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ABSTRACT

Facile synthesis of diverse 1,4-disustituted 1t{@&&oles derivatives using readily accessiblestceffective,
remarkably stable and easily tunable 1,2,3 trigzobased ligand(1-(4-Methoxybenzyl)-1-H-1,2,3-Triazol-4-
yl)Methanol (MBHTM) in PEG-HO as green reaction media has been developedcokpared to ligand free
reaction, the dramatic rate enhancement of copmalgze azide—alkyne cycloaddition (CUAAC) at |atatyst
loading in PEG-HO media has been observed. The present methoddpeoviigh to excellent yields and thus
considered to be the green “click chemistry” toot ynthetic applications.
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INTRODUCTION

With increasing environmental concerns and regyatonstraints faced by chemical and pharmacediticaistries,
the development of green protocol in organic sysithdias become one of the frontiers in organic csteyn
research. The use of green reaction media sudheawadter, ionic liquids, flourous media, supercaitifluids and
Polyethylene glycol and derivatives for chemicabgqass is always advisable from the perspective reérg
chemistry. In recent years PEG [1] and its denatihas attracted much attention of synthetic cieas reaction
media due it low cost, stability and environmemntdienign nature. Moreover PEG is nontoxic and belesady
approved by FDA for oral applications. Thus, the 0§ PEG as reaction media provides ecologicalemathomical
synthetic protocols.

The Huisgen[2] first of all reported the 1,3-dipotycloaddition of alkynes to azides to form 1,4tdisituted-1,2,3-
triazoles, Following the discovery by Huisgen, $itesset al[3] and Meldalet d[4] in 2002 reported that the
copper(l) catalyzes the 1,3-dipolar cycloadditiédrmazides and alkynes to form 1,4-disubstitutedzbias (CUAAC).
Following this discovery, CUAAC has rapidly emergasl powerful tool for the construction of 1, 2, Biazole
scaffold. It has been also found that ligand plag prominent role in the rate acceleration of CuAA®@us the
ligand not only stabilizes the oxidation state af(K; but shown to increase and modulate its reégtand thus
providing the effective catalytic system throughk tatalytic cycle.[5]
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As a result, recently to further advance the saop€uAAC tremendous efforts have been placed onligzand
acceleration this reaction. Various ligand systdrage been tested to promote the rate accelerafi@udAC.
These include polytriazolylamine (TBTA§] and is the most preferred even today, benzimidaz¢®@ histidine
derivatives,[8] pybox ligands,[9] phosphites,[1@hd NHC carbenes.[11] Most of these ligands shote ra
acceleration,while many of them suffer from theifations such as long reaction time, high cost aladk of
tunability[12]. Moreover, the applicability of effient ligands such as NHC carbines has been linbtedheir
challenging synthetic routes. Recently, Feriegal [13] reported highly efficient BINOL based phospamidite
accelerated copper(l)-catalyzed [3 + 2 ] cyclodadd# of azides and alkyne. Thus despite of theBerte as
compared to other metal catalysed reaction, theskedt on developing more efficient catalytic systemCuAAC
remained limited.

The 1, 2, 3 —triazole could be readily syntheised@UAAC reaction; they are remarkable stable, preesive and
readily tunable. The 1, 2, 3-triazole have beeonteg to be highly effective ligands for transitiand late transition
metal complexes.

We had previously reported (1-(4-methoxybenzyl)-1-H2, 3- triazol-4-yl) methanol (MBHTM)[14] accetted
copper-catalyzed [3+2] azide—alkyne cycloadditi@uAAC)[14] at low catalyst loading. However, theeusf
DMSO as solvent, particularly from the perspectifegreen chemistry limits the applicability of thpsotocol and
there is enough scope for the improved protocolJoAAC. We reason that the use of PEG in combinatiith
water assuming high solubilising power of PEG €oganic substrates could provide green alterndtivethe
copper-catalyzed [3+2] azide—alkyne cycloadditi@uAAC) leading to the synthesis of diverse 1,2i8zwole
derivatives.

