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ABSTRACT

Cu-catalyzed cross-coupling of 5-stibano-1,2,3zoles with bromoalkynes is described. The
reaction of 5-stibanotriazoles with bromoalkynesdem aerobic conditions in DMF, using a
combination of 10 mol% of @D and 1,10-phenanthroline, produced a variety @fl§myltriazoles

in moderate-to-excellent yields. This reactionhis tirst example of Cu-catalyzed C(Ar)-C(sp) bond

formation using trivalent organoantimony compounds.
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Highlights:

Cu-catalyzed cross-coupling of 5-stibanotriazolés wromoalkynes has been reported.
A variety of 5-alkynyltriazolesere obtained in moderate-to-excellent yields.

This reaction procced without additive such as aseler aerobic conditions.



1. Introduction

1,2,3-Triazoles constitute an important class amaatic five-membered heterocyclic ring containing
three nitrogen atoms, and are crucial in the desag synthesis of novel biologically active agents
[1, 2]. Among these, fully substituted 5-alkyny2;3;triazoles have attracted widespread research
interest as target compounds because of their gseeagents with biological activities, such as
selective HDACS inhibition [3], and antileukemicoperties [4]. In addition, these compounds have
an alkyne moiety, which can be converted into othactional groups or cyclic compounds. They
are synthesized by Cu-catalyzed regioselective [&zitle-alkyne cycloaddition (CuAAC), followed
by cross-coupling with acetylene derivatives usiwg-step reaction or tandem reaction [5-13].
Zhang et al. reported the Cu-catalyzed tandem reaadf organic azides with two equivalents of
terminal alkynes and isolated 5-alkynyltriazoledjich have the same functional group on the
4-position of triazole and acetylene [10]. Lautestisal. developed the three-component reaction of
terminal alkynes, iodoalkynes, and organic azidesg the catalytic system of palladium and
copper [11]. Xu et al. also performed the three-poment reaction of terminal alkynes,
bromoalkynes, and organic azides using CuCl (209%)and LiOBu (2 eq.) to give the desired
products [12]. However, these reactions requiredigtiometric amounts of base. Stefani et al.
reported the synthesis of 5-tellanyl-1,2,3-triazolessing CUAAC of azides with tellurium-substituted
acetylenes and their application of Sonogashiraetypeaction for the preparation of
5-alkynyltriazoles [9]. One drawback of Pd-catalgZgonogashira-type reaction of 5-tellanyltriazole
utilizing the reactivity of the tellurium atom ike requirement of excess Cu reagent and base.
Recently, we have reported the synthesis of triguted 5-stibano-1,2,3-triazoles having Sb atom in
the 5-position of triazole by the CUAAC of ethytilgdsies with organic azides [14-17]. Furthermore,
as a chemical modification of 5-stibanotriazoles, @cyl-induced deantimonation and an Sb-Li
exchange reaction were performed to functionalieezoles (Scheme 1) [16, 17]. In this paper, as a
continuation of our studies on the chemical reaigtiwf 5-stibanotriazoles, we report a simple
Cu-catalyzed C(AAC(sp) bond formation via cross-coupling of bromgaks and stibanotriazoles

for the synthesis of 5-alkynyl-1,2,3-triazoles e tabsence of additive like bases under aerobic
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conditions. This reaction is the first reported eyde of Cu-catalyzed C(AE(sp) bond formation

using trivalent organoantimony compounds.
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Scheme 1. Synthesis of 5-stibanotriazoles and its chemicattieity.

