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Combinatorial chemistry has become an extremely power-
ful technique for the rapid generation of small, drug-like
organic molecule libraries for medicinal chemistry programs
within the pharmaceutical industry.* In the past, various
methods were developed for the synthesis of 1,2,3-triazoles.
One very useful organic transformation is the 1,3-dipolar
cycloaddition reaction of azides with alkynes which has
been extensively studied by Huisgen et al.> Recently, Sharp-
less and co-workers have reported remarkable high-yielding
syntheses of 1,2,3-triazoles with excellent regioselectivity
using a Cu(I)-catalyzed [3+2] cycloaddition reaction.* This
reaction has become a powerful method for generating
combinatorial libraries and has found increasing applications
in lead discovery and lead optimization.” Among a variety of
bioisosteres of the amide moiety, 1,2,3-triazoles have gained
increasing attention in drug discovery.® 1,2,3-Triazoles can
mimic the topological and electronic features of an amide
bond and can actively participate in hydrogen bonding and
dipole-dipole interactions.

Many o-1,2,3-triazoloamides 1 (Figure 1) or a-1,2,3-tri-
azoloketones exhibit a wide range of biological properties.”
For example, o-1,2,3-triazoloamides have demonstrated
activities as lymphoid tyrosine phosphatase (Lyp, PTPN22)
inhibitors,”™ as fatty acid synthase (FAS) inhibitors for
antitumor agents,”” as human neuraminidase 3 (NEU3)
inhibitor,” as promoters of E. coli biofilm formation,”® and
as protein tyrosine phosphatase (PTP) inhibitors.” a-1,2,3-
Triazoloketones compounds also have been used as Src
kinase inhibitors®® and as cytotoxic agents against several
cancer cell lines.®

Herein, we describe recent progress on the first solid-
phase synthetic protocol for the preparation of o-1,2,3-
triazoloamides 1 (Figure 1), which is applicable to high
throughput construction of drug-like compound libraries.

For the divergent synthesis of the a-1,2,3-triazoloamides,

1 (A=CH,, CHCH,)

Figure 1. Structure of the a-1,2,3-triazoloamides.

we employed the known AMEBA (Acid sensitive Methoxy
Benzaldehyde)’ resin 2 (from Merrifield resin) as the start-
ing material in this synthesis (Scheme 1).

The reductive amination reaction of the aliphatic or
aromatic amines 3 (the first diversity element) and resin 2
with sodium triacetoxyborohydride gave polymer bounded
secondary amines 4. The progress of this reaction (R' = Ph)
was monitored by using ATR-FTIR (Attenuated Total
Reflection Fourier Transform Infrared) which showed that
the weak NH stretching band at 3424 cm™ appeared and the
disappearance of stretching band of aldehyde at 1678 cm™
(Figure 2).

Solid supported chloroamides 5 with the second potential
diversity element A can be easily prepared by the reaction of
amine resin 4 with chloro acid chloride 6 and triethylamine
in CH,Cl, at room temperature. The progression of this
process (R! = Ph, A = CH,) was monitored by using ATR-
FTIR which displayed the disappearance of the characteri-
stic NH band at 3424 ¢m™ and appearance of the amide
carbonyl stretching band at 1666 cm™. In the reaction of
amine resin 4 with 3-chloropropionyl chloride, the desired
B-chloroamide resin of 5 (R' = Ph, R = Cl, A = CH,CH>)

ref 9 /@\/\
Cl
O/\ OMe ~—

Merrifield resin AMEBA resin 2

1 NaB(OAc),H
RINH| " AcoH
DCE, 50°C
x
R Et;N
- /CI + NH
./\N CH,Cl,, it Cl ’/\
5(R= CI)
NaN,, DMF, rt
(R Na)‘] &

Cul
=R?| sodium ascorbate
8 DMF/piperidine, rt

_30% TFA _ R\

O N=N
./\N A’N\)\ A’N\/\RZ
CH,CI,, 45°C H
9 1 (A=CH,, CHCH,)

Scheme 1. Solid-phase synthesis of o-1,2,3-triazoloamide
derivatives 1.
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Figure 2. ATR-FTIR spectra of resins 2,4, 5, 7and 9 (R' =R? =
Ph, A = CHy).

was not formed because of an elimination of P-chloro-
amide.'® Treatment of a-chloroamides resin of 5 (R = Cl, A
= CH; or CHCHj3) with sodium azide in DMF at room
temperature, provides the resin-bound a-azidoamide 7 (R =
N;). This reaction (R' = Ph, A = CH,) also monitored by the
characteristic appearance of the azide at 2101 cm™'.

