus on the copper-catalyzed synthesis of
2-(arylthio)arylcyanamides and 2-(arylselanyl)arylcyanamides via domino C-S and C-Se cross-
coupling reactions. The chapter three describes copper-mediated three-component strategy for
the synthesis of 5-aminotetrazoles. The chapter four deals with copper-catalyzed synthesis of 2-
azidobenzimidazoles and the chapter five having two parts focuses on copper-catalyzed synthesis

of 2-aminobenzimidazoles and 2-(1H-1,2,3-triazo-1-yl)benzimidazoles, respectively.

Chapter I. Copper(II)-Catalyzed Synthesis of 2-(Arylthio)arylcyanamides
from N-(2-Iodoaryl)thiourea and Aryl Iodides

Transition-metal catalyzed cross-coupling reactions provide effective method for the formation
of carbon-carbon and carbon-heteroatom bonds. Among these, the construction of C-S bond has
received considerable attention due to their presence in many molecules that are of biological,
pharmaceutical and material interest. This chapter describes copper-catalyzed synthesis of 2-
(arylthio)arylcyanamides by domino intra- and intermolecular C-S cross-coupling reactions of

aryl thioureas with aryl iodides (Scheme 1).

| CN
H NH
N N\”/NHQ N 2:5mol % CuSO,5H0 . @: /@ R =H, Cl, Me
_N = '
R @[l | & 15 equiv Cs,CO; (g o R = H, CI, Me, OMe, NO,, NH,
R

' DMSO, 90 °C, 5-8 h

up to 98% yield

Scheme 1

Chapter 2. Copper(I)-Catalyzed Synthesis of 2-(Arylselanyl)arylcyanamides
from N-(2-Iodoaryl)selenourea with Aryl Iodides

Study of organoselenium compounds is an active topic due to their interesting biological and
medicinal properties. This chapter describes synthesis of 2-(arylselanyl)arylcyanamides from 2-
(iodoaryl)selenourea with aryl iodides via domino intra- and intermolecular C-Se cross-coupling
reaction in the presence of copper(I) complex under moderate temperature (Scheme 2). A variety
of substrates undergo reactions to give the cross-coupled products in good yield.

iv
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CN

H I 5 mol % Cul T
N N\H/NHQ X 10mol % 1,10-Phen Rt X @ R = H, Cl. Me
UL se | @ 15 equiv Cs,C0, g /\’R. R' = H, Cl, Me, OMe, NO,, NH,

' R DMSO, 90 C, 1-2 h

up to 95% yield
Scheme 2

Chapter 3. Copper(II)-Promoted Three-Component Synthesis of Substituted

5-Aminotetrazoles

Tetrazoles are an important class of heterocyclic compounds. Due to their unique structure and
reactivity, they have attracted noticeable interest in medicinal applications. This chapter
describes the synthesis of substituted 5-aminotetrazoles via copper-promoted three component
reaction from isothiocyanates, bromoanilines and sodium azide via tandem addition, substitution

and electrocyclization (Scheme 3).

N=N
NH NN
/g 2. 50 mol % Cu(OAC)»H,0 P ~g R R = aryl, alkyl
R 3 equiv NaNj, 3 equiv Et;N R
RT,3-6h up to 97% yield
Scheme 3

Chapter 4. Copper(II)-Catalyzed Conversion of 1-(2-Bromoaryl)-N-Aryl-1H-

Tetrazol-5-Amines to 2-Azidobenzimidazoles

“Benzimidazole” is an important structural unit present in many molecules that are of biological
and medicinal interest. Development of effective method for the construction of benzimidazole
structural framework has thus been important in organic synthesis. This chapter describes the
synthesis of 2-azidobenzimidazoles from 5-aminotetrazoles via copper-catalyzed intramolecular

C-N cross-coupling reaction followed by tautomerization (Scheme 4).
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[/\j;N\N 5 mol % Cu(OAc),-H,0
N N\/( 10 mol % 1,10-Phen ©:N>_N R = EWG, EDG
@[x HN-g 2 equiv KgPOy3H,0 /N ° Ri=anyl alky
= THF, RT, 20-30 h R R
X = Br, | up to 96% yield
Scheme 4

Chapter SA. Copper-Catalyzed Reduction of 2-Azidobenzimidazoles to 2-
Aminobenzimidazoles

2-Aminobenzimidazols are privileged organic compounds due to their recognition in biological
and therapeutic activities. This chapter focuses on copper-catalyzed reduction of 2-
azidobenzimidazoles to 2-aminobenzimidazoles at moderate temperature (Scheme 5). The

reactions are simple, general and proceed reactions to provide the target products in high yield.

1 '
Z N DMF, 90 °C, 2 h = N R = aryl, alkyl
R R
up to 94% yield

Scheme 5

Chapter 5B. Copper(I)-Catalyzed Click Reaction of 2-Azidobenzimidazoles with
Alkynes

Click chemistry provides an effective route for the construction of five membered heterocycles
with molecular diversity from readily available substrates precursors. This chapter demonstrates
the copper(I)-catalyzed synthesis of substituted 2-(1H-1,2,3-triazo-1-yl)benzimidazoles from 2-
azidobenzimidazoles and alkynes by click chemistry. A series of substituted 2-(1H-1,2,3-triazo-
I-yl)benzimidazoles have been synthesized via click reaction of 2-azidobenzimidazoles with

substituted alkynes (Scheme 6).

5 mol % Cul i
) R =H, Me, 'Pr

XN 2 equiv Et3N XN N=y L
R \>—N + N ° R—py \>—N R = aryl, alkyl

| 3 — —
Z N ¢, THF,RT,5h N AN R' = Me. OMe
R, R R' N
— Ru
up to 82% yield
Scheme 6
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Synthesis of 2-(Arylthio)arylcyanamides

Chapter 1

Copper(ll)-Catalyzed Synthesis of 2-(Arylthio)arylcyanamides from
N-(2-lodoaryl)thiourea and Aryl lodides

Transition-metal catalyzed cross-coupling reactions provide effective method for the formation
of carbon-carbon and carbon-heteroatom bonds." Among these, the construction of C-S bonds
has received considerable attention due to their presence in many molecules that are of
biological, pharmaceutical and material interest.” Organosulfur compounds also play an
important role in synthetic chemistry as versatile reagents for synthesis and catalysis. Traditional
methods for the formation of aryl chalcogen bond often require harsh reaction conditions such as
the use of toxic solvents and elevated temperatures.” Some of these limitations have been
overcome by the recent developments in the cross-coupling reactions.

Cyanamides have attracted much attention in biological, pharmaceutical and material sciences
due to their unique structure’ and reactivities.’” For example, cyanamides are important
intermediates for the synthesis of many biologically active compounds, such as minoxidil® and
herbicides.” Cyanamides are also extensively used in agriculture, as precursors for the synthesis

%10 urthermore, the

of pharmaceutically important heterocycles® and N-alkyl or N-aryl imides.
CN group can be easily removed from cyanamides, and hence, they can be used as a protecting

group for the synthesis of primary and secondary amines.

)
Iy 0o
HZN\WN\ NH» I: /< N
Nj;( AN=F N
S
N CH,CI
) e
Minoxidil Herbicide (Cyprazole)

Treatment of High Blood Pressure

Figure 1. Examples of some biologically active compounds

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

1.1 Palladium Catalysts

Palladium based catalytic systems have been extensively explored for the carbon-heteroatom
bond formation via cross-coupling reactions for over the past three decades and considerable

progress has been made.

In 1980, Migita and co-workers first reported the synthesis of diphenylthioether from thiols
and aryl halides using Pd(PPhs), in the presence of NaO'Bu in tert-butanol. Aryl iodides and

bromides are compatible with this procedure affording the cross-coupled products in high yield

(Scheme 1).'"
SH Br 1 mol % Pd(PPhs), ©/5\©
+
©/ ©/ 2 equiv NaO'Bu

'BuOH, 100 °C, 10 h  up to 96% yield

Scheme 1

Subsequently, the use of palladium(II) complex 1 has been demonstrated for the coupling of
thiols with aryl bromides in the presence of NaO'Bu. Both electron donating and electron

withdrawing substituents on the phenyl rings work well under these conditions (Scheme 2).'"°

OH C' Bu

SH Br 2.8mol%1 |
@ 3 @ e
2 equiv NaO'Bu

tBu OH
DMSO, 110°C, 24 h  UP t0 66% yield Cl

Scheme 2

Then, Itoh and co-workers have reported the cross-coupling of thiols with aryl bromides using
in situ generated palladium(Il) complex from Pd,(dba); and xantphos 2 in the presence of
'Pr,NEt in 1,4-dioxane (Scheme 3).!° In contrast to the above methods that employ inorganic

bases, the present protocol is compatible with organic base.

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

2.5 mol % Pd,(dba), Me_ Me
SH ©/Br 5 mol % 2 S\© O,N
+ -
2 equiv 'Pr,NEt O o O
1,4-Dioxane
NG, 110 °C, 6 h NO, PPh; ) PPh;

up to 90% yield

Scheme 3

While, Doi and co-workers have shown the intramolecular cyclization of N-
arylbenzothioamide via C-H functionalization/C-S bond formation employing PdCl, and Cul in
the presence of tetrabutylammonium bromide (TBAB). The presence of TBAB increases the

yield of the target products (Scheme 4)."'

10 mol % PdCI,
y 50 mol % Cul @EN
\>_< >
©/ S 2 equiv TBAB S
DMSO-NMP % vi
120 °C. 2 h up to 90% vyield

Scheme 4

Furthermore, Batey and co-workers have described the synthesis of 2-aminobenzothiazoles

from N-arylthiourea via C-S bond formation/C—H bond functionalization using Pd(PPh;), and

MnO, under oxygen atmosphere (Scheme 5).''®

H R 3 mol % Pd(PPhj),

N N._. 10 mol % MnO N R

"N R 2 " : /

: : \n/ R O: \ N\
— S CH3CN, O,, 80 °C Z s R

up to 88% yield

NRR' = 2°-amine
R =H, Br, Cl, F, Me, OMe, OEt, NO,

Scheme 5

1.2 Copper Catalysts

Copper based catalytic systems have more advantages compared to palladium catalysis because
copper based catalysts are generally less expensive, less toxic, less sensitive to air and free from

the requirement of bulky phosphine ligands.

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

Copper(I) complex generated in situ from Cul and 1,2-ethylene glycol 3 has been used for the

coupling of thiols with aryl iodides in 2-propanol. The procedure is effective and the target

products are obtained in good to excellent yields (Scheme 6).'**

I
SH ey > Me
Me Me 2 €9uiv K5COs HO OH
'PrOH, 80 °C, 24 h 3
Me
up to 92% yield

Scheme 6

A similar results are obtained using copper(I) complex derived from CuBr and B-keto ester 4

for the coupling of thiols with aryl iodides in DMSO (Scheme 7).'®

10 mol % CuB 1 I
mol % CuBr

sgfor —loneNOR
+
2.1 equiv Cs,CO4 Me

Me o 4
DMSO, 75 °C up to 88% yield

Scheme 7

While Koten and co-workers have shown the cross-coupling of thiophenols with aryl iodides

using Cul in the presence of K,COs3 in NMP (Scheme 8).'*
2.5 mol % Cul

o= 0
+
1.1 equiv K,CO4

100 °C. 6 h up to 82% vyield

Scheme 8
Our group showed the use of CuO nanoparticles for the coupling of both aryl and alkyl thiols

with aryl iodides in DMSO (Scheme 9).'*® The procedure involves ligand-free conditions and the

catalyst can be recovered and recycled without loss of activity.

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

S\
_S 1.26 mol % CuO nanoparticles R
R™™™H +

R = Alkyl, Aryl 1.5 equiv KOH, DMSO, 80 °C up to 92% yield

Scheme 9

The above catalytic system is also effective for the cyclization of N,N-diaryl thiourea to afford

2-aminobenzothiazole in quantitative yield (Scheme 10).'*

H H
N._N._. 2.5mol % CuO nanoparticl N
N . partcies AN .
R—T T F : R S—NH—R
N~ B S 0.5 equiv K,CO4 A ~g
DMSO, 80 °C up to 98% yield
Scheme 10

The cyclization of 0-halothiourea has also been carried out by Batey and co-workers using

Cul/1,10-phenanthroline in the presence of Cs;CO3 in DME (Scheme 11).!%

Br .

A S 5 mol % Cul S R
R-+ . 10 mol % 1,10-Phen N /
(/I MR ° R 27N,

N~ N’ 2 equiv Cs,CO4 Z N R’
H g DME, reflux, 16-24 h up to 96% yield
Scheme 11

While, Ding and co-workers have showed the synthesis of 2-aminobenzothioazoles from 2-

iodoanilines and isothiocyanates employing Cul/1,10-phenanthroline in the presence of DABCO

at moderate temperature (Scheme 12).'%¢
NH, 10 mol % Cul s
A 20 mol % 1,10-Phen N H . _
R_! _— + R"NCS R_Oi />_N_R R' - H! F! Mel CF3
I 2 equiv DABCO N R = alkyl, aryl

up to 98% yield
Toluene, 50 °C

Scheme 12

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

The above reaction has been found to be effective by Bao and co-workers under ligand-free

conditions (Scheme 13). The reactions of a variety of 2-haloanilines are demonstrated with

isothiocyanates in good yields.'*"

O NH2 . 15 mol % Cul XS H R=H, Cl, Me
R_K _ + R-NCS - R—:(j: />—N_R' . ’ y
v X 1 equiv K,CO4 Y/ N R =aryl, Bn
X =Br, | DMSO, N,, 95-115 °C up to 92% yield
Y=CH,N

Scheme 13

Li and co-workers have accomplished the above protocol at lesser temperature in the presence
of TBAB under base free conditions (Scheme 14).'*
NH»

N , 1 mol % CuBr x-S _
R P + R-NCS R_O: />—H—R' R._ H, Cl, F, Me
X 1 equiv TBAB Z N R = alkyl, aryl
X =Br, Cl, | DMSO, 40 °C up to 98% yield

Scheme 14

1.3 Iron Catalysts

Few studies are focused on the use of iron-catalyzed cross-coupling reactions. The use of iron

catalysts is attractive because it is cheap, environmentally benign and non toxic.

Li and co-workers have reported the synthesis of 2-aminobenzothiazoles from 2-haloanilines

and isothiocyanates in the presence of FeF3/1,10-phenanthroline in moderate to good yield
(Scheme 15)."**

10 mol % FeF;

NH
X 2 20 mol % 1,10-Phen xS _
rE T+ RNes R_:(j: S fg R=HF.ClMe CFy
I 2 equiv EtzN Z N R = alkyl, aryl
DMSO, 80 °C up to 96% yield

Scheme 15

The above reaction has also been found to be effective utilizing FeCl; in water in the presence
of octadecyltrimethylammonium chloride (ODTAC) (Scheme 16). The reaction media can be

recovered and reused without loss of activity.13b

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

5 mol % FeCl,

N NHz 5 mol % 1,10-Phen XS H . R=H,FCl MeCF;
S + R-NCS R N/>_N‘R

| 10 mol % ODTAC R = alkyl, aryl
2 equiv DABCO up to 97% vyield
H,0, 80 °C
Scheme 16

1.4 Cobalt Catalysts

Cheng and co-authors have shown the synthesis of diaryl sulfide from aryl thiols and aryl iodides
using Coly(dppe)/Zn in CH3CN or toluene under reflux conditions (Scheme 17)."* Aryl bromides

have also been used for S-arylation of thiols under above reaction conditions.

SH | 1-2 mol % Col,(dppe)/Zn ©/S\©
©/ Vv ©/ Pyridine, CH3CN or Toluene

80°C, 10 h up to 99% yield

Scheme 17

1.5 Nickel Catalysts

Few studies have also focused on nickel catalyzed C-S cross-coupling reactions. The
combination of NiBr,-dppf [dppf =1,1’-bis(diphenylphosphino ferrocene)] and Zn has been used

for coupling of thiols with aryl iodides in the presence of K,CO; at ambient temperature

(Scheme 18)."*

4 mol % NiBr, S
©/SH ©/I 0.2 equiv Zn ©/ \©
+
1 equiv K,CO3

NMP, 25 °C, N,, 24h upto 95% vyield

Scheme 18

Our group has shown the synthesis of diaryl ether using NiCl,.6H,O in the presence of TBAB

from thiols with aryl iodides (Scheme 19).15b The products were separated from the solid

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

material by extraction with diethyl ether and the insoluble catalyst can be recycled without loss

of activity.

©/SH ©/' 2 equiv TBAB ©/S\©
+
1.5 equiv KOH

110°C, 10h up to 92% yield

Scheme 19

1.6 Present Study

The first report of the synthesis of 2-(arylthio)arylcyanamides has been accomplished from N-(2-
haloaryl)thiourea and aryl iodides employing copper-based systems. The reactions take place via

intra- followed by intermolecular domino C-S cross-coupling reactions.

The reaction of 2-haloaniline, benzoylchloride and ammoniumisothiocyanate gave Y in
acetone, which could be treated with NaOH to afford required substrate precursor N-(2-

haloaryl)thiourea in good yield (Scheme 20).'°

o NH EG,_TSSC(?NCI N N_ N CeHs 5% NaOH N N NH,
R—:(I ¥ = T R T
Z >y Acetone, 80 °C F~y S O A A~y S
X =Cl, Br, | Y
R =H, Cl, Me
Scheme 20

The optimization of the reaction conditions was carried out with N-(2-iodophenyl)thiourea
and iodobenzene as model substrates using different bases, solvents and copper sources at varied
temperatures (Table 1). The best result was obtained when the reaction was pursued at 90 °C
using 2.5 mol % of the copper salts such as CuSO4-5H,0, Cul, CuBr, Cu,0O, CuBr,, CuCl,-2H,0
and Cu(OAc)»H,O in the presence of Cs;CO; in DMSO affording the desired 2-
(phenylthio)phenylcyanamide A in 100% conversion.The reactions with solvent, DMF, and base,
K,COs, required longer reaction time to afford A in quantitative yield. In contrast, the solvents

such as, toluene, 1,4-dioxane, CH3CN and 2-propanol, and base, K3PO4, were less effective

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

Table 1. Optimization of the Reaction Conditions®

Lo G2 \
Cr L @ @ -
I S Solvent 90 °C
Phi
Entry  Catalyst Solvent Base Time (h) Product(s) (%)b
A B

1 CuS045H,0 DMSO Cs,CO;s 2 100 n.d.
2 CuS04-5H,0 DMSO K,CO; 6 100 n.d.
3 CuS045H,0 DMSO K;PO43H,0 6 45 55
4 CuS045H,0 DMF Cs,CO; 5 100 n.d.
5 CuS04-5H,0 Toluene Cs,CO;5 6 n.d. 100
6 CuS0O4-5H,0 1,4-Dioxane Cs,CO3 6 n.d. 100
7 CuS045H,0 CH;CN Cs,CO;s 6 40 60
8 CuSO45H,0 2-Propanol Cs,CO3 6 n.d. 100
9° CuS045H,0 DMSO Cs,CO;s 5 65 35
10° CuS0O4'5H,0 DMSO Cs,CO;s 5 59 41
11 Cul DMSO Cs,COs 3 100 n.d.
12 CuBr DMSO Cs,CO;s 3 100 n.d.
13 Cu,O DMSO Cs,CO;s 3 100 n.d.
14 CuBr, DMSO Cs,COs 3 100 n.d.
15 CuCl,2H,0 DMSO Cs,CO;s o] 100 n.d.
16 Cu(OAc),'H,O DMSO Cs,CO;s 3 100 n.d.

% N-(2-Iodophenyl)thiourea (0.5 mmol), iodobenzene (0.5 mmol), catalyst (2.5 mol %), base

(0.75 mmol) and solvent (1 mL) were stirred at 90 °C.

® Determined by 'H NMR.
°Cs,CO;5 (0.5 mmol) used.

9 Reaction temperature 80 °C. n.d. = not detected.

TH-1149 09612212



Synthesis of 2-(Arylthio)arylcyanamides

Table 2. Copper(Il)-Catalyzed Domino Reaction of Substituted Thioureas with Aryl lodides *®

2.5 mol % CuS0,-5H,0

H T R
N N\H/NHz x| 1.5equivCs,CO;4 X NH 55
R + | R |
s Y- DMSO, 90 °C FNgNF
la-r

I R'
R=H,Cl
R'=H, Cl, Me, NO,, OMe, NH,

(IZN (IZN (IZN (I:N
ISUSINCUSIICE NP UL
Me S Me S Me S Me S NO,

la 1b | 1c OMe 1d

5h, 97% 5 h, 96% 7 h, 83% 8 h, 90%
CN ?N (I:N CI:N
/Q:NDNHZ i :NH i cl : :NH : OMe i :NH : NO,
Me S Me S Me S Me S
le 1f 1g 1h
5 h, 95% 5 h, 98% 8 h, 88% 5 h, 95%
CN Me
5h, 89% 5 h, 89% 5h, 87% 5 h, 94%
CN Me
Qﬁﬁﬂ @DQO
Me Me /‘
7 h, 98% 7 h, 90% 3 h, 95% 3 h, 95%
(IZN (IZN
Me S Me S
1r
3h, 91% 3 h, 90%

% N-(2-Iodophenyl)thiourea (0.5 mmol), aryl iodide (0.5 mmol), CuSO4-5H,0 (2.5 mol %) and
Cs2CO;3(0.75 mmol) were stirred at 90 °C in DMSO (1 mL).
® Isolated yield.

10
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Synthesis of 2-(Arylthio)arylcyanamides

Figure 2. ORTEP diagram of 2-(2,5-dimethylphenylthio)-4-methylphenylcyanamide 1j with

50% ellipsoid. H-atoms are omitted for clarity.

providing either aminobenzothiazole'’ B or a mixture of A and B as the product(s). Similarly,
lowering of the reaction temperature (80 °C) or base (1 equiv) led to the formation of a mixture
of A and B. The control experiment confirmed that in the absence of the copper salts no reaction
was occured.

Encouraged by these results, we further pursued the scope of the process with respect to the
other substrates. Aryl iodides having 2-Cl, 2-OMe, 3-NO,, 4-NH,, 4-Cl, 4-OMe, 4-NO,, 2.,4-
dimethyl, 2,5-dimethyl, 2,6-dimethyl, 3,4-dimethyl and 3,5-dimethyl substituents and 1-naphthyl
iodide proceeded reactions with N-(2-iodo-4-methylphenyl)thiourea to give the corresponding
products 1a-n in 83-98% yield (Table 2). Similarly, N-(2-iodophenyl)thiourea having 4-Cl, 4-Me
and 4,5-dimethyl substituents underwent reactions with 1-iodo-4-methylbenzene gave target
molecules 10-r in 90-95% yield (Table 2). These studies clearly reveal that the substrates having
electron donating and -withdrawing groups are compatible with this process to afford the
substituted 2-(arylthio)arylcyanamides in high yield. Recrystallization of 2-(2,5-dimethylphenyl-
thio)-4-methylphenylcyanamide in MeOH provided single crystals whose X-ray structure is

shown in figure 2.

11
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Synthesis of 2-(Arylthio)arylcyanamides

Next, the reactions of the aryl halides were screened (Table 3). lodobenzene proceeded
reactions with N-(2-iodophenyl)thiourea to give 2-(phenylthio)phenylcyanamide A in 100%
conversion. In contrast, bromobenzene and chlorobenzene exhibited moderate reactivity and
yielding either a mixture of A and B or B as the sole product(s). In contrast, N-(2-bromo) and N-
(2-chloro)phenylthioureas proceeded reactions with iodobenzene to afford A in <20% yield

along with 2-halophenylcyanamide.

Table 3. Reactions of Aryl Halides?

H Y 2.5 mol % CuSO,-5H,0 N
N\H/NHZ 1.5 equiv Cs,CO5 NH N
1o + S—NH,
X DMSO, 90 °C, 3 h S S
X,Y =Br, Cl, | A B
Entry X Y Product(s) (%)b
A B
1 I 1 100 n.d.
2° Br I 20 n.d.
3¢ Cl I <5 n.d.
I Br 10 90
5 I Cl n.d. 100

& Thiourea (0.5 mmol), aryl halide (0.5 mmol), CuSO45H,0 (2.5 mol %) and Cs,COs (0.75
mmol) were stirred at 90 °C for 3 h in DMSO (1 mL).

® Determined by 400 MHz 'H NMR.

°N-(2-Bromophenyl)cyanamide obtained in 70% yield as a byproduct.

d N-(2-Chlorophenyl)cyanamide obtained in 82% yield as a byproduct.

However, the reaction of N-(2-bromo)phenylthiourea could be carried out with iodobenzene in
the presenc of 1,10-phenanthroline to afford the target 2-(arylthio)arylcyanmides in excellent
yield (Scheme 21). A sereis of substrates were examined and the reactions proceeded efficiently

to afford the target products in 83-98% yield.

12
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Synthesis of 2-(Arylthio)arylcyanamides

Y I 5mol % cuso,-5H,0 GN
XN N\H/NHz Xy, 10 mol % 1,10-phen o NH_~
R- + R'_: . R_! - R
Br S ~ 1.5 equiv Cs,CO4 = X
DMSO, 90 °C, 5-8 h

R=H Cl, Me up to 98% yield

R' = H, CI, Me, OMe, NO,, NH,

Scheme 21

X
B = *
' NHCN
+ H:B
N N NHa o . s
NN \\r oxidative  reductive A
\n// addition elimination
S
S ci
Cu X =1, Br, Cl "
b u Cl{
N

N C
I F N\
T CO0E— D
NH, +eT S) H
@ \”/ 5
S CU” )
X H:B +X

Scheme 22. Proposed catalytic cycle

reductive

oxidative elimination

addition

The proposed catalytic cycle is shown in Scheme 22. Reduction of the copper(Il) salt with
thiourea'® can give copper(I) species which can undergo oxidative addition with N-(2-
iodoaryl)thiourea to yield copper(Ill) intermediate a. The latter can react with base to undergo
intramolecular cyclization via b to give thiazole B. Oxidative addition of aryl iodide with
copper(I) species can lead to the formation of ¢ which can undergo intermolecular C-S cross-
coupling reaction with thiazole B to give the intermediate d that can complete the catalytic cycle
by reductive eliminaton of 2-(arylthio)arylcyanamide A. For example, when N-(2-
iodoaryl)thiourea was reacted with CuSO4-5H,0 in the absence of iodobenzene, thiazole B was
obtained in 0.5 h with 100% conversion. Moreover, thiazole B readily underwent reaction with
iodobenzene in the presence of 2.5 mol % of CuSO45H,O and 2.5 mol % of N-(2-
iodoaryl)thiourea to afford the cyanamide A quantitatively. These studies clearly suggest that N-

(2-1odoaryl)thiourea first may undergo intramolecular C-S cross-coupling reaction to give

13
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Synthesis of 2-(Arylthio)arylcyanamides

thiazole B which could be transformed to cyanamide A by intermolecular C-S cross-coupling
reaction.

In summary, the synthesis of 2-(arylthio)arylcyanamides has been accomplihsed from N-(2-
iodoaryl)thioureas and aryl iodides usisng copper-catalyzed intra- followed by intermolecular C-
S cross-coupling reactions under ligand-free conditions. In case of N-(2-bromoaryl)thioureas, the
reactions are effective using CuSO4-5SHO and 1,10-phenanthroline. However, the reactions are

simple and general to afford the target products in hign yield under air.

Experimental Section

General Information. Iodobenzene, bromobenzene, chlorobenzene, CuSO45H,0 (98%), Cul
(98%), CuBr (98%), CuyO (97%), CuBr; (99%), CuCl,-2H,0 (99%) and Cu(OAc),-H,O (98%),
Cs,CO;3 and K3PO43H,O were purchased from Aldrich and used without further purification.
Substituted aryl iodides ware prepared according to procedure.”’ The solvents were purchased
and dried according to standard procedure. 'H NMR (400 MHz) and >C NMR (100 MHz)
spectra were recorded with a Varian 400 spectrometer. Infrared (IR) spectra recorded on a Perkin
Elmer Spectrum one FT-IR spectrometer. Melting points were determined with a Biichi B-545
apparatus and are uncorrected. Elemental analyses were recorded with Perkin Elmer CHNS

analyzer.

General Procedure for the Synthesis of 2-(Phenylthio)phenylcyanamides. N-(2-
Iodoaryl)thiourea (0.5 mmol), aryl iodide (0.6 mmol), Cs,CO3; (244 mg, 0.75 mmol) and
CuSO45H,0 (2.5 mol %) were stirred at 70 °C for 0.5 h followed by 90 °C for the appropriate
time in DMSO (1 mL). Progress of the reaction was monitored by TLC using ethyl acetate and
hexane (1:9). The reaction mixture was then cooled to room temperature and diluted with ethyl
acetate (10 mL). The solution was washed successively with 1 N HCI (1 x 3 mL) and water (3 x
3 mL). Drying (Na;SO4) and evaporation of the solvent gave a residue that was purified on silica
gel column chromatography using ethyl acetate and hexane as eluent to afford the titled 2-

(arylthio)phenylcyanamide.

General Procedure for the Synthesis of N-(2-Haloaryl)thioureas. To a stirred solution of
NH4SCN (0.55 mmol) in acetone (2 ml) was added benzoyl chloride (0.55 mmol) and 2-

14
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haloaniline (0.5 mmol) at room temperature and the mixture is heated under reflux for 30 min,
then poured onto excess cracked ice with vigorous stirring. The resulting solid pH is adjusted to
8.5 with NaHCOs to remove the benzoic acid, then the resulting precipitate was recrystallized

from ethanol to afford the N-(2-haloaryl)thiourea with pure form.

CN
O

S 2-(Phenylthio)phenylcyanamide (Table 1, entry 1): White solid; yield 97%;
mp 92-93 °C; '"H NMR (400 MHz, CDCl;) & 7.56 (dd, J = 1.6 Hz, 7.6 Hz, 1H), 7.49 (td, J = 1.6
Hz, 7.6 Hz, 1H), 7.32 (dd, J = 1.2 Hz, 8.4 Hz, 1H), 7.26-7.21 (m, 2H), 7.18-7.08 (m, 2H), 7.01-
6.99 (m, 1H), 6.95 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCl3) & 139.9, 137.7, 135.1,
131.9, 129.6, 127.1, 126.7, 124.3, 117.5, 115.4, 110.3; FT-IR (KBr) 3148, 2964, 2917, 2237,
1590, 1578, 1490, 1438, 1409, 1288, 1261, 1078, 1023 cm™. Anal. Caled. for Ci3H;oN,S: C,
69.00; H, 4.45; N, 12.38; S, 14.17. Found: C, 69.10; H, 4.44; N, 12.35; S 14.11.