2. Resultsand discussion

We initially investigated the optimal conditions the synthesis of 5-phenylethynyl-1,2,3-triazole
using 5-stibanotriazolda and various alkyne2-4a. The results of the optimization experiments to
identify suitable alkynes, catalysts, ligands, audvents are summarized in Table 1. First, we
performed the reaction afa (0.5 mmol) and alkynes (0.75 mmol), such as termatia/ne 2,
chloroalkyne3, and bromoalkynda, to compare the reactivity using Cul (0.05 mmd)catalyst
and 1,10-phenanthroline (0.05 mmol) as ligand in BBt 60°C under aerobic conditions. The
expected cross-coupling produdctvas obtained in good yields when bromoalk§aevas employed
as a substrate; however, the reaction of terminikly@e 2 and chloroalkyne3 were inefficient
(entries 1-3). Next, several available Cu catalystsre screened for the reaction d& with
bromoalkyneda (entries 3-12). Cul, CuOAc, &n, and Cu(OAg)gave the coupling produ& in
good-to-excellent yield (681%). CuO was identified as the best catalyst for this teacin terms

of the yields of the coupling produg{81%) and by-produdi (12%) (entry 7). The reaction without
a Cu catalyst gave the coupling produbt in <1% vyield, as determined by gas-liquid

chromatography analysis (entry 13). When variougarids [1-6) were screened,



1,10-phenanthrolinel(1) was revealed as the most effective (entries 7,8)4The catalytic system
of CuwO and 1,10-phenanthroline plays an important ra@ad the reaction without adding ligand
L1 show a decrease in the yield®{entry 19). Moreover, the increase in the ratialoé ligand to
the catalyst was ineffective (entry 20). A solseméen showed that the reaction proceeds effegtivel
in DMF, NMP, CHCN, and DMSO, among which DMF gave the highestl y&b (entries 7, 21-28).
In terms of yield and reaction time, DMF was fodnde best solvent for this reaction (3 h, 82%)
(entry 7). On the other hand, EtOH, 1,2-DCE, THF4-dioxane, and toluene were inefficient
reaction solvents. The yield of the reaction in argatmosphere was comparable to that under
aerobic condition (3 h, 72%) (entries 7, 29). Theaction was not significantly influenced by the
reaction atmosphere, and is easy to operate uneéeokac conditions, which are thus considered
excellent reaction conditions. When the reactiors warried out at room temperature, yield of the
product5 was only 4% (entry 30); this showed that it ises=ary to heat the reaction mixture to 60
°C to improve the yieldThe reaction is sensitive to catalyst loading: é&ging the catalytic system
loading from 10 mol% to 5 and 1 mol% gave signiiita reduced yields 0% (entries 31, 32).
Consequently, the best result was obtained whanand 4a were treated with GO and
1,10-phenanthroline as catalytic system in DMF t°6 without the use of any additive under
aerobic conditions. We also examined the Cu-catalyZzhree-component reaction using
diphenyl(phenylethynyl)stibane, benzyl azide, andhbalkyneta under optimal reaction conditions.
However, this reaction gave 1,4-diphenylbuta-1y3dias the main product in 61% yield, and the

cross-coupling produdd was obtained in only 20% yield.



Table 1. Cu-catalyzed reaction of 5-stibanotriaztéewith alkynes2-4a.®

N Ph Qu cat. (10 mol%) N Ph N Ph
‘s Ligand (10 mol%) /7 ‘s
N‘NI * X=—"n DMSO, 60 °C > N‘N | * N\er
< SFl:Ph under Air < % on
Ph Ph Ph
2:X=H
1a 3:X=Cl 5 6
4a: X =Br
7 N\ =0 NMeF NMe, MeHNmNHMe L-proline Et;N
=N \= =N N=
L1 L2 L3 L4 L5 L6
I 0,
Entry Alkyne  Cu cat. Ligand  Solvent TemfiC] Time (h) b Yield (gz)
1 2 Cul L1 DMF 60 24 84
2 3 Cul L1 DMF 60 24 33 58
3 4a Cul L1 DMF 60 2 61 26
4 4a CuBr L1 DMF 60 6 36 40
5 4a CuCl L1 DMF 60 6 38 50
6 4a CuOAc L1 DMF 60 24 60 38
7 4a Cu,0 L1 DMF 60 3 81(78) 12
8 4a CuBn, L1 DMF 60 5 48 38
9 4a CuCh L1 DMF 60 24 32 59
10 4a Cu(OAc) L1 DMF 60 1 68 30
11 4a CuO L1 DMF 60 24 <1 <1
12 4a CusqQ L1 DMF 60 6 14 84
13 4a DMF 60 24 <1 10
14 4a Cu,0O L2 DMF 60 4 73 26
15 4a Cu,0O L3 DMF 60 24 18 33
16 4a Cu,0O L4 DMF 60 24 24 21
17 4a Cu,0 L5 DMF 60 3 52 41
18 4a Cu,0 L6 DMF 60 24 58 16
19 4a Cu,0 DMF 60 24 48 16
20° 4a Cw,0 L1 DMF 60 4 79 13
21 4a Cu,0O L1 NMP 60 24 78 20
22 4a Cu,0 L1 CHCN 60 24 77 21
23 4a Cu,0O L1 DMSO 60 24 60 33
24 4a Cu,0 L1 EtOH 60 2 55 41
25 4a Cu,0 L1 1,2-DCE 60 24 29 68
26 4a Cu,0 L1 THF 60 24 20 54
27 4a Cuw,O L1 1,4-Dioxane 60 24 8 90
28 4a CuwO L1 Toluene 60 24 5 <1
29 4a Cu,0O L1 DMF 60 3 72 24
30 4a Cu,0 L1 DMF rt 24 4 13
31 4a Cu,0 L1 DMF 60 6 62 29
3 4a Cu,0 L1 DMF 60 24 41 55