The various [3+2] Huisgen cycloaddition conditions were
examined for the reaction of a-azidoamide resin 7 and
terminal acetylene 8. First, general methods'! for Cu-cata-
lyzed 1,3-dipolar cycloaddition (CuSO4/sodium ascorbate or
Cul/diisopropylethylamine) under various solvents (H,O/#-
BuOH, EtOH, or THF) were unsuccessful. In contrast, the
desired a-1,2,3-triazoloamide resin 9 was obtained by
employing a condition using excess reagents (3 equiv. Cul,
3 equiv. sodium ascorbate, DMF/piperidine (4:1), room
temperature). Under these conditions, the completion of the
reaction (R! = R> = Ph, A = CH,) was confirmed by using
ATR-FTIR (specifically, the disappearance of the azide
stretching band at 2101 cm™). Finally, the resulting resin-
bound product 9 was cleaved from the solid support under
acidic conditions (30% TFA in CH>Cl,) to provide the -
1,2,3-triazoloamide 1 (for 1a; 93% over six steps from
Merrifield resin).!!*!?

By using the new solid-phase synthetic route, we were
able to prepare a number of a-1,2,3-triazoloamide derivatives
1 displayed in Table 1 starting from Merrifield resin and
appropriate primary amines (R'NH,), a-chloroacetyl chloride
(C1-A-COCI), and terminal acetylenes (R°?C=CH). In most
cases, a-1,2,3-triazoloamide derivatives 1 were obtained
with high purities, >95% as judged from LC-MS traces
(integration of diode array 200-400 nm traces).

Notes

Table 1. The prepared o-1,2,3-triazoloamide derivatives 1 using a
solid-phase synthetic route”

(0] N=N
R1‘NJ\A/N \/\RZ
H
1
Entry Products R' A R? Yield (%)’

1 la Ph CH; Ph 93
2 1b Ph CH; 4-MeO-Ph 91
3 1c Ph CH; 4-CN-Ph 83
4 1d Ph CH,  3-thiophenyl 82
5 le Ph CH, 2-pyridyl 85
6 1f Ph CH, n-Bu 92
7 1g 4-MeO-Ph  CH» Ph 92
8 1h 4-MeO-Ph  CH» 4-MeO-Ph 94
9 1i 4-MeO-Ph  CH» 4-CN-Ph 89
10 1j 4-MeO-Ph CH,  3-thiophenyl 85
11 1k 4-MeO-Ph  CH» 2,4-di-F-Ph 87
12 1 4-MeO-Ph  CH» Bn 85
13 1m 4-MeO-Ph  CH» 4-NMe,-Ph 79
14 In 4-MeO-Ph  CH» 4-PhO-Ph 92
15 lo 4-MeO-Ph  CH» 3-Me-Ph 89
16 1p n-Bu CH, Ph 81
17 1q n-Bu CH, 4-MeO-Ph 88
18 1Ir n-Bu CH, 4-CN-Ph 83
19 1s n-Bu CH,  3-thiophenyl 80
20 1t n-Bu CH» 2-pyridyl 89
21 1u n-Bu CH» n-Bu 89
22 1v i-Pr CH» Ph 79
23 1w i-Pr CH» 4-MeO-Ph 87
24 1x i-Pr CH,  3-thiophenyl 77
25 ly i-Pr CH» 2-pyridyl 84
26 1z i-Pr CH» n-Bu 83
27 laa  2-MeO-Ph CHCHj3 Ph 88
28 lab  2-MeO-Ph CHCH; 4-MeO-Ph 91
29 lac  2-MeO-Ph CHCH;  4-CN-Ph 87
30 lad  2-MeO-Ph CHCH; 3-thiophenyl 80
31 lae  2-MeO-Ph CHCH;  2-pyridyl 83
32 laf n-Bu CHCHj; Ph 83
33 lag n-Bu CHCH3;  4-MeO-Ph 81
34 lah n-Bu CHCH;  4-CN-Ph 79
35 lai n-Bu CHCH3;  3-thiophenyl 78
36 laj n-Bu CHCH;  2-pyridyl 84
37 lak n-Bu CHCH3 n-Bu 81
38 1al i-Pr CHCH; Ph 88
39 lam i-Pr CHCH; 4-MeO-Ph 83
40 lan i-Pr CHCH;  2-pyridyl 81

“All reactions were performed on 150-200 mg scale of resin 9 and the
purities of compounds 1 were over 95% as judged from LC-MS traces
(integration of diode array 200-400 nm traces) ‘Six-step overall yield
from Merrifield resin (loading capacity = 0.94 mmol/g).

In summary, the yields for a-1,2,3-triazoloamides pro-
duced by using this solid-phase approach ranged from 78 to
94% for six linear steps starting with Merrifield resin,
indicating that the average yield for each step of > 95%. In
addition, the a-1,2,3-triazoloamides were obtained in high
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purities (> 95%) as judged from LC-MS and 'H NMR
analyses. This investigation, has led to the development of
the first solid-phase route for the synthesis of a-1,2,3-tri-
azoloamides derivatives that contain three diversity positions.
The strategy allows for a ready access to a large library and
is potentially applicable to the preparation of other 1,2,3-
triazole derivatives. Further studies in this area are under-
way, and the results of these studies will be reported in due
course.