T

= 2-Benzothiazolamine?' (Table 1, entry 6): White solid; mp 129-130 °C (lit.?
mp 129 °C); "H NMR (400 MHz, CDCls) & 7.57 (td, J = 8.0, 0.4 Hz, 1H), 7.51 (td, J = 8.0, 0.8
Hz, 1H), 7.31-7.27 (m, 1H), 7.11 (dt, J = 7.6, 1.2 Hz, 1H), 5.62 (br s, 2H); *C NMR (100 MHz,
CDCls) & 167.0, 151.9, 131.0, 125.5, 121.4, 120.6, 118.2; FT-IR (KBr) 3396, 3063, 1626, 1530,
1444, 1309, 1105 cm™'. Anal. Caled. for C;HgN,S: C, 55.97; H, 4.03; N, 18.65; S, 21.35. Found:
C, 56.08; H, 4.01; N, 18.60; S 21.31.

©i “CN
= N-(2-Bromophenyl)cyanamide (Table 3, entry 2): White solid; mp 95-96 °C
(lit.** mp 94 °C); "H NMR (400 MHz, CDCl5)  7.50 (dd, J = 8.4, 1.6 Hz, 1H), 7.35 (dt, J = 8.0,
1.6 Hz, 1H), 7.28 (dd, J = 8.0, 1.6 Hz, 1H), 6.96 (dt, J = 8.0, 1.6 Hz, 1H), 6.35 (br s, 1H); °C
NMR (100 MHz, CDCl3) & 135.4, 133.0, 129.2, 124.8, 116.2, 110.3, 109.9; FT-IR (KBr) 3146,
2907, 2838, 2236, 1601, 1583, 1491, 1423, 1287, 1146, 1027 cm™. Anal. Calcd. for C;HsBrNy:
C, 42.67; H, 2.56; N, 14.22. Found: C, 42.80; H, 2.53; N, 14.16.
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N-(2-Chlorophenyl)cyanamide®!(Table 3, entry 3): White solid; mp 105-106 °C
(lit.”> mp 105-106 °C); '"H NMR (400 MHz, CDCls) & 7.36-7.27 (m, 3H), 7.05-7.01 (m, 1H),
6.29 (br s, 1H); °C NMR (100 MHz, CDCl;) & 134.2, 129.9, 128.5, 124.5, 120.4, 116.2, 110.1;
FT-IR (KBr) 3162, 2914, 2877, 2842, 2243, 1598, 1500, 1426, 1295, 1112, 1048 cm™. Anal.
Calcd. for C7HsCIN,: C, 55.10; H, 3.30; N, 18.36. Found: C, 55.23; H, 3.28; N, 18.29.

CN
L0
Me S
4-Methyl-2-(phenylthio)phenylcyanamide la: White solid; yield 97%;

mp 127-128 °C; 'H NMR (400 MHz, CDCl3) & 7.40 (s, 1H), 7.30-7.19 (m, 5H), 7.04-7.01 (m,
2H), 6.81 (br s, 1H), 2.32 (s, 3H); °C NMR (100 MHz, CDCls) § 138.0, 137.4, 135.3, 134.1,
132.7,129.6, 127.0, 126.7, 115.3, 110.0, 20.7; FT-IR (KBr) 3210, 2922, 2224, 1605, 1580, 1497,
1439, 1405, 1388, 1286, 1154, 1025 cm’’. Anal. Caled. for Ci14H5N,S: C, 69.97; H, 5.03; N,
11.66; S, 13.34. Found: C, 70.09; H, 5.02; N, 11.62; S, 13.27.

QN

S

Cl

2-(2-Chlorophenylthio)-4-methylphenylcyanamide 1b: White solid;
yield 96%; mp 147-148 °C; 'H NMR (400 MHz, CDCl;) & 7.38-7.27 (m, 4H), 7.12-7.05 (m,
2H), 6.76 (br s, 1H), 6.54-6.51 (m, 1H) 2.32 (s, 3H); °C NMR (100 MHz, CDCls) & 138.4,
137.9, 134.8, 134.5, 133.2, 131.6, 130.0, 127.8, 127.3, 126.9, 115.5, 110.4, 20.7; FT-IR (KBr)
3132, 2923, 2233, 1683, 1604, 1495, 1449, 1290, 1154, 1115, 1028 cm™. Anal. Calcd. for
CsHIN,SCL: C, 61.20; H, 4.04; N, 10.20; S, 11.67. Found: C, 61.28; H, 4.02; N, 10.16; S,
11.63.
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CIZN

SO

OMe

2-(2-Methoxyphenylthio)-4-methylphenylcyanamide 1c: White solid;
yield 83%; mp 83 °C; 'H NMR (400 MHz, CDCls) & 7.40 (s, 1H), 7.25-7.18 (m, 4H), 6.89-6.84
(m, 3H), 3.98 (s, 3H), 2.30 (s, 3H); °C NMR (100 MHz, CDCl;) § 156.8, 138.0, 137.8, 133.9,
132.3, 130.1, 128.7, 123.2, 121.9, 117.8, 115.1, 111.1, 56.12, 20.6; FT-IR (KBr) 3060, 2935,
2242, 1670, 1579, 1499, 1473, 1388, 1270, 1243, 1023 cm™. Anal. Calcd. for C;sH4N,SO: C,
66.64; H, 5.22; N, 10.36; S, 11.86. Found: C, 66.75; H, 5.19; N, 10.30; S, 11.81.

CN
el
Me S NO,
2-(3-Nitrophenylthio)-4-methylphenylcyanamide 1d: White

solid; yield 90%; mp 125 °C; "H NMR (400 MHz, CDCl;) ¢ 8.01-7.98 (m, 1H), 7.85 (t, J=1.6
Hz, 1H), 7.43-7.34 (m, 3H), 7.28 (d, J = 8.0 Hz, 1H), 7.24-7.21 (m, 1H), 6.73 (br s, 1H), 2.34 (s,
3H); °C NMR (100 MHz, CDCls) & 149.1, 138.6, 138.2, 137.7, 134.8, 133.8, 132.0, 130.3,
121.3, 115.9, 115.0, 110.1, 20.7; FT-IR (KBr) 3118, 2963, 2923, 2859, 2237, 1605, 1529, 1499,
1345, 1261, 1022 cm™. Anal. Caled. for Ci4H;N3SO,: C, 58.93; H, 3.89; N, 14.73; S, 11.24.
Found: C, 59.02; H, 3.86; N, 14.68; S, 11.20.

CIZN
Me S
solid; yield 95%; mp 112-113 °C; 'H NMR (400 MHz, CDCls) & 7.30 (s, 1H), 7.17 (d, J= 1.6
Hz, 2H ), 7.03-7.01 (m, 2H), 6.84 (br s, 1H), 6.60 (d, J = 7.6 Hz, 2H), 3.74 (br s, 2H), 2.28 (s,
3H); 13C NMR (100 MHz, CDCl3) 6 146.4, 136.2, 133.8, 131.5, 131.3, 121.8, 120.6, 116.2,
115.2, 110.9, 20.7; FT-IR (KBr) 3380, 2961, 2925, 2057, 2222, 2091, 1621, 1597, 1496, 1385,

1388, 1262, 1177 cm™. Anal. Caled. for C14H;3N5S: C, 65.85; H, 5.13; N, 16.46; S, 12.56.
Found: C, 65.96; H, 5.10; N, 16.41; S, 12.53.

2-(4-Aminophenylthio)-4-methylphenylcyanamide  1le:  White
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CN
jssen
Me S
2-(4-Chlorophenylthio)-4-methylphenylcyanamide 1f: White solid;

yield 98%; mp 104-105 °C; 'H NMR (400 MHz, CDCls) & 7.38 (s, 1H), 7.29 (d, J = 0.8 Hz, 1H),
7.27-7.21 (m, 3H), 6.95 (d, J = 8.4 Hz, 2H), 6.78 (br s, 1H), 2.33 (s, 3H); *C NMR (100 MHz,
CDCls) 6 137.9, 137.4, 134.4, 133.9, 133.0, 132.7, 129.8, 128.4, 116.8, 115.5, 110.4, 20.7; FT-IR
(KBr) 3183, 3028, 2921, 2960, 2853, 2232, 1892, 1605, 1580, 1563, 1495, 1473, 1387, 1288,
1262, 1155, 1090, 1051, 1008 cm™. Anal. Calcd. for Ci4H;N,SCI: C, 61.20; H, 4.04; N, 10.20;
S, 11.67. Found: C, 61.31; H, 4.01; N, 10.14; S, 11.60.

CN
isGel
Me S i ) _
2-(4-Methoxyphenylthio)-4-methyiphenylcyanamide 1g: Gum-

my liquid; yield 88%; "H NMR (400 MHz, CDCls) & 7.33 (s, 1H), 7.23-7.18 (m, 2H), 7.10-7.07
(m, 2H), 6.83-6.80 (m, 3H), 3.78 (s, 3H), 2.30 (s, 3H); °C NMR (100 MHz, CDCl3)  159.2,
136.9, 136.6, 134.0, 131.9, 130.5, 125.3, 119.5, 115.3, 115.2, 110.7, 55.6, 20.7; FT-IR (KBr)
2925, 2851, 2227, 1594, 1492, 1283, 1247, 1173, 1097, 1031 cm™. Anal. Caled. for
C1sH14N,S0: C, 66.64; H, 5.22: N, 10.36; S, 11.86. Found: C, 66.76; H, 5.19; N, 10.31; S, 11.80.

(IZN
g™
Me S
liquid; yield 95%; "H NMR (400 MHz, CDCl;) 6 8.40 (dd, J =2.0 Hz, 6.8 Hz, 2H), 7.65 (dd, J =
2.0 Hz, 6.8 Hz, 2H), 7.12 (s, 1H), 6.92-6.90 (m, 1H), 6.50 (d, J = 8.0 Hz, 1H), 2.31 (s, 3H); Bc
NMR (100 MHz, CDCls) 6 141.9, 137.9, 132.9, 131.0, 129.3, 126.9, 125.2, 124.5, 122.7, 121.2,
110.0, 20.8; FT-IR (KBr) 2923, 2857, 2208, 1628, 1514, 1341, 1248, 1108, 1034 cm’'. Anal.

Calcd. for C14H1N3SO,: C, 58.93; H, 3.89; N, 14.73; S, 11.24. Found: C, 59.04; H, 3.87 ; N,
14.65; S, 11.19.

2-(4-Nitrophenylthio)-4-methylphenylcyanamide 1h: Gummy
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CN

/@iNH Me
Me S ;

Me

2-(2,4-Dimethylphenylthio)-4-methylphenylcyanamide 1li: Gum-
my liquid; yield 89%; '"H NMR (400 MHz, CDCls) § 7.28-7.21 (m, 3H), 7.01 (s, 1H), 6.86 (d, J
= 7.6 Hz, 1H), 6.72 (br s, 1H), 6.57 (d, J = 8.0 Hz, 1H), 2.36 (s, 3H), 2.30 (s, 3H), 2.27 (s, 3H);
BC NMR (100 MHz, CDCls) o 137.1, 137.0, 136.7, 136.2, 134.2, 132.0, 131.7, 130.5, 127.9,
127.1, 117.8, 115.3, 110.7, 21.0, 20.7, 20.2; FT-IR (KBr) 2923, 2857, 2235, 2098, 1615, 1498,
1380, 1259, 1237, 1049 cm™. Anal. Caled. for C;sH;6N,S: C, 71.61; H, 6.01; N, 10.44; S, 11.95.
Found: C, 71.70; H, 5.98; N, 10.40; S, 11.92.

CI:N Me

NH
Me/©is

2-(2,5-Dimethylphenylthio)-4-methylphenylcyanamide 1j: White
solid; yield 89%; mp 155-156 °C; '"H NMR (400 MHz, CDCl3) § 7.29-7.22 (m, 3H), 7.05 (d, J =
8.0 Hz, 1H), 6.89 (d, J = 6.8 Hz, 1H), 6.66 (br s, 1H), 6.39 (s, 1H), 2.34 (s, 3H), 2.30 (s, 3H),
2.15 (s, 3H); BC NMR (100 MHz, CDCl3) o 137.6, 137.2, 137.0, 134.2, 133.8, 133.0, 132.3,
130.7, 127.5, 126.9, 126.8, 115.3, 110.7, 21.3, 20.7, 19.8; FT-IR (KBr) 3144, 2984, 2917, 2859,
2230, 1604, 1584, 1498, 1449, 1413, 1391, 1289, 1270, 1213, 1153, 1057 cm™'. Anal. Calcd. for
CisHi6NoS: C, 71.61; H, 6.01; N, 10.44; S, 11.95. Found: C, 71.75; H, 5.99; N, 10.39; S, 11.87.

Me

Me
Me

S
NH—CN Me

2-(2,6-Dimethylphenylthio)-4-methylphenylcyanamide 1k: White solid;
yield 87%; mp 128 °C; 'H NMR (400 MHz, CDCl;) & 7.26-7.21 (m, 2H), 7.17-7.12 (m, 1H),
6.99 (dd, J = 0.8 Hz, 8.4 Hz, 2H), 6.57 (s, 1H), 6.40 (br s, 1H), 2.38 (s, 3H), 2.32 (s, 3H), 2.17 (s,
3H); BC NMR (100 MHz, CDCl3) 6 143.2, 134.2, 133.4, 130.5, 130.0, 129.6, 129.0, 128.6,
122.7, 115.5, 111.1, 22.1, 20.9; FT-IR (KBr) 3114, 2981, 2877, 2226, 1580, 1488, 1392, 1245,
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1209, 1049, 1030 cm™. Anal. Caled. for CigHi6N2S: C, 71.61; H, 6.01; N, 10.44; S, 11.95.
Found: C, 71.69; H, 6.00 ; N, 10.40; S, 11.91.

CN
O
Me S Me
2-(3,4-Dimethylphenylthio)-4-methylphenylcyanamide 1l : Whi-

te solid; yield 94%; mp 95 °C; 'H NMR (400 MHz, CDCls) § 7.37 (s, 1H), 7.26-7.20 (m, 2H),
7.00 (d, J = 7.6 Hz, 1H), 6.88 (s, 1H), 6.83 (br s, 1H), 6.79-6.76 (m, 1H), 2.31 (s, 3H), 2.26 (s,
3H), 2.20 (s, 3H); °C NMR (100 MHz, CDCL) & 138.2, 137.5, 137.0, 135.7, 134.0, 132.2,
131.6, 130.9, 129.0, 125.3, 118.2, 115.2, 20.7, 20.0, 19.5; FT-IR (KBr) 3175, 2917, 2226, 1892,
1596, 1486, 1385, 1286, 1155, 1021 cm’. Anal. Caled. for CigHigNoS: C, 71.61; H, 6.01; N,
10.44; S, 11.95. Found: C, 71.78; H, 5.99; N, 10.39; S, 11.84.

QN Me

: :NH i
Me S Me ) ; .
2-(3,5-Dimethylphenylthio)-4-methylphenylcyanamide 1m: Light

yellow solid; yield 98 %; mp 136-137 °C; '"H NMR (400 MHz, CDCls) & 7.38 (s, 1H), 7.28-7.20
(m, 2H), 6.81-6.80 (m, 2H), 6.65-6.64 (m, 2H), 2.32 (s, 3H), 2.23 (s, 3H), 2.22 (s, 3H); °C NMR
(100 MHz, CDCls) & 139.4, 137.8, 137.3, 134.7, 134.0, 132.4, 128.7, 124.9, 117.6, 115.3, 110.6,
21.4, 20.7; FT-IR (KBr) 3205, 2919, 2856, 2226, 1732, 1599, 1578, 1489, 1384, 1288, 1154,
1037 em™. Anal. Caled. for C1gHi6N,S: C, 71.61; H, 6.01; N, 10.44; S, 11.95. Found: C, 71.72;
H, 5.98; N, 10.38; S, 11.92.

CN
IpUe
Me S
4-Methyl-2-(naphthalene-1-ylthio)phenylcyanamide 1n: White

solid; yield 90%; mp 104-105 °C; "H NMR (400 MHz, CDCls) & 8.24 (d, J = 8.8 Hz, 1H), 7.85
(d, J=8.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.60-7.51 (m, 2H), 7.38 (s, 1H), 7.30-7.25 (m, 3H),
6.82 (dd, J = 0.8 Hz, 7.2 Hz, 1H), 6.75 (br s, 1H), 2.30 (s, 3H); °C NMR (100 MHz, CDCl3) &
137.8, 137.3, 134.3, 134.1, 132.5, 132.3, 131.1, 128.9, 127.2, 126.9, 126.8, 126.1, 124.4, 123.8,
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116.8, 115.5, 20.7; FT-IR (KBr) 2925, 2851, 2214, 1625, 1511, 1382, 1251, 1031 cm™’. Anal.
Calcd. for C1gH4N,S: C, 74.45; H, 4.86; N, 9.65; S, 11.04. Found: C, 74.58; H, 4.88; N, 9.59; S,
10.95.

(FN
S . :
2-(p-Tolylthio)phenylcyanamide 1o0: White solid: yield 95%; mp 87

°C; "H NMR (400 MHz, CDCls) 8 7.56 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.33 (d, J =
8.0 Hz, 1H), 7.12-7.07 (m, 3H), 6.97 (d, J = 7.2 Hz, 2H), 6.93 (br s, 1H), 2.30 (s, 3H); °C NMR
(100 MHz, CDCls) & 139.6, 137.3, 137.1, 131.6, 131.3, 130.4, 127.9, 127.8, 124.3, 115.4, 110.3,
21.1; FT-IR (KBr) 3153, 2964, 2238, 1616, 1588, 1577, 1488, 1407, 1287, 1164, 1019 cm™.
Anal. Calcd. for C14HpN,S: C, 69.97; H, 5.03; N, 11.66; S, 13.34. Found: C, 70.09; H, 5.00; N,
11.60; S, 13.31.

CN
Cl S ) _
2-(p-Tolylthio)-4-chlorophenylcyanamide 1p: White solid; yield

95%; mp 130-131 °C; '"H NMR (400 MHz, CDCl3) & 7.50 (d, J = 2.4 Hz, 1H), 7.40-7.37 (m,
1H), 7.24 (d, J = 8.0 Hz, 1H), 7.10-7.06 (m, 2H), 7.02-6.99 (m, 2H), 6.84 (br s, 1H), 2.30 (s,
3H); °C NMR (100 MHz, CDCl3) & 137.9, 137.8, 135.9, 131.1, 130.9, 130.6, 130.1, 128.9,
121.1, 116.5, 110.0, 21.1; FT-IR (KBr) 3153, 2919, 2237, 1572, 1486, 1455, 1408, 1384, 1284,
1260, 1100, 1017 cm™. Anal. Caled. for C;4H;;N,SCI: C, 61.20; H, 4.04; N, 10.20; S, 11.67.
Found: C, 61.32; H, 4.01; N, 10.15; S, 11.60.

CIZN

Me S ) .
2-(p-Tolylthio)-4-methylphenylcyanamide 1q: White solid; yield

91%; mp 94 °C; "H NMR (400 MHz, CDCls) § 7.37 (s, 1H), 7.27-7.20 (m, 2H), 7.06 (d, J = 8.8
Hz, 2H), 6.97-6.95 (m, 2H), 6.83 (br s, 1H), 2.31 (s, 3H), 2.29 (s, 3H); '*C NMR (100 MHz,
CDCly)  137.6, 137.1, 136.9, 134.0, 132.2, 131.5, 130.3, 127.7, 118.0, 115.3, 110.7, 21.1, 20.7;
FT-IR (KBr) 3154, 2922, 2862, 2232, 1607, 1581, 1948, 1453, 1410, 1389, 1388, 1268, 1155,
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1018 ecm™. Anal. Caled. for CsH4N,S: C, 70.83; H, 5.55; N, 11.01; S, 12.61. Found: C, 70.98;
H, 5.51; N, 10.97; S, 12.54.

CN
poGen
Me S . . .
2-(p-Tolylthio)-4,5-dimethylphenylcyanamide 1r: White solid;

yield 90%; mp 95 °C; 'H NMR (400 MHz, CDCl3) § 7.30 (s, 1H), 7.09 (s, 1H), 7.03 (d, J = 8.0
Hz, 2H), 6.92-6.90 (m, 2H), 6.74 (br s, 1H), 2.28 (s, 3H), 2.27 (s, 3H), 2.19 (s, 3H); °C NMR
(100 MHz, CDCls) & 141.5, 138.5, 137.7, 136.9, 133.2, 132.4, 130.6, 127.6, 116.8, 114.9, 111.1,
21.4, 20.4, 19.4; FT-IR (KBr) 3157, 2917, 2230, 1608, 1567, 1498, 1411, 1272, 1197, 1081,
1022 ecm™. Anal. Caled. for C ¢Hi6N,S: C, 71.61; H, 6.01; N, 10.44; S, 11.95. Found: C, 71.77;
H, 5.98; N, 10.40; S, 11.85.
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Crystal Data for 2-(2,5-dimethylphenylthio)-4-ethylphenylcyanamide at 296(2) K

Identification code 1j

Empirical formula Ci6Hi16N2S

Formula weight 268.38

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system orthorhombic

Space group Pna2(1)

Unit cell dimensions a=22.1067(10)A  a(°)=90
b=8.7972(4) A B(°)=90
c=7.6712(3) A v(°)=90

Volume V =1491.87(11) A°

YA 4

Density (calculated) 1.195 mg/m’

Absorption coefficient 0.315 mm’

F(000) 568.0

Crystal size 0.40x0.35x0.20 mm’

Index ranges -29<=h<=29, -11<=k<=11, -10<=1<=9

Reflections collected 2067

Independent reflections 2023 [R (int) = 0.0640]

Completeness to theta = 28.72° 98.1 %

Max. and min. transmission 0.902 and 0.950

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 3857/1/179

Goodness-of-fit on F* 1.005

Final R indices [[>2sigma (I)] R1=0.0396, wR2 = 0.0654

R indices (all data) R1=0.0798, wR2 = 0.0705
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Synthesis of 2-(Arylselanyl)arylcyanamides

Chapter 11
Copper(l)-Catalyzed Synthesis of 2-(Arylselanyl)arylcyanamides
from N-(2-lodoaryl)selenourea with Aryl lodides

Selenium containing compounds like organoselenides are stable, easily handled, nucleophilic and
radicophilic species. Thus, they have an important role in organic chemistry.' They have been
used as intermediates for the synthesis of important biologically and pharmaceutically active
compounds such as selenoxides, selenimines and selenide dihalides (Figure 1).* Hence, various
traditional methods have been reported on the construction of C-Se bond formation.” However,
those reports often require photochemical, strong reducing reagents, highly toxic gas and harsh
reaction conditions such as the use of polar solvents, high temperature, toxic solvents like
HMPA. Some of these drawbacks have been recently overcome by the development of more
sustainable C-Se cross-coupling reactions using copper, palladium and nickel based catalysts

under comparatively milder reaction conditions.

0

O NH,O HO

WNH

HO HN

0

0 S—Se—Sjo
O, NH OH N
s v " CL
HO OH,N O F
Selenodiglutathione Ebselene

Figure 1. Examples of some biologically active selenium compounds

2.1 Palladium Catalyst

Noboru and co-workers have shown the use of Pd(PPhs)s for the synthesis of diaryl selenides
from tributylstannyl selenide (PhSeSnBus) and aryl halides at moderate temperature (Scheme

.4
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SeSnBujy X

Pd(PPhg), Se
+
Toluene, 90 °C ©/ O

X=1,Br up to 88% yield

Scheme 1

2.2 Copper Catalysts
Most of the C-Se cross-coupling reactions have been carried employing copper based catalysts.
Suzuki and co-workers have accomplished the synthesis of dirayl selenides from areneselenolate

and aryl iodides in the presence of Cul in hexamethylphosphoric triamide (HMPA) (Scheme 2).**

© O T

up to 74% yield

Scheme 2

Engman and co-workers have shown the synthesis of diaryl selenides from diphenyl diselenide

and aryl halides using Cul and bipyridyl under microwave irradiation (Scheme 3).’ b

sé : Cul/b|pyr|dyl Se
Mg DMF
Microwave

Y =Cl, Br, | up to 70% yield

Scheme 3

Later, CuO nanoparticles have been employed for the synthesis of diaryl selenides from diaryl

diselenides and aryl boronic acid in DMSO (Scheme 4).>

B(OH), /@
Se CuO nanoparticles Se
+ Se
©/ DMSO, 100 °C, 24 h, air

up to 98% vyield

Scheme 4
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Subsequently, the synthesis of diphenyl diselenide has been shown using CuO nanoparticles,

selenium powder and aryl halides (Scheme 5).%

X CuO nanoparticles /©
Se powder se
KOH, DMSO ©/Se

X =Br, | 90 °C, 60 min

up to 96% vyield

Scheme 5

2.3 Nickel Catalyst

The synthesis of diaryl selenide has been accomplished from aryl bromide and sodium seleniate

in the presence of (bpy):NiBr; in ethanol (Scheme 6).°

Se Ngt Br

© © 20 mol % (bpy),NiBr, ©/Se©
+
Ethanol, 120 °C, 24 h

up to 98% yield

Scheme 6

2.4 Present Study

The success in the copper(Il)-catalyzed synthesis of 2-(arylthio)arylcyanamides led to us to
explore the construction of 2-(arylselanyl)arylcyanamides from N-(2-iodoaryl)selenoureas with
aryl iodides. The reactions are found to be effective employing copper(I) complex derived from
Cul and 1,10-phenanthroline and the target products are obtained in excellent yield.

The reaction of N-(2-iodoaryl)thiourea with iodomethane gave X, which could be treated with
aqueous ammonia to yield the intermediate Y. The latter proceeded reaction with NaHSe to
afford the desired substrate precursor N-(2-iodoaryl)selenoureas Z in high yield (Scheme 7).’

First, the reaction conditions were optimized with N-(2-iodo-4-methylphenyl)selenourea and
iodobenzene as model substrates (Table 1). Among the set of ligands L1-7 examined, 1,10-
phenanthroline L7 afforded the best results giving selectively the product A in 99% yield. In
contrast, ethylene diamine L1, ethylene glycol L2, L-proline L3, 2,2'-bipyridine L4,
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Scheme 7

8-hydroxyquinoline L5 and dibenzoylmethane L6 were found to be less selective giving B or C
or both as by-products along with the target molecule A. The catalytic activity of different
copper sources was evaluated, and Cul was found to be superior to CuBr, Cu,O and
CuS0O45H,0. DMSO was found to be the solvent of choice, whereas DMF, toluene and 1,4-
dioxane gave inferior results. Of the screened bases, K,CO;, K;PO43H,0O and Cs,COs;, the
former gave the best results. Reaction temperature was another important factor to affect the
results and 90 °C was found to be the optimum temperature. A control experiment confirmed that
a mixture of A, B and C were detected without the aid of the ligand L7 (entry 2). Blank reaction
without copper salt gave C as the sole product and the formation of A was not observed. This
result suggests that, in the absence of copper(I) complex, the base promoted deselenization takes
place to afford the cyanamide C.

Next, to reveal the scope of the procedure, the reaction of a series of substituted aryl iodides
was explored with N-(2-iodophenyl)selenourea (Table 2). Aryl iodides having 2-Cl, 2-OMe, 3-
NO,, 4-NH,, 4-Cl, 4-OMe and 4-NO, substituents were readily proceeded the C-Se domino
cross-coupling to give the target molecules 2a-h in 1-2 h with 75-95% yields. Similarly, aryl
iodides with 2,4-dimethyl, 2,5-dimethyl and 2,6-dimethyl groups, and 1-naphthyl iodide
underwent reactions to give the corresponding 2-(arylselanyl)arylcyanamides in high yield.
Recrystallization of A in MeOH gave single crystals whose X-ray analysis is presented in figure

2.
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Table 1. Optimization of the Reaction Conditions®

' Copper source

\H/NHz Ligand, base NH NHCN
\>—NH2
Me Solvent, 90 °C Me |
HN  NH, HO OH COOH Ph)J\/U\Ph W @(j /
N
OH L6

L1 L2

Entry Copper source Ligand Solvent Time (h) Product(s) (%)
A B C
1 CuSO45H,O - DMSO 1 nd. nd 95
2 Cul - DMSO 3 30 45 20
3 Cul L7 DMSO 1 95 nd. nd
4° Cul L7 DMSO 3 43 37 15
5¢ Cul L7 DMSO 3 53 26 16
6 Cul L7 DMF 3 49 35 15
7 Cul L7 Toluene 1 nd. nd. 94
8 Cul L7 1,4-Dioxane 1 nd. nd. 94
9 Cul L1 DMSO 3 45 35 15
10 Cul L2 DMSO 1 nd. nd 32
11 Cul L3 DMSO 3 25 45 25
12 Cul L4 DMSO 3 37 35 23
13 Cul L5 DMSO 3 25 60 10
14 Cul L6 DMSO 3 35 45 18
15 CuBr L7 DMSO 3 55 25 15
16 Cu,O [f DMSO 1 95 n.d. nd.
17 Cul L7 DMSO 4 62 nd. 33
18' Cul L7 DMSO 4 49 nd. 46

& Substrate (0.5 mmol), copper source (5 mol %), L1-7 (5 mol %), Cs,CO;3 (0.75 mmol) and
iodobenzene (0.5 mmol) were stirred 90 °C in solvent (1 mL).

® Determined by 400 MHz 'H NMR.

¢ K,CO; used. ¢ K5PO, used.