& Condition:1a (0.5 mmol), alkyne$0.75 mmol), Cu cat (0.05 mmol), ligand (0.05 mmol)

® GC yield using 9,10-diphenylanthracene as intestamidard. The yield 100% corresponds to the faomatf 0.5 mmol
of 5.

¢ Isolated yield.

4 Cu cat. (10 mol%), 1,10-phenanthroline (20 mol%).

¢ Under Ar.

" Cu cat. (5 mol%).
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To demonstrate the efficiency and generality af thoss-coupling reaction, the reactions of various
5-stibanotriazoled with bromoalkyned were investigated under the optimized conditidie key
starting materials, 5-stibanotriazoles could easily be prepared following the reportegheral
method [15]. The Cu-catalyzed azide-alkyne cycldamdof ethynylstibanes having aryl, vinyl, and
alkyl group with benzylazide in the presence of dBBnol%) led to formation of 5-stibanotriazoles
(1a-f) in 70-77% yields. The results of this cross-coupling tiescare summarized in Table 2. The
reaction of 5-stibanotriazolela with various bromoalkynegb-f having aryl group gave the
corresponding 5-alkynyltriazoleg11 in fair-to-high yields (4584%) (entries 1-5). In the case of
aryl alkynesde and 4f having sterically hindered ortho-substituted graumd heterocyclic ring, the
yield of coupling product decreased. Furthermobhe teaction of bromoalkynek) and 4i having
vinyl group and ester withla afforded the corresponding coupling product® and 14 in
satisfactory yields respectively (entries 6, 8)wedwer, alkyl alkyngdh showed low reactivity (entry
7). Various 5-stibanotriazolekb-f were then treated with bromoalkyrésunder the same reaction
conditions. Reaction between 5-stibanotriazolésd with aryl groups also gave the coupling
products15-17 in moderate-to-high yields (entries 9-11). Howevtke vinyl and alkyl derivativée

and1f gave slight desired product or a complex mixtenatiies 12, 13)

Table 2. Reaction of 5-stibanotriazoliewith bromoalkynet.?

Cu,0 (10 mol%)

N R’ 1,10-Phenanthroline (10 mol%) N R
N\/ E[ * Br — > N\/ |
N~ “sb-Ph DMSO, 60 °C N S
< Fl’h under Air N R2
Ph oh
1 4 7-18
Entry 1 R 4 Time (h) Product Yield (98)
e
_ N T )
1 1a —O 4ah Br—=—(_)-OMe 5 NS 7:84
Ph
OMe
N'T =
2 la  —) 4 Br-=— )Me 2 NS 8:83
Ph L
Me