Herein we report for the first time that the repditcessible, cost effective, easily tunable anmgpkd but powerful
“Click” ligand, MBHTM, synthesized itself by clickhemistry [15] dramatically accelerates the copgelyse
[3+2] cycloaddition of azide and alkyne at low cepgatalyst loading in PEGB as green reaction media at
ambient conditions.

EXPERIMENTAL SECTION

All the solvents were redistilled before used. Atiahl TLCs were performed on Merck silica gel 66EDlates.
The alkynes were purchased from Johnson MattheynChéd and other chemicals were purchased from &igm
Aldrich Chem. Ltd. ThéH and**C NMR spectra (in CDG) were recorded on Agilent 400 or Bruker AvancdaD
MHz spectrometer. The chemical shift values arsaale and TMS was used as an internal standardesiations
used are: s (singlet), d (doublet), t (triplet),(dduble doublet), dt (doublet triplet), m (mulgpl.

To a 10 mL vial charged with copper sulfate (0.5 @1 mmol), sodium ascorbate (2 mg, 0.05 mmad) lagand
(1.1 mol %) was added 0.5 mL of PEG&Hmixture (1:3) and resulting mixture was stirrédaom temperature for
10 min. Then the appropriate azide (0.2 mmol) dkyna (0.4 mmol, 2.0 equiv.) was added to it anel tbaction
mixture was stirred vigorously at room temperafioresh. After completion of reaction (TLC), the odian mixture
was quenched with water (10 mL) and extracted wittyl acetate (3x10 mL) and combined organic ektnas
washed several times with water and then with bihveporation of organic extract after drying oaeh. NaSQO,
followed by column chromatography (PET:EA, 7:3)oaffed analytically pure 1, 2, 3-triazole derivative

RESULTSAND DISCUSSION

Embarking on our previous results, we initially sedhe model reaction between benzyl azide andypheatylene
in order to check the ligand effect, if any, in REH@D as the solvent systeicheme-1.
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CuSOy, (1.0 mol%),

Na ascor bate (5.0 mol %) — \/@
Ny + Ph—— Ne. N
. X
Lignad (1.1 mol %) , N
PEG-H,O (1:3), rt.

Scheme-1

Table-1: Optimization conditionsfor copper catalyzed [3+2] Azide-Alkyne Cycloaddition in PEG: H,0?

Entry | Time(h) | Yield (%)°
1 1 39
2 2 55
3 3 75
4 6 85
5 6 96"
6 24 36

# Reaction conditions: 0.2 mmol of benzyl azid2 ndmol of phenyl acetylene, 1.0 mol % of copper 54l mol % Na-ascorbate in presence of
1.1 mol % of ligand in 0.5 ml PEG,8 (1:3) at room temperatur8solated yieldsS2 equiv of alkyne was usetlin the absence of ligand

The reaction time was kept somewhat higher thahdhaur optimized reaction time of 4h in our praws work
assuming that PEGJ system would have relatively lower solubilisingwer than DMSO. Thus using our
MBHTM ligand m the model reaction was explored withrying reaction time from 1 to 6h. We found tlaat
compared to ligand-free reaction, the present igannd to accelerate the CuAAC reaction dramdticd evident
by 36 % and 96% yield of ligand free and ligandrpoted reaction (table-1, entBys 5) respectively. The best
results were obtained when the reaction was rusé far

Thus the best reaction conditions were found td Beequiv. of azide, 2.0 equiv. of alkyne, 1.0 ®iolof CuSQ,
5H,0, 5 mol % of Na-ascorbate in the presence of ll%nof ligand in PEG-Water at room temperature@dr.
Using our optimized reaction conditions as descriabove, next, scope of the reaction was exploridid diverse
azides and alkynes schere-

CuSO, (1.0 mol%), R
Na ascor bate (5.0 mol %) —
R—N; + R——

Lignad (1.1 mol %) , N
PEG-H,0O (1:3),rt, 6h.

Scheme-2

Thus the wide variety of azide and alkynes wergesibd to CUAAC reaction facilitated by our novigiind (1-(4-
methoxybenzyl)-1-H-1, 2, 3- triazol-4-yl) methafMBHTM) using PEG-HO system.