® Temp = 80 °C. " Cs,CO;5 (1 equiv.) used. n.d. = not detected.
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Table 2. Copper(I)-Catalyzed Domino Reaction of Substituted Selenoureas with Aryl Todides.*®

5 mol % CuSO,-5H,0

CN
H | R'
R X N\H/NHZ . | A ' 10 mol % L7 R{ji’\“i@
I I
N, Se AF 1.5 equiv Cs,COg P g NF
2a-r

[ .
R =H, CI, Me R DMSO, 90 °C

=H, Cl, Me, NO,, OMe, NH,

(I:N (IZN CIZN (.:N
CrO OO JOUOIISOUS!
Se Me Se Me Se Me Se NO,
2a 2b 2c OMe 2d
1 h, 95% 1.5 h, 85% 2 h, 89% 1.5h, 85%
(j @ O Q O @ O
/©: S 5
2h, 87% 1.5 h, 89% 2 h, 91% 1.5h, 75%
CN Me
Q Q Jos @ QJ@ QSQ
Me
1h, 92% 1 h, 94% 1.5h, 88% 1 h, 90%
(IZN Me QN CI:N (IZN
jou oo oot
Me Se Me Me Se Se Cl Se
2m 2n 20 2p
1h, 92% 1.5 h, 93% 1h, 95% 1h,91%
CIZN (I:N
/©:Nli©/Me MGJCENH : _Me
Me Se Me Se
2r
1h, 95% 1h, 90%

% N-(2-Iodophenyl)selenourea (0.5 mmol), aryl iodide (0.5 mmol), Cul (5 mol %), 1,10-
phenanthroline L7 (5 mol %) and Cs,CO; (0.75 mmol) were stirred at 90 °C in DMSO (1 mL)
under air.

® Isolated yield.
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Finally, the reactions of the substituted N-(2-iodo-4-methylphenyl)selenoureas with aryl iodide
were studied. For example, N-(2-iodo-4-methylphenyl)selenourea having 4-Cl, 4-Me and 4,5-
dimethyl substituents proceeded the domino C-Se cross-coupling with 1-iodo-4-methylbenzene
to afford the respective target molecules 20-r in 1 h with 90-95% yields. These results clearly
suggest that the present protocol can be used for the one-pot synthesis of 2-

(arylselanyl)arylcyanamides.

Figure 2. ORTEP diagram of 2-(phenylselanyl)-4-methylphenylcyanamide with 50% ellipsoid.
H-Atoms omitted for clarity.

The reactivities of other aryl halides were further compared (Table 3). The reactions with
bromobenzene and chlorobenzene gave B as the only product. Likewise, N-(2-bromo-4-
methylphenyl)selenourea with iodobenzene gave a 1:10 mixture of A and 2-bromo-4-
methylphenylcyanamide in >99% yield, whereas N-(2-chloro-4-methylphenyl)selenourea did not
undergo any reaction with iodobenzene and afforded 2-chloro-4-methylphenylcyanamide as sole

product in >99% yield.
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Table 3. Reactions of Aryl Halides®

5 mol % Cul, 5 mol % L7

H ™
N\H/NHZ 1.5 equiv Cs,CO4 NH N
I + S—NH,
Me x °¢  DMS0,90°C,1h e s Me S

X,Y = Cl, Br, | PhY A B
Entry X Y Product(s) (%)b
A B
1 I I 100 n.d.
2° Br I 10 n.d.
3¢ Cl I 2 nd
I Br 20 75
5 1 Cl n.d. 94

Selenourea (0.5 mmol), aryl halide (0.5 mmol), Cul (5 mol %), L7 (5 mol %) and Cs,COj; (0.75
mmol) were stirred at 90 °C for 1 h in DMSO (1 mL).

® Determined by 'H NMR.

°N-(2-Bromophenyl)cyanamide obtained in 90% yield as a byproduct.

d N-(2-Chlorophenyl)cyanamide obtained in 95% yield as a byproduct.

Regarding the mechanism, control experiments were pursued. The cyclization of (2-iodo-4-
methylphenyl)selenourea was studied with 0.5 equiv of Cs,COj; in the absence of aryl iodide
(Scheme 8). The cyclization occurred to give 2-aminobenzoselanazole F in 0.5 h with 100%
selectivity. Next, the reaction of F was studied with iodobenzene in the presence of 1 equiv of

Cs,CO;5 and 2-(arylselanyl)arylcyanamide was obtained as a sole product (Scheme 9).

H 5 mol % Cul
N
/©1N\H/NH2 5mol% L7 /@: \>—NH2
Me | Se 0.5 equiv Cs,CO;  Me Se
DMSO, 90 °C, 0.5 h F _
>99% conversion

Scheme 8
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| 5 mol % Cul N
5mol% L7 /@NFQ
F +
1 equivCs,CO3  Me sé
DMSO, 90 °C D
>99% conversion
Scheme 9

Based on the above experimental observations a plausible pathway for the synthesis of
substituted 2-(arylselanyl)arylcyanamides has been proposed (Scheme 10). Benzoselanazole F
underwent reaction in the presence of Cul-1,10-phenanthroline to give D in quantitative yield.
The intramolecular cyclization was found to be faster compared to the intermolecular reaction.

These results suggest that the reactions involve intra- followed by intermolecular C-Se domino

Csl + 1/2H,CO;

1/2C52C03 | N | .
N xRy MR
H N.  _NH _ Se/( >; +1/2H,CO;4
X e TN Y 2 oxidative ~ reductive D
- \|r RU™ additon  elimination
R — Se
/ C'”\\\\Se

Ln‘f b Ln

o r?'quti\t/'e 1/2Cs,CO;
addition elimination,
cu'L,
H NH
i N \”/ 2
R I
7 Csl + 1/2H,CO3

Scheme 10. Plausible reaction pathway

cross-coupling reactions. Thus, the selenourea may undergo chelation followed by oxidative
addition with copper(I)-1,10-phenanthroline complex to give the metallocycle b that could lead
to the formation of F by the reductive elimination. The cross-coupling of F with ¢ may afford the
intermediate d that could complete the catalytic cycle by the reductive elimination of the target
molecule D.

In conclusion, a novel copper-catalyzed domino C-Se cross coupling of (2-

iodoaryl)selenoureas with aryl iodides has been developed to afford the substituted (2-
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selanylaryl)arylcyanamides. The procedure involves intra- and intermolecular C-Se cross

coupling reactions at moderate temperature.

Experimental Section

General Information. Iodobenzene, bromobenzene, chlorobenzene, CuSO4 5H,0 (98%), Cul
(98%), CuBr (98%), CuyO (97%), K,COs, CsyCOs3 and K3PO4-3H,O were purchased from
Aldrich and selenium powder (99%) was obtained from SRL and used without further
purification. Substituted aryl iodides'® according to literature. The solvents were purchased and
dried according to standard procedure prior to use. 'H NMR (400 MHz) and °C NMR (100
MHz) spectra were recorded with a Varian 400 spectrometer. Infrared (IR) spectra recorded on a
Perkin Elmer Spectrum one FT-IR spectrometer. Melting points were determined with a Biichi
B-545 apparatus and are uncorrected. Elemental analyses were recorded with Perkin Elmer

CHNS analyzer.

General Procedure for the Synthesis of 2-(Arylselanyl)arylcyanamide. To a stirred solution
of 1,10-phenanthroline (5 mol %) and Cul (5 mol %) in DMSO (1 mL) was added N-(2-
iodoaryl)selenourea (0.5 mmol), aryl iodide (0.5 mmol) and Cs,CO;3 (244 mg, 0.75 mmol) at
ambient temperature and the mixture was allowed to stir at 90 °C for the appropriate time (Table
1-3). Progress of the reaction was monitored by TLC using ethyl acetate and hexane as solvent.
The reaction mixture was then cooled to room temperature and diluted with ethyl acetate (10
mL). The solution was washed successively with 1 N HCI (1 x 3 mL) and water (3 x 3 mL).
Drying (Na,SO,) and evaporation of the solvent gave a residue that was purified on silica gel
column chromatography using ethyl acetate and hexane to afford 2-(arylselanyl)arylcyanamide

in analytically pure form.

General Procedure for the Synthesis of N-(2-lodoaryl)selenourea. To a stirred solution of N-
(2-haloaryl)thiourea (0.5 mmol) in acetone was added iodomethane (0.5 mmol) and NaHSe
(NaBH4 was added dropwise over 30 min to suspension of selinium powder in dry ethanol under
nitrogen atmosphere). The mixture is allowed to stnd at room temperature overnight. Progress of

the reaction was monitored by TLC using ethyl acetate and hexane as a solvent and evaporation
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of solvent gave residue that was purified on silica gel column chromatography using ethyl

acetate and hexane to give N-(2-iodoaryl)selenourea.

H
N\
o0
Me |

142 °C ; "TH NMR (400 MHz, CDCls) & 7.56 (s, 1H), 7.20-7.12 (m, 2H), 6.12 (br s, 1H), 2.29 (s,
3H); *C NMR (100 MHz, CDCls) & 139.6, 135.5, 135.4, 130.8, 115.5, 110.8, 84.2, 20.3; FT-IR
(KBr) 3146, 2907, 2838, 2236, 1601, 1583, 1491, 1423, 1287, 1146, 1027 cm™". Anal. Calcd. for
CgH7IN»: C, 37.23; H, 2.73; N, 10.86. Found: C, 37.34; H, 2.71; N, 10.81.

Se
L

Me N _

5-Methylbenzo[d][1,3]selenazol-2-amine (Table 3, entry 5): White solid;
mp 151-152 °C; 'H NMR (400 MHz, CDCls) & 7.42 (d, J = 2.8, 2H), 7.10 (d, J = 4.0, 1H), 5.52
(br s, 2H), 2.38 (s, 3H); °C NMR (100 MHz, CDCl;) & 165.7, 151.3, 134.6, 132.4, 127.5, 124.6,
120.0, 21.3; FT-IR (KBr) 3396, 3063, 1626, 1530, 1444, 1309, 1105 cm'. Anal. Calced. for
CgHgN»,Se: C, 45.51; H, 3.82; N, 13.27; Found: C, 45.61; H, 3.79; N, 13.22.

2-lodo-4-methylphenylcyanamide (Table 1, entry 1): White solid; mp 141-

H

o

e il N-(2-Bromophenyl)cyanamide (Table 3, entry 2): White solid; mp 94-95
°C (lit.” mp 94 °C); '"H NMR (400 MHz, CDCls) & 7.52-7.49 (dd, J = 8.4, 1.6 Hz, 1H), 7.37-7.33
(dt, J = 8.0, 1.6 Hz, 1H), 7.30-7.27 (dd, J = 8.0, 1.6 Hz, 1H), 6.99-6.94 (dt, J = 8.0, 1.6 Hz, 1H),
6.35 (br s, 1H), 2.29 (s, 3H); *C NMR (100 MHz, CDCls) & 135.4, 133.0, 129.2, 124.8, 116.2,
110.3, 109.9, 20.3; FT-IR (KBr) 3146, 2907, 2838, 2236, 1601, 1583, 1491, 1423, 1287, 1146,
1027 em™. Anal. Caled. for CsH7BrNy: C, 45.53; H, 3.34; N, 13.27. Found: C, 42.63; H, 3.31; N,
13.22.
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H
N.
oL
Cl
N-(2-Chlorophenyl)cyanamide (Table 3, entry 3):'° White solid; mp 105-106

°C : 'H NMR (400 MHz, CDCls) & 7.36-7.27 (m, 3H), 7.05-7.01 (m, 1H), 6.29 (br s, 1H): 13C
NMR (100 MHz, CDCls) 6 134.2, 129.9, 128.5, 124.5, 120.4, 116.2, 110.1; FT-IR (KBr) 3162,
2914, 2877, 2842, 2243, 1598, 1500, 1426, 1295, 1112, 1048 cm’. Anal. Calcd. for C7H;5CIN,:
C, 55.10; H, 3.30; N, 18.36. Found: C, 55.23; H, 3.28; N, 18.29.

CN
J@[NHJQ
Me Se . .
4-Methyl-2-(phenylselanyl)phenylcyanamide (Table 1, entry 3): White

solid; yield 95%; mp 138-139 °C; 'H NMR (400 MHz, CDCl3) & 7.53 (s, 1H), 7.29-7.25 (m,
5H), 7.17 (d, J = 6.8 Hz, 2H), 6.84 (br s, 1H), 2.33 (s, 3H); °C NMR (100 MHz, CDCl3) &
139.2, 137.23, 134.2, 132.6, 130.5, 129.9, 129.7, 127.3, 115.0, 114.7, 110.8, 20.65; FT-IR (KBr)
3205, 2922, 2220, 1496, 1405, 1283, 1020 cm™'. Anal. Calcd. for C14H;,N>Se: C, 58.54; H, 4.21;
N, 9.75; Found: C, 58.64; H, 4.19; N, 9.71.

‘©i 2-(Phenylselanyl)phenylcyanamide 2a: White solid; yield 95%; mp 120-121
°C; '"H NMR (400 MHz, CDCl3) & 7.53 (dd, J = 1.6 Hz, 7.6 Hz, 1H), 7.47 (td, J = 1.6 Hz, 7.6 Hz,
1H), 7.28 (dd, J = 1.2 Hz, 8.4 Hz, 1H), 7.25-7.19 (m, 2H), 7.18-7.08 (m, 2H), 7.01-6.99 (m, 1H),
6.92 (d, J = 8.0 Hz, 1H); >*C NMR (100 MHz, CDCls) & 138.9, 137.7, 134.1, 132.9, 129.6,
127.1, 1253, 121.3, 117.5, 115.4, 111.3; FT-IR (KBr) 3148, 2964, 2917, 2237, 1590, 1578,
1490, 1438, 1409, 1288, 1261, 1078, 1023 cm™’. Anal. Calcd. for Cy3H;oN,Se: C, 57.15; H, 3.69;
N, 10.25. Found: C, 57.27; H, 3.67; N, 10.18.
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CN
L
Me Se
Cl
2-(2-Chlorophenylselanyl)-4-methylphenylcyanamide 2b:  White

solid; yield 85%; mp 104-105 °C; 'H NMR (400 MHz, CDCls) & 7.53 (s, 1H), 7.37-7.28 (m,
3H), 7.15 (t, J="7.6 Hz, 1H), 7.07 (t,J = 7.6 Hz, 1H), 6.79 (br s, 1H), 6.58 (d, J= 8 Hz, 1H) 2.34
(s, 3H); °C NMR (100 MHz, CDCls) & 139.8, 139.6, 137.8, 134.6, 133.3, 130.9, 129.9, 128.9,
128.0, 127.9, 115.4, 115.2, 110.6, 20.6; FT-IR (KBr) 3137, 2921, 2220, 1573, 1495, 1386, 1285,
1020 cm™'. Anal. Calcd. for C;4H;;N,SeCl: C, 52.28; H, 3.45: N, 8.71; Found: C, 52.38; H, 3.43;
N, 8.67.

CN
LD
Me Se
OMe
2-(2-Methoxyphenylselanyl)-4-methylphenylcyanamide 2c: White

solid; yield 89%; mp 130-131 °C; "H NMR (400 MHz, CDCls;) ¢ 7.53 (s, 1H), 7.28-7.20 (m,
3H), 7.09 (br s, 1H), 6.87 (d, J = 8.4 Hz, 1H), 6.81 (t, J = 8 Hz, 2H), 3.93 (s, 3H), 2.31 (s, 3H);
C NMR (100 MHz, CDCls) & 156.8, 139.6, 137.9, 134.0, 132.5, 130.3, 128.6, 122.2, 119.4,
114.7, 113.8, 111.0, 110.8, 56.1, 20.5; FT-IR (KBr) 3233, 2218, 1574, 1472, 1382, 1271, 1020
cm’. Anal. Calcd. for C;sH14N,SeO: C, 56.79; H, 4.45; N, 8.83; Found: C, 56.89; H, 4.44; N,
8.80.

CN
R
Me Se NO,
2-(3-Nitrophenylselanyl)-4-methylphenylcyanamide 2d: White

solid; yield 85%; mp 118-119 °C; 'H NMR (400 MHz, CDCl;) & 8.07-8.04 (m, 2H), 7.55 (s,
1H), 7.41 (t, J = 7.2 Hz, 2H), 7.36 (d, J = 9.6 Hz, 1H), 7.30 (t, J = 11.2 Hz, 1H), 6.70 (br s, 1H),
2.36 (s, 3H); *C NMR (100 MHz, CDCls) & 149.0, 139.4, 137.4, 134.9, 133.6, 133.1, 130.5,
124.0, 122.0, 115.5, 113.1, 110.4, 20.6; FT-IR (KBr) 3191, 2224, 1495, 1403, 1386, 1341, 1286,
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1061 ¢cm™. Anal. Calcd. for C14H;1N3SeO,: C, 50.61; H, 3.34; N, 12.65. Found: C, 50.70; H,
3.32; N, 12.63.

CN
Me Se
2-(4-Aminophenylselanyl)-4-methylphenylcyanamide 2e: Gum-

my; yield 87%; "H NMR (400 MHz, CDCls) & 7.46 (s, 1H), 7.19-7.17 (m, 4H ), 6.56 (d, J =7.2
Hz, 2H), 3.72 (br s, 2H), 2.28 (s, 3H); *C NMR (100 MHz, CDCls) & 146.7, 137.9, 136.5, 133.8,
133.4, 131.6, 117.3, 116.7, 116.4, 114.9, 111.1, 20.6; FT-IR (KBr) 3454, 2923, 2238, 1626,
1493, 1385, 1285 cm™'. Anal. Calcd. for C14H;3N5Se: C, 55.64; H, 4.34; N, 13.90. Found: C,
55.75; H, 4.33; N, 13.86.

CIZN

Me Se .
2-(4-Chlorophenylselanyl)-4-methylphenylcyanamide 2f : Gum-

my; yield 89%; 'H NMR (400 MHz, CDCls) § 7.51 (s, 1H), 7.30-7.26 (m, 2H), 7.22-7.19 (m,
2H), 7.11-7.08 (m, 2H), 2.33 (s, 3H); °C NMR (100 MHz, CDCls) & 139.0, 137.2, 134.3, 132.8,
131.0, 130.8, 129.9, 128.7, 115.2, 114.5, 110.7, 20.6; FT-IR (KBr) 2922, 2237, 1644, 1473,
1385, 1089 cm™'. Anal. Caled. for C14H,N,SeCl: C, 52.28: H, 3.45; N, 8.71. Found: C, 52.38; H,
3.43; N, 8.67.

(I:N

Me Se
ite solid; yield 91%; mp 107-108 °C; 'H NMR (400 MHz, CDCls) & 7.49 (s, 1H), 7.23-7.18 (m,
4H), 6.81-6.80 (m, 2H), 3.77 (s, 3H), 2.30 (s, 3H); °C NMR (100 MHz, CDCl;) & 159.6, 138.4,
136.7, 134.0, 132.7, 132.0, 120.0, 116.4, 115.6, 115.0, 110.9, 55.5, 20.6; FT-IR (KBr) 3271,

2960, 2924, 2213, 1727, 1588, 1489, 1386, 1288, 1247, 1174, 1024 cm™'. Anal. Calcd. for
Ci5H14N»SeO: C, 56.79; H, 4.45; N, 8.83. Found: C, 56.90; H, 4.42; N, 8.78.

2-(4-Methoxyphenylselanyl)-4-methylphenylcyanamide 2g: Wh-
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CN
Me Se
2-(4-Nitrophenylselanyl)-4-methylphenylcyanamide 2h : Block

solid; yield 75%; mp 124-125 °C; 'H NMR (400 MHz, CDCl3) & 7.98 (d, J = 2.4 Hz, 2H), 7.90
(dd, J = 2.4 Hz, 8.4 Hz, 2H), 6.92 (s, 1H), 6.86 (d, J = 8.0 Hz, 1H), 6.53 (t, J = 7.6 Hz, 1H), 6.27
(br's, 1H), 2.23 (s, 3H); °C NMR (100 MHz, CDCls) & 148.2, 136.7, 133.5, 128.9, 128.4, 124.5,
124.2,115.8, 113.4, 111.7, 110.7, 20.2; FT-IR (KBr) 3322, 2919, 2227, 1606, 1572, 1470, 1275,
1229, 1117 cm’'. Anal. Caled. for Ci4H;N3SeOs: C, 50.61; H, 3.34; N, 12.65. Found: C, 50.70;
H, 3.32; N, 12.59.

CN
jsgen
Me Se
AL 2-(2,4-Dimethylphenylselanyl)-4-methylphenylcyanamide 2i:

Gummy liquid; yield 92%; '"H NMR (400 MHz, CDCls) & 7.46 (s, 1H), 7.28-7.23 (m, 2H), 7.02
(s, 1H), 6.83 (d, J= 8 Hz, 1H), 6.66 (d, J = 8.4 Hz, 1H), 2.36 (s, 3H), 2.31 (s, 3H), 2.26 (s, 3H);
C NMR (100 MHz, CDCls) & 138.6, 137.0, 136.9, 133.8, 131.9, 131.3, 128.7, 127.8, 126.9,
114.7, 114.2, 110.5, 21.4, 20.6, 20.3; FT-IR (KBr) 3304, 2922, 2241, 1627, 1603, 1495, 1408,
1386, 1287, 1233, 1030 cm™". Anal. Calcd. for Ci¢H N»Se: C, 60.95; H, 5.12; N, 8.89. Found: C,
61.05; H, 5.10; N, 8.84.

CN
jsdey
Me Se Me
2-(3,4-Dimethylphenylselanyl)-4-methylphenylcyanamide  2j:

White solid; yield 90%; mp 107-108 °C; '"H NMR (400 MHz, CDCl;)  7.51 (s, 1H), 7.24-7.20
(m, 2H), 7.01 (d, J=9.6 Hz, 1H), 6.99 (s, 1H), 6.92 (dd, J = 1.6 Hz, 8.0 Hz, 1H), 6.83 (br s, 1H),
2.31 (s, 3H), 2.20 (s, 3H), 2.19 (s, 3H); °C NMR (100 MHz, CDCl3) & 138.8, 138.5, 137.0,
136.3, 134.0, 132.2, 131.5, 131.1, 127.9, 126.6, 115.6, 115.0, 110.9, 20.6, 20.0, 19.5; FT-IR
(KBr) 3181, 2919, 2224, 1636, 1491, 1447, 1404, 1285, 1154, 1040 cm™. Anal. Calcd. for
Ci¢HigNoSe: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.08; H, 5.10; N, 8.84.
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CN Me

jou
Me Se
= 2-(2,5-Dimethylphenylselanyl)-4-methylphenylcyanamide 2k: White

solid; yield 94%; mp 125-126 °C; 'H NMR (400 MHz, CDCls) o 7.47 (s, 1H), 7.31-7.25 (m,
2H), 7.07 (d, J = 7.6 Hz, 1H), 6.94 (d, J = 8 Hz, 1H), 6.74 (br s, 1H), 6.54 (s, 1H), 2.35 (s, 3H),
2.33 (s, 3H), 2.16 (s, 3H); °C NMR (100 MHz, CDCl3) § 139.2, 137.4, 137.1, 134.2, 132.5,
130.7, 130.6, 129.1, 128.1, 115.0, 114.2, 110.9, 21.2, 21.1, 20.6; FT-IR (KBr) 3149, 2918, 2225,
1600, 1494, 1410, 1385, 1273, 1042 cm™. Anal. Caled. for C;sHsNSe: C, 60.95; H, 5.12; N,
8.89. Found: C, 61.04; H, 5.11; N, 8.86.

Me
Me

Se
NH—CN Me

2-(2,6-Dimethylphenylselanyl)-4-methylphenylcyanamide 2I: White solid;
yield 88%; mp 134-135 °C; 'H NMR (400 MHz, CDCls) § 7.22-7.17 (m, 2H), 7.13 (d, J = 8.4
Hz, 2H), 7.06 (d, J =, 8.8 Hz, 1H), 6.97 (s, 1H), 6.35 (br s, 1H), 2.43 (s, 6H), 2.18 (s, 3H); °C
NMR (100 MHz, CDCls) ¢ 142.8, 135.2, 134.4, 134.3, 130.5, 130.1, 129.5, 128.7, 118.4, 115.5,
111.2, 24.5, 20.7; FT-IR (KBr) 3094, 2921, 2867, 2222, 1574, 1486, 1456, 1374, 1241, 1208,
1027 cm™. Anal. Caled. for CisH¢NoSe: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.06; H, 5.10; N,
8.85.

(IZN Me

jsue!
Me Se Me . .
2-(3,5-Dimethylphenylselanyl)-4-methylphenylcyanamide  2m:

White solid; yield 92 %; mp 142 °C; '"H NMR (400 MHz, CDCls) & 7.52 (s, 1H), 7.28-7.22 (m,
2H), 6.84-6.80 (m, 3H), 2.33 (s, 3H), 2.23 (s, 6H); °C NMR (100 MHz, CDCl3) & 139.6, 139.0,
137.1, 134.0, 132.4, 129.8, 129.3, 127.5, 114.9, 110.9, 109.9, 21.4, 20.6; FT-IR (KBr) 3197,
2920, 2854, 2222, 1598, 1573, 1492, 1402, 1383, 1286, 1261, 1040 cm™. Anal. Calcd. for
Ci¢HigNoSe: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.04; H, 5.09; N, 8.84.
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(IZN

Joue
Me Se O
4-Methyl-2-(naphthalene-1-ylselanyl)phenylcyanamide 2n: White
solid; yield 93%; mp 112-113 °C; "H NMR (400 MHz, CDCl3) & 8.11 (d, J = 8.4 Hz, 1H), 7.86
(d, J = 8.4 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.62-7.53 (m, 3H), 7.31-7.25 (m, 3H), 7.02 (d, J =
7.2 Hz, 1H), 6.78 (br s, 1H), 2.33 (s, 3H); °C NMR (100 MHz, CDCl;) & 139.1, 137.4, 134.2,
132.5, 129.4, 129.0, 127.9, 127.6, 127.0, 126.7, 126.4, 125.5, 115.4, 115.2, 114.2, 110.8, 20.6;

FT-IR (KBr) 3199, 2921, 2216, 1560, 1493, 1385, 1283, 1260, 1022 cem’. Anal. Caled. for
CisHisNsSe: C, 64.10; H, 4.18; N, 8.31. Found: C, 64.21; H, 4.16; N, 8.27.

CN

o™
S .
- 2-(p-Tolylselanyl)-phenylcyanamide 20: White solid: yield 95%; mp

83-84 °C; 'H NMR (400 MHz, CDCl3)  7.56 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.33
(d, J = 8.0 Hz, 1H), 7.12-7.07 (m, 3H), 6.97 (d, J = 7.2 Hz, 2H), 6.93 (br s, 1H), 2.30 (s, 3H); "°C
NMR (100 MHz, CDCls) & 139.6, 137.3, 137.1, 131.6, 131.3, 130.4, 127.9, 127.8, 124.3, 115.4,
110.3, 21.1; FT-IR (KBr) 3153, 2964, 2238, 1616, 1588, 1577, 1488, 1407, 1287, 1164, 1019
cm™!. Anal. Calcd. for C14HoN,Se: C, 58.54; H, 4.21; N 9.75. Found: C, 58.63; H, 4.19; N 9.72.

CN
Cl Se )
2-(p-Tolylselanyl)-4-chlorophenylcyanamide 2p:  White solid;

yield 91%; mp 130-131 °C; 'H NMR (400 MHz, CDCls) & 7.50 (d, J = 2.4 Hz, 1H), 7.40-7.37
(m, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.10-7.06 (m, 2H), 7.02-6.99 (m, 2H), 6.84 (br s, 1H), 2.30 (s,
3H); °C NMR (100 MHz, CDCl3) & 137.9, 137.8, 135.9, 131.1, 130.9, 130.6, 130.1, 128.9,
121.1, 116.5, 110.0, 21.1; FT-IR (KBr) 3153, 2919, 2237, 1572, 1486, 1455, 1408, 1384, 1284,
1260, 1100, 1017 cm’. Anal. Calcd. for Ci4H;N,SeCl: C, 52.28; H, 3.45; N, 8.71. Found: C,
52.38; H, 3.44; N, 8.67.
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CN
Me Se . . .
2-(p-Tolylselanyl)-4-methylphenylcyanamide 2qg: White solid;

yield 95%; mp 107-108 °C; "H NMR (400 MHz, CDCl3) § 7.51 (s, 1H), 7.26-7.20 (m, 2H), 7.10
(d, J = 8.2 Hz, 2H), 7.05 (d, J = 7.6 Hz, 2H), 6.84 (br s, 1H), 2.31 (s, 3H), 2.29 (s, 3H); °C
NMR (100 MHz, CDCls) 6 138.5, 137.1, 136.7, 133.7, 131.9, 130.3, 129.9, 126.2, 115.1, 114.6,
110.6, 20.8, 20.2; FT-IR (KBr) 3143, 2923, 2854, 2228, 1604, 1488, 1386, 1153, 1015 cm.
Anal. Calcd. for C;sH4N»Se: C, 59.81; H, 4.68; N, 9.30. Found: C, 59.89; H, 4.67; N, 9.27.