®

3 la —) 4d  Br—=—)-CFs 4 '\:NI S 9: 64
Ph [‘D
CF,
Me hﬂl Q!D‘ ;
4 la —O e g 3 NS e 10: 52
Ph )
5 1a 4  B=] 3 N ] < 11: 45
Ph )
WS
6 la —O) 49  B=<X) 4 h:N' % 12: 71

T

N
Azfz 3
/0

7 la —O) 4h  Br—=Bu 13: 36
Ph nBu
. N
8 la —O) 4 Br—=Cost 2 NI 14: 60
Gn CORE
GDOMe
9 b —)-ome 4a  B=<) 5 NEI N 15: 81
A
<Ph ['D
1!»Me
10 1c  —)me 40 B=<) 6 N 16: 76
S
Ph )
‘!’&CFS
11 1d )R 40 B=<) 4 N ] 17: 87
S
TR
WS
12 1o — da  B—=-<) 4 S 18: 37
Ph |l§
dﬂ
13 1f  —m 4a B 24 19; -

%
3z"

& Condition:1 (0.5 mmol),4 (0.75 mmol), CsO (0.05 mmol), 1,10-phenanthroline (0.05 mmol).
® |solated yields.

At present, the mechanism of this cross-couplingctien is unclear. We consider that the



mechanism would be similar to that of the Cu-catadl reaction of aryl boronic acids with
bromoalkynes in the presence of Cul and 8-hydraxydjne, as reported by Yang et al. [18]. A
possible mechanism for the present reaction is shaviFig. 1. The initial step of the reaction would
be the generation of compléx from Cu(l) or Cu(ll) catalysts with ligands, foll@d by oxidative
addition of bromoalkynegt to A to form the intermediatd8. Transmetallation between the
5-stibanotriazoll andB forms the intermediat®, which undergoes reductive elimination to give the
desired produch and regenerated. An alternative mechanism would involve the get@neaof the
Cu(lll) intermediate C by oxidative addition of b5-stibanotriazol& to A, followed by

transmetallation o€ with 4 to give intermediat®.
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C

——Br
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Fig. 1. Possible Mechanism

3. Conclusion

In  conclusion, we found that 5-alkynyl-1,2,3-trie®d can be synthesized from
5-stibano-1,2,3-triazolesnd bromoalkyneswithout an additive undeaerobic conditions Under
mild conditions, the reaction of 5-stibanotriazolasd bromoalkynes bearing various functional
groups afforded the corresponding cross-coupling@doicts except alkyl derivatives. Trivalent
organoantimony compounds having heterocyclic ringge a new class of Cu-catalyzed

cross-coupling reagent. Detailed mechanistic steided this cross-coupling and reactions of
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5-stibanotriazoles with other coupling partners amederway.

4. Experimental

4.1. General

Melting points were measured on a Yanagimoto mmgdting point hot-stage apparatus (MP-S3)
and reported as uncorrected valu#s:NMR (TMS: 6: 0.00 ppm as an internal standard) and
3C.NMR (CDCk: 6: 77.00 ppm as an internal standard) spectra weoerded on JEOL
JNM-AL400 (400 MHz and 100 MHz) spectrometers in@§ Mass spectra were obtained on a
JEOL JMP-DX300 instrument (70 eV, 300 mA). IR spactvere recorded on a Shimadzu
FTIR-8400S spectrophotometer and reported in teomérequency of absorption (¢hh Only
selected IR bands are reported. Chromatographeratms were carried out using Silica Gel 60N
(Kanto Chemical Co., Inc.) under the solvent sysstated. Thin-layer chromatography (TLC) was
performed using Merck Pre-coated TLC plates (sifjeb60 F254). Compour2land each reagents
were purchased from Sigma-Aldrich Japan, Wako Rilremical Industries and Tokyo Chemical
Industry Co., Ltd. Each starting materials wereppred according to the published procedutesf (

[15], 3[19], 4a-i[20]).

