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ARTICLE INFO ABSTRACT

Article history New substituted 3-((1H-1,2,3-triazol-1-yl)methyhabylisoxazoles (aryl = Ph, p-Tol) and 2-(5-
Received phenylisoxazol-3-yl)-5-(2-(1-((5-(p-tolyl)isoxaz8yl)methyl)-1H-1,2,3-triazol-4-yl)ethyl)-
Received in revised form 1,3,4-oxadiazole were synthesized by means of -cligmistry procedures. The obtai
Accepted compounds were used as ligands in preparation kdédnam(ll) complexes, and the lat
Available online proved to be high-turnover-number catalysts for Gs¥@sseoupling reactions under Gre
Keywords Chemistry conditions. One of the ligands was stmadly characterized by single crystalrXy

diffraction, and the structure of complexes wasdsined by'H, *C, ®N NMR spectrosopy

Ligand design and quantum-chemical modeling.

Palladium _ _
Isoxazole 2018 Elsevier Ltd. All rights reserved.
1,2,3-Triazole

Catalysis

Cross-coupling

1. Introduction low Pd loading (0.0001-0.1 %) in neat water under ai
) ] ) atmospheré.lt is reasonable to assume that the combination of
The isoxazole and 1,2,3-triazole chemistry arousge jsoxazole and triazole heterocycles in thenligatructure
considerable interest in recent years primarily tuthe unique .5 increase the catalytic activity of palladiummptexes.
diversity of their biological and pharmacologicaloperties. |hqeed, the triazole moiety contains effective dimation N-
Isoxazole and 1,2,3-triazole heterocycles are 8frat centers and readily forms complexes with transitioetals®
fragments of a large number of the bioactive mdeused in  \igreover, the isoxazole and triazole rings differ their
medicine as anti-cancer, antiviral, antibacteriadnti-  gjectronic structure and donating capability, whigh allow
inflammatory, anti-tubercular agents, &tlt. has begn found stabilizing both the Pd(0) and Pd(+2) species faruhering the
over the last decades that both isoxazoles anzbtes can be catalytic cycle in cross-coupling reaction. Reognte have
successfully used as ligands for the synthesis afagium g nihesized Spctolyl)isoxazol-3-(3-methyl-H-1,2,4-triazol-5-

complexes, demonstrating high catalytic activity énoss- fyI)isoxazoIe ligand and its complex with PdCland have
coupling reactiondThe structure and functional surrounding Ofshown that catalytic activity of the latter is siamito that of the

the heterocycle in ligand molecule significantlyfeat its  5minocisoxazole complex in Suzuki-Miyaura reaction i

cr?mplexaltion, as well as the stability and catalgiitivity of aqueous media under air but with Pd loading as lot 86
the complex.

In continuation of our studies of catalysts forss@oupling
reactiond and development of methods for the 1,2-azole
synthesi$, in the present work we report the synthesis of
isoxazole-1,2,3-triazole ligands with a methyleneiddpe
between the heterocycles. The basicity values ofL{B8- and
1,2,4-triazoles (pK 1.17 and 2.19, respectively) differ by

During our previous investigations, we have syntlegbitne
air and moisture stable square-planartrans
dichloropalladium(ll)  complex, containing a
tolyl)isoxazol-3-amine ligand, which proved to be high-
turnover-number catalyst for Suzuki-Miyaura teactwith a

OCorresponding author. bna51@mail.ru (N.A. Bumagin).
OCorresponding author. potkin@ifoch.bas-net.by (Fdtkin).
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almost an order of magnitude, which certainly affethe opportunities in palladium catalyss. In addition, the
stabilization of the complexészurthermore, the flexibility of methylene bridge between the heterocyclic fragmgiviss the
the nitrogen coordination of 1,2,3-triazoles pr@ddadditional ligand similarity to the well-studied 1-(2-picolylH-1,2,3-

R / { Cl
_socl,
_ NaBH, _ \ \\ N
T iPrOH / CHZC'Z / __ o’
7.8
R

/>’\ Me ;CCOCI /\\
N\ —

RI—C]-LOH

R=H(,3,5,7,9,11, 14),4-Me (2, 4, 6, 8,10,12,13, 15); R!=CH,OH (11, 12), Me,COH (13), Ph (14, 15)

Na ascorbate,
TBTA, MeOH

Scheme 1Preparation of 3-(-1,2,3-triazol-1-yl)methyl)-5-arylisoxazole deriixss11-16.