Experimental

Procedure for AMEBA Resin 2. Merrifield resin (53.2 g,
50.0 mmol, 0.94 mmol/g) was treated with 4-formyl-3-
methoxyphenol (22.8 g, 150.0 mmol), potassium iodide
(83.0 mg, 0.5 mmol), and potassium carbonate (20.7 g,
150.0 mmol) in DMF (300 mL). The mixture was shaken at
room temperature for 10 h, and then filtered, washed several
times with H,O, DMF, MeOH, and CH,Cl,, and dried in a
vacuo to give AMEBA resin 2 (59.0 g): On-bead ATR-FTIR
(neat) Vmax 1678, 1598, 1259 (cm™).

General Procedure for Preparation of for o-1,2,3-
Triazoloamides 1 on Solid-phase: A typical procedure for
the desired a-1,2,3-triazoloamide 1, as exemplified for 1a
(R'=R?*=Ph, A =CH,).

Preparation of Resin 4: A mixture of AMEBA resin 2
(10 g, theoretically 8.5 mmol), aniline (3a, 2.3 mL, 25.5
mmol), sodium triacetoxyborohydride (5.4 g, 25.5 mmol),
and acetic acid (0.49 mL, 8.5 mmol) in DCE was heated at
50 °C for 12 h. The reaction mixture was cooled to room
temperature, and then filtered, washed several times with
H,O, DMF, MeOH, and CH,Cl,, and dried in a vacuum oven
to give amine resin 4a (10.6 g): On-bead ATR-FTIR (neat)
Vinax 3424, 1597, 1489 (cm™).

Preparation of Resin 5: The amine resin 4a (3.0 g,
theoretically 2.4 mmol) was treated with 2-chloroacetyl
chloride (6a, 0.57 mL, 7.2 mmol) and triethylamine (1.0 mL,
7.2 mmol) in CHxCl, at 0 °C. The reaction mixture was
shaken at room temperature for 5 h, and then filtered,
washed several times with H,O, DMF, MeOH, and CH,Cl,,
and dried in a vacuum oven to give amide resin 5a (3.16 g):
On-bead ATR-FTIR (neat) Vimax 1666, 1593, 1489 (cm™).

Preparation of Resin 7: The o-chloroamide resin 5a (2.8
g, theoretically 2.1 mmol) was treated with sodium azide
(0.47 g, 7.2 mmol) in DMF. The reaction mixture was
shaken at room temperature for 12 h, and then filtered,
washed several times with H,O, DMF, MeOH, and CH,Cl,,
and dried in a vacuum oven to give a-azidoamide resin 7a
(2.8 g): On-bead ATR-FTIR (neat) vmax 2101, 1670, 1590,
1491 (cm™).

Preparation of Resin 9: To a mixture of a-azidoamide
resin 7a (570 mg, theoretically 0.42 mmol) and phenyl-
acetylene (8a, 0.07 mL, 0.6 mmol) in DMF/piperidine (4:1)
was added copper(I) iodide (229 mg, 1.27 mmol) and
sodium ascorbate (57 mg, 1.27 mmol) at room temperature.
The reaction mixture was shaken at room temperature for
12 h, and then filtered, washed several times with H,O,
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DMF, MeOH, and CH,Cl,, and dried in a vacuum oven to
give o-1,2,3-triazoloamide resin 9a (606 mg): On-bead
ATR-FTIR (neat) vimax 1669, 1590, 1489 (cm™).

Preparation of a-1,2,3-triazoloamide 1: The «-1,2,3-
triazoloamide resin 9a (157 mg, theoretically 0.10 mmol)
was added 30% TFA in CH>Cl, (3 mL). The reaction
mixture was stirred at 45 °C for 1day and the mixture was
filtered and washed with CH,Cl, and MeOH. The filtrate
was evaporated in vacuo and the residue was dissolved in
CH,Cl, and extracted with saturated NaHCO3. The aqueous
layer was extracted with CH,Cl, twice and the combined
organic extracts were washed with brine, dried over MgSOs,
filtered and concentrated in vacuo to give the target N-
phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)acetamide ~ (1a)
was obtained as a light yellow solid (23 mg, 93% from
Merrifield resin). "H NMR (500 MHz, DMSO-ds) & 5.39 (s,
2H), 7.09 (m, 1H), 7.33-7.36 (m, 3H), 7.46 (m, 2H), 7.60 (m,
2H), 7.88 (m, 2H), 8.60 (s, 1H), 10.51 (s, 1H); *C NMR
(125 MHz, DMSO-ds) 6 52.4, 119.3, 123.1, 123.8, 125.1,
127.9, 128.9, 130.7, 138.4, 146.2, 164.2; LC-MS (ESI) m/z
279 (IM+179).
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