4.2. Preparation of 5-alkynyltriazol&,(7-18)

CwO (7.2 mg, 0.05 mmol, 10 mol%), 1,10-phenanthrol{®0 mg, 0.05 mmol, 10 mol%),
5-stibanotriazolel(: 0.5 mmol) and bromoacetylen®:(0.75 mmol, 1.5 eq.) were dissolved in DMF
(4 mL). The reaction mixture was stirred at 60 P8e reaction mixture was diluted with @&, (20
mL) and water (20 mL). The phases were separatddagoneous layer was extracted with -CH
(20 mL x 2). The combined organic layers were wdshene (20 mL), dried over MgSQand
concentrated under reduced pressure. The residge pwafied by silica gel chromatography

(n-hexane : AcOEt = 4 : 1), affording compousd/-18.

4.2.1. 1-Benzyl-4-phenyl-5-(2-phenylethynyl)-1H-3-{iazole 6)[9]

11



Colorless needle (130.8 mg, 78% yield), mp 91-93(iMexane-CHCl,), Re = 0.3 (-hexane :
AcOEt = 4 : 1)'H-NMR (400 MHz, CDC}) §: 8.18 (2H, dd, = 8.3, 1.0 Hz, Ar-H), 7.51-7.25 (13H,
m, Ar-H), 5.67 (2H, s, Ch}. **C-NMR (100 MHz, CDGJ) J: 148.1 (s), 134.7 (s), 131.5 (d), 130.3 (s),
130.0 (d), 128.9 (d), 128.66 (d)x2, 128.6 (d), B2@l), 128.1 (d), 126.2 (d), 121.4 (s), 117.2 (s),
102.3 (s), 75.6 (s), 53.0 (). HRMBvVz[M™] calcd for GsH17N3: 335.1422. Found: 335.1428. FTIR
(KBr) v: 2220 cnt (C=C).

4.2.2. 1-Benzyl-5-(4-methoxyphenylethynyl)-4-phéhiyll,2,3-triazole 7)

Colorless needle (153.5 mg, 84% yield), mp 99-102(-hexane-CkCl,), Ri = 0.5 fi-hexane :
AcOEt = 3 : 1)’H-NMR (400 MHz, CDC}) 6: 8.18 (2H, dd,) = 7.3, 1.0 Hz, Ar-H), 7.47-7.29 (10H,
m, Ar-H), 6.92 (2H, dJ = 9.3 Hz, Ar-H), 5.66 (2H, s, G} 3.85 (3H, s, Ch). *C-NMR (100 MHz,
CDCl) d: 160.7 (s), 147.7 (s), 134.8 (s), 133.2 (d), 136)4128.8 (d), 128.6 (d), 128.44 (d), 128.41
(d), 128.1 (d), 126.1 (d), 117.6 (s), 114.3 (d)3.21(s), 102.5 (s), 74.4 (s), 55.4 (q), 52.9 ({RM\B:
m/z[M"] calcd for G4H1oN30: 365.1528. Found: 365.1522. FTIR (KBr)2218 cn (C=C).

4.2.3. 1-Benzyl-4-phenyl-5-p-tolylethynyl-1H-1,&jazole @)

Colorless needle (144.8 mg, 83% vyield), mp 88-91(i®exane-CHCl,), R = 0.5 @-hexane :
AcOEt = 3 : 1)'H-NMR (400 MHz, CDC}) §: 8.18 (2H, dd)) = 7.3, 1.5 Hz, Ar-H), 7.47-7.28 (10H,
m, Ar-H), 7.21 (2H, dJJ = 8.5 Hz, Ar-H), 5.66 (2H, s, G} 2.40 (3H, s, CH). **C-NMR (100 MHz,
CDCl) 6: 147.9 (s), 140.1 (s), 134.7 (s), 131.4 (d), 138)3129.4 (d), 128.8 (d), 128.6 (d), 128.5
(d), 128.4 (d), 128.1 (d), 126.1 (d), 118.3 (s)7.21(s), 102.6 (s), 75.0 (s), 52.9 (t), 21.6 (GRME:
m/z[M*] calcd for G4H1gN3: 349.1579. Found: 349.1580. FTIR (KBr)2220 cnit (C=C).