CN
MGIINI-OMG
Me Se
2-(p-Tolylselanyl)-4,5-dimethylphenylcyanamide 2r: White solid;

yield 90%; mp 91-92 °C; '"H NMR (400 MHz, CDCl3) & 7.30 (s, 1H), 7.09 (s, 1H), 7.03 (d, J =
8.0 Hz, 2H), 6.92-6.90 (m, 2H), 6.74 (br s, 1H), 2.28 (s, 3H), 2.27 (s, 3H), 2.19 (s, 3H); °C
NMR (100 MHz, CDCls) 6 141.5, 138.5, 137.7, 136.9, 133.2, 132.4, 130.6, 127.6, 116.8, 114.9,
111.1, 21.4, 20.4, 19.4; FT-IR (KBr) 3157, 2917, 2230, 1608, 1567, 1498, 1411, 1272, 1197,
1081, 1022 cm™. Anal. Caled. for CiH;¢N>Se: C, 60.95; H, 5.12; N, 8.89. Found: C, 61.05; H,
5.10; N, 8.86.
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Crystal Data for 2-(phenylselanyl)-4-methylphenylcyanamide at 298(2) K

Identification code Table 1, entry 3

Empirical formula C14sH1pNsSe

Formula weight 287.22

Temperature 298(2) K

Wavelength 0.71073 A

Crystal system orthorhombic

Space group Pca2l

Unit cell dimensions a=8.06883)A  a(®)=90

b=19.6845(9)A  PB(°)=90
c=15.9556(7) A y(°)=90

Volume V =2534.23(19) A’
YA 8
Density (calculated) 1.506 mg/m’
Absorption coefficient 2.941 mm™
F(000) 1152.0
Crystal size 0.30x0.20x0.20 mm’
Index ranges -9<=h<=8, -21<=k<=20, -17<=1<=18
Reflections collected 1895
Independent reflections 1845 [R (int) = 0.0640]
Completeness to theta = 23.25° 98.0 %
Max. and min. transmission 0.555 and 0.499
Refinement method Full-matrix least-squares on F
Data / restraints / parameters 3551/1/313
Goodness-of-fit on F* 0.905
Final R indices [[>2sigma (I)] R1=0.0636, wR2=0.1617
R indices (all data) R1=0.0771,wR2=10.1721
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RT-pheny!
expl  szpul
. SAMPLE
date Jun  § 2010
solvent coC13
file exp
ACQUISITION
Sw 6388.8
at 1.998
np 25528
fb not used
bs 1
d1 1.000
nt -1}
ct 64
TRANSMITTER
tn H1
sfrg 389.853
tof 362.8
tpwr 57
pw 9.850
DECOUPLER

dn €13
dof 0
dam nnn
dam c
dpwr 50
dmf 15900

SPECIAL
temp not used
gaip not used
spin not used
hst 9.008
pwat 19.700
alta 20.000
FLAGS
11 n
in n
dp y
hs nn
PROCESSING
b 0.10
fn 65536
DISPLAY
sp -~206.9
wp 5214.1
rfl 794.7
rfp 0
rp 131.0
1p ~97.5
PLOT
we 250
sC L]
vs 92
th g
n»  cdc ph

a_uZ
NH
Me Se :
Table 1, entry 3
g2
INEL | .
~ s
L T
]
N
3 3
P Il
] _
e «
”m
®
.L
| _ w
L . |
(\_ vl J ]
C( M DA
e o it Tt
7 6 5 q 3 2 1 ppm
LA o
7.8714.90 21.03
49 03 7.18
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RT-phenyl1-13C

expl  s2pu)

Table 1, entry 3

CN

[
NH

Se

SAMPLE SPECIAL
date Jun B 2010 temp not used
solvent €DC13 gain not used
file exp spin not used
ACQUISITION hst u.008
swW 25125%.6 pwio 14.800
at 1.189 alfa 20.000
np goz70 FLAGS
fb 13800 11 n
bs I6 in n
dl 1.000 dp ¥
nt 5000 hs nn
<t 3808 PROCESSING
TRANSMEITTER b 2-00
th Clz fn 655386
sfrg L00. 5514 DISPLAY
tof 1536.3 sp -1583.1
tpwr 61  wp 25125.8
pw 3.300 rf1 1503.1
DECOUPLER rfp o
dn H1 rp -57.9
dof 0 p —360.3 _/\_m
dm vyy PLOT
dmm W we 250
dpwr 42 sc 0
gmf 840 vs Zo
ih z
nm noe ph
-
~
-
=h
BHA,
~ 2 ™o
mfizs7R 2
tvamn e
oL Re 8w
anz=3 73
O Y P
SN
T
i
. L Al
—r L L i B o e e e e e T e L,
220 200 180 160 140 120

—114.770

—7F77.583
77.263

7§.943

—20.551

. _ | ,

T

100

T T

wharapd

s

80

T ST -

T T T T e r T -

60 40 20 0 ppm
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~1~229-C

expl s2pul

Me

CN
NH

Se
2d

NO,

-7.264

§.797

2.358

«0.000

—0. 871

SAMPLE SPECIAL
date Jun 7 2010 temp not used
solvent CDC13  gain not used
file exp  spin not used
ACQUISITION hst 9.008
Sw £389.8 pwio 19.700
at 1.998 alfa 20.000
np 25528 FLAGS
fh not used {1 n
bs 4 dn n
d1 1.000 dp y
nt 64 hs nn
ct 1 PROCESSING
TRANSMITTER Th 0.10
11;] Hl1 fn ES536
sfrq 339.853 DISPLAY
tof 382.8 sp -256.8
tpwr 57 wp 5155.3
pw 9.850 rf1 794.1
DECOUPLER rfp [}
dn Ci3 rp 125.1
dof 8 1p -93.%
dm nnn PLOT
dmm C W 250
dpwr 50 sc 0
amft 15300 vg 147
th ]
nm  cdc ph -~
-+ o
a =
o™
)
<
-
w
~
I
w
~
o
1
T T Py T T T
1z 11 1c 9 8
- ot
14.83 17L8861
4.38.85
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RT-229-¢
-
expl s2pul
SAMPLE SPECIAL
date Jun 8 2010 temp not used
solvent CCG13 gain net used
file exp spin not used
ACQUISITION hst 0.008
sw 28125.6 pwaD 18.600
at 1.193 alfa zon.oop
np 60270 FLAGS
b 13800 i1 [
bs 16 in n
dl 1.000 dp y
nt $000- hs an OZ
ct s000 PROCESSING |
TRANSMITTER 1b 2.00 Z_I_
tn Cl3 fn 655536
strog 100.554 DISPLAY
tof 1536.3 sp ~1507.2
tpwr 61 wp 25125.6
Pw 9.300 rf2 9z27z.1
DECOUPLER rfp 7764.9 Me Se ZON
dn H1 rp -56.5
dof [ -323.6 2d
dm yyy PLOT
dmm W WC 250
dpwr 42 s [}
dmf 8300 wvs 28
th 3
nm no  ph
©
)
"W B o & 7
hed
NN RRETNY o -
cat mo - e ~o |
TR M mm g 0 R
P - T N e
@ ey 3 T - b
“8a. A a
- _ )
! PP, o
o -
| o “
H N o =
- - - ~
© - 7
=
: |
= | _
-
ay
| | | |
|
1 7 :
| 7 ,
.
1
| |
- " e : F ' & ot ity ﬂ: I~y ,,._.ELrt; ety e sy :
T o e i T B o o B LA o e I e T LB o e I i e T T g
220 280 180 160 140 1z0 100 80 60 10 Z0 o ppm
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Chapter 111

Copper(ll)-Promoted Three-Component Synthesis of Substituted 5-
Aminotetrazoles

Tetrazoles are an important class of heterocyclic compounds. Due to their unique structure and
reactivity, they have attracted noticeable interest in medicinal applications' and are also applied
as ligands in coordination chemistry.” They also have been used as important synthetic
intermediates for the preparation of imidoylazides.” In recent years, substituted tetrazoles have
found common usage as an isosteric replacement for the carboxylic acid moiety in biologically
active molecules.” Carboxylic acid counterparts and tetrazoles do exhibit a planar structure.
However, anionic tetrazoles are ten times more lipophilic in nature than the corresponding
carboxylates, which is an important factor in design of a drug molecule to pass through cell

5 . 0 . . . 6 5 . 7 .
membrane.” 5-Aminotetrazoles are found in compounds bearing antiasthmatic,” antiviral,” anti-

o)
CH
HN | 3
NN "ON o h
N Ne 0 N,
'}l H _N R
R N? '

1 HN— N>
H N
N—N

Endothelin Converting ,
Enzyme Inhibitor Anti HIV Drug

Losartan L-692,429

Treatment for Hypertension Growth Hormone
Secretagogue Receptor

Figure 1. Some examples of biologically active tetrazole compounds
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inflammatory,® antineoplastic’ and cognition disorder activities.'” Tetrazoles also possess
pharmacological and receptor modulator activities (Figure 1)."" Thus owing to their synthetic and
medicinal importance, significant efforts have been made on the development of effective

methods for the construction of the 5-aminotetrazole structural frameworks.

3.1 Electrocyclization

Most of the classical methods used for the synthesis of 5-aminotetrazoles involve
electrocyclization. As an example diazotization of amino guanidine with NaNO, followed by

electrocyclization in aqueous acid gives 5-aminotetrazoles in high yield (Scheme 1).'**

NH
R. _NH NaNO -N
NJ\N a 2 N S—NH,
H H N~
_ |
R =aryl R

up to 92% vyield
Scheme 1

Oe and co-workers accomplished the synthesis of 5-aminotetrazoles from carbodiimides and

hydrazoic acid in benzene at 60 °C with good yield (Scheme 2).12b

. HN N R
R-N=C=N-R 3 N H—NH
Dry benzene N~y
R, R = aryl, alkyl R
up to 87% vyield

Scheme 2

Nasrollazadeh and co-workers reported the synthesis of substituted arylaminotetrazoles from

arylcyanamides and NaNj using zeolite in DMF under heating (Scheme 3).'*

CN HaNG
| = H  N-
N ,- NH
o NH NaNs, zeolite | X N | XN N_<N;I
+
|// DMF, 115 °C L = A
R R R
R = EDG R = EWG
Scheme 3
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Later, the above reaction has also been demonstrated using ZnCl, in water under reflux

conditions (Scheme 4).]2d

CN H,N
| ? %N\ o N-
N y NH
S NH' NaN,, zncl, NN X N_<N¢|{J
| ; @f

= H,O R//

R
R = EDG R =EWG

Scheme 4

While Khamooshi and co-authors showed the above reaction employing AI(HSO4); at 70 °C

under neat conditions (Scheme 5).'*

CN HaN
| - \N H /N\NH
N Nang N |\ N_<N;'
+
= Y &% =
R Al(HSO,)3, 70°C R

R = EDG R = EWG

Scheme 5

3.2 Nucleophilic Substitution

Teutsch and co-workers showed the synthesis of 5-aminotetrazoles from 5-chlorotetrazole and

amines by nucleophilic substitution under heating conditions (Scheme 6).'**

PONE I &
i H—Cl A -N
R e
| -
R N
R
up to 80% vyield

Scheme 6

While, Ried and co-workers demonstrated the synthesis of 5-aminotetrazoles via nucleophilic
substitution followed by electrocyclization from sodium azide and a-chloroformamidine

(Scheme 7).
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R.
N '
. -N R
| R NaN3 N N ’
H N

a—chloroformamidine R
up to 80% vyield

Scheme 7

Similarly, Miller and co-workers reported the synthesis of tetrazoles by nucleophilic
substitution followed by electrocyclizaiton from sodium azide and aminoiminomethanesulfonic
acids (Scheme 8).'*

R\N | N =
A R NaNe N

Aminoiminomethane R
sulfonic acids up to 82% yield

HO5S

Scheme 8

The synthesis of 5-aminotetraozle has also been shown by nucleophilic substitution followed
by electrocyclization from thiourea and sodium azide in the presence of Hg, Pb or I, (Scheme

9).13‘1'g This method has been employed for the synthesis of mono-, di- and tri substituted

tetrazoles.
H H :
_N_ _N__. Hg/Pb/ -N R
RO R 9o N S—NH
S NaNg, DMF N~y
R
Scheme 9

Most of these existing methods involve either toxic reagents or harsh reaction conditions such as
high temperature and lack of regioselectivity.'* Thus, the development an effective method for

the regioselective synthesis of 5-aminotetrazoles will be valuable in organic synthesis.

3.3 Present Study

The recent development in organic synthesis using transition metal based systems provides

effective method for the construction of valuable heterocyclic compounds. Copper based
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catalytic systems find extensive applications in the construction of heterocyclic compounds that
led us to explore the synthesis of 5-aminotetrazoles from isothiocyanates, bromoanilines and
sodium azide in the presence of copper salts via tandem addition, substitution and
electrocyclization processes.

Firstly, the optimization of the reaction conditions was carried out with 4-methyl-2-
bromoaniline, phenylisothiocyanate and sodium azide as model substrates using different copper
sources, solvents and bases (Table 1). The best result was obtained when the reaction was

pursued at room temperature using 50 mol % the copper salts such as CuSO45H>O,

Cu(OAc),-H,0, Cul

Table 1. Optimization of the Reaction Conditions for the Synthesis of Tetrazole”

NCS ="t
NH, © 1. Solvent, RT, 14 h /@EN\/{
Me/©i8r * 2.50 mol % Catalyst g BrHN\©
3 equiv base 33
3 equiv NaN3, RT, 4 h
Entry Catalyst Solvent Base Product (3a) (%)”
1 Cu(OAC),'H,O DMF Et;N 100
2 Cu(OAC),'H,O DMSO Et;:N 75
3 Cu(OAC),'H,O THF Et;N 60
4 Cu(OAC),'H,O Toluene Et;:N 60
5 Cu(OAC),"H,O DMF Cs,COs 60
6 CU(OAC)2H20 DMF K2C03 70
6 CuS0O4-5H20 DMF Et;N 100
7 Cul DMF Et;N 100
8 CuCl DMF Et;:N 100

“ Reaction conditions: Phenyl isothiocyanate (I mmol), 2-bromo-4-methylbenzenamine (1
mmol), solvent (1.5 mL), room temperature, 14 h, then NaN; (3 mmol), base (3 mmol) and
catalyst (50 mol %), room temperature, 4 h.

’ Determined by 400 MHz 'H NMR. n.d. = not detected.

and CuCl in the presence of Et;N in DMF affording the desired tetrazole 3a in 100% conversion.
The reaction in solvents such as DMSO, THF and toluene were less effective and gave the target
product in 60-70% conversion. The reactions with inorganic bases such as CsCO; and K,COs3
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Table 2. Substrate Scope of the Formation of Substituted 5-Aminotetrazoles*”

NCS N=N
+ = -
/gy X 2.3 equiv NaN3, 3 equiv EtzN R/ Z BrHNO R =arylalkyl
R R 50 mol % Cu(OAC),-H,0, RT 3b-ab '

3b C Cl € OMe
95% 90% 96% 97%
N=N N=N N=N N=N,
N /N /N N
N\/( N\( N\/( N\/(
/©: HN /©i HN /C[ HN /©i HN
Me Br QMe Br CZMe Br QMe Br \Q
3f F 3g CFs3 3h NO, 3i CN
89% 85% 82% 84%
=N =N =N N:N\
\ & /
N N

"
C,H Me M M
3 2Ms 3k 3l e 3m €
Me
96% 92% 90% 91%
=N =N N=N N=N
\ SN YN

95% 87% 82% 7%
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N=N N=N N=N N=N

/ N N N N

N~ N N~ N2
HN HN HN HN

Me Br Me Br O Me Br Me Br
3r 3s 3t 3u o
O
75% 72%

3v 3w 3x 3y
75% 89% 92% 92%
[/\]:N\ [/\]:N\N [/\]:N\
N N
Me N\/( N\( N\/(
j@ HN Me HN /©i HN
Me Br Br MeO Br
Me
3z OMe 3aa OMe 3ab OMe
85% 86% 95%

“ Reaction conditions: Isothiocyanate (1 mmol), 2-bromo-4-methylbenzenamine (1 mmol),

DMF (1.5 mL), room temperature, 11-22 h, then NaN; (3 mmol), Et:N (3 mmol) and

Cu(OAc),-H,0 (50 mol %), room temperature, 3-6 h.
? Isolated yield.

gave inferior results. Both copper(I) and copper(Il) were effective affording the target product in

100% conversion. Control experiments without the copper source showed no 5-aminotetrazole

formation and thiourea was obtained as a sole product.
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Next, the scope of the procedure was explored for the reaction of substituted isothiocyanates,
2-bromoanilines and sodium azide. A series of substrates proceeded reaction to give the
corresponding tetrazoles 3a-ab in moderate to high yield. Aryl isothiocyanates having electron
donating substituents on the aryl ring (4-Me, 4-OMe, 4-'Pr, 4-Et, 2,4-dimethyl, 3,4-dimethyl,
2,5-dimethyl, 2,6-dimethyl and 3,5-dimethyl groups) were more reactive than that bearing
electron-withdrawing substituents (4-NO,, 4-CN, 4-Cl, 4-F and 4-CF; groups), whereas,
naphthyl isothiocyanate and aliphatic isothiocyanates gave the corresponding tetrazoles 3Q-V in
67-77% yield. In case of 2-bromoainiline component, the use of both 2-bromoaniline and
substituted 2-bromoaniline with the 4-Me, 4-Pr, 4-Cl, 4-OMe, 2,4-dimethyl and 3,4-
dimethylbromoaniline groups gave the tetrazoles 3w-ab in good yield. Recrystallization of 3a in

MeOH gave crystals whose structure was confirmed by single-crystal X-ray analysis (Figure 2).

Figure 2. ORTEP diagram of 1-(2-bromo-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine 3a
with 50% ellipsoid. H-Atoms are omitted for clarity.
To reveal the reaction pathway, a 1:1 mixture of 4-methyl-2-bromoaniline and phenyl

isothiocyanate was stirred in DMF at room temperature for 14 h to afford the corresponding

\

N
/C[NHZ 1. PhNCS, DMF, RT, 14 h /@N\(
Me Br 250 Mol % Cu(OAC)H0 e B N~ppy
3 equiv EfzN, 3 equiv NaN3
RT, 4 h

Scheme 10

N=N
/
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thiourea.'® The latter when treated with a mixture of 3 equiv sodium azide, 3 equiv Et;N and 50

mol % Cu(OAc),-H»O, the reaction proceeded to give the tetrazole in 100% conversion (Scheme
10).

Powder XRD plot for CuS : JCPDS Ref. 79-2321

Intensity (a. u.)

T T T T T
20 30 40 50 60 70 80

260 (degree)

Figure 3. Powder XRD plot of isolated CuS

Spectrum [
5
Element Weight% Atomic%
S K 40.56 57.48
Cul 59.44 42.52
Totals 100.00 ju
JJ \ Cuy
i
1 2 3 4 a3 l:-l ?I' EI EII
Ful Scale 167 otz Cursor: 9410 ke (1 ct=) ket

Figure 4. EDX spectrum of isolated CuS
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EHT = 15.00 kv Mag= 100KX wWD= 15mm

Figure 5. SEM image of isolated CuS and S

H
NH, § H
@ RNCS (:[ \ﬂ/ "R EtzN N NN
R
_

[Cu] Br o> [Cul]

NaNal substitution

N=N
/ N N
N Xy R
| A \( electrocyclization R—:(I \Nr +CuS¢
(g Noge Z gy 8 + Sulfide
3a-ab

Scheme 11. Proposed catalytic cycle
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These results clearly show that the reaction of 2-bromoaniline and isothiocyanate gives a
thiourea, which in the presence of copper source and Et;N may give intermediate a (Scheme 11).
Nucleophilic substitution of a with sodium azide gives b with CuS and a sulphide as byproduct,
which were characterised by SEM and powder XRD analysis (Figures 3-5). Electrocyclization of
b gave the tetrazole derivatives 3a-ab in high yield."

In conclusion, copper-promoted three-component synthesis of substituted S-aminotetrazoles
has been developed from the readily accessible isothiocyanates, bromoanilines and sodium azide
at room temperature. This procedure is simple and has wide substrate scope to afford the target

products with excellent regioselectivity and yield.
Experimental Section

General Information. NaN; and Et;N were obtained from Merck. Substituted isothiocyantes16
and bromo anilines'’ were prepared according to reported procedure. Product purification was
carried out by silica gel column chromatography using Rankem silica gel (60-120 mesh). All
reactions were monitored by analytical TLC on Merck silica gel G/GF 254 plates. NMR ('H and
13C) spectra were recorded on DRX-400 Varian spectrometer and the data are accounted as
follows: chemical shifts (6 ppm) (multiplicity, coupling constant (J Hz), integration).The
abbreviations for multiplicity are as follows: s = singlet, d = doublet, t = triplet. Melting points
were determined by Buchi B-540 melting point apparatus. FT-IR spectra of air-dried samples
were recorded on PerkinElmer Spectrum One FT-IR spectrometer using KBr disks and are
reported in frequency of absorption (cm™). Elemental analyses were recorded using PerkinElmer
CHNS analyzer. Powder X-ray diffraction (XRD) pattern of dried crystalline catalyst was
recorded on a X-ray diffractometer with Cu Ka irradiation (A = 1.54 A) at 40 kV and 40 mA with
a scan rate of 0.1°/s for 20 in the range of 20-80°. SEM image was recorded with Leo 1430vp
instrument. For single crystal X-ray analysis the intensity data were collected using Bruker
SMART APEX-II CCD diffractometer, equipped with 1.75 kW sealed-tube Mo Ka irradiation (A
= 0.71073 A) at 296(2) K and the structures were solved by direct methods using SHELLX-97
(Géttingen, Germany) and refined with full-matrix least squares on F* using SHELXL-97.

General Procedure for Regioselective Synthesis of Substituted Tetrazoles. Isothiocyanate (1
mmol) and substituted 2-bromoaniline (1 mmol) were stirred at room temperature in DMF (1.5

mL) for 11-22 h. Then, NaN; (3 mmol), Cu(OAc),'H,O (50 mol %) and Et;N (3 mmol) were
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added. The resulting mixture was stirred for 3-6 h at room temperature. The black colored CuS
precipitate formed was removed from the reaction mixture by centrifugation, and the solution
was extracted with EtOAc (3 x 10mL) and washed with brine (1 x 5 mL) and water (2 x 5 mL).
Drying and evaporation of the solvent provided a residue which was purified by silica gel

chromatography using ethyl acetate and hexane as eluent to provide the titled compound.

1-(2-Bromo-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine 3a:
White solid; yield 95%; mp 146-147 °C; "H NMR (400 MHz, CDCl3) 6 7.62 (s, 1H), 7.52 (d, J =
8 Hz, 2H), 7.36-7.28 (m, 4H), 7.03 (t, J = 14.8 Hz, 1H), 6.55 (br s, 1H), 2.44 (s, 3H); °C NMR
(100 MHz, CDCl; + DMSO-d¢ ) 6 152.7,142.4, 138.7, 133.2, 128.8, 128.7, 128.0, 121.6, 120.8,
117.7, 20.1; FT-IR (KBr) 3285, 3056, 1603, 1574, 1534, 1497, 1456, 1321, 1234, 1121, 1085
cm’. Anal. Calcd. for Ci4H;,NsBr: C, 50.93; H, 3.66; N, 21.21. Found: C, 51.06; H, 3.64; N,
21.14.

\
Z

-

N

No N

@H
B

: @

1-(2-Bromophenyl)-N-phenyl-1H-tetrazol-5-amine 3b: White solid;
yield 95%; mp 159-160 °C; 'H NMR (400 MHz, CDCl3) § 7.66 (d, J =8 Hz, 1H), 7.46 (d, J=8
Hz, 2H), 7.39-7.33 (m, 4H), 7.15 (t, J = 15.2 Hz, 2H), 6.9 (br s, 1H); *C NMR (100 MHz,
CDCl; + DMSO-d¢) o 152.0, 138.4, 132.8, 131.6, 129.2, 128.5, 128.1, 127.8, 121.5, 120.9,
117.6; FT-IR (KBr) 3076, 2924, 1614, 1574, 1529, 1497, 1485, 1318, 1242, 1082 cm™. Anal.
Calcd. for C;3H oNsBr: C, 49.39; H, 3.19; N, 22.15. Found: C, 49.51; H, 3.18; N, 22.07.

L

Z
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1-(2-Bromo-4-methylphenyl)-N-(4-chlorophenyl)-1H-tetrazol-
5-amine 3c: White solid; yield 90%; mp 137-138 °C; "H NMR (400 MHz, CDCls) 6 7.77 (s,
1H), 7.50 (t, J = 9.2 Hz, 2H), 7.26 (d, J = 7.6 Hz 2H), 7.16 (d, J = 8.8 Hz, 2H), 4.66 (br s, 1H),
2.40 (s, 3H); BC NMR (100 MHz, CDCl;s + DMSO-dg) 6 151.1, 141.7, 136.9, 132.3, 128.3,
128.1, 127.7, 127.0, 124.7, 120.0, 118.1, 19.2; FT-IR (KBr) 3076, 2958, 2150, 1637, 1504, 1421,
1374, 1330, 1256, 1207, 1030 cm™. Anal. Calcd. for Ci4H;CINsBr: C, 46.12; H, 3.04; N, 19.21.
Found: C, 46.22; H, 3.03; N, 24.14.

—

N=N
/
NN

[ :[ H \©\
Me Br
1-(2-Bromo-4-methylphenyl)-N-p-tolyl-1H-tetrazol-5-amine

3d: White solid; yield 96%; mp 144-145 °C; '"H NMR (400 MHz, CDCl3) & 7.63 (s, 1H), 7.45-
7.32 (m, 4H), 7.12 (d, J = 8 Hz, 2H), 5.98 (br s, 1H), 2.46 (s, 3H), 2.29 (s, 3H); °C NMR (100
MHz, CDCl; + DMSO-dg) & 152.3, 142.2, 135.9, 133.0, 130.8, 129.8, 128.7, 128.5, 123.2, 120.6,
117.8,20.0, 19.6; FT-IR (KBr) 3256, 3095, 1613, 1574, 1514, 1315, 1234, 1120, 1094, 1017 cm’
! Anal. Calcd. for C;sH;4NsBr: C, 52.34; H, 4.10; N, 20.35. Found: C, 52.48; H, 4.08; N, 26.26.

pd

Me

\\
Z

\

N
Ko N

Me/©iBr \©\0Me
1-(2-Bromo-4-methylphenyl)-N-(4-methoxyphenyl)-1H-tet-

razol-5-amine 3e: White solid; yield 97%; mp 131-132 °C; 'H NMR (400 MHz, CDCl3) & 8.28
(d, J = 8.4 Hz, 1H), 7.46-7.42 (m, 2H), 7.30 (s, 1H), 7.16-7.08 (m, 3H), 7.00 (br s, 1H), 3.87 (s,
3H), 2.26 (s, 3H); '°C NMR (100 MHz, CDCl; + DMSO-dg) 5 154.7, 153.1, 142.9, 133.7, 132.6,
129.7, 129.5, 129.3, 126.1, 121.3, 114.9, 55.02, 20.56; FT-IR (KBr) 3345, 2857, 1567, 1535,
1506, 1321, 1271, 1235, 1182, 1123, 1074, 1033 cm™. Anal. Calcd. for C;sH4NsOBr: C, 50.02;
H, 3.92; N, 19.44. Found: C, 50.14; H, 3.91; N, 19.38.

=4
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\
Z

N

Me/©iB \©\
F
1-(2-Bromo-4-methylphenyl)-N-(4-fluorophenyl)-1H-tetrazol-

5-amine 3f: White solid; yield 89%; mp 147-148 °C; 'H NMR (400 MHz, CDCl;) & 7.62 (s,
1H), 7.49-7.34 (m, 4H), 7.00 (t, J = 8.4 Hz, 2H), 6.14 (br s, 1H), 2.45 (s, 3H); °C NMR (100
MHz, CDCIl; + DMSO-de) 6 158.2, 155.8, 152.1, 142.1, 134.7, 133.0, 128.6, 128.4 (d, 3Jer=9.9
Hz), 120.6, 119.2 (d, “Jcr = 7.6 Hz), 114.2 (d, *Jcr = 22.8 Hz), 20.0; FT-IR (KBr) 3266, 3105,
1622, 1587, 1533, 1587, 1319, 12261087, 1018 cm™. Anal. Calcd. for C;4H;,FN;sBr: C, 48.29; H,
3.18; N, 20.11. Found: C, 48.42; H, 3.17; N, 20.03.

Z~z
9y

T
zZ

N
/
N

§/<\“z

Me

o

nyl)-1H-tetrazol-5-amine 3g: White solid: yield 85%; mp 186-187 °C; 'H NMR (400 MHz,
DMSO) & 7.81 (d, J = 8.4 Hz, 2H), 7.65 (s, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.43-7.36 (m, 2H),
2.49 (s, 3H); *C NMR (100 MHz, CDCl; + DMSO-de) & 151.9, 142.8, 142.1, 133.5, 129.0,
128.7, 125.3, 125.1, 123.0, 122.7, 122.4, 121.0, 117.3, 20.3; FT-IR (KBr) 3284, 3127, 1613,
1576, 1534, 1499, 1402, 1338, 1252, 1198, 1164, 1115, 1016 cm™’. Anal. Caled. for
C1sH1 1 F3NsBr: C, 45.25; H, 2.78; N, 17.59. Found: C, 45.40; H, 2.75; N, 17.51.

1-(2-Bromo-4-methylphenyl)-N-(4-(trifluoromethyl)-phe-

J. -(2-Bromo-4-methylphenyl)-N-(4-nitrophenyl)-1H-tetra-
zol-5-amine 3h: White solid: yield 82%; mp 186-187 °C; 'H NMR (400 MHz, DMSO) & 8.92
(br s, 1H), 8.09-8.05 (m, 2H), 7.78-7.75 (m, 2H), 7.26 (s, 1H), 7.07-7.04 (m, 2H), 2.45 (s, 3H);
BC NMR (100 MHz, CDCl; + DMSO-dg) & 152.8, 146.3, 143.8, 141.8, 137.3, 129.6, 127.1,
125.6, 121.0, 120.7, 118.0, 21.5; FT-IR (KBr) 3314, 3109, 2115, 1619, 1509, 1330, 1250, 1112,
1088, 1025 cm’'. Anal. Caled. for Ci14H11BrNgOs: C, 44.82; H, 2.96; N, 22.40. Found: C, 44.95;
H, 2.94; N, 22.34.
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CN

4-(1-(2-Bromo-4-methylphenyl)-1H-tetrazol-5-ylamino)-be-

nzonitrile 3i: White solid: yield 84%; mp 186-187 °C; 'H NMR (400 MHz, DMSO) & 7.66 (d, J
= 7.6 Hz, 2H), 7.46 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 2.30 (s, 3H); °C
NMR (100 MHz, CDCl; + DMSO-dg) 6 152.0, 143.5, 143.2, 133.8, 132.7, 129.4, 128.9, 121.2,
118.0, 117.4, 104.0, 20.7; FT-IR (KBr) 3269, 3188, 2227, 1602, 1532, 1324, 1248, 1175, 1085
cm”. Anal. Caled. for CysHy BrNg: C, 50.72; H, 3.12; N, 23.66. Found: C, 50.86; H, 3.10; N,

23.59.
=
N
"~
/©: HN
Me Br \©\
CoHs |

1-(2-Bromo-4-methylphenyl)-N-(4-ethylphenyl)-1H-tetraz-
ol-5-amine 3j: White solid; yield 96%; mp 139-140 °C; 'H NMR (400 MHz, CDCl;) & 7.63 (s,
1H), 7.42 (d, J = 8.4 Hz, 2H), 7.37-7.35 (m, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.00 (br s, 1H), 2.62-
2.56 (q, 2H), 2.46 (s, 3H), 1.20 (t, J = 7.6 Hz, 3H); °C NMR (100 MHz, CDCl; + DMSO-d¢) &
151.5, 141.5, 136.3, 135.8, 132.4, 128.3, 128.1, 126.4, 122.8, 120.0, 117.1, 26.3, 19.3, 14.3; FT-
IR (KBr) 3250, 3090, 2928, 1610, 1574, 1496, 1449, 1309, 1246, 1125, 1096 cm™. Anal. Calcd.
for CigH¢NsBr: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.76; H, 4.49; N, 19.48.