triazole ligand, which forms stable complexes withnsiton NaN; on the 3-(chloromethyl)-5-arylisoxazole%,8. The
metals (Pd, Pt, Cu, eté)With this background in mind, we synthesis of azidomethylisoxazol€10 was carried out in
prepared new substituted 34{4L,2,3-triazol-1-yl)methyl)-5- DMF solution at 40C giving the products in quantitative yield.
arylisoxazolesl1-16 (Scheme 1) (aryl = Pip-Tol) and 2-(5- Starting 5-arylisoxazoles,8 were obtained via successive
phenylisoxazol-3-yl)-5-(2-(1-((5pttolyl)isoxazol-3-yl)methyl)  transformation of available 5-arylisoxazole-3-cédeayde
-1H-1,2,3-triazol-4-yl)ethyl)-1,3,4-oxadiazo® (Scheme 2). oximes1,2into corresponding 5-arylisoxazole-3-carbaldehydes
3,4 and then 5-arylisoxazol-3-yl methanols,6%°'* The
obtained azidomethylisoxazolés10 were introduced in the
reaction of 1,3-dipolar cycloaddition with differerikynes
(propargyl alcohol, 2-methylbut-3-yn-2-ol, phenyagdene)
under classic conditions of the click-chemistry 80y 5H,0,
sodium ascorbate, TBTA — tris[(1-benzyhi,2,3-triazol-4-
yl)methyllamine, MeOH) and it resulted in isolatioof
corresponding 3-lH-1,2,3-triazol-1-yl)methyl)-5-
arylisoxazoledl 1-15in high yields (91-99 %). Acylation of (1-
((5-phenylisoxazol-3-ylymethyl)H-1,2,3-triazol-4-

yl)methanol 11 with pivaloyl chloride, afforded (1-((5-
phenylisoxazol-3-yl)methyl)H-1,2,3-triazol-4-yl)methyl
pivalate 16, which turned out to be useful for further NMR
2. Results and Discussion studies of the Pd(ll) complexes structure.

These ligands were reacted with ,RdCl, to give the
palladium(ll) complexes 1PdCL-L'PdCl. Herein, we present
the detailed synthesis of the ligands and palladiijgm
complexes together with their characterization aathlgtic
activity testing as new catalysts for C-C cross-tiagp
reactions in neat water under ambient atmosphers. diso
important to note that 34{H-1,2,3-triazol-1-yl)methyl)-5-
arylisoxazoles are of special interest for biolagitesting in
different domains, for example, as anti-cancer t&geand
isosteres of 3-(arylH-1,2,3-triazol-1-yl)benzisoxazole that
exhibit high anticancer activity in acute myeloalkemia cell
lines®®

The 3-(azidomethyl)-5gttolyl)isoxazole 10 was also
applied in the synthesis of the polycyclic derivati 3-((LH-

Our synthetic strategy for the preparation of desBg(lH-  1,2,3-triazol-1-yl)methyl)-5-arylisoxazole with seak azole
1,2,3-triazol-1-yl)methyl)-5-arylisoxazoles11-16 and bis- heterocycles in one molecule As alkyne co-reagent in the
isoxazole-1,2,3-triazole-1,3,4-oxadiazole liga2® involved click reaction with azidomethylisoxazol®, 2-(but-3-yn-1-yl)-
the formation of the (-1,2,3-triazol-1-yl)methyl molecular 5-(5-phenylisoxazol-3-yl)-1,3,4-oxadiazol® was used which
fragment in position 3of the 5-arylisoxazoles by Cu(l) was synthesized from the previously described /B4trazol-
catalyzed 1,3-dipolar cycloaddition (click reaciitnof the 5-yl)-5-phenylisoxazole 18" The tetrazole part of
isoxazole azides with respective acetylene derigati®cheme isoxazolyltetrazole molecul&8 was transformed into butynyl-
1). As azide components we chose 3-(azidomethyl)-3-3,4-oxadiazolic molecular fragment by selectieeyclisation
arylisoxazoles9,10 which were synthesized by the action ofof tetrazole heterocycle (Scheme'2)This was accomplished

2.1.Design and synthesis of ligands
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Scheme 2Preparation of bis-isoxazole-1,2,3-triazole-1,3xédiazole20.

by treating isoxazolyltetrazol#8 with pent-4-ynoic acid in the
presence of DCC (N,N'-dicyclohexylcarbodiimide). Thegess
involved tetrazole acylation and elimination ofragen to form
2-butynyl-5-(5-phenylisoxazoyl)-1,3,4-oxadiazol9 in 86 %
yield. The structures of synthesized isoxazolyl-3-Riazolesl1-
16, bis-isoxazolyl-1,2,3-triazole-1,3,4-oxadiazole 20,
azidomethylisoxazole®,10 and isoxazolyl-1,3,4-oxadiazol&9
were confirmed by IRH and**C NMR spectra as well as by
single crystal X-ray analysis of (1-((5-phenylisask3-
yl)methyl)-1H-1,2,3-triazol-4-yl)methanol 1. The obtained
isoxazole-1,2,3-triazole$1-16 and bis-isoxazole-1,2,3-triazole-
1,3,4-oxadiazole20 were used then as ligandsL") in the
synthesis of Pd(ll) complexes 'RdCL—L'PdChL, aiming
evaluation of the latter catalytic activity in csesoupling
reactions. They were synthesized by reaction ofntigawith
Na,PdCl, in methanol solutions. Addition of 0.025 M solutioh
ligand @1-16, 20 in MeOH to a 0.1 M solution of sodium
tetrachloropalladate in methanol induced a quidapjpearance
of a characteristic dark brown color of JRaCl, and formation of
the complex precipitate. Complete consumption &f starting
ligands in the reaction mixture was observed withinib.