4.2.4. 1-Benzyl-4-phenyl-5-(4-trifluoromethylphetliynyl)-1H-1,2,3-triazoled)
Colorless needle (129.6 mg, 64% vyield), mp 154-1G8n-hexane-CHCl,), R = 0.8 (-hexane :
AcOEt = 3 : 1).*H-NMR (400 MHz, CDC}) ¢: 8.15 (2H, dJ = 7.3 Hz, Ar-H), 7.66 (2H, d] = 7.3

Hz, Ar-H), 7.57 (2H, dJ) = 8.3 Hz, Ar-H), 7.46 (2H, t] = 7.8 Hz, Ar-H), 7.42-7.30 (6H, m, Ar-H),
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5.69 (2H, s, Ch). *C-NMR (100 MHz, CDGJ) J: 148.8 (s), 134.5 (s), 131.8 (d), 131.3%(s,r = 32
Hz), 130.0 (s), 128.9 (d), 128.8 (d), 128.7 (d)8.62(d), 127.9 (d), 126.3 (d), 125.6 fdcr = 3.3
Hz), 125.1 (s), 123.6 (SJcr = 272 Hz), 116.6 (s), 100.6 (s), 76.7 (s), 53)2 HIRMS: m/z [M"]
calcd for G4H16FsN3: 403.1296. Found: 403.1299. FTIR (KBr)2274 cnit (C=C).

4.2.5. 1-Benzyl-4-phenyl-5-(o-tolylethynyl)-1H- B;®&jazole (L0)

Colorless needle (90.8 mg, 52% vyield), mp 88-91n@exane-CHCl,), R = 0.8 fi-hexane : AcOEt
= 3: 1).'H-NMR (400 MHz, CDC}) §: 8.20 (2H, d,J = 8.3 Hz, Ar-H), 7.44 (3H, t) = 7.8 Hz,
Ar-H), 7.40-7.26 (7H, m, Ar-H), 7.25-7.20 (2H, ms-A), 5.69 (2H, s, Ch), 2.43 (3H, s, CH).
3C-NMR (100 MHz, CDCJ) 6: 148.0 (s), 140.3 (s), 134.8 (s), 132.1 (d), 136)3129.8 (d), 129.7
(d), 128.9 (d), 128.60 (d), 128.56 (d), 128.4 (7.8 (d), 126.3 (d), 125.9 (d), 121.3 (s), 118% (
101.5 (s), 79.1 (s), 52.8 (t), 20.8 (q). HRM®{z [M"] calcd for G4H19N3: 349.1579. Found:
349.1562. FTIR (KBry: 2223cni (C=C).

4.2.6. 1-Benzyl-4-phenyl-5-(thiophen-2-ylethynyi}-11,2, 3-triazole {1)

Colorless plate (76.8 mg, 45% vyield), mp 74-76 nchéxane-E0), R = 0.8 (-hexane : AcOEt =
3:1)."H-NMR (400 MHz, CDC}) §: 8.15 (2H, ddJ) = 8.3, 1.4 Hz, Ar-H), 7.50-7.30 (10H, m, Ar-H),
7.09 (1H, dtJ = 5.4, 1.5 Hz, Ar-H), 5.66 (2H, s, GH'*C-NMR (100 MHz, CDGJ) J: 148.2 (s),
134.6 (s), 133.4 (d), 130.2 (s), 129.3 (d), 128)9 {28.7 (d), 128.6 (d), 128.5 (d), 128.2 (d), .527
(d), 126.2 (d), 121.1 (s), 116.9 (s), 95.7 (s)178), 53.1 (). HRMSm/z[M*] calcd for GiH1sN3S:
341.0987. Found: 341.0999. FTIR (KBr)2211 cnt (C=C).