2-1-(2-Bromo-4-methylphenyl)-N-(4-isopropylphenyl)-1H-

tetrazol-5-amine 3k: White solid; yield 92%; mp 144-145 °C; '"H NMR (400 MHz, CDCls) &
7.64 (s, 1H), 7.42 (d, J = 8.8 Hz, 2H), 7.37-7.32 (m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 5.99 (br s,
1H), 2.88-2.83 (m, 1H), 2.46 (s, 3H), 1.20 (d, J = 6.8 Hz, 6H); °C NMR (100 MHz, CDCl; +
DMSO-dg) o0 151.7, 141.6, 141.2, 135. 9, 132.5, 128.4, 128.2, 128.1, 125.0, 120.1, 117.2, 31.6,
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22.6, 19.4; FT-IR (KBr) 3251, 3090, 2960, 1611, 1574, 1496, 1447, 1307, 1243, 1126, 1097 cm’
! Anal. Calcd. for C7H;sNsBr: C, 54.85; H, 4.87; N, 18.81. Found: C,54.98; H, 4.86; N, 18.75.

AL

N
/
N

Br

—

Z

=
\

\(N Me

Me

Me

1-(2-Bromo-4-methylphenyl)-N-(2,4-dimethylphenyl)-1H-
tetrazol-5-amine 3l: White solid; yield 90%; mp 138-139 °C; 'H NMR (400 MHz, CDCl;) &
7.57 (d, J =8 Hz, 1H), 7.22 (s, 1H ), 7.16 (d, J = 8 Hz, 1H), 7.10 (t, J = 7.2 Hz, 2H), 6.71 (s,
1H), 2.43 (s, 3H), 2.39 (s, 1H), 2.02 (s, 1H); °C NMR (100 MHz, CDCl; + DMSO-ds) & 154.9,
143.4, 135.3, 134.8, 134.1, 133.2, 133.1, 131.4, 130.0, 129.9, 127.1, 125.5, 121.4, 21.0, 20.9,
18.1; FT-IR (KBr) 3156, 2976, 1607, 1573, 1495, 1447, 1244, 1122, 1088, 1070 cm”. Anal.
Calcd. for C;¢H¢NsBr: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.74; H, 4.49; N, 19.50.

1-(2-Bromo-4-methylphenyl)-N-(3,4-dimethylphenyl)-1H-
tetrazol-5-amine 3m: White solid; yield 91%; mp 120-121 °C; '"H NMR (400 MHz, CDCl;) &
7.58 (s, 1H), 7.30-7.22 (m, 4H), 7.01 (d, J = 8.0 Hz, 1H), 6.59 (br s, 1H), 2.41 (s, 3H), 2.19 (s,
3H), 2.15 (s, 3H); °C NMR (100 MHz, CDCl; + DMSO-d¢) & 151.4, 141.5, 135.7, 134.8, 132.2,
128.3, 128.0, 127.8, 119.9, 118.0, 114.2, 19.0, 18.1, 17.1; FT-IR (KBr) 3275, 2923, 2856, 1574,
1533, 1498, 1455, 1375, 1315, 1254, 1218, 1168, 1115, 1092, 1020 cm™. Anal. Calcd. for
Ci6Hi6NsBr: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.77; H, 4.48; N, 19.47.

1-(2-Bromo-4-methylphenyl)-N-(2,5-dimethylphenyl)-1H-tetra-

zol-5-amine 3n: White solid; yield 95%; mp 120-121 °C; "H NMR (400 MHz, CDCls) & 7.78 (s,

TH-1149 09612212
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1H), 7.65 (s, 1H), 7.38-7.33 (m, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 5.90 (br
s, 1H), 2.47 (s, 3H), 2.34 (s, 6H), 2.11 (s, 3H); C NMR (100 MHz, CDCl; + DMSO-d¢) &
154.2, 142.8, 136.7, 135.4, 133.7, 130.3, 129.6, 129.4, 129.3, 126.1, 125.2, 121.0, 20.6, 20.5,
17.4; FT-IR (KBr) 2921, 1587, 1527, 1492, 1462, 1381, 1306, 1263, 1088 cm™. Anal. Calcd. for
Ci¢HisNs: C, 53.64; H, 4.50; N, 19.55. Found: C, 53.76; H, 4.47; N, 19.48.
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Z
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N
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/©i Me
Me Br \©/

Me
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1-(2-Bromo-4-methylphenyl)-N-(3,5-dimethylphenyl)-1H-
tetrazol-5-amine 30: White solid; yield 87%; mp 132-133 °C; '"H NMR (400 MHz, CDCl;) &
7.64 (s, 1H), 7.35 (d, J = 7.6 Hz, 2H), 7.15 (s, 2H), 6.70 (s, 1H), 5.93 (br s, 1H), 2.46 (s, 3H),
2.29 (s, 6H); °C NMR (100 MHz, CDCl; + DMSO-ds) & 152.9, 142.9, 139.1, 138.0, 133.8,
129.5, 129.4, 129.3, 123.9, 121.4, 116.1, 21.2, 20.7; FT-IR (KBr) 3267, 3104, 1624, 1587, 1540,
1502, 1327, 1175, 1126, 1088 cm™. Anal. Caled. for C;H sNs: C, 53.64; H, 4.50; N, 19.55.
Found: C, 53.75; H, 4.49; N, 19.47.

N=N
/ N
Ny Me
HN
Me Br
Me

1-(2-Bromo-4-methylphenyl)-N-(3,5-dimethylphenyl)-1H-tetr-
azol-5-amine 3p: White solid; yield 82%; mp 147-148 °C; "H NMR (400 MHz, CDCl3) & 7.63
(s, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 1H), 5.96 (br s,
1H), 2.46 (s, 3H), 2.28 (s, 6H); °C NMR (100 MHz, CDCl; + DMSO-ds) & 153.4, 152.3, 143.5,
139.8, 138.5, 134.4, 130.1, 129.9, 124.5, 122.1, 116.7, 21.8, 21.4; FT-IR (KBr) 3267, 3104,
2920, 1624, 1587, 1540, 1501, 1326, 1175, 1126, 1088 cm™. Anal. Caled. for C ¢H;sNs: C,
53.64; H, 4.50; N, 19.55. Found: C, 53.76; H, 4.48 ; N, 19.49.
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1-(2-Bromo-4-methylphenyl)-N-(naphthalen-1-yl)-1H-tetrazol-5-
amine 3q: White solid; yield 77%; mp 123-124 °C; 'H NMR (400 MHz, CDCl;) 6 8.02 (d, J =
7.6 Hz, 1H), 7.85 (s, 1H), 7.71-7.63 (m, 3H), 7.51-7.47 (m, 2H), 7.35 (d, /= 8 Hz, 1H), 7.26 (d,
J=15.2Hz, 2H), 6.60 (br s, 1H), 2.45 (s, 3H); °C NMR (100 MHz, CDCl; + DMSO-dg) & 154.6,
142.6, 134.2, 133.8, 133.6, 131.2, 129.4, 129.1, 128.8, 128.3, 127.8, 127.2, 125.8, 125.4, 122 .4,
121.1, 120.8, 20.6; FT-IR (KBr) 3205, 3052, 1599, 1523, 1392, 1313, 1263, 1088, 1015 cm.
Anal. Calcd. for C;gH4NsBr: C, 56.86; H, 3.71; N, 18.42. Found: C, 56.96; H, 3.70; N, 18.36.
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Me/©i8r "CyHy

1-(2-Bromo-4-methylphenyl)-N-butyl-1H-tetrazol-5-amine 3r: Wh-
ite solid; yield 70%; mp 123-124 °C; 'H NMR (400 MHz, CDCls) 6 7.61 (s, 1H), 7.30 (d, /= 8.8
Hz, 2H), 3.99 (br s, 1H), 3.48 (t, J = 6.8 Hz, 2H), 2.45 (s, 3H), 1.67-1.58 (m, 2H), 1.42-1.32 (m,
2H), 0.95 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCl; + DMSO-ds) & 154.8, 141.9, 133.1,
128.6, 128.0, 120.5, 42.6, 30.3, 19.9, 18.7, 12.8; FT-IR (KBr) 3274, 2955, 2869, 1617, 1526,
1498, 1453, 1313, 1086, 1014 cm’'. Anal. Caled. for C1,H ¢NsBr: C, 46.46; H, 5.20; N, 22.58.
Found: C, 46.59; H, 5.18; N, 22.50.
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1-(2-Bromo-4-methylphenyl)-N-cyclohexyl-1H-tetrazol-5-amine

3s: White solid; yield 67%; mp 132-133 °C; '"H NMR (400 MHz, CDCls) & 7.40 (s, 1H), 7.12 (d,
J=28.8 Hz, 2H), 4.57 (d, J = 8 Hz, 1H), 2.38 (s, 3H), 1.54-1.40 (m, 3H), 1.20-0.89 (m, 7H); "°C
NMR (100 MHz, CDCl; + DMSO-d¢) 6 153.6, 141.2, 132.4, 128.4, 128.1, 128.0, 120.0, 51.9,
31.2,23.9, 23.6, 19.4; FT-IR (KBr) 3242, 2920, 2852, 1587, 1510, 1452, 1132, 1093 cm™. Anal.
Calcd. for C4HsNsBr: C, 50.01; H, 5.40; N, 20.83. Found: C, 50.12; H, 5.39 ; N, 20.75.
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N-Benzyl-1-(2-bromo-4-methylphenyl)-1H-tetrazol-5-amine 3t: Wh-
ite solid; yield 75%; mp 124-125 °C; 'H NMR (400 MHz, CDCls) & 7.57 (s, 1H), 7.34-7.32 (m,
4H), 7.30-7-28 (m, 3H), 4.64 (d, J = 5.6 Hz, 2H), 2.41 (s, 3H); °C NMR (100 MHz, CDCl; +
DMSO-de) 0 154.2, 141.3, 137.3, 132.2, 128.0, 127.9, 126.5, 125.6, 125.3, 119.7, 45.3, 19.0; FT-
IR (KBr) 3183, 3002, 1614, 1524, 1497, 1145, 1093 cm’. Anal. Caled. for CsH4sNsBr: C,
52.34; H, 4.10; N, 20.35. Found: C, 52.48; H, 4.09; N, 20.28.
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Me’ : Br
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N-((Benzo[d][1,3]dioxol-5-yl)methyl)-1-(2-bromo-4-methyl-phe-
nyl)-1H-tetrazol-5-amine 3u: White solid; yield 72%; mp 159-160 °C; 'H NMR (400 MHz,
CDCls) 8 7.64 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 6.82 (t, J= 6 Hz, 1H), 6.76 (s, 1H), 6.70 (d, J =
7.6 Hz, 1H), 6.61 (d, J = 8 Hz, 1H), 5.82 (s, 2H), 4. 33 (d, J = 5.6 Hz, 2H), 2.35 (s, 3H); "°C
NMR (100 MHz, CDCIl; + DMSO-de) 6154.2, 145.8, 144.8, 141.4, 132.3, 131.2, 128.1, 119.9,
119.1, 106.5, 106.3, 99.3, 45.3, 19.2; FT-IR (KBr) 3360, 2933, 1622, 1516, 1463, 1257, 1232,
1154, 1091, 1026 cm’'. Anal. Calcd. for C¢H;4NsO,Br: C, 49.50; H, 3.63; N, 18.04. Found: C,
49.61; H, 3.61; N, 17.98.
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1-(2-bromo-4-methylphenyl)-N-(1-phenylethyl)-1H-tetrazol-5-
amine 3v: White solid; yield 75%; mp 124-125 °C; 'H NMR (400 MHz, CDCls) 6 6.64 (s, 1H),
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7.42-7.3 (m, 3H), 7.30-7-26 (m, 4H), 5.11-5.08 (q, 1H), 2.47 (s, 3H), 1.60 (d, J = 6.8 Hz, 3H);
>C NMR (100 MHz, CDCl; + DMSO-d¢) & 154.6, 143.4, 142.3, 133.4, 129.3, 129.1, 128.2,
127.7, 126.4, 125.6, 121.1, 53.2, 22.1, 20.4; FT-IR (KBr) 3349, 3083, 2902, 1614, 1524,
1497,1201, 1145, 1093, 1101 cm’. Anal. Calcd. for CigH;¢BrNs: C, 53.64; H, 4.50; N, 19.55.
Found: C, 53.78; H, 4.48; N, 19.49.

1-(2-Bromophenyl)-N-(4-methoxyphenyl)-1H-tetrazol-5-amine
3w: White solid: yield 89%; mp 150-151 °C; "H NMR (400 MHz, CDCls) 6 7.80 (d, J = 7.6 Hz,
1H), 7.54-7.47 (m, 3H), 7.40 (d, J = 8.8 Hz, 2H), 6.85 (d, /= 8.8 Hz, 2H), 6.02 (br s, 1H), 3.76 (
s, 3H); B3C NMR (100 MHz, CDCl; + DMSO-d¢) & 155.0, 153.0, 133.4, 132.1, 131.9, 129.7,
128.5, 121.7, 120.2, 114.6, 113.6, 55.0; FT-IR (KBr) 3057, 2961, 2835, 1616, 1513, 1498, 1431,
1331, 1301, 1292, 1253, 1183, 1035 cm™'. Anal. Caled. for C;4H;,NsOBr: C, 48.57; H, 3.49; N,
20.23. Found: C, 48.68; H, 3.48; N, 20.15.
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1-(2-Bromo-4-chlorophenyl)-N-(4-methoxyphenyl)-1H-tetra-

zol-5-amine 3x: White solid; yield 92%; mp 171-172 °C; 'H NMR (400 MHz, CDCl5) & 7.74 (d,
J=2.0 Hz, 1H), 7.47-7.44 (m, 1H), 7.40-7.37 (m, 2H), 7.10 (d, J = 9.2 Hz, 1H), 6.94 (br s, 1H),
6.81 (dd, J = 7.2, 2.4 Hz, 2H), 3.74 (s, 3H); °C NMR (100 MHz, CDCl; + DMSO-ds) & 153.9,
152.1, 135.8, 131.9, 131.2, 130.1, 129.9, 127.9, 121.8, 119.2, 112.7, 54.04; FT-IR (KBr) 3275,
3085, 2834, 1607, 1579, 1486, 1302, 1233, 1179, 1085, 1036 cm™. Anal. Calcd. for
C14H1CINSOBr: C, 44.18; H, 2.91; N, 18.40. Found: C, 44.30; H, 2.90; N, 18.34.
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1-(2-Bromo-4,6-dimethylphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3y: White solid; yield 92%; mp 167-168 °C; '"H NMR (400 MHz, CDCl;) &
7.46-7.42 (m, 3H), 7.19 (s, 1H), 6.87 (d, J = 7.2 Hz, 2H), 5.8 (br s, 1H), 3.89 (s, 3H), 2.42(s,
3H), 2.10( s, 3H); >C NMR (100 MHz, CDCl;+ DMSO-ds) § 152.5, 152.4, 131.8, 130.7, 130.3,
127.6, 121.8, 119.9, 113.2, 54.6, 20.2, 17.3; FT-IR (KBr) 3289, 2957, 1607, 1575, 1516, 1301,

1261, 1235, 1182, 1113, 1094, 1033 em™. Anal. Calcd. for C1¢H;¢NsOBr: C, 51.35; H, 4.31; N,
18.71. Found: C, 51.47; H, 4.29; N, 18.64.
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1-(2-Bromo-4,5-dimethylphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3z: White solid; yield 85%; mp 148-149 °C; '"H NMR (400 MHz, CDCls) &
7.76 (s, 1H), 7.57 (s, 1H), 7.50 (d, J = 7.6 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H), 2.37 (s,
3H), 2.31 (s, 3H); °C NMR (100 MHz, CDCl; + DMSO-de) & 153.3, 151.6, 140.3, 136.3, 132.3,
131.2, 129.1, 127.8, 118.6, 116.6, 112.3, 53.6, 17.6, 17.3; FT-IR (KBr) 3306, 2920, 2847, 1603,
1515, 1444, 1302, 1236, 1302, 1236, 1191, 1115, 1095, 1020 cm”. Anal. Calcd. for
Ci6Hi6NsOBr: C, 51.35; H, 4.31; N, 18.71. Found: C, 51.49; H, 4.30; N, 18.65.
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1-(2-Bromo-4-isopropylphenyl)-N-(4-methoxyphenyl)-1H-
tetrazol-5-amine 3aa White solid; yield 86%; mp 137-138 °C; 'H NMR (400 MHz, CDCls) &
7.64 (s, 1H), 7.41-7.37 (m, 4H), 6.85 (dd, J = 3.2, 9.2 Hz, 2H), 5.98 (br s, 1H), 3.76 (s, 3H),
3.02-2.96 (m, 1H), 1.29 (d, J = 6.8 Hz, 6H); °C NMR (100 MHz, CDCl; + DMSO-ds) & 155.7,

L

Z
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154.2, 153.9, 132.9, 132.1, 130.2, 127.4, 122.2, 121.2, 114.3, 55.7, 34.1, 24.0; FT-IR (KBr)
3307, 2956, 1608, 1578, 1513, 1466, 1301, 1266, 1232, 1180, 1112, 1092, 1039 cm™. Anal.
Calcd. for C17HsNsOBr: C, 52.59; H, 4.67; N, 18.04. Found: C, 52.70; H, 4.65; N, 17.97.

\
Z

\

N
Ko N

Meo/©iBr \©\
OMe
1-(2-Bromo-4-methoxyphenyl)-N-(4-methoxyphenyl)-1H-

tetrazol-5-amine 3ab: White solid; yield 95%; mp 125-126 °C; 'H NMR (400 MHz, CDCl5) &
8.13 (s, 1H), 7.45-7.42 (m, 2H), 7.35 (d, J = 8.8 Hz, 1H), 6.98 (dd, J = 2.8, 8.8 Hz, 1H), 6.77 (dd,
J =20, 9.2 Hz, 2H), 3.83 (s, 3H), 3.71 (s, 3H); °C NMR (100 MHz, CDCl; + DMSO-de) &
160.5, 154.0, 152.5, 131.6, 129.7, 123.6, 121.8, 119.3, 117.7, 113.2, 112.8, 54.9, 54.2; FT-IR
(KBr) 3259, 3103, 2839, 1621, 1582, 1600, 1497, 1295, 1237, 1222, 1100, 1029 cm™. Anal.
Calcd. for C;sH14NsO,Br: C, 47.89; H, 3.75; N, 18.62. Found: C, 48.04; H, 3.73; N, 18.55.
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Crystal Data and Structure Refinement for 3a at 296(2) K

Empirical formula
Formula weight
Temperature

Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.36°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma (I)]
R indices (all data)

TH-1149 09612212

Cis Hi2o BrNs
330.20
296(2) K
0.71073 A

Orthorhombic

Pbcaloop symmetry equiv_pos as xyz
'X,y,z" '-x+1/2, -y, z+1/2' '-x, y+1/2, -z+1/2'
'x+1/2, -y+1/2, -7' '-x, -y, -z' 'x-1/2,y, -z-1/2'
X, -y-1/2,z-1/2" '-x-1/2,y-1/2, 7'
a=8.3365(5) A a(®)=90.00
b=10.4832(5) A B(°)=90.00
c=132.5401(17) A v(°)=90.00
2843.8(3) A’

8

1.542 Mg/m’

2.888 mm’'

1328

0.26 x 0.22 x 0.16 mm

1.25 to 28.36°

-11<=h<=11, -13<=k<=12, -42<=]<=43
3545

1589 [R (int) = 0.3143]

99.9 %

Multi-scan

Full-matrix least-squares on F~
3545/0/182

0.928

R1=0.0422, wR2 = 0.0943

RI1=0.1129, wR2=0.1168
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RT=462F
gxpl  dfpwl
BAHFLE

date Jam 18 TELE
fa lvent [ ]
File Ffexport/homn=

cifremp/RT=d63

ACQUISTITION
L) 6389, 8
at 1.358
A ZR5ER
T aot uied
13 [
dl i.0mm
i il
(3 ¥z
TRANSHITTER

1 L] Ml
sfryg 591.8%1
tof T2 8
Tper 57
e 9.850

DECOUPLER
dan cia
doi ]
1] AR
dnm [
Apwir 58
anf 1seee

11

SPECTAL

TeEp Aol wied
gain not uied
Epin not used
hit 0.008
Pl 19.790
alfa 70,008
FLAGSE
il i
in n
dp ¥
1] na
PROCESSING
1 .10
n (15511
DIGPLAY
L] ~ETd. 9
SEER. 0
rrl a0n.8
rip []
rp peL.r
Ip =51.%
PLOT
i F41)
[ 13 ]
v 1%1
th 1
ns  ©dc  ph
10 3

B2r
s
an3
ane
L
LY
L
48
a3
Teq
[ 4]
[ 1.1.9
188
& L4B

3f
[ ; !
I W _
a 7 B 5 4 3
.-..-_-n“._.- &.88
LS. 7% 19.08

.44

Tr.mm

=9.0327
=9.02%

=0 ppm
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RT-Flouro=13C-16-05-

expl stdlic

SAMPLE
date May 16 2012
solvent DMSOD
file fexport/home/~
ciftemp/RT-4-F luor~
0-13C-16-05-12

ACQUISITION
sw 25000.0
at 1.19%
np 553968
b 13800
bs 16
gl 0
nt 5000
ct 2720

TRANSMITTER
in ciz
sfrg 100.553
tof 0
tpwr 6L
pw a_fR7

DECOUPLER
dn HL
dof Q
dm yyy
dmm W
dpwr 42
dmf 8300

200

-
o~
12 o
0
w
-
SPECIAL
temp nat used
gain nct used
spin not used
hst 0.008
pwid 18.600
alfa 20.000
FLAGS
il n
in n
dp y
hs nn
PROCESSING
1h 1.00
n not used
DISPLAY
sp 62.1
wp 21714.7
rfl 10889.0
rfp 7165.0
rp —-45.8
1p -342.9
PLOT
we 250
eC ]
] 198
th 1L
nm  no  ph

180 160

155.823

152.05%

142.149

134.720

133.005

128.649

128.558

128.4583

1Z0.628
118.262
119.186
114.269
t14.041

77.543
77.230

76.904

Me

o8]

3f

2~z

A%

-

2

39.220
39.007
38.795
38.590
38.377

19.915

20

ppm
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= DS N el o
oMo oy oo @
RT-Z,6-0iMe BMMIN - o =
MR A M G @ w
expl  szpul Ples [
|
SAMPLE SPECIAL 7 f; ﬁ
date Jun 10 2012 temp not used b i
solvent COC13 gain not used : i
file exp spin not used i
ACQUISITIDON hst 0.008 |
" 6389.8 pw9l 19.700
at 1.938 alfa 20.000 _
np 25528 FLAGS !
b not used {1 n !
bs 4 in n :
dl 1.000 dp Y '
nt 32 hs nn !
ct 3z PROCESSING
TRANSMLITTER 1b 0.10 :
tn H1 fn 65536
sfrg 399.853 DISPLAY
tof 362.8 sp -133.0
tpwr 57 wp 4953.9
pw 9.850 rfl 3697.1 \Z
DECOUPLER rfp 2894.9 N=N
dn C13 rp 108.40 / _/_
dof 0 1p -78.4 Z /
dm nnn PLOT —/\_m
dmm C o owe 250
dpwr 50 sc ]
dmf 15800 vs 151 HN
th 9
nm  cdc  ph Me Br
3p Me
[
A AN A —
L e Bl P TorT
11 10 9 7 6 5
B.09 12.77 5.86
13.21 6.22

. 2.457
2.2B4
- ~6.023
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RT-2,6-DiMe—13C-16-05-12

expl s2pul

SAMPLE
date May L6 2012
solvent DMSD
file /export/home/~
ciftemp/RT~26-DiMe~
-13C-16-05-12

ACQUISITION
Sw 25125.6
at 1,193
np 60271
fb 138014
bs 1§
d1i 1.000
nt 3000
ct 508

TRANSMITTER
tn cl3
sfrg 100.554
tof 1536.3
tpwr 6L
pw 9.300

DECOUPLER
dn HL
dof ]
dm yyy
dmm w
dpwr 42
dmf asog

temp
gain
spin
hst

pwit
alfa

11
in

SPECIAL
not used
not used
not used

—153.429
-—152.2790

_—_ . 143.469

---139.78%

138.4581

—134.394

- 130.19%3

—129.985

124.525

1272.122

-116.669

79.193
-.-78.B65
78.537

Me

40.732
40.511
-4D0.305

39.885

21.803
21.376
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Chapter IV
Copper(ll)-Catalyzed Conversion of 1-(2-Bromoaryl)-N-Aryl-1H-
Tetrazol-5-Amines to 2-Azidobenzimidazoles

The recent advances in transition-metal-catalysis led to the development of effective methods for
the construction of carbon-carbon and carbon-heteroatom bonds via cross-coupling reactions.’
Among them, the construction of C-N bond has received considerable attention due to the
presence of the moiety in many molecules that are important in biological, medicinal and
material sciences.” Benzimidazole is an important structural motif present in several compounds
that are of biological and medicinal importance (Figure 1).” For example, benzimidazole subunit
can be found in commercially available drugs such as prilosec, nexium, protonix, atacand,

. 4
famvir etc.

NH
Me
N HOOC
N N
. O L)oo
N N N

X N o

N,
- &
Telmisartan F Norastemizole Hepaititis C virus (HCV) NS5B
Treatment of High Blood Pressure Polymerase Inhibitor
N
N N Me N
N COOH
Me
OEt
o F :
Bilastine Astemizole

Antihistamine Drug

Figure 1. Some examples of pharmacologically important substituted benzimidazoles

Furthermore, they exhibit several other pharmacological activities including antidiabetic,>

.. 5b .. 5 . ... 5d . . 45 .. . . 5f
antiinflammatory,” antiviral,” antiparasitic,” antibacterial® and antimicrobial properties.

Other medicinal chemistry applications of these compounds include neuropeptide YY1 receptor
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antagonist,” N-methyl-D-aspartate (NMDA) antagonist,™ factor Xa(FXa) inhibitor,*
poly(ADP-ribose)polymerase (PARP) inhibitor® and nonpeptide thrombin inhibitor.*
Substituted benzimidazoles are also described as intermediates for the preparation of dyes and
high-temperature resistance polymers.’

The classical methods used for the synthesis of 2-azidobenzimidazoles involve diazotization on
1-benzimidazolylidenehydrazine® which can be prepared from the reaction of 1,2-diamino
benzene, carbon disulfide and ethyliodide.” Although, substituted benzimidazoles can be
generated through condensation of 1,2-diaminoarene with either carboxylic acids or aldehydes
followed by oxidation'® and some other traditional methods,'' most of these protocols suffer
from major shortcomings such as limited substituents, strong alkaline conditions, troublesome
management of the chemical process and elevated temperature. Some of these drawbacks have
been recently overcome by the development of more sustainable cross-coupling reactions for the

synthesis of benzimidazoles using transition-metal-catalysis.

4.1 Palladium Catalysts

Few studies are focused on the use of palladium catalysis for the synthesis of benzimidazoles via
intramolecular C-N cross-coupling reaction. For example, Brain and co-workers have reported

the synthesis of substituted benzimidazoles using Pd(PPhs)s via intramolecular C-N cross-

coupling of 2-haloarylamidines in toluene under reflux condition (Scheme 1).'*

B 5 mol % Pd(PPh3)4
X HN’R 1.6 equiv K,CO4 = N

N~ R 1.6 equiv NaO'Bu

Toluene, reflux |
Br up to 99% yield

Scheme 1

They have also further showed the construction of substituted benzimidazoles using Pd,(dba),

and PPh; under microwave conditions in aqueous DME (Scheme 2).12
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5 mol % Pd,(dba);

Xy HNR 8 mol % PPhy N N\>_R.
R - : ~F N
N~ R 2 equiv NaOH L
Br 50% HZO{DME up to 98% yield
160 °C, microwave
Scheme 2

The synthesis of substituted benzimidazole has been described by You and co-workers through

domino C-N cross-coupling reaction using palladium-catalyst in the presence of Cs,COs in

toluene under reflux conditions (Scheme 3).'%

2.5-5 mol % [Pd] R
X H R 2.5-5 mol % xanthos N>_ ,
+ ) 7R

2 R 1 4equivCs,COs K

NH o
Toluene, 140 °C up to 99% yield
X =BrorCl

R, R = aryl, alkyl or -NHPh
Scheme 3

4.2 Copper Catalysts

Most of the cross-coupling reactions for the synthesis of benzimidazoles employ copper-based
catalytic systems. Deng and co-workers have employed Cul and N,N’-dimethylethylenediamine
for the synthesis of substituted benzimidazole from 1,2-dihaloarenes and amidines through

domino inter- and intramolecular C-N cross-coupling reactions (Scheme 4).'*

15 mol % Cul X N é N
X
P NH 30 mol % DMEDA U Y gl YR
R Y G ) A HN.. Z N
Yz X R® NHR 4 equiv Cs,COg "R [

100-170 °C, 1,4-Dioxane R

X=Br, Cl, | s _ up to 66% yield
DMA or NMP

Scheme 4

Batey and co-workers have described the construction of substituted benzimidazole via an

intramolecular aryl guanidinylation using Cul/1,10-phenanthroline in the presence of Cs,COs5 at

moderate temperature (Scheme 5).'*
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5 mol % Cul N R
| N N /
10 mol % 1,10-Phen R >—N
/ N \Ru

2 equiv Cs,CO3 n™
80 °C, DME, 16 h up to 98% yield
Scheme 5

Bao and co-authors have shown the synthesis of substituted benzimidazoles from amines and

o-haloarylcarbodiimides using Cul and L-proline in the presence of Cs,CO; at moderate

temperature via cascade intermolecular addition/C—N cross-coupling reaction (Scheme 6).'*

R

R—r + HN
= X R...