As can be seen from resu(table-2), a wide range of alkynes such as phenylacetytlemivatives, aliphatic, and
heterocyclic alkynes reacted rapidly giving highngar quantitative yields.[16] Several phenoxymetikynes
such as (4-Bromophenoxy)methyl, 4-(Ethylphenoxy)thyle acetylenes etc. were also reacted smoothlyeund
present reaction conditions. The presence of eeatithdrawing or electron releasing substituentlos benzene
ring did not affect the reactivity strikingly asettes alkynes provided the 1,2,3-triazole produrctsgh to excellent
yields.
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Table-2: Scope of the Azide and alkynesin CUAAC in PEG: Water?

Entry Alkyne Azide Product Yield (%) ©
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Reaction conditions: 0.2 mmol of benzyl azide n@dol of phenyl acetylene (2.0 equiv.), 1.0 moF&%opper salt, 5.0 mol % Na-ascorbate in
presence of 1.1 mol % of ligand in 0.5 ml PE@H1:3) at room temperatur8isolated yields by column chromatography.

Similar to previous results, the aliphatic alkysegsh as 1-pentyne and 3-methyl non-1-yn -3-ol eshquickly to
give with very high yields. Even the cyclic alkyngsch as ethynylcyclopropane reacted efficientlhveixcellent
yield under these conditions without giving anyespdtoducts. The novel alkynes specially designeti ss 1-(prop-
2-ynyl)-indoline-2,3-dione also converted to theresponding (1-triazolylmethyl)indoline-2,3-dioria)good yield.

As regard to the azide, the azides such as ridmatic and benzylic azides bearing both the adedtich as well as
electron deficient substituent such alkyl, halidegno, nitro- etc. found to be suitable substfatethe present
reaction and they afforded good to high yieldtaf torresponding 1,2,3-triazole products. Howetrer arylazides
shown relatively low reactivity than benzylic azdéut they furnished good yields under present itiong.
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Notably, the novel triazolyl azide, 4-(azidomedhytbenzyl-1H-1,2,3-triazole was also converted the
corresponding 1-benzyl-4-((4-phenyl-1H-1,2,3-triazeyl)methyl)-1H-1,2,3-triazole in moderate yielgsing this
protocol .

Thus we have developed novel, an efficient, andrgrotocol for the synthesis of diverse 1,2,3stezderivatives
via Ligand accelerated CuAAC reaction using PEGewas green reaction media. The low catalyst lgadinoad
substrate scope of azide and alkynes, short reatitiee and high to excellent yield makes this pcotgotentially
useful in synthetic chemistry.

Analytical data of 1,2,3-triazole derivatives:

1-benzyl-4-phenyl-1H-1,2,3-triazole(3a)

HNMR: (CDCl, 400 MHz):5 5.56 (s, 2H), 7.28-7.32 (m, 3H), 7.34-7.40 (m, 5HB5 (s, 1H), 7.77 (tt, 2H}*C
NMR: (CDCl, 400 MHz):6 54.2, 119.5, 125.7, 128.0, 128.1, 128.8, 129.0,5,3134.7, 148.2

4-(4-tert-butylphenyl)-1-benzyl-1H-1,2,3-triazol&(3b)
'H NMR: (CDCk, 400 MHz):8 1.32 (s, 9H), 5.56 (s, 2H), 7.27-7.29 (m, 2H) 477338 (m, 3H), 7.40 (tt, 2H}*C
NMR: (CDCl, 400 MHz):8 31.2, 34.6, 54.1, 119.2, 125.4, 125.7, 127.7,0,2828.7, 129.1, 134.8, 148.2, 151.2

4-((4-ethylphenoxy)methyl)-1-benzyl-1H-1,2,3-triazole(3c) *H NMR: (CDCk, 400 MHz):8 1.18 (t, 3H), 2.55 (q,
2H), 5.16 (s, 2H), 5.52 (s, 2H), 6.87 (dd, 2H),87(6, 2H), 7.25-7.28 (dt, 2H), 7.35-7.38 (m, 3HBT (s, 1H)*C
NMR: (CDCl;, 400 MHz):6 15.8, 27.9, 54.2, 62.2, 114.6, 122.5, 128.1, 12828.8, 129.1, 134.5, 137.0, 144.9,
156.2