4.2.7. 1-Benzyl-5-[cyclo(hexen-1-yl)ethynyl]-4-pylebH-1,2,3-triazole 12)

Colorless needle (121.3 mg, 71% yield), mp 87-90(ridexane-CHCl,), Re = 0.6 (-hexane :
AcOEt = 3 : 1).!H-NMR (400 MHz, CDC}) J: 8.13 (2H, dJ = 7.3 Hz, Ar-H), 7.46-7.28 (8H, m,
Ar-H), 6.31-6.27 (1H, m, cyclohexene), 5.59 (2H, Gi), 2.24-2.15 (4H, m, cyclohexene),

1.75-1.60 (4H, m, cyclohexenéfC-NMR (100 MHz, CDGJ) 6: 147.4 (s), 138.0 (d), 134.8 (s),
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130.4 (s), 128.8 (d), 128.5 (d), 128.34 (d), 12§B2128.1 (d), 126.0 (d), 119.7 (s), 117.7 (s}.30
(s), 73.1 (s), 52.7 (1), 28.4 (t), 25.8 (t), 22th @1.2 (t). HRMS:m/z [M*] calcd for GaH,iNs:
339.1735. Found: 339.1730. FTIR (KBr)2203 cni (C=C).

4.2.8. 1-Benzyl-5-(1-hexyn-1-yl)-4-phenyl-1H-1,®i8zole @3)[5]

Colorless oil (57.0 mg, 36% yield} = 0.6 f-hexane : AcOEt = 3 : 1JH-NMR (400 MHz, CDC})
0:8.13 (2H, ddJ = 7.3, 1.5 Hz, Ar-H), 7.42 (2H, 3,= 7.6 Hz, Ar-H), 7.38-7.27 (6H, m, Ar-H), 5.59
(2H, s, CH), 2.53 (2H, tJ = 7.1 Hz, CH), 1.65-1.56 (2H, m, C§), 1.50-1.40 (2H, m, C§), 0.94
(3H, t,J = 7.3 Hz, CH). **C-NMR (100 MHz, CDCJ) J: 147.3 (s), 134.9 (s), 130.5 (s), 128.7 (d),
128.5 (d), 128.3 (d), 127.8 (d), 126.0 (d), 1188 104.6 (s), 67.4 (s), 52.5 (t), 30.1 (t), 22)p%9.5
(t), 13.5 (). HRMSm/z[M™] calcd for GiH»:1N3: 315.1735. Found: 315.1736. FTIR (neatp234
cm* (C=C).

4.2.9. Ethyl 3-(1-benzyl-4-phenyl-1H-1,2,3-triaBejd)propiolate (4)

Colorless needle (99.4 mg, 60% vyield), mp 49-5@Qn-@exane)R; = 0.6 fi-hexane : AcOEt =3 : 1).
'H-NMR (400 MHz, CDC}) §: 8.09 (2H, d,J = 5.4 Hz, Ar-H), 7.50-7.30 (8H, m, Ar-H), 5.65 (25
CHy), 4.35 (2H, gJ = 7.2 Hz, CH), 1.39 (3H, tJ = 7.3 Hz, CH). **C-NMR (100 MHz, CDCJ) :
152.9 (s), 151.2 (s), 133.9 (s), 129.4 (d), 129)2 129.0 (d), 128.9 (d), 128.8 (d), 128.4 (d),.526
(d), 114.2 (s), 93.6 (s), 71.9 (s), 62.7 (t), 5@)514.0 (q). HRMSm/z[M™] calcd for GoH17N30x:
331.1321. Found: 331.1315. FTIR (KBr)2222 cni (C=C), 1710 crit (C=0).

4.2.10. 1-Benzyl-4-(4-methoxyphenyl)-5-phenylethi/Hyl,2,3-triazole 15)

Colorless needle (148.3 mg, 81% yield), mp 93-95(i®exane-CHCl,), R = 0.4 @-hexane :
ACOEt = 4 : 1)*H-NMR (400 MHz, CDC}) J: 8.12 (2H, dJ = 8.3 Hz, Ar-H), 7.52-7.29 (10H, m,
Ar-H), 6.98 (2H, dJ = 8.3 Hz, Ar-H), 5.66 (2H, s, G} 3.84 (3H, s, Ch). *C-NMR (100 MHz,
CDCl) 6 : 159.9 (s), 148.1 (s), 134.8 (s), 131.5 (d), 648), 128.9 (d), 128.7 (d), 128.5 (d), 128.1
(d), 127.6 (d), 122.9 (s), 121.5 (s), 116.4 (sh.11(d), 102.1 (s), 75.8 (s), 55.3 (q), 53.0 (RMS:

14



m/z[M"] calcd for G4H19N30: 365.1528. Found: 365.1535. FTIR (KBr)2218 cni (C=C).