X =Br, |
Rl =H, Me, Cl, Br, NO,

10 mol % Cul
20 mol % L-proline/1,10-phen T2 N\>—N/R
2 equiv Cs,CO5 = N R
70-80 °C, 1,4-Dioxane, 20 h R

up to 92% vyield

R2 = aryl, alkyl; R%, R* = alkyl

Scheme 6

Chen and co-authors have synthesized substituted benzimidazoles from 2-haloarylamidines by

intramolecular cyclization using Cu,O-DMEDA in water (Scheme 7).'*

=
N

H

X=Cl, Br, |

-
XN ® NH

5 mol % Cu,O
10 mol % DMEDA

H
N

up to 99% yield

K,CO3, H,0
100 °C, 30 h

Scheme 7

Our group has showed the use of CuO nanoparticles for the cyclization of 2-haloarylamidines

to afford substituted benzimidazoles that is effective under ligand free conditions (Scheme 8).'*

X
N_ R
X AN
S
\RH
X =Br, |

TH-1149 09612212

5 mol % CuO nanoparticle

x—N
Ly
1.5-3.0 equiv KOH = N

DMSO, 110 °C R
up to 97% yield

Scheme 8
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4.3 Cobalt-Catalyst

The cyclization of o-haloarylamidines has also been found to be effective using Co(acac),'2H,0
and 1,10-phenanthroline in the presence of K,COs in toluene under reflux conditions (Scheme

9)."* This process is more attractive in terms of toxicity.

R 10 mol % Co(acac),2H,0 /R
R—: Xy HN 20 mol % 1, 10-phen | AN .
= N/ R . R _ />—R
2 equiv K,CO3 N
X Toluene, 100 °C _
X =Br, | up to 97% vyield

R =H, Br, Cl, Me
R? = alkyl, Ph; R® = aryl

Scheme 9

4.4 Present Study

The tetrazoles reported in the last chapter readily proceed cyclization in the presence of copper
based complexes to afford 2-azidobenzimidazoles at ambient temperature. The procedure is
simple and has wide substrate scope to afford the target molecules in high yield.

Firstly, the optimization of the reaction conditions was performed with 1-(2-bromo-4-
methylphenyl)-N-phenyl-1H-tetrazol-5-amine as a model substrate (Table 1). The best result was
obtained when the reaction was carried out at room temperature using 5 mol % of copper sources
such as Cul, CuBr, Cu,0, CuSO4-5H,0, Cu(OAc),'H,0 and 10 mol % 1,10-phenanthroline (L5)
in the presence of K3;P043H,O in THF or toluene affording the desired 2-azido-6-methyl-1-
phenyl-1H-enzo[d]imidazole 4a in 100% conversion. In contrast, the processes employing
solvents such as DMSO, DMF and CH3;CN, and bases such as KOH, Cs,CO3, Et;N and DABCO,
and ligands such as ethylene diamine L1, ethylene glycol L2, L-proline L3, DMEDA L4 gave

inferior results. Similarly, either lowering the amount of the base (1.5 equiv) or the quantity of

o Cmcoon (=
HN NH;  HO®  OH N~ TCOOH HN NH ) A
H Me Me \ N N=
L1 L2 L3 L4 L5
89
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Table 1. Optimization of the Reaction Conditions”

2

N
/
N

// N 5 mol % copper source N N
/@i 10 mol % L1-L5 /@: SN 4 /@: S—NH,
H N N
Me Br Base, solvent, RT, 30 h Me Me
3a 4a 5a

pd

Entry  Copper source Solvent Base Ligand Product(s) (%)
4a 5a
1 Cul DMF K;5PO4-3H,0 L5 90 10
2 Cul DMSO K;3;PO43H,0 L5 80 20
3 Cul 1,4-Dioxane K;3;PO43H,0 L5 90 10
4 Cul CH;CN K;3PO4-3H,0 L5 75 25
5 Cul THF K;5PO4-3H,0 L5 100 n.d.
6 Cul Toluene K5PO4:3H,0 L5 100 n.d.
7 Cul THF Et;N L5 n.d.
8 Cul THF DABCO L5 n.d.
9 Cul THF KOH L5 18 n.d.
10 Cul THF Cs,COs L5 45 n.d.
11 Cul THF K;5PO4-3H,0 L1 15 n.d.
12 Cul THF K;5P0O4-3H,0 L2 20 n.d.
13 Cul THF K;3PO4-3H,0 L3 25 n.d.
14 Cul THF K3PO4‘3H20 L4 30 n.d.
15 CuBr THF K;PO43H,0 L5 100 n.d.
16 CU.QO THF K3PO4'3H20 L5 100 n.d.
17 CuS0O4-5H,;0 THF K;3PO4-3H,0 L5 100 n.d.
18 Cu(OAc),'H,O THF K;3PO4-3H,0 L5 100 n.d.
19¢ Cu(OAc),'H,O THF K;3PO43H,0 L5 70 n.d.
207 Cu(OAc),'H,O THF K;PO43H,0 L5 50 n.d.
21 - THF K3PO43H20 - n.d.

“ Reaction conditions: Tetrazole 3a (1 mmol), copper catalyst (5 mol %), ligand (10 mol %), base
(2 mmol) and solvent (1 mL) were stirred at room temperature.

’ Determined by 400 MHz '"H NMR.

“ Catalyst (2.5 mol %) was used.

Y K3P043H,0 (1.5 equiv) was used.
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Table 2. Copper(II)-Catalyzed Cyclization of 1-(2-Bromoaryl)-N-Aryl-1H-Tetrazol-5-Amines “”

N=N
N, N 5 mol % Cu(OAc),-H,0 N
7N 10 mol % L5 I
RU- ;{I . R—_ | YNs  RizEwe, EDG
= ~R2 2 equiv KsPO,-3H,0 N RZ = aryl, alkyl
3b-ab THF, RT 4b-y R?
N N N N
O O~ 0w I
N Me N Me N Me N
4b @ 4c 4d 4e
C OMe
30 h, 87% 28 h, 83% 29 h, 92% 24 h, 95%
N N N N
Chiw SO0 - =
Me N Me N Me N Me N
Af 49
E Gk NO, CN
30 h, 72% 30 h, 55% n.d. n.d
N N N N
Ly S - -
Me N Me N Me N ve Me N
4h 4i 4 4k
Me
CoHs Me Me Me
Me
30 h, 90% 30 h, 91% 30 h, 90% 30 h, 95%
oLy ST o =
Me N Me Me N Me N Me Me N
4l 4m 4n Me 40 O
“ C
Me Me
30 h, 96% 30 h, 90% 30 h, 81% 30 h, 61%
N N N N
>—Ns >N >N >—Ns
Me N Me N Me N Me N
Me
4p 4q 4r
30 h, 63% 30 h, 67% 30 h, 70% n.d.

TH-1149 09612212
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Table 2 Conti...

Me

N N N N
o~ O~ o
Me N N cl N Me N

4s 4t 4u 4v

o OMe OMe OMe
O
30 h, 57% 23 h, 89% 25 h, 90% 27 h, 95%

Me N N N
:©:N\>_N3 MG\KO:N%M /©:N\>_N3
Me MeO

Me
4w 4x 4y

OM OM
27 h, 95% M€ 27h, 90% " C 20 h, 96% €

“ Reaction conditions: Tetrazole 3b-ab (1 mmol), Cu(OAc),-H,O (5 mol %), L5 (10 mol %),
and K3;PO4-3H,0 (2 mmol) were stirred in THF (1 mL) at room temperature.
? Isolated yield.

Figure 2. ORTEP diagram of 2-azido-1-(4-chlorophenyl)-6-methyl-1H-benzo[d]imidazole 4c
with 50% ellipsoid. H-Atoms are omitted for clarity

92
TH-1149 09612212



Synthesis of 2-Azidobenzimidazoles

the catalyst (2.5 mol %) led to the formation 4a in <70% conversion (Table 1, entries 19-20).
The control experiments without the copper source confirmed that the formation of the target

product was not observed and the starting material was recovered intact (Table 1, entry 21).

Next, the scope of the protocol was explored for the cyclization of substituted tetrazoles
(Table 2). The substrates readily proceeded cyclization to give the corresponding 2-
azidobenzimidazoles 4a-y in good to excellent yield. The substrates having electron donating
groups on the aromatic rings exhibited greater reactivity compared to that bearing electron
withdrawing groups. For examples, the substrates having 4-Me, 4-OMe, 4-Et and 4-'Pr
substituents in aromatic ring gave the target products in 87-96% yield, while the substrates
containing 4-Cl, 4-F and 4-CF; groups in the aromatic nucleus underwent reaction with 55-83%
yield. However, the substrates with strong electron withdrawing substituents, 4-NO, and 4-CN,
on phenyl ring showed no reaction and the starting material was recovered intact. Under these
conditions, the substrates having N-alkyl group proceeded reactions to give the desired products
in good yield. In case of N-a-methyl benzyl substituent no cyclization was observed which may
due to the steric hindrance. However, the substrate bearing N-naphthyl substituent underwent
reaction with 61% yield. Recrystallization of 4C in MeOH gave crystals whose structure was
confirmed by single X-ray analysis (Figure 2).

To reveal the relative reactivity of other halogenated tetrazoles, the cyclization of 1-(2-iodo-4-
methylphenyl)-N-phenyl-1H-tetrazol-5-amine and 1-(2-chloro-4-methylphenyl)-N-phenyl-1H-
tetrazol-5-amine were investigated. 1-(2-iodo-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine
underwent reaction with greater reactivity compared to 1-(2-bromo-4-methylphenyl)-N-phenyl-
1 H-tetrazol-5-amine. In contrast, 1-(2-chloro-4-methylphenyl)-N-phenyl-1H-tetrazol-5-amine

showed no cyclization and the starting material was recovered intact (Scheme 11).

|/\|:N\N 5 mol % Cu(OAc),-H,0
N 2 10 mol % L5 N
\( 0 \>_N3
Me | HN 2 equiv KgPO43H0  Me N
\© THF, RT, 20 h
4a
Scheme 10
93
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=N, 5 mol % Cu(OAC),H,0

% 10 mol % L5 _
/@ \( no reaction
HN 2 equiv K3P0O,4-3H,0
Me cl q 3FU4-0M7

\© THF, RT, 20 h

Scheme 11

The proposed catalytic cycle is shown in Scheme 12. The observed results suggest that the
tetrazole could undergo oxidative addition with copper(I) species (could be derived from
copper(Il) species)”” to provide intermediate a. N-Arylation followed by tautomerism of a can
lead to the formation b that may complete the catalytic cycle by reductive elimination to give the

target molecules 4a-y.

HB + X
‘B
N
111
N
N
Q/\|:N\’) X=1,Br X\ N%(
N /N | _
| ~ w Rl/ cd R2
/s = u\\\N\RZ b
R1 " reductive
al auctive
X g)égigg\rl]e eliminatio \ \
_N NN
MEN [Cu] PRa"
N~ 7 N
D Vg R
HN .. da-y
7/ = X R2

Scheme 12. Proposed catalytic cycle

In conclusion, copper-catalyzed cyclization of 1-(2-bromoaryl)-N-aryl-1H-tetrazol-5-amines
to 2-azidobenzimidazoles has been accomplished at room temperature. The procedure is simple,
general and efficient to provide the target products in moderate to high yield. The substrates
having electron donating groups on the aromatic ring showed enhanced reactivity compared to

that bearing electron withdrawing groups.
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Experimental Section

General Information: CuSO4+5H,O (98%), Cul (98%), CuBr (98%), Cu,O (97%),
Cu(OAc)2'H20 (98%), Cs2CO3 (99%), KrCO3 (99%) and K3PO43H,O (98%) were purchased
from Aldrich. Product purification was carried out by silica gel column chromatography using
Rankem silica gel (60-120 mesh). All reactions were monitored by analytical TLC on Merck
silica gel G/GF 254 plates. NMR ('H and "°C) spectra were recorded on DRX-400 Varian
spectrometer and the data are accounted as follows: chemical shifts (0 ppm) (multiplicity,
coupling constant (Hz), integration).The abbreviations for multiplicity are as follows: s = singlet,
d = doublet, t = triplet. Melting points were determined by Buchi B-540 melting point apparatus.
FT-IR spectra of air-dried samples were recorded on PerkinElmer Spectrum One FT-IR
spectrometer using KBr disks and are reported in frequency of absorption (cm™). Elemental
analyses were recorded using PerkinElmer CHNS analyzer. For single crystal X-ray analysis the
intensity data were collected using Bruker SMART APEX-II CCD diffractometer, equipped with
1.75 kW sealed-tube Mo Ka irradiation (A = 0.71073 A) at 296(2) K and the structures were
solved by direct methods using SHELLX-97 (Gottingen, Germany) and refined with full-matrix
least squares on F* using SHELXL-97.

General Procedure for the Synthesis of 2-Azidobenzimidazoles: Tetrazole (1 mmol),
K3P0O4-3H,0 (2 mmol), Cu(OAc),'H,O (5 mol %) and 1,10-phenanthroline L5 (10 mol %) were
stirred at room temperature in THF for appropriate time. Progress of the reaction was monitored
by TLC using ethyl acetate and hexane as eluent. The reaction mixture was extracted with ethyl
acetate (2 x 10 mL) and the organic layer was washed successively with brine (1 x 5 mL) and
water (2 x 5 mL). Drying and evaporation of the solvent provided a residue which was purified
by silica gel chromatography using ethyl acetate and hexane as eluent to provide the titled

compounds in analytically pure form.

N
T
Me N

: 2-Azido-6-methyl-1-phenyl-1H-benzo[d]imidazole 4a: White solid; yield
80%; mp 81-82 °C; 'H NMR (400 MHz, CDCls) § 7.56-7.52 (m, 3H), 7.49-7.47 (m, 1H), 7.39
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(d, J=8 Hz, 2H), 7.09 (dd, J = 8.8, 0.8 Hz, 1H), 6.97 (s, 1H), 2.40 (s, 3H); *C NMR (100 MHz,
CDCl3) 6 146.7, 139.5, 135.5, 134.4, 132.8, 129.7, 128.7, 126.4, 124.5, 117.9, 110.0, 21.8; FT-IR
(KBr) 3056, 2920, 2139, 1597, 1508, 1411, 1331, 1262, 1209, 1032 cm™. Anal. Calcd. for
Ci4H1Ns: C, 67.46; H, 4.45; N, 28.10. Found: C, 67.55; H, 4.43; N, 28.03.

o

@ 2-Azido-1-phenyl-1H-benzo[d]imidazole 4b: White solid; yield 72%; mp
85-86 °C; '"H NMR (400 MHz, CDCls) § 7.67 (d, J= 8 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 7.47 (t,
J=6.8 Hz, 1H), 7.40 (d, J = 7.2 Hz, 2H), 7.29-7.24 (m, 1H), 7.18 (d, J = 4.4 Hz, 2H); °C NMR
(100 MHz, CDCl3) 6147.5, 141.5, 135.5, 134.4, 129.9, 128.9, 126.6, 123.3, 122.8, 118.5, 110.1;
FT-IR (KBr) 3056, 2920, 2139, 1590, 1578, 1490, 1438, 1409, 1288, 1261, 1078, 1023 cm'.
Anal. Calcd. for C;3HoNs: C, 66.37; H, 3.86; N, 29.77. Found: C, 66.47; H, 3.83; N, 29.70.

Cl

2-Azido-1-(4-chlorophenyl)-6-methyl-1H-benzo[d]imidazole 4c: White
solid; yield 65%; mp 96-97 °C; 'H NMR (400 MHz, CDCl5) § 7.55-7.50 (m, 3H), 7.36-7.33 (m,
2H), 7.09 (d, J = 8.4 Hz, 1H), 6.95 (s, 1H), 2.40 (s, 3H); °C NMR (100 MHz, CDCls) & 146.6,
139.5, 135.3, 134.5, 132.9, 132.8, 129.9, 127.7, 124.7, 118.1, 109.8, 21.8; FT-IR (KBr) 2213,
2150, 1627, 1514, 1498, 1421, 1400, 1330, 1297, 1207, 1090 cm™. Anal. Caled. for Ci4H;oCINs:
C, 59.27; H, 3.55; N, 24.68. Found: C, 59.39; H, 3.53; N, 24.60.
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Me

2-Azido-6-methyl-1-p-tolyl-1H-benzo[d]imidazole 4d: White solid;
yield 75%; mp 87-88 °C; 'H NMR (400 MHz, CDCls) 6 7.55 (d, J =8 Hz, 1H), 7.34 (d, J =8
Hz, 2H), 7.27 (d, J = 8 Hz, 2H), 7.08 (d, J = 8 Hz, 1H), 6.96 (s, 1H), 2.45 (s, 3H), 2.40 (s, 3H);
3C NMR (100 MHz, CDCl3) & 146.9,139.5, 138.9, 135.7, 132.7, 131.7, 130.3, 126.3, 124.4,
117.9, 110.0, 21.7, 21.3; FT-IR (KBr) 3034, 2921, 2859, 2139, 1626, 1510, 1327, 1274, 1205,

1107, 1005 cm’. Anal. Caled. for CisH5Ns: C, 68.42; H, 4.98; N, 26.60. Found: C, 68.52; H,
4.95; N, 26.53.

4
L
Me N

OMe

2-Azido-1-(4-methoxyphenyl)-6-methyl-1H-benzo[d]imidazole 4e:
White solid; yield 77%; mp 77-78 °C; 'H NMR (400 MHz, CDCls) & 7.53 (d, J = 8.4 Hz, 1H),
7.29 (d, J = 8.4 Hz, 2H), 7.09-7.02 (m, 3H), 6.92 (s, 1H), 3.87 (s, 3H), 2.39 (s, 3H); °C NMR
(100 MHz, CDCl3) 8 159.9, 147.2, 139.6, 136.2, 132.8, 128.0, 127.1, 124.5, 118.0, 115.1, 110.1,
55.8, 21.9; FT-IR (KBr) 3009, 2842, 2149, 1624, 1519, 1427, 1327, 1305, 1254, 1031 cm.
Anal. Calcd. for C;5H3Ns0: C, 64.51; H, 4.69; N, 25.07. Found: C, 64.61; H, 4.67; N, 25.01.

N
JORa
Me N

F

2-Azido-1-(4-fluorophenyl)-6-methyl-1H-benzo[d]imidazole 4f: White
solid; yield 60%; mp 106-107 °C; 'H NMR (400 MHz, CDCl3) 8 7.56 (d, J = 8.4 Hz, 1H), 7.41-
7.38 (m, 2H), 7.27-7.25 (m, 2H), 7.11 (d, J = 8 Hz, 1H), 6.94 (s, 1H), 2.42 (s, 3H); °C NMR
(100 MHz, CDCl3) 6 156.4 (d, 'Jor = 9.2 Hz), 146.9, 139.5, 135.7, 133.0, 130.4, 128.5 (d, *Jer =
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9.2 Hz), 124.7, 118.1, 116.9 (d, “Jor = 22.9 Hz), 109.9, 21.8; FT-IR (KBr) 2962, 2143, 1509,
1429, 1329, 1261, 1093, 1021 ¢cm™. Anal. Caled. for C14H;oFNs: C, 62.92; H, 3.77: N, 26.20.
Found: C, 63.04; H, 3.75; N, 26.13.

N
IGha
Me N

CF3

2-Azido-1-(4-(trifluoromethyl)phenyl)-6-methyl-1H-benzo[d]imidazo-
le 4g: White solid: yield 45%; mp 135-136 °C; 'H NMR (400 MHz, CDCls) & 7.81 (d, J = 8.4
Hz, 2H), 7.56 (dd, J = 2.4, 8.4 Hz, 3H), 7.11 (d, J = 8.0 Hz, 1H), 7.00 (s, 1H), 2.41 (s, 3H); °C
NMR (100 MHz, CDCls) & 146.6, 139.7, 137.7, 135.1, 133.4, 127.0 (q, 'Jcr = 99.9 Hz), 125.1,
123.1, 118.3, 113.3, 109.9, 21.9; FT-IR (KBr) 3072, 2923, 2416, 2218, 2141, 1614, 1507, 1434,
1167, 1005 cm™. Anal. Caled. for C;sH;oF5Ns: C, 56.78; H, 3.18: N, 22.07. Found: C, 56.91; H,
3.17; N, 22.00.

N
o
Me N

Me

2-Azido-1-(4-ethylphenyl)-6-methyl-1H-benzo[d]imidazole 4h: White
solid; yield 70%; mp 59-60 °C; 'H NMR (400 MHz, CDCls) 6 7.57 (d, J = 8.4 Hz, 1H), 7.40 (t,
J=28.8 Hz 2H), 7.34-7.31 (m, 2H), 7.10 (d, J= 7.2 Hz, 1H), 6.99 (s, 1H), 2.79-2.73 (q, 2H), 2.42
(s, 3H), 1.32 (t, J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCl3) & 145.2, 139.5, 135.8, 132.7,
131.9, 129.2, 127.8, 126.4, 124.5, 117.9, 110.2, 34.1, 24.1, 15.5; FT-IR (KBr) 2963, 2140, 1623,
1516, 1434, 1329, 1261, 1210, 1095, 1024 cm™. Anal. Calcd. for Ci6HsNs: C, 69.29; H, 5.45; N,
25.25. Found: C, 69.40; H, 5.42; N, 25.17.
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Me
Me

2-Azido-1-(4-isopropylphenyl)-6-methyl-1H-benzo[d]imidazole 4i:
Thick liquid; yield 75%; "H NMR (400 MHz, CDCl3) & 7.55 (d, J = 8.4 Hz, 1H), 7.40 (t, J = 8.4
Hz, 2H), 7.33-7.26 (m, 2H), 7.09 (d, J = 8 Hz, 1H), 6.96 (s, 1H), 3.03-3.00 (m, 1H), 2.41 (s, 3H),
1.32 (d, J = 6.46 Hz, 6H); °C NMR (100 MHz, CDCl3) & 147.0, 139.6, 135.8, 132.8, 132.0,
129.2, 127.8, 126.5, 124.5, 117.9, 110.2, 34.1, 24.1, 21.8; FT-IR (KBr) 2963, 2140, 1623, 1516,

1434, 1329, 1261, 1210, 1095, 1024 cm'. Anal. Caled. for C17H7Ns: C, 70.08; H, 5.88; N,
24.04. Found: C, 70.17; H, 5.86; N, 23.97.

N
Ly
Me N

Me

Me

2-Azido-6-methyl-1-(2,4-dimethylphenyl)-1H-benzo[d]imidazole 4j:
White solid; yield 70%; mp 112-113 °C; "H NMR (400 MHz, CDCls) 6 7.57 (d, J = 8 Hz, 1H),
7.22 (s, 1H), 7.16 (d, J = 8 Hz, 1H), 7.10 (t, J= 7.2 Hz, 2H), 6.71 (s, 1H), 2.43 (s, 3H), 2.39 (s,
3H), 2.02 (s, 3H); °C NMR (100 MHz, CDCl;) & 147.4, 140.1, 139.7, 136.2, 132.8, 132.2,
130.4, 128.2, 128.0, 124.3, 117.9, 110.1, 21.8, 21.4, 17.6; FT-IR (KBr) 2964, 2919, 2138, 1591,

1567, 1495, 1315, 1120, 1088, 1029 cm™. Anal. Caled. for CiH;sNs: C, 69.29; H, 5.45; N,
25.25. Found: C, 69.39; H, 5.43; N, 25.17.

N
IS
Me N

Me

Me

2-Azido-6-methyl-1-(3,4-dimethylphenyl)-1H-benzo[d]imidazole 4k:
White solid; yield 77%; mp 108-109 °C; "H NMR (400 MHz, CDCl3) 6 7.55 (d, J= 8.4 Hz, 1H),
7.29 (d, J= 8 Hz, 1H), 7.15-7.07 (m, 3H), 6.96 (s, 1H), 2.40 (s, 3H), 2.34 (s, 6H); °C NMR (100
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MHz, CDCl;) 6146.9, 139.5, 138.3, 137.7, 135.8, 132.6, 131.9, 130.7, 127.4, 124.3, 123.8,
117.8, 110.1, 21.7, 20.0, 19.6; FT-IR (KBr) 3024, 2916, 2148, 1611, 1510, 1483, 1424, 1323,
1276, 1207, 1021 cm’'. Anal. Calcd. for CigH;sNs: C, 69.29; H, 5.45; N, 25.25. Found: C, 69.37;
H, 5.43; N, 25.18.

N
JPnat
Me N

Me

Me

2-Azido-6-methyl-1-(2,5-dimethylphenyl)-1H-benzo[d]imidazole 4l:
White solid; yield 65%; mp 104-105 °C; 'H NMR (400 MHz, CDCl3) & 7.57 (d, J = 8.4 Hz, 1H),
7.28 (t, J = 8 Hz, 2H), 7.11-7.08 (m, 1H), 7.03 (s, 1H), 6.71 (s, 1H), 2.39 (s, 6H), 2.01 (s, 3H);
C NMR (100 MHz, CDCls) 6147.5, 141.1, 139.7, 136.2, 132.8, 132.2, 130.4, 129.1, 128.0,
124.3, 117.9, 110.1, 21.4, 17.6; FT-IR (KBr) 2961, 2923, 2854, 2144, 1508, 1426, 1399 cm™.
Anal. Calcd. for C;¢H;sNs: C, 69.29; H, 5.45; N, 25.25. Found: C, 69.39; H, 5.43; N, 25.17.

N
DN,
Me N
Q\Me

Me

2-Azido-6-methyl-1-(3,5-dimethylphenyl)-1H-benzo[d]imidazole
4m: Thick liquid; yield 74%; "H NMR (400 MHz, CDCl3) & 7.55 (d, J = 8 Hz, 1H), 7.10 (t, J =
6.8 Hz, 2H), 7.00 (s, 2H), 6.96 (s, 1H), 2.41 (s, 9H); °C NMR (100 MHz, CDCl;) & 146.8,
139.6, 139.5, 135.7, 134.1, 132.6, 130.5, 124.3, 124.2, 117.8, 110.1, 21.7, 21.3; FT-IR (KBr)
2925, 2851, 2227, 1594, 1492, 1283, 1247, 1173, 1097, 1031 cm™. Anal. Calcd. for Ci6H;sNs: C,
69.29; H, 5.45; N, 25.25. Found: C, 69.40; H, 5.42; N, 25.17.

N
L
Me N

Me
2-Azido-6-methyl-1-(2,6-dimethylphenyl)-1H-benzo[d]imidazole 4n:
White solid; yield 59%; mp 109-110 °C; "H NMR (400 MHz, CDCl3) § 7.56 (d, J = 8 Hz, 1H),
7.13-7.19 (m, 2H), 7.00-6.96 (m, 3H), 2.42 (s, 9H); *C NMR (100 MHz, CDCls) 8146.9, 139.7,
100
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135.8, 134.2, 132.7, 130.6, 124.4, 124.3, 117.9, 110.2, 21.8, 21.4; FT-IR (KBr) 2919, 2152,
1595, 1505, 1485, 1409, 1337, 1276, 1032 cm™. Anal. Calcd. for C;sH;sNs: C, 69.29; H, 5.45; N,
25.25. Found: C, 69.37; H, 5.44 ; N, 25.18.

N
s

Me N
2-Azido-6-methyl-1-(naphthalen-1-yl)-1H-benzo[d]imidazole 4o:

White solid; yield 50%; mp 112-113 °C; 'H NMR (400 MHz, CDCl5) ¢ 8.38 (d, /= 8.0 Hz, 1H),
8.15(d,J=7.6 Hz, 1H), 8.03 (d, J= 8 Hz, 1H), 7.72-7.59 (m, 4H), 7.49 (d, /= 8.0 Hz, 1H), 7.20
(d, J = 8.4 Hz, 1H), 6.76 (s, 1H), 2.28 (s, 3H); °C NMR (100 MHz, CDCls) & 152.7, 143.7,
134.8, 134.4, 133.3, 132.7, 132.1, 129.7, 128.9, 128.2, 127.9, 125.6, 125.4, 122.1, 119.2, 112.1,
20.6; FT-IR (KBr) 2919, 2152, 1625, 2098, 1615, 1498, 1380, 1259, 1237, 1049 cm™. Anal.
Calcd. for CigHi3Ns: C, 72.23; H, 4.38; N, 23.40. Found: C, 72.33; H, 4.36; N, 23.32.

N
ot
Me N

C,H

2-Azido-1-butyl-6-methyl-1H-benzo[d]imidazole 4p: Thick liquid; yield
52%; "H NMR (400 MHz, CDCls) & 7.47 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 7.00 (s,
1H), 3.91 (t, J= 7.2 Hz, 2H), 2.45 (s, 3H), 1.74-1.68 (m, 2H), 1.35-1.29 (m, 2H), 0.93 (t,J= 7.2
Hz, 3H); °C NMR (100 MHz, CDCls) & 146.8, 134.6, 131.8, 129.6, 123.6, 121.1, 109.2, 44.8,
31.2,21.7,21.0, 13.6; FT-IR (KBr) 2960, 2929, 2870, 2139, 1623, 1432, 1282, 1261, 1095, 1021
cm’. Anal. Caled. for C1oH;sNs: C, 62.86; H, 6.59; N, 30.54. Found: C, 62.97; H, 6.56; N, 30.46.

N
L
Me N

@ 2-Azido-1-cyclohexyl-6-methyl-1H-benzo[d]imidazole 4q: Thick liquid,
yield 55%; "H NMR (400 MHz, CDCl;) & 7.48 (d, J = 8 Hz, 1H), 7.17 (s, 1H), 7.01 (d, J = 8 Hz,
1H), 4.10 (t, J= 9.8 Hz, 1H), 2.45 (s, 3H), 2.16-1.75 (m, 7H), 1.46-1.25 (m, 3H); >C NMR (100
MHz, CDCl3) & 143.5, 139.9, 134.1, 131.6, 123.6, 118.0, 110.9, 55.6, 31.3, 26.2, 25.4, 22.0; FT-
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IR (KBr) 2932, 2856, 2142, 1505, 1484, 1424, 1283, 1257 cm’. Anal. Calced. for Ci4H;7Ns: C,
65.86; H, 6.71; N, 27.43. Found: C, 65.95; H, 6.69 ; N, 27.36.