4-((4-bromophenoxy)methyl)-1-benzyl-1H-1,2,3-triazole(3d)
'"HNMR: (CDCk, 400 MHz):3 5.14 (s, 2H), 5.52 (s, 2H), 6.82 (tt, 2H), 7.2§ @H), 7.33-7.40 (m, 5H), 7.50 (s,
1H).*C NMR (CDCE, 400 MHz):8 54.2, 62.2, 113.5, 116.6, 122.6, 128.1, 128.8,112882.3, 134.3, 144.1, 157.2

1-benzyl-4-cyclopropyl-1H-1,2,3-triazol e(3f)

'"HNMR: (CDCl;, 400 MHz):8 0.79-0.85 (m, 2H), 0.88-0.93 (m, 2H), 1.87-1.94 {iH), 5.45 (s, 2H), 7.14 (s, 1H),
7.23-7.27 (m, 2H), 7.33-7.38 (m, 3HJ°C NMR: (CDCL, 400 MHz):8 6.7, 7.7, 53.9, 119.5, 127.9, 128.6, 129.0,
134.9, 150.6

1-(4-bromaobenzyl)-4-phenyl-1H-1,2,3-triazol e(3g)

'H NMR: (CDCk, 400 MHZz):8 5.52 (s, 2H), 7.16 (d, 2H), 7.30-7.34 (m, 1H),87(8dd, 2H), 7.49 (it, 2H), 7.66 (s,
1H), 7.78-7.80 (m, 2H)™C NMR: (CDCk, 400 MHz):$ 55.5, 119.4, 122.9, 125.7, 128.3, 128.8, 129.6,3,3
132.3,133.7,148.4

1-(4-nitrobenzyl)-4-phenyl-1H-1,2,3-triazole(3h)
"HNMR: (CDCl, 400 MHz):8 5.70(s, 2H), 7.32-7.36 (m, 1H), 7.40-7.46 (m, 4HY/4 (s, 1H), 7.80 (dt, 2H), 8.23
(dt, 2H).

4-phenyl-1-p-tolyl-1H-1,2,3-triazol&(3i)

'H NMR: (CDCk, 400 MHz):8 2.34 (s, 3H), 7.23-7.29 (m, 3H), 7.35- 7.39 (m)2H56 (dd, 2H), 7.80 (it, 2H),
8.07(s, 1H)*C NMR: (CDCEL, 400 MHz):§ 21.1, 117.6, 120.4, 125.8, 128.3, 128.9, 130.9,3,3134.8, 138.9,
148.2

2-(1-p-tolyl-1H-1,2,3-triazol-4-yl)octan-2-ol (3j)

'H NMR: (CDCk, 400 MHz):8 0.83 (t, 3H), 1.25-1.35 (m, 8H), 1.65 (s, 3H),0tR96 (m, 2H), 2.41 (s, 3H), 2.96
(br, 1H), 7.26 (d, 2H), 7.58 (tt, 2H), 7.84 (s, 1F'C NMR: (CDCk, 400 MHz):5 14.0, 21.0, 22.6, 23.9, 28.5,
29.55,31.7,43.2,71.1,117.9, 120.3, 130.1, 13¢B8&.7, 155.4

4-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)benzonitrile(3j)

'H NMR: (CDCh, 400 MHz):3 5.63 (s, 2H), 7.31-7.43 (m, 5H), 7.64 (dd, 2HY47(s, 1H), 7.78 (it, 2H}*C NMR:
(CDCls, 400 MHz):3 53.4, 112.7, 118.1, 119.7, 125.7, 128.3, 128.8,94,2130.1, 132.9, 139.9, 148.6
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CONCLUSION

In conclusion, we have demonstrated herein thahtivel, easily accessible, highly stable, tunabie imexpensive
1,2,3,-triazole ligand, (1-(4-Methoxybenzyl)H-1,2,3-Triazol-4-yl)Methanol (MBHTM), dramaticallgccelerate
the rate of CUAAC at low catalyst loading in PEG{#faas environmentally benign reaction media. Tlosv

catalyst and ligand loading, high to excellentidée use of PEG-Water as green reaction media,dbsoastrate
scope coupled with mild reaction conditions emptbiiere makes the present protocol potentially usefarganic
synthesis.
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