4.2.11. 1-Benzyl-5-phenylethynyl-4-p-tolyl-1H-1;#j8zole (6)

Colorless needle (133.3 mg, 76% vyield), mp 88-90(i®exane-CHCl,), R = 0.4 @-hexane :
AcOEt = 4 : 1)*H-NMR (400 MHz, CDC}) 6: 7.89 (2H, d,J = 7.8 Hz, Ar-H), 7.31 (2H, d] = 7.3
Hz, Ar-H), 7.29-7.12 (8H, m, Ar-H), 7.08 (2H, d= 7.3 Hz, Ar-H), 5.49 (2H, s, G} 2.21 (3H, s,
CHs). *C-NMR (100 MHz, CDGCJ) 5: 148.3 (s), 138.5 (s), 134.8 (s), 131.5 (d), 126)6129.3 (d),
128.8 (d), 128.6 (d), 128.4 (d), 128.1 (d), 128) 126.1 (d), 121.5 (s), 116.9 (s), 102.2 (s)7 15),
52.9 (1), 21.4 (). HRMSm/z[M™] calcd for G4H1oNs: 349.1579. Found: 349.1574. FTIR (KBt)
2218 cnmt* (C=C).

4.2.12. 1-Benzyl-5-phenylethynyl-4-(4-trifluoromypinenyl)-1H-1,2,3-triazolel{)

Colorless needle (174.5 mg, 87% vyield), mp 159-1®Qn-hexane-CHCl,), R = 0.5 @-hexane :
AcOEt = 4 : 1)*H-NMR (400 MHz, CDC}) J: 8.31 (2H, dJ = 8.3 Hz, Ar-H), 7.71 (2H, d] = 8.8

Hz, Ar-H), 7.52 (2H, ddJ = 5.4, 1.7 Hz, Ar-H), 7.47-7.32 (8H, m, Ar-H), B.12H, s, CH).

3C-NMR (100 MHz, CDCI3): 146.6 (s), 134.4 (s), 133.7 (s), 131.6 (d), 138,2Jcr = 33 Hz),

130.0 (d), 128.9 (d), 128.8 (d), 128.6 (d), 1281}, (26.2 (d), 125.6 (FJcr = 4.1 Hz), 124.1 (s,
YJer = 272 Hz), 121.0 (s), 118.1 (s), 103.1 (s), 7%) 63.1 (). HRMS:m/z [M*] calcd for

CoaH16F3N3: 403.1296. Found: 403.1301. FTIR (KBr)2224 cnmt (C=C).

4.2.13. 1-Benzyl-4-(1-cyclohexen-1-yl)-5-phenyleytyt H-1,2,3-triazole 18)

Colorless needle (57.8 mg, 37% yield), mp 90-93n-@exane-CHCl,), R = 0.4 f-hexane : AcOEt
=4 :1)."H-NMR (400 MHz, CDC}) J: 7.46-7.27 (10H, m, Ar-H), 6.81-6.77 (1H, m, cywdxene),
5.60 (2H, s, CH), 2.67-2.60 (2H, m, cyclohexene), 2.27-2.20 (2H cytlohexene), 1.81-1.74 (2H,
m, cyclohexene), 1.72-1.64 (2H, m, cyclohexen&-NMR (100 MHz, CDGJ) 6: 150.0 (s), 134.9
(s), 131.4 (d), 129.4 (d), 128.8 (d), 128.6 (d)8.82(d), 128.1 (s), 128.0 (d), 127.5 (d), 121.7 (s)
115.9 (s), 101.9 (s), 76.2 (s), 52.7 (t), 26.029.6 (t), 22.5 (t), 22.0 (). HRMSn/z[M"] calcd for

15



CaaH2:N3: 339.1735. Found: 339.1733. FTIR (KBr)2214 critt (C=C).
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