N
e
Me N

\\© 2-Azido-1-benzyl-6-methyl-1H-benzo[d]imidazole 4r: White solid;
yield 60%; mp 132-133 °C; 'H NMR (400 MHz, CDCl3) & 7.49 (d, J = 8.4 Hz, 1H), 7.31-7.26
(m, 3H), 7.17-7-15 (m, 2H), 7.02 (dd, J = 8 Hz, 0.4 Hz, 1H), 6.94 (s, 1H), 5.11 (s, 2H), 2.39 (s,
3H); C NMR (100 MHz, CDCl3) & 147.2, 139.7, 135.7, 134.9, 132.4, 129.0, 128.1, 126.9,
124.1, 118.0, 109.6, 46.5, 21.9; FT-IR (KBr) 2963, 2135, 1623, 1493, 1438, 1363, 1260, 1026
cm™!. Anal. Caled. for CysH;3Ns: C, 68.42; H, 4.98; N, 26.60. Found: C, 68.52; H, 4.95; N, 26.53.

S 4
O
Me N

oo

2-Azido-1-((benzo[d][1,3]dioxol-5-yl)methyl)-6-methyl-1H-benzo[d]-
imidazole 4s: White solid; yield 49%; mp 101-102 °C; 'H NMR (400 MHz, CDCls) & 7.57 (s,
1H), 7.49 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 6.98 (s, 1H), 6.75-6.73 (m, 2H), 5.93 (s,
2H), 5.02 (s, 2H), 2.42 (s, 3H); °C NMR (100 MHz, CDCls) 8155.5, 148.1, 147.5, 134.7, 131.4,
129.9, 129.3, 124.1, 121.5, 121.2, 120.7, 117.9, 101.3, 48.4, 21.2; FT-IR (KBr) 3275, 2962,
2149, 1610, 1500, 1448, 1260, 1097, 1038 cm™. Anal. Calcd. for C sH3NsO,: C, 62.53; H, 4.26;
N, 22.79. Found: C, 62.64; H, 4.24; N, 22.72.

o

OMe

2-Azido-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 4t: White solid: yield
74%; mp 96-97 °C; "H NMR (400 MHz, CDCls) & 7.68 (d, J = 8.4 Hz, 1H), 7.33-7.26 (m, 2H),
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7.21-7.13 (m, 3H), 7.05 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H); °C NMR (100 MHz, CDCl3) & 159.9,
147.8, 141.5, 135.9, 127.9, 126.9, 123.1, 122.7, 118.4, 115.0, 110.1, 55.7; FT-IR (KBr) 3057,
2961, 2835, 2138, 1616, 1513, 1498, 1431, 1331, 1301, 1292, 1253, 1183, 1035 cm™. Anal.
Calcd. for C4H 1N5O: C, 63.39; H, 4.18; N, 26.40. Found: C, 63.51; H, 4.16; N, 26.33.

N
JORa
cl N

OMe

2-Azido-6-chloro-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 4u:
White solid; yield 70%; mp 104-105 °C; 'H NMR (400 MHz, CDCl3) & 7.55 (d, J = 8.8 Hz, 1H),
7.29-7.20 (m, 3H), 7.11 (s, 1H), 7.04 (d, J = 7.2 Hz, 2H), 3.87 (s, 3H); °C NMR (100 MHz,
CDCl3) § 160.2, 147.2, 136.5, 128.4, 127.9, 126.4, 123.7, 119.2, 115.1, 110.3, 55.8; FT-IR (KBr)
3066, 2965, 2147, 1610, 1514, 1410, 1326, 1304, 1253, 1207, 1108, 1031 cm™. Anal. Calcd. for
C14H;0CIN5O: C, 56.10; H, 3.36; N, 23.37. Found: C, 56.23; H, 3.33; N, 23.30.

Me

N
L
Me N

OMe

2-Azido-1-(4-methoxyphenyl)-4,6-dimethyl-1H-benzo[d]imidazole 4v:
White solid; yield 75%; mp 111-112 °C; "H NMR (400 MHz, CDCl3) & 7.27 (d, J = 9.2 Hz, 2H),
7.02 (d, J = 8.8 Hz, 2H), 6.89 (s, 1H), 6.74 (s, 1H), 3.86 (s, 3H), 2.59 (s, 3H), 2.35 (s, 3H); °C
NMR (100 MHz, CDCl3) & 159.7, 146.3, 138.7, 135.7, 132.5, 127.9, 127.3, 124.9, 114.9, 107.5,
55.7,21.7, 16.6; FT-IR (KBr) 2953, 2137, 1629, 1496, 1257, 1107, 1032 cm™'. Anal. Calcd. for
Ci6H1sNsO: C, 65.52; H, 5.15; N, 23.88. Found: C, 65.62; H, 5.14; N, 23.81.
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OMe

2-Azido-1-(4-methoxyphenyl)-5,6-dimethyl-1H-benzo[d]imidazole

4w: White solid; yield 75%; mp 107-108 °C; "H NMR (400 MHz, CDCls) & 7.42 (s, 1H), 7.28
(d, J=9.2 Hz, 2H), 7.02 (d, J = 9.2 Hz, 2H), 6.90 (s, 1H), 3.86 (s, 1H), 2.34 (s, 3H), 2.28 (s,
3H); BC NMR (100 MHz, CDCl3) 6 159.7, 146.7, 139.9, 134.3, 131.8, 131.7, 127.8, 127.2,
118.6, 114.9, 110.3, 55.7, 20.5, 20.4; FT-IR (KBr) 2925, 2153, 1518, 1465, 1414, 1297, 1249,

1033 em™. Anal. Caled. for Ci6H,sNsO: C, 65.52; H, 5.15; N, 23.88. Found: C, 65.65; H, 5.13;
N, 23.80.

N
\
Me\(©: N>_N3

Me

OMe

2-Azido-6-isopropyl-1-(4-methoxyphenyl)-1H-benzo[d]imidazole
4x: White solid; yield 70%; mp 106-107 °C; "H NMR (400 MHz, CDCls) 6 7.60 (d, J = 8.4 Hz,
1H), 7.34-7.31 (m, 2H), 7.18 (dd, J = 0.8, 8.4 Hz, 1H), 7.08-7.06 (m, 2H), 6.98 (s, 1H), 3.89 (s,
3H), 2.98-2.95 (m, 1H), 1.25 (d, J = 6.8 Hz, 6H); *C NMR (100 MHz, CDCl3) & 159.8, 147.2,
144.1, 139.7, 135.9, 127.9, 126.9, 121.9, 118.0, 114.9, 107.3, 55.6, 34.5, 24.5; FT-IR (KBr)
2961, 2136, 1619, 1586, 1508, 1430, 1330, 1105, 1035 cm™. Anal. Calcd. for C;7H;7NsO: C,
66.43; H, 5.58; N, 22.79. Found: C, 66.53; H, 5.57; N, 22.73.

N
PR
MeO N

OMe

2-Azido-6-methoxy-1-(4-methoxyphenyl)-1H-benzo[d]imidazole 4y:
White solid; yield 78%; mp 122-123 °C; "H NMR (400 MHz, CDCl;3) 6 7.53 (d, /= 8.8 Hz, 1H),
7.29-7.26 (m, 2H), 7.03 (dd, J = 2.0, 8.8 Hz, 2H), 6.86 (dd, J= 2.4, 8.8 Hz, 1H), 6.59 (d, /=2.4
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Hz, 1H), 3.86 (s, 3H), 3.75 (s, 3H); *C NMR (100 MHz, CDCL) & 159.9, 156.6, 146.5, 136.4,
135.7, 127.9, 126.9, 118.8, 115.0, 111.5, 94.3, 55.9, 55.7; FT-IR (KBr) 2950, 2839, 2144, 1630,
1516, 1484, 1422, 1408, 1329, 1276, 1243, 1204, 1147, 1025 cm™. Anal. Caled. for CysH;3N5Ox:
C, 61.01; H, 4.44; N, 23.72. Found: C, 61.15; H, 4.42; N, 23.64.
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Crystal Data and Structure Refinement for 4c at 296(2) K

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.25°
Absorption correction

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>2sigma (I)]
R indices (all data)

CCDC

TH-1149 09612212

4c

Ci4H;oCINs

283.80

296(2) K

0.71073 A

Triclinic

P-1

Loop xyz

X, Y, 2 ‘X, -y, -Z’

a=175072(7) A a(®)=86.685(4)
b=13.4813(12) A PB(°)="77.589(3)
c=14.4703(13) A v(°)=77.539(3)
1396.5(2) A’

4

1.397 Mg/m’

0.272 mm’

624.0

0.32x0.26 x 0.14 mm

1.44 to 25.25°

-8<=h<=8, -15<=k<=15, -17<=1<=13
3762

2422 [R (int) = 0.0339]

74.4 %

Multi-scan

3762 /0/363

1.086

RI1=0.0471, wR2 = 0.0928
RI1=0.0817, wR2 =0.1064

871225
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Chapter VA

Copper-Catalyzed Reduction of 2-Azidobenzimidazoles to 2-
Aminobenzimidazoles

Nitrogen containing heterocyclic compounds occur widely in drugs and possess pharmacological
properties.' For example, 2-aminobenzimidazole derivatives exhibit antiaggregatory,” anti-
inflammatory,”™ antitumoractivity,”® antimicrobial,®® antiallergic,’ antiviral®" and antibacterial
activity (Figure 1).2g'h They have been also used as a benzodiazepine receptor,”® mare selective

3c

inhibitors of nitricoxide®® and  neuronal calcium channel blockers.® In addition, 2-

aminobenzimidazoles serve as versatile synthetic intermediates for the construction of drugs.’

£
St and

They also show biological activities such as antihistaminic,”® diuretic,”® immunotropic
highly selective p38a MAP inhibition properties.’ &M Thys, the development of effective methods
for the construction of the substituted 2-aminobenzimidazole structural framework has been
important in organic synthesis.

lYIe I\I/Ie

hf N_\j hf N_\j
Cl N N Cl N N
e el O T
Cl N N cl FsC N N CFs
B

A
cl
cl cl
N
N
cl
HN—
2 _<H:©/ O CO.H

C

Figure 1. Examples of some antibacterial active compounds.

5.1 Classical Methods

Guida and co-workers have reported the synthesis of 2-aminobenzimidazole from substituted
1,2-diaminoarenes and cyanogen bromide (Scheme 1). ® The resulting product can be reacted

with alkyl halide in the presence of KOH to give 1-alkyl-2-aminobenzimidazole.
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NH2  cner N
N N
©i @E >_NH2 KOH/Acetone ©:N>_NH2

\

R
R = Alkyl

Scheme 1

The reaction of 2-fluoronitrobenzene with aniline in the presence of hunig’s base gives 1 that
could be converted into 1-aryl-2-aminobenzimidzole 2 by reduction using Zn or Pd followed by

condensation with cyanogen bromide (Scheme 2).6b
NH, ©iN02 1. Ammoniumformate
NO, ] Zn/Pd, EtOH, 60 °C, 2 h N
A Hunig's base i ©: S—NH,
F DMSO, 60 °C, 18 h 2. CNBr, EtOH, 18 h N

1 2
up to 50% yield

Scheme 2

Vilarrasa and co-authors have showed the preparation of 2-aminobenzimidazoles from 2-

azidobenzimidazoles by reduction using tin hydride (Scheme 3).*

[EtzNH][Sn(SPh)4]
or
N N
DI gy gt
N Benzene, 15 °C N
H H
up to 91% yield
Scheme 3

They also subsequently have demonstrated the reduction azide functional group into amine

using tin complex 3 and NaBH, in THF-buffer with quantitative yield (Scheme 4).6‘jl

N 5 mol % 1, NaBH,

@ >N, ; \>—NH2
N THF-buffer, 15 °C
H

upto 100% yield

Scheme 4
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Most of these existing protocols require stochiometric amount of the reagents and some of
them are toxic. The development of effective methods is thus important for the construction of

the target heterocyclic compounds.

5.2 Present Study

The direct conversion of 2-azidobenzimidazole to 2-amino-benzimidazoles has been described
using copper-catalysis. The procedure is simple, efficient and affords a general method for the

reduction of azides to amines under air.

Table 1. Optimization of the Reaction Conditions”
N 5 mol % copper source N
s o
Me N Solvent, 90 °C,2h Me N
. s

Entry Copper source Solvent Product (5a) (%)
1 Cu(OAc)>'H,0O DMF 100
2 Cu(OAc),'H,O DMSO 100
3 Cu(OAc)>'H,O CH;CN 100
4 Cu(OAc),'H,O Toluene 100
5 Cul DMF 100
6 Cu,O DMF 100
7 CuBr DMF 100
8 CuSO4'5H,0 DMF 100

“ Reaction conditions: 2-Azidobenzimidazole 4a (1 mmol) and copper catalyst (5 mol %) were
stirred at 90 °C in solvent (1 mL).
’ Determined by 400 MHz 'H NMR.

First, the optimization of the reaction conditions was carried out with 2-azido-6-methyl-1-

phenyl-1H-benzo[d]imidazole 4a as a model substrate using different solvents and copper
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Table 2. Substrate Scope of the Formation of 2-Aminobenzimidazoles*”

XN 5 mol % Cu(OAc),-H>0
R—E/\E S—N; 6 CulOAc) i, >—NH2 R =H, Me, Cl
Z N DMF, 90 °C, 2 h R = aryl, alkyl
\
R 5b-p R
N N N N
S—NH, /@: S—NH, S—NH, S—NH,
N? Me N Me N Me N
5b 5c 5d 5e
Me OMe Me
86% 93% 95% 9295 Me
N N N N
D—NH, DNH, /©: D—NH, /@: S—NH,
Me N Me N e Me N Me N
Q\Me Q
5f 59 Mé 5h 5i
Me g cl CF,
87% 88% 90% 55%
N N N
\>—NH2 \>—NH2 H—NH, S—NH,
5| 5m  OMe
65% 77% 67% 92%
Me
N N N
S—NH, H—NH, H—NH,
Cl N Me N N
Me
5n 50 5p
89% OMe 94% OMe 94% OMe

“ Reaction conditions: 2-Azidobenzimidazoles (1 mmol) and Cu(OAc),-H,O (5 mol %) were

stirred at 90 °C in DMF (1 mL).
? Isolated yield.
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sources at varied temperatures. The reaction proceeded to afford the target 2-amino-6-methyl-1-
phenyl-1H-benzo[d]imidazole 5a in 100% conversion when the substrate was stirred at 90 °C
using 5 mol % of the copper salts such as Cu(OAc),'H,O, Cul, Cu,0, CuBr and CuSO45H,0
(Table 1, entries 1 and 5-8). The reaction was effective in solvents such as DMF, DMSO,
CH;CN and toluene affording the target product 5a in 100% conversion (Table 1, entries 1-4).
The control experiments confirmed that without the copper source the target molecule 5a was not
formed, and the starting material was recovered intact.

Next, the scope of the procedure was examined for the reduction a series other substituted 2-
azidobenzimidazoles (Table 2). The reactions proceeded efficiently to afford the target products
in moderate to high yield. The substrates having electron-donating groups (4-Me, 4-OMe, 4-'Pr,
3,4-Dimethyl and 2,5-Dimethyl) on the 1-aryl ring underwent reduction to give the target
molecules 5b-g in 86-95% yield, while the substrates having electron withdrawing substituents
(4-Cl, 4-CF5) proceeded the reaction to provide 5h-i in 55-90% yield. Furthermore, the substrates
having 1-naphthyl and 1-alkyl substituents underwent reactions to give 5j-l in 65-77% yield. In
addition, the substrates having both electron donating and electron withdrawing substituents
(Me, Pr and Cl) on the fuzed aromatic nucleous proceeded reaction to give 5m-p in 62-72%
yield. Recrystallization of 5m in MeOH gave crystals whose structure was confirmed by single

crystal X-ray analysis (Figure 2).

)

o1 ¢,

Figure 2. ORTEP diagram of 1-(4-methoxyphenyl)-1H-benzimidazol-2-amine 5m with 50%

ellipsoid. H-Atoms are omitted for clarity.
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The observed experimental results suggest that 2-azidobenzimidazole may react with copper
salts to give the intermediate a that could be transformed into the target 2-aminobenzimidazoles

5a-p on protonation followed by the emission of N.”

N
*N
R [Cu] R
XN N ‘ R
NN AR - +HY NN
O:N>_ P @:I\?_N'“[CU]T’ | D—NH,
b \ Z N
R a R N, ‘

5a-p R

Scheme 5. Proposed catalytic cycle

In conclusion, copper-catalzyed reduction of 2-azidobenzimidazoles to 2-aminobenzimidazoles
has been accomplished with moderate to excellent yield at moderate temperature. The procedure

is simple, general and effective at moderate temperature under air.

Experimental Section

General Information: CuSO45H,O (98%), Cul (98%), CuBr (98%), Cu,O (97%) and
Cu(OAc),'H,0 (98%) were obtained from Aldrich. Product purification was carried out by silica
gel column chromatography using Rankem silica gel (60-120 mesh). The solvents were
purchased and dried according to standard procedure prior to use. All reactions were monitored
by analytical TLC on Merck silica gel G/GF 254 plates. NMR ('H and ’C) spectra were
recorded on DRX-400 Varian spectrometer and the data are accounted as follows: chemical
shifts (0 ppm) (multiplicity, coupling constant (Hz), integration). The abbreviations for
multiplicity are as follows: s = singlet, d = doublet, t = triplet. Melting points were determined by
Buchi B-540 melting point apparatus. FT-IR spectra of air-dried samples were recorded on
PerkinElmer Spectrum One FT-IR spectrometer using KBr disks and are reported in frequency
of absorption (cm™). Elemental analyses were recorded using PerkinElmer CHNS analyzer. For
single crystal X-ray analysis the intensity data were collected using Bruker SMART APEX-II
CCD diffractometer, equipped with 1.75 kW sealed-tube Mo Ka irradiation (A = 0.71073 A) at
296(2) K and the structures were solved by direct methods using SHELLX-97 (Goéttingen,
Germany) and refined with full-matrix least squares on F* using SHELXL-97.

118
TH-1149 09612212



Synthesis of 2-Aminobenzimidazoles

General Procedure for the Synthesis of 2-Aminobenzimidazoles. 2-Azidobenzimidazole and
Cu(OAc),H,0O (5 mol %) were stirred at 90 °C in DMF for 2 h under air. Progress of the
reaction was monitored by TLC using ethyl acetate and hexane as eluent. The reaction mixture
was cooled to room temperature and extracted with ethyl acetate (3 x 10 mL), and the organic
layer was washed with brine (1 x 5 mL) and water (1 x 5 mL). Drying and evaporation of the
solvent gave a residue that was purified by silica gel chromatography using ethyl acetate and

hexane as eluent to provide the titled compounds in analytically pure form.

N
JOnSt
Me N

@ 6-Methyl-1-phenyl-1H-benzo[d]imidazol-2-amine 5a: White solid;
yield 89%; mp 104-105 °C; '"H NMR (400 MHz, CDCls) § 7.59 (d, J = 7.6 Hz, 2H), 7.54 (d, J =
7.2 Hz, 2H), 7.42 (d, J = 7.6 Hz, 2H), 6.99 (d, J = 7.6 Hz, 1H), 6.75 (s, 1H), 2.33 (s, 3H); °C
NMR (100 MHz, CDCls) 6 146.8, 137.5, 135.6, 134.4, 132.8, 129.7, 128.8, 126.5, 124.5, 117.9,
110.1, 24.8; FT-IR (KBr) 3153, 2919, 1572, 1486, 1455, 1408, 1384, 1284, 1260, 1100, 1017
cm™'. Anal. Caled. for C14H;3N;3: C, 75.31; H, 5.87; N, 18.82. Found: C, 75.40; H, 5.86; N, 18.74.

e
O

1-Phenyl-1H-benzo[d]imidazol-2-amine 5b:®® White solid; yield 86%; mp
96-97 °C; '"H NMR (400 MHz, CDCl;) & 7.54-7.26 (m, 5H), 7.11-6.97 (m, 4H), 6.00 (s, 2H); °C
NMR (100 MHz, CDCls) & 147.9, 142.7, 135.2, 133.5, 129.8, 128.0, 126.6, 123.4, 122.9, 119.5,
110.2; FT-IR (KBr) 3277, 2963, 2832, 1601, 1573, 1494, 1416, 1247, 1176, 1110, 1012 cm.
Anal. Calcd. for C;3H 1Ns: C, 74.62; H, 5.30; N, 20.08. Found: C, 74.72; H, 5.28; N, 20.00.
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Me

6-Methyl-1-p-tolyl-1H-benzo[d]imidazol-2-amine 5c: White solid;
yield 93%; mp 108-109 °C; 'H NMR (400 MHz, CDCl3) & 7.36 (d, J = 7.2 Hz, 3H), 7.28 (d, J =
7.2 Hz, 2H), 6.99-6.95 (m, 2H), 2.44 (s, 3H), 2.33 (s, 3H); *C NMR (100 MHz, CDCls) & 146.7,
139.1, 132.2, 132.0, 131.7, 130.4, 127.7, 124.1, 123.4, 115.6, 109.0, 21.5, 21.2; FT-IR (KBr)
3307, 2918, 1639, 1542, 1515, 1470, 1441, 1259, 1210, 1043, 1018 cm™. Anal. Calcd. for
CisHisN3: C, 75.92; H, 6.37; N, 17.71. Found: C, 75.99; H, 6.35; N, 17.66.

N
L s
Me N

OMe

1-(4-Methoxyphenyl)-6-methyl-1H-benzo[d]imidazol-2-amine 5d:
White solid; yield 95%; mp 124-125 °C; 'H NMR (400 MHz, CDCls) 6 7.25-7.22 (m, 4H), 6.98
(d, J= 8.0 Hz, 2H), 6.88 (s, 1H), 6.61 (br s, 2H), 3.78 (s, 3H), 2.24 (s, 3H); >*C NMR (100 MHz,
CDCl;) 8 159.7, 147.6, 144.1, 139.3, 135.6, 127.9, 127.3, 122.4, 118.0, 114.5, 107.7, 55.9, 24.7;
FT-IR (KBr) 3157, 2917, 1663, 1515, 1468, 1408, 1256, 1211, 1027 cm’. Anal. Calcd. for
CisHsNs;O: C, 71.13; H, 5.97; N, 16.59. Found: C, 71.25; H, 5.96; N, 16.52.

N
JL
Me N

Me

Me

1-(4-1sopropylphenyl)-6-methyl-1H-benzo[d]imidazol-2-amine  5e:
White solid; yield 92%; mp 112-113 °C; 'H NMR (400 MHz, CDCl3) ¢ 7.40 (d, J= 8.0 Hz, 2H),
7.33 (d, J=8.0 Hz, 3H), 6.93 (d, J= 5.6 Hz, 1H), 6.79 (d, J = 8.8 Hz, 1H), 5.01 (br s, 2H), 3.03-
2.96 (m, 1H), 2.34 (s, 3H), 1.30 (d, J = 6.8 Hz, 6H); °C NMR (100 MHz, CDCl3) & 147.0,
139.5, 136.8, 134.8, 132.0, 129.2, 128.8, 126.4, 124.5, 118.9, 111.1, 34.2, 23.2, 20.7; FT-IR
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(KBr) 3248, 3190, 3078, 2960, 1642, 1584, 1475, 1447, 1377, 1263, 1166, 1077 cm’. Anal.
Calcd. for C;7H9N3: C, 76.95; H, 7.22; N, 15.84. Found: C, 77.07; H, 7.19; N, 15.75.

N
L
Me N

Me

Me

6-Methyl-1-(3,4-dimethylphenyl)-1H-benzo[d]imidazol-2-amine 5f:
White solid; yield 87%; mp 87-88 °C; 'H NMR (400 MHz, CDCls) o6 7.31 (d, J = 8.0 Hz, 2H),
7.18-7.13 (m, 2H), 6.94 (s, 1H), 6.77 (s, 1H), 6.11 (br s, 2H), 2.34 (s, 6H), 2.32 (s, 3H); "°C
NMR (100 MHz, CDCls) 6 146.8, 139.1, 137.9, 132.2, 132.0, 131.4, 130.1, 127.7, 124.1, 123.2,
115.0, 109.0, 21.5, 19.9, 19.6; FT-IR (KBr) 3253, 2920, 1644, 1436, 1407, 1384, 1261, 1206,
1172, 1012 cm’. Anal. Caled. for Ci6H;7N3: C, 76.46; H, 6.82; N, 16.72. Found: C, 76.56; H,
6.80; N, 16.64.

6-Methyl-1-(2,5-dimethylphenyl)-1H-benzo[d]imidazol-2-amine  5g:
Thick liquid; yield 88%; 'H NMR (400 MHz, CDCl3) 6 7.58 (d, J= 8.4 Hz, 1H), 7.30 (t, /= 6.8
Hz, 2H), 7.11-7.08 (m, 1H), 7.03 (s, 1H), 6.72 (s, 1H), 5.43 (br s, 2H), 2.38 (s, 6H), 2.11 (s, 3H);
3C NMR (100 MHz, CDCl3) & 147.6, 141.4, 139.6, 136.0, 132.9, 132.2, 130.5, 129.2, 128.0,
125.0, 118.5, 110.1, 24.1, 21.6, 17.7; FT-IR (KBr) 3267, 3098, 2912, 2842, 1651, 1579, 1523,
1496, 1423, 1345, 1277, 1178, 1025 cm™. Anal. Caled. for Ci¢H;7N3: C, 76.46; H, 6.82; N,
16.72. Found: C, 76.55; H, 6.81; N, 15.64.
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N
S
Me N

Cl

1-(4-Chlorophenyl)-6-methyl-1H-benzo[d]imidazol-2-amine 5h: Thick
liquid; yield 90%; 'H NMR (400 MHz, CDCls) 6 7.54-7.50 (m, 3H), 7.38-7.33 (m, 2H), 7.09 (d,
J=8.4Hz, 1H), 6.95 (s, 1H), 6.61 (br s, 2H), 2.35 (s, 3H); °C NMR (100 MHz, CDCl;) & 146.7,
138.6, 135.2, 133.5, 133.0, 132.1, 128.9, 127.7, 124.9, 119.1, 111.8, 22.7; FT-IR (KBr) 3209,
3089, 2963, 2893, 1666, 1577, 1513, 1476, 1416, 1297, 1207, 1155, 1021 cm™. Anal. Calcd. for
C14H12CIN3: C, 65.25; H, 4.69; N, 16.30. Found: C, 65.37; H, 4.68; N, 16.23.

N
ou
Me N

CF;

1-(4-(Trifluoromethyl)phenyl)-6-methyl-1H-benzo[d]imidazol-2-ami-
ne 5i: White solid; yield 55%; mp 129-130 °C; '"H NMR (400 MHz, CDCls) & 7.82 (d, J = 8.4
Hz, 2H), 7.25-7.22 (m, 2H), 6.98 (d, J = 8.0 Hz, 2H), 6.88 (s, 1H), 6.61 (br s, 2H), 2.24 (s, 3H);
BC NMR (100 MHz, CDCls) o 147.6, 139.8, 137.6, 135.0, 133.0, 128.0, 126.7, 124.1, 123.1,
119.3, 109.9, 22.0; FT-IR (KBr) 3278, 3177, 3058, 2958, 2863, 1633, 1545, 1499, 1422, 1377,
1292, 1195, 1114, 1023 cm’. Anal. Caled. for C;sH,F;N3: C, 61.85; H, 4.15; N, 14.43. Found:
C,61.99; H, 4.14; N, 14.36.

N
.

Me N
6-Methyl-1-(naphthalen-1-yl)-1H-benzo[d]imidazol-2-amine 5j: Wh-

ite solid; yield 65%; mp 110-111 °C; "H NMR (400 MHz, CDCl;) & 8.34 (d, J = 5.2 Hz, 1H),
8.11 (d, J = 6.4 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.70-7.56 (m, 4H), 7.47 (d, J = 6.0 Hz, 1H),
7.20 (d, J = 6.4 Hz, 1H), 6.66 (s, 1H), 4.70 (br s, 2H), 2.32 (s, 3H); °C NMR (100 MHz, CDCl5)
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0 153.7,143.7,134.8, 134.4, 133.4, 132.8, 132.1, 129.4, 128.9, 128.4, 127.1, 126.6, 124.9, 122.1,
119.3, 112.1, 21.1; FT-IR (KBr) 3288, 3158, 3088, 1646, 1574, 1510, 1453, 1392, 1252, 1194,
1071, 1015 cm’. Anal. Caled. for C;gH;sNj: C, 79.10; H, 5.53; N, 15.37. Found: C, 79.20; H,
5.51; N, 15.29.

N
-
Me N

O) 1-Benzyl-6-methyl-1H-benzo[d]imidazol-2-amine 5k: White solid;
yield 77%; mp 122-123 °C; "H NMR (400 MHz, CDCl3) § 7.36 (d, J= 7.2 Hz, 3H), 7.28 (d, J =
6.4 Hz, 2H), 6.99-6.93 (m, 3H), 5.21 (s, 2H), 4.04 (br s, 2H), 2.34 (s, 3H); °C NMR (100 MHz,
CDCls) 6 147.2, 138.9, 135.7, 133.9, 132.3, 129.1, 127.1, 127.0, 124.2, 117.6, 110.6, 45.9, 22.0;
FT-IR (KBr) 3205, 3053, 2912, 2863, 1606, 1574, 1501, 1466, 1416, 1271, 1123, 1076 cm’™.
Anal. Calcd. for CisHsNs: C, 75.92; H, 6.37; N, 17.71. Found: C, 76.00; H, 6.35; N, 17.65.

N
JeRET
Me '}‘

C4Hg

1-Butyl-6-methyl-1H-benzo[d]imidazol-2-amine 5I: Thick liquid;
yield 67%; "H NMR (400 MHz, CDCls) § 7.37 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 7.00
(s, 1H), 3.07 (t, J = 7.2 Hz, 2H), 2.33 (s, 3H), 1.74-1.68 (m, 2H), 1.34-1.31 (m, 2H), 0.94 (t, J =
7.2 Hz, 3H); °C NMR (100 MHz, CDCL3) & 147.1, 134.7, 132.8, 129.7, 123.6, 120.9, 110.0,
43.8,31.7,21.5,21.0, 14.1; FT-IR (KBr) 3227, 3167, 3067, 2963, 2854, 1621, 1587, 1513, 1474,
1426, 1281, 1187, 1121, 1025 em™. Anal. Calcd. for C;;H;7N3: C, 70.90; H, 8.43; N, 20.67.
Found: C, 71.12; H, 8.40; N, 20.58.

L
N

OMe

1-(4-Methoxyphenyl)-1H-benzo[d]imidazol-2-amine 5m: White solid; yield
92%; mp 101-102 °C; 'H NMR (400 MHz, CDCl3) § 7.43 (d, J = 7.6 Hz, 1H), 7.34 (d, J = 8.8
Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.99 (t, J = 8.0 Hz, 1H), 6.91 (d, J =
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7.2 Hz, 1H), 4.70 (br s, 2H), 3.87 (s, 3H); °C NMR (100 MHz, CDCl3) § 159.9, 147.8, 141.5,
135.9, 127.9, 126.9, 123.1, 122.7, 118.4, 115.0, 110.0, 55.7; FT-IR (KBr) 3154, 2922, 2862,
1607, 1581, 1948, 1453, 1410, 1389, 1388, 1268, 1155, 1018 cm™. Anal. Calcd. for C14H;3N30:
C, 70.28; H, 5.48; N, 17.56. Found: C, 70.41; H, 5.47; N, 17.49.

N
L
cl N

OMe

6-Chloro-1-(4-methoxyphenyl)-1H-benzo[d]imidazol-2-amine 5n:
Thick liquid; yield 89%; "H NMR (400 MHz, CDCls) & 7.39 (d, J = 4.8 Hz, 1H), 7.29-7.20 (m,
3H), 7.10 (s, 1H), 7.03 (d, J = 6.0 Hz, 2H), 5.80 (br s, 2H), 3.87 (s, 3H); *C NMR (100 MHz,
CDCl3) 6 160.8, 147.0, 136.4, 128.9, 127.1, 125.3, 123.7, 119.2, 116.1, 110.2, 56.8; FT-IR (KBr)
3268, 3157, 3072, 2982, 1633, 1582, 1501, 1476, 1416, 1277, 1151, 1100, 1038 cm™. Anal.
Calcd. for C4H1,CIN5O: C, 61.43; H, 4.42; N, 15.35. Found: C, 61.57; H, 4.40; N, 15.28.

OMe

1-(4-Methoxyphenyl)-4,6-dimethyl-1H-benzo[d]imidazol-2-amine 5o0:
White solid; yield 94%; mp 96-97 °C; 'H NMR (400 MHz, CDCls) 6 7.32 (d, J = 8.0 Hz, 2H),
7.07 (d, J = 8.0 Hz, 2H), 6.81 (s, 1H), 6.56 (s, 1H), 3.87 (s, 3H), 2.50 (s, 3H), 2.28 (s, 3H); °C
NMR (100 MHz, CDCls) 8 159.2, 146.2, 138.7, 134.9, 132.9, 127.9, 127.7, 124.5, 114.9, 108.2,
55.9, 21.7, 16.9; FT-IR (KBr) 3157, 2963, 1666, 1547, 1513, 1440, 1416, 1277, 1247, 1185,
1104, 1025 cm™. Anal. Caled. for C¢H;7N30: C, 71.89; H, 6.41; N, 15.72. Found: C, 72.00; H,
6.40; N, 15.66.
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N
\)

Me

OMe

6-1sopropyl-1-(4-methoxyphenyl)-1H-benzo[d]imidazol-2-amine
5p: White solid; yield 94%; mp 112-113 °C; 'H NMR (400 MHz, CDCls) 6 7.33-7.26 (m, 3H),
7.10-7.05 (m, 4H), 3.89 (s, 3H), 2.92-2.89 (m, 1H), 1.21 (d, J = 6.8 Hz, 6H); °C NMR (100
MHz, CDCls) 6 160.0, 146.3, 144.1, 139.7, 136.2, 128.8, 127.0, 121.8, 118.1, 114.3, 107.0, 56.0,
33.9, 24.6; FT-IR (KBr) 3266, 3148, 3058, 2898, 1628, 1575, 1508, 1444, 1397, 1310, 1248,
1150, 1079 cm’. Anal. Caled. for C17H;oN30: C, 72.57; H, 6.81; N, 14.94. Found: C, 72.68; H,
6.80; N, 14.88.
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Crystal Data and Structure Refinement for 3m at 296(2) K

Identification code sm
Empirical formula C14sH13N50
Formula weight 239.27
Temperature 296(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P -1

Loop xyz

X, Y,2 ‘X, -y, -Z’

Unit cell dimensions a=9.0574(7) A a(°)=101.776(4)
b=11.6659(9) A B(°)=97.499(5)
c=12.1521(8) A v(°)=94.819(5)

Volume 1238.12(16) A®

A 4

Density (calculated) 1.284 Mg/m’

Absorption coefficient 0.084 mm’

F(000) 504.0

Crystal size 0.33x0.24x 0.16 mm

Theta range for data collection 1.73 to 25.25°

Index ranges -10<=h<=10, -14<=k<=11, -14<=I<=14
Reflections collected 4408

Independent reflections 2737 [R (int) = 0.0375]

Completeness to theta = 25.25° 98.3 %
Absorption correction Multi-scan
Data / restraints / parameters 4408 /0 /327
Goodness-of-fit on F* 0.966

Final R indices [[>2sigma (I)] RI1=0.0505, wR2 =0.1368
R indices (all data) RI1=0.0865, wR2=0.1619
CCDC 871224
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Chapter VB

Copper(l)-Catalyzed Click Reaction of 2-Azidobenzimidazoles with Alkynes

Click chemistry'-“a modular synthetic approach towards the assembly of new molecular
entities”-finds extensive applications, ranging from functionalizing biological molecules,
solubilizing carbon nanotubes,” to forming supramoleculer assemblies." Among these, in
particular, five-membered nitrogen containing heterocyclic compounds substituted with 1,2,3-
triazoles have been found to have industrial applications and biologically importance.” These
compounds have been synthesized by Huisgen 1,3-dipolar cycloaddition of azides with alkynes.
Out of these, the copper(I)-catalyzed [3+2]-cycloaddition also known as click chemistry of
organic azides and terminal alkynes is emerged method for the synthesis of substituted 1,2,3-
triazole compounds.” Thus, this method has been developed by several groups using Cu(l) salts
along with triphenylphospine,® mono- or polydentate ligands,” as N-heterocyclic copper carbene
complexes.'” Recently, few groups have also demonstrated via Cu(l) species with various
supports such as silica,'" zeolites,'? amine-functionalized polymers'® and activated charcoal."
Cu(I) salts have been used in which the designed reaction conditions reduce the Cu(II) to Cu(I)
by reducing agents such as sodium ascorbate,”” elemental copper,'® phosphorus(IIl) agents,'’

electro chemical reduction,'® which further carried out the click chemistry.

5.4 Copper Catalysts

Most of the click reactions are based on copper-catalyzed systems. Sharpless and co-authors
have demonstrated the copper-catalyzed azide-alkyne cycloaddition reaction for the synthesis of
1,4,5-trisubstituted 1,2,3-triazoles. Substituted azides readily undergo reaction with 1-iodoalkyne

in the presence of Cul, Et;N in THF at room temperature to give triazoles in high yield (Scheme

1).193
5 mol % Cul N=N
5mol % TTTA I\i
R—N3 + R'—— R™ \%\R'
THF, RT, 2 h
|
up to 90% yield
Scheme 1
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4-Substituted 1-(N-sulfonyl)-1,2,3-triazoles have been prepared via copper(I)-catalyzed azide—
alkyne cycloaddition of sulfonyl azides with alkynes in good yield (Scheme 2).'*

ROzs N N N Cul Catalyst
2,6-lutidine

+
H—R CHC|3 °C R/K/N\SOZ
up to 85% vyield

R, R = alkyl, aryl
Scheme 2

Fokin and co-authors have showed the synthesis of 1,4-disubstuted 1,2,3-triazoles employing

CuS04-5H,0 and sodium ascorbate in water (Scheme 3).l6b

R-N=N=N 1 mol % CuSO,-5H,0

N=
5 mol % sodium ascorbate \
~ RANNR
H—™——"R  H,0/'BuOH (2:1), RT up to 92% vyield
Scheme 3

Pitchumani and co-workers have showed the regiospecific synthesis of 1,4-disubstituted 1,2,3-
triazoles from organic azides and terminal alkynes using Cu"-HT at room temperature (Scheme
4) 19¢

R , Cu'-HT N,
N - S
e ® CHCN, RT \—{

R
up to 89% vyield
Scheme 4

Gonzalez and co-workers have utilized [CuBr(PPh;);] for the neat reaction of azides with

alkenes to afford 1,4-disubstituted 1,2,3-triazoles with wide substrate scope (Scheme 5).1%

0.5 mol % [CuBr(PPhs)s] R‘N/N\

_N.+ R—
R~Ns neat, RT &(N

R, R =aryl, alkyl R
up to 99% vyield

Scheme 5
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Alonso and co-workers have demonstrated the use of Cu nanoparticles for the synthesis of 1,4-

disubstitued 1,2,3-triazoles from azides and terminal alkynes (Scheme 6)."*

R 10 mol % Cu nanoparticles 'R
N-N=N + R—= RN~ "N
e ® EtzN, THF, 65 °C \:<
R
up to 98% vyield
Scheme 6

While, Meldal and co-workers have showed copper(l)-catalyzed [3+2] cycloaddition of
terminal alkynes and azides on solid-phase. The reactions of alkyl- and aryl azides have been

demonstrated (Scheme 7).

e + - N:N
R—N=N=N Cu(l)-catalyst i / ]
- - Q N —{pestde—Q)
H—=—peptidel—) Ny
R-N. > peptidel—()
Scheme 7

5.5 Ruthenium Catalysts

Few studies are focused on the ruthenium-catalyzed click reactions. Jia and co-workers have
shown the regioselective synthesis of 1,5-disubstituted 1,2,3-triazoles from organic azides and

terminal and internal alkynes using ruthenium complex at moderate temperature (Scheme 8).*

-+
R—N—N=N
1 mol % Cp*RuCI(PPh;), N=N
+
NS N\R'
H——R Benzene, 60 °C
R
RY, R? = alkyl, aryl up to 80% yield

Scheme 8

Weinreb and co-workers have also employed the above described catalytic system for the

construction of trisubstituted-1,2,3-triazoles from alkyl azides with unsymmetrical internal

alkynes (Scheme 9).""
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R’ R"
, . 10 mol % Cp*RuCl(PPhs), -N nN-N
R—=——R + RN ’}'./ R andor I >R
Benzene, reflux N N
R R

Scheme 9

5.6 Present Study

2-Azidobenzimidazole is an important structural motif present in numerous compounds that are
important in biological and medicinal sciences. Thus the development of effective method for the
construction of analogue 2-(1H-1,2,3-triazo-1-yl)-benzimidazoles will be valuable in organic
synthesis. In this context, the click reaction of 2-azidobenzimidazoles and aryl alkynes has been
described using copper(I)-catalysis in the presence of Et;N at moderate temperature.

First, the optimization of the reaction conditions was carried out with 2-azido-6-methyl-1-
phenyl-1H-benzo[d]|imidazole 4a and 3,5-dimethylphenyl acetylene as model substrates
employing the Sharpless procedure, 5 mol % Cul and 2 equiv Et;N in THF solvent at room
21a

temperature.

dimethylphenyl)-1H-1,2,3-triazo-1-yl)-1-phenyl-1H-benzo[d]imidazole 8 in 75% yield. The

The reaction proceeded efficiently to afford the target 6-methyl-2-(4-(3,5-

reactions of a series of substituted 2-azidobenzimidazole and aryl alkynes were next investigated
(Table 1). The reactions with phenyl acetylene were found to be more effective affording the
product in 75-82% compared to that bearing electron donating group in the aromatic ring and
naphthyl acetylene that underwent reaction with 35-40% yield. Furthermore, phenyl acetylenes
bearing the disubstituted groups could afford the target products 8-11 in 72-80% yield.
Recrystallization 10 provided crystals whose structure was confirmed by X-ray analysis (Figure
1).

The observed results suggest that the reaction of 2-azidobenzimidazole with c-acetylide a,
which might be generated from Cu and substituted aryl acetylenes, can lead to the formation of
b. Intramolecular cyclization of b may lead to the generation of the intermediate ¢ that on

protonation can furnish the target molecules 1-11 to complete the catalytic cycle.”’
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Table 1. Substrate Scope of the Formation of 2-(1H-1,2,3-Triazo-1-yl)benzimidazoles*”

5 mol % Cul |
R {EEN\>_N o Xy 2equivEGN R@EN%N'NQN R =H, Me, 'Pr
_| 3 | .
Z N 2. THF,RT,5h Z >N FN A, R=ayhalkyl
R R R [ ] R'=Meome
1-11 =R
N N N N<
EASIN Nz
D OMe N \
O i O O
Me N Me N
O O
35% 40% 77%
N N< N N<
/ \N ’ N
\ N \
JPRTS Posts H
Me Me e
Me
4 5
79% 80% 82%
N N N Ns N N
, =N N s\ \ Nz
L orie e e
N Me N Me Me N Me
Me 7 8 9
Me Me
M Mé
OMe
75% 75% 72%
|v|e
Me
\>_N \>—N
Me Me
Me
OMe
78% 80%

“ Reaction conditions: 2-Azidobenzimidazole (1 mmol), aryl alkyne (1 mmol), Cul (5 mol %),
and Et;N (2 mmol) were stirred at room temperature in THF (6 mL).

bIsolated yield.
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Figure 1. ORTEP diagram of 1-(4-methoxyphenyl)-4,6-dimethyl-2-(4-(3,4-dimethylphenyl)-1H-
1,2,3-triazol-1-yl)-1H-benzo[d]|imidazole 10 with 50% ellipsoid. H-Atoms are omitted for

clarity.
R'—C=—H
l[Cu]
R"—C=—|[Cu]
R
DR \ (IH
P T
L L, CuC=—F

T A
- A\
R N>_ N@\R,, [Cu] - )A\R--

1-11

Scheme 10. Proposed catalytic cycle
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In summary, copper(I)-catalyzed synthesis of 2-(1H-1,2,3-triazo-1-yl)benzimidazoles has been
described from 2-azidobenzimidazoles and alkynes by click chemistry. The cyclization takes

places with moderate to good yield.

Experimental Section

General Information: Cul (98%) and Et;N were purchased from Aldrich and Merck
respectively. The solvents were purchased and dried according to standard procedure prior to
use. Product purification was carried out by silica gel column chromatography using Rankem
silica gel (60-120 mesh). All reactions were monitored by analytical TLC on Merck silica gel
G/GF 254 plates. NMR ('H and °C) spectra were recorded on DRX-400 Varian spectrometer
and the data are accounted as follows: chemical shifts (6 ppm) (multiplicity, coupling constant (J
Hz), integration).The abbreviations for multiplicity are as follows: s = singlet, d = doublet, t =
triplet. Melting points were determined by Buchi B-540 melting point apparatus. FT-IR spectra
of air-dried samples were recorded on PerkinElmer Spectrum One FT-IR spectrometer using
KBr disks and are reported in frequency of absorption (cm™). Elemental analyses were recorded
using PerkinElmer CHNS analyzer. For single crystal X-ray analysis the intensity data were
collected using Bruker SMART APEX-II CCD diffractometer, equipped with 1.75 kW sealed-
tube Mo Ko irradiation (A = 0.71073 A) at 296(2) K and the structures were solved by direct
methods using SHELLX-97 (Gottingen, Germany) and refined with full-matrix least squares on
F? using SHELXL-97.

General Procedure for the Synthesis of 2-(1H-1,2,3-Triazo-1-yl)benzimidazoles : 2-
Azidobenzimidazoles (1 mmol), aryl alkyne (1 mmol), Cul (5 mol %) and Et;N (2 mmol) were
stirred in THF at room temperature. Progress of the reaction was monitored by TLC using ethyl
acetate and hexane as eluent. After completion, the reaction mixture was quenched with NH4OH
solution and partitioned between ethyl acetate and water. The organic layer was washed with
water (1 x 5 mL) and brine (1 x mL). Drying (Na,SO,4) and evaporation of the solvent gave a
residue that was purified by silicagel chromatography using ethyl acetate and hexane as eluent to

give the titled compound in analytically pure form.
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2-(4-(2-Methoxyphenyl)-1H-1,2,3-triazol-1-yl)-6-methyl-1-
phenyl-1H-benzo[d]imidazole 1: White solid: yield 35%; mp 188-189 °C; '"H NMR (400 MHz,
CDCl) 6 8.73 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.36-7.33 (m, 4H), 7.17 (d, J = 8.4 Hz, 1H), 7.06
(t, /= 8.8 Hz, 2H), 6.98 (d, J = 7.6 Hz, 2H), 6.89 (d, J = 6.8 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H),
3.34 (s, 3H), 2.43 (s, 3H); *C NMR (100 MHz, CDCl3) & 160.5, 148.5, 140.9, 137.9, 137.4,
136.9, 134.8, 130.9, 130.4, 128.1, 127.9, 127.4, 125.6, 124.0, 121.1, 115.6, 108.5, 56.8, 20.0;
FT-IR (KBr) 3131, 3092, 2854, 1646, 1592, 1521, 1468, 1424, 1392, 1298, 1138, 1024 cm'.
Anal. Calcd. for C53H19NsO: C, 72.42; H, 5.02; N, 18.36. Found: C, 72.54; H, 4.99; N, 18.30.

6-Methyl-2-(4-(naphthalen-1-yl)-1H-1,2,3-triazol-1-yl)-1-
phenyl-1H-benzo[d]imidazole 2: White solid: yield 40%; mp 208-209 °C; 'H NMR (400 MHz,
CDCls) & 8.43 (s, 1H), 7.89-7.70 (m, 4H), 7.53-7.41 (m, 5H), 7.13-7.06 (m, 3H), 6.96 (d, J = 8.4
Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 6.67 (d, J = 6.4 Hz, 1H), 2.46 (s, 3H); °C NMR (100 MHz,
CDCl3) 6 153.0, 143.8, 136.2, 134.8, 134.0, 133.3, 133.0, 131.6, 129.7, 128.9, 128.1, 127.9,
125.3, 124.9, 122.1, 119.2, 115.1, 114.1, 112.1, 110.0, 21.1; FT-IR (KBr) 3112, 3058, 2963,
2852, 1642, 1612, 1536, 1492, 1424, 1373, 1312, 1298, 1021 cm™. Anal. Caled. for Co6H;oNs: C,
77.79; H,4.77; N, 17.44. Found: C, 77.89; H, 4.75; N, 17.36.
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N Ns

e

M

6-Methyl-1-(3,4-dimethylphenyl)-2-(4-phenyl-1H-1,2,3-tria-
zol-1-yl)-1H-benzo[d]imidazole 3: White solid: yield 77%; mp 191-192 °C; 'H NMR (400
MHz, CDCls) 6 8.49 (s, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.44-7.33 (m, 4H), 7.23 (d, J = 8.4 Hz,
2H), 7.14 (s, 1H), 7.07 (d, J = 7.6 Hz, 1H), 7.03 (s, 1H), 2.45 (s, 3H), 2.32 (s, 3H), 2.28 (s, 3H);
BC NMR (100 MHz, CDCls) o 147.9, 143.6, 141.8, 138.2, 137.9, 135.2, 130.6, 130.0, 129.5,
128.4, 126.0, 123.9, 121.0, 120.0, 115.9, 114.6, 113.9, 111.6, 22.6, 21.5, 18.5; FT-IR (KBr)
3135, 2922, 1616, 1555, 1501, 1492, 1414, 1372, 1308, 1255, 1188, 1021 cm™. Anal. Calcd. for
Co4HyNs: C, 75.97; H, 5.58; N, 18.46. Found: C, 76.08; H, 5.55; N, 16.38.

N.  Nzy |
/©: \>_N =
Me N
Me\©/Me
6-Methyl-1-(2,6-dimethylphenyl)-2-(4-phenyl-1H-1,2,3-tria-

zol-1-yl)-1H-benzo[d]imidazole 4: White solid: yield 79%; mp 198-199 °C; 'H NMR (400
MHz, CDCl;) & 8.49 (s, 1H), 7.85 (d, J = 7.6 Hz, 2H), 7.45-7.36 (m, 4H), 7.12 (s, 1H), 7.02-6.96
(m, 4H), 2.47 (s, 3H), 2.35 (s, 6H); °C NMR (100 MHz, CDCls) & 147.7, 143.4, 140.7, 138.7,
137.8, 135.2, 130.9, 130.0, 129.5, 127.4, 124.4, 123.9, 120.9, 120.0, 116.0, 110.0, 20.1, 21.5;
FT-IR (KBr) 3162, 2952, 1625, 1556, 1516, 1484, 1464, 1398, 1322, 1298, 1145, 1021 cm.
Anal. Calcd. for C,4H>1Ns: C, 75.97; H, 5.58; N, 18.46. Found: C, 76.06; H, 5.56; N, 18.39.

N Nz
/©:\>_N//
1-Benzyl-6-methyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)-1H-be-

nzo[d]imidazole 5: White solid: yield 80%; mp 172-173 °C; "H NMR (400 MHz, CDCls) & 8.64
(s, 1H), 7.90 (d, J = 7.2 Hz, 2H), 7.69 (d, J = 8.4 Hz, 1H), 7.46 (t, J= 7.2 Hz, 2H), 7.39 (d, J =
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6.4 Hz, 2H), 7.26-7.15 (m, 6H), 5.86 (s, 2H), 2.49 (s, 3H); >*C NMR (100 MHz, CDCl) & 147.8,
142.4, 141.8, 139.7, 136.9, 135.2, 130.7, 130.0, 129.3, 127.4, 125.9, 123.9, 120.6, 115.6, 111.0,
48.5,22.5; FT-IR (KBr) 2993, 2872, 1678, 1541, 1502, 1428, 1363, 1304, 1263, 1112, 1024 cm’
' Anal. Caled. for Co3HioNs: C, 75.59; H, 5.24; N, 19.16. Found: C, 75.70; H, 5.21; N, 19.08.

N Nz
\>_N/ /

OMe

6-Chloro-1-(4-methoxyphenyl)-2-(4-phenyl-1H-1,2,3-triazol-
1-yl)-1H-benzo[d]imidazole 6: White solid: yield 82%; mp 171-172 °C; '"H NMR (400 MHz,
CDCls) 6 8.51 (s, 1H), 7.85 (d, J=7.6 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.45-7.21 (m, 6H), 7.02
(d, J = 8.8 Hz, 2H), 3.88 (s, 3H); °C NMR (100 MHz, CDCl3) & 160.6, 147.0, 140.9, 139.9,
137.9, 136.9, 134.8, 130.4, 128.8, 128.2, 127.8, 127.0, 126.7, 125.0, 121.0, 114.8, 108.8, 56.9;
FT-IR (KBr) 3093, 2992, 2840, 1606, 1572, 1516, 1474, 1424, 1392, 1321, 1298, 1255, 1158,

1041 cm™. Anal. Caled. for C2oH;¢CINsO: C, 65.76; H, 4.01; N, 17.43. Found: C, 65.89; H, 4.00;
N, 17.36.

\>—N

6-1sopropyl-1-(4-methoxyphenyl)-2-(4-phenyl-1H-1,2,3-
triazol-1-yl)-1H-benzo[d]imidazole 7: White solid: yield 75%; mp 200-201 °C; '"H NMR (400
MHz, CDCl;) & 8.47 (s, 1H), 7.85-7.82 (m, 2H), 7.75 (d, J = 8.4 Hz, 1H), 7.43-7.28 (m, 6H),
7.02-7.00 (m, 3H), 3.85 (s, 3H), 3.04-2.97(m, 1H), 1.20 (d, J = 6.8 Hz, 6H); *C NMR (100
MHz, CDCl3) 6 160.0, 147.9, 141.3, 138.4, 137.9, 136.9, 135.4, 130.9, 130.1, 129.7, 127.9,
127.0, 126.1, 124.1, 120.6, 115.5, 108.1, 55.7, 34.1, 22.1; FT-IR (KBr) 3121, 2962, 2860, 1627,
1586, 1521, 1492, 1414, 1372, 1282, 1255, 1175, 1096, 1021 cm™'. Anal. Caled. for C,sH»3N50:
C, 73.33; H, 5.66; N, 17.10. Found: C, 73.47; H, 5.64; N, 17.03.
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N Nsp
\>_N/ /
Me N Me

Me

6-Methyl-2-(4-(3,5-dimethylphenyl)-1H-1,2,3-triazol-1-
yl)-1-phenyl-1H-benzo[d]imidazole 8: White solid; yield 75 %; mp 201-202 °C; 'H NMR (400
MHz, CDCls) 6 8.44 (s, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.52-7.48 (m, 4H), 7.38-7.35 (m, 2H),
7.26-7.22 (m, 2H), 7.03-7.00 (m, 2H), 2.47 (s, 3H), 2.31 (s, 6H); °*C NMR (100 MHz, CDCl5) &
147.7, 142.4, 141.7, 138.7, 136.8, 135.2, 130.6, 130.0, 129.5, 127.4, 125.7, 123.9, 120.5, 119.9,
115.6, 110.0, 22.1, 21.5; FT-IR (KBr) 3151, 2962, 1632, 1537, 1502, 1483, 1261, 1096, 1028
cm™!. Anal. Caled. for CosHyNs: C, 75.97; H, 5.58: N, 18.46. Found: C, 76.06; H, 5.56; N, 18.39.

N N )
\>_N/ /

Me Me

Me

6-Methyl-1-(3,5-dimethylphenyl)-2-(4-(3,5-dimethyl-

ph-enyl)-1H-1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 9: White solid; yield 72%; mp 208-209
°C; '"H NMR (400 MHz, CDCls) & 8.42 (s, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.67 (s, 1H), 7.55 (d, J
= 7.6 Hz, 2H), 7.22-7.18 (m, 2H), 7.11 (s, 1H), 7.02 (s, 1H), 2.47 (s, 3H), 2.34 (s, 6H), 2.30 (s,
3H), 2.29 (s, 3H); °C NMR (100 MHz, CDCl;) & 147.7, 142.6, 141.7, 138.2, 137.4, 135.2,
131.0, 129.5, 127.9, 125.4, 123.9, 120.9, 119.9, 115.6, 114.6, 113.4, 111.6, 104.0, 23.1, 22.1,
21.5, 17.9; FT-IR (KBr) 3024, 2963, 2858, 1618, 1541, 1492, 1408, 1333, 1263, 1124, 1024 cm’
' Anal. Caled. for Co6HpsNs: C,76.63; H, 6.18; N, 17.19. Found: C, 76.73; H, 6.16; N, 17.11.

Me
L

Me

1-(4-Methoxyphenyl)-4,6-dimethyl-2-(4-(3,4-dimethyl-
phenyl)-1H-1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 10: White solid: yield 78%; mp 180-181
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°C; "H NMR (400 MHz, CDCl3) & 8.35 (s, 1H), 7.65 (s, 1H), 7.53 (d, J= 7.6 Hz, 2H), 7.23 (d, J
=3.2 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.00 (s, 1H), 6.95 (d, J=9.2 Hz, 2H), 6.81 (s, 1H), 3.82
(s, 3H), 2.66 (s, 3H), 2.40 (s, 3H), 2.28 (s, 3H), 2.26 (s, 3H); °C NMR (100 MHz, CDCls) &
160.2, 147.5, 141.3, 137.9, 137.4, 136.9, 135.0, 130.4, 130.1, 128.7, 127.7, 127.4, 126.1, 123.6,
120.6, 115.1, 108.1, 55.7, 20.1, 20.0, 19.9, 16.7; FT-IR (KBr) 3153, 2917, 1609, 1537, 1514,
1479, 1451, 1250, 1164, 1027 cm™. Anal. Calcd. for CagHpsNsO: C, 73.74; H, 5.95; N, 16.54.
Found: C, 73.86; H, 5.94; N, 16.47.

Me

\>—N

Me

1-(4-Methoxyphenyl)-5,6-dimethyl-2-(4-(3,4-dimethyl-
phenyl)-1H-1,2,3-triazol-1-yl)-1H-benzo[d]imidazole 11: White solid: yield 80%; mp 188-189
°C; '"H NMR (400 MHz, CDCl;)  8.41 (s, 1H), 7.66 (s, 1H), 7.60 (s, 1H), 7.54 (d, J = 8.0 Hz,
1H), 7.28 (d, J = 8.8 Hz, 2H), 7.18 (d, J= 8.0 Hz, 1H), 6.99 (d, J = 8.8 Hz, 3H), 3.85 (s, 3H),
2.41 (s, 3H), 2.35 (s, 3H), 2.30 (s, 3H), 2.28 (s, 3H); °C NMR (100 MHz, CDCl;) & 160.2,
146.5, 141.3, 139.9, 137.4, 136.9, 135.0, 130.4, 129.1, 128.2, 127.8, 127.7, 126.7, 123.5, 120.9,
115.1, 108.5, 56.7, 23.1, 20.5, 19.9, 17.7; FT-IR (KBr) 3153, 2962, 1616, 1536, 1516, 1492,
1464, 1322, 1298, 1255, 1021 cm™. Anal. Caled. for CosHasNsO: C, 73.74; H, 5.95; N, 16.54.
Found: C, 73.87; H, 5.93; N, 16.47.
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Crystal Data and Structure Refinement for 10 at 296(2) K

Identification code 10

Empirical formula Co6HasNsO

Formula weight 423.51

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/c Loop xyz
X,y, 2 ‘X, y+1/2, -z+1/2’ *-x, -y, -z’ ‘X, -y-
1/2, z-1/2°

Unit cell dimensions a=20.414(4) A a(°)=90.00

b=89183(18) A  B(°)=95.601(13)
c=123323)A  y(°)=90.00

Volume 2234.5(8) A’
A 4
Density (calculated) 1.259 Mg/m’
Absorption coefficient 0.080 mm’’
F(000) 896.0
Crystal size 0.33 x0.25 x 0.16 mm
Theta range for data collection 1.00 to 25.25°
Index ranges -22<=h<=24, -10<=k<=8, -14<=1<=13
Reflections collected 3845
Independent reflections 1890 [R (int) = 0.3143]
Completeness to theta = 25.25° 94.7 %
Absorption correction Multi-scan
Data / restraints / parameters 3845/0 /294
Goodness-of-fit on F* 1.397
Final R indices [[>2sigma (I)] RI1=0.1986, wR2 = 0.4543
R indices (all data) RI1=0.2589, wR2=0.4716
CCDC 871226
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