The obtained palladium(ll) complexes were identifibg
elemental analysis and IR spectroscopy. Accordinglémental
analysis data, all complexes are of general formiRalCh.

Ot e

019

N2

Figure 1. Molecular structure ofLl1, with the atom-numbering scheme
and displacement ellipsoids drawn at the 50 % phitiba level. The
hydrogen atoms are shown as spheres of arbitraliy. Bond lengths in
heterorings: N1-N2 1.3345(16), N1-C5 1.3383(18)2-N3 =
1.3138(17), N3-C4 = 1.3559(18), C4-C5 = 1.36394:937-N8 = 1.300(2),
C7-C11 = 1.405(2), N8-09 = 1.4104(17), 09-C10 512818), C10-C11 =
1.342(2) A.

Crystal data and structure refinement detailstiercompound
are gathered in Table 1. As follows from X-ray anilyef
compoundll, it crystallizes in the triclinic space gro®l with
two formula units in the unit cell and one molecufe the
asymmetric unit (Figure 2).

Because the synthesized complexes were amorphousepowd

with low solubility in organic solvents, we were notlelio
perform their X-ray analysis and faced problems w&iistration
of NMR data and mass-spectra. Therefore, the steict
determination of complexes was based on the anabfsiaD

NMR (*H, *C, ™N) and mass-spectra of the most soluble

complexes EPdCL (L' = (1-((5-phenylisoxazol-3-yl)methyl)H-
1,2,3-triazol-4-yl)methanol11) and 1°PdClL (L° (1-((5-
phenylisoxazol-3-yl)methyl)H-1,2,3-triazol-4-yl)methyl

pivalate 16) as well as on the results of quantum-chemical

calculations of molecular geometry and vibratiofraquencies

u

for L'PdC}, followed by comparison of the calculated values of

frequencies with the experimental IR spectrum.

2.2.Crystal structure of compouridl

Single crystals of compoundil suitable for X-ray analysis
were obtained by slow evaporation of acetone—chlomof(il:1l
v/v) solution (Figure 1).

Table 1. Single crystal X-ray data and structufmeenent details fol 1

Formula Ci3H12N40,
Formula weight 256.27
Temperature [K] 296(2)
Wavelength [A] 0.71073
Crystal system Triclinic
Space group P

a[A] 5.90940(10)
b [A] 7.81760(10)
cAl 14.5953(3)
al’ 100.2381(9)
Bl 94.2600(11)
v [ 110.7872(11)

613.382(19)




4 Tetrahedron

z 2
eatcalg N7 1.388
p [mm 0.098

Crystal size [mm] 0.38 x 0.20 x 0.18

Reflections collected 5770
Independent reflections 5770 [R(int)= 0.0186]
Restraints 0

Parameters 174

Goodness-of-fit 1.020
R1/wR2 [l > (1)] 0.0429/0.1063
R1/wR2 [all data] 0687 /0.121

CCDC 1823325

Bond lengths and valence angles in heterocyclew stsual
values. There are intermolecular hydrogen bondhéncrystal

structure of 11 (Table 2). Classic hydrogen bonds 019-
H19---N3 between the hydroxyl H and the 1,2,3-triazole ring N

atoms of neighboring molecules form centrosymmetiioers,
linked together by non-classic hydrogen bonds C18Ad1- N2

to give polymeric ribbons running along theaxis (Figure 2)
[symmetry codes (a) and (b) as in Table 2]. Only gdanWaals
interactions take place between the ribbons.

Table 2. Hydrogen bonds geometry (A, deg) in tlystat structure of1.

D—H---A D-H D---A D—H---A)

019-H19...N8 0.82 2.8308(16) 170

C18-H18A..N2 0.97 3.449(2) 164

Symmetry codes: (a) —x, 1-y, 1-z; (b) x+1,vy, z.

Figure 2. Fragment of hydrogen-bonded ribbon in the crystatture of
11 Symmetry codes (a) and (b) as in Table 2.

2.3.NMR spectra of complexe$RdC}, and L°PdC},

Along with X-ray analysis, NMR methods are powerfublto
for structure elucidation of organic complexes. Wave carried

out a comparative study of two palladium(ll) com@syand their
ligands by the correlation NMR spectroscopy methodsder to
estimate the most probable position of Pd and igand
coordination. As follows from a comparison of th¢ and°C
NMR spectra of ligands . L° and corresponding complexes
L'PdCL and [°PdCL, the most significant changes in the
chemical shifts are observed for the triazole parholecules (2—

3 ppm downfield in thé*C spectra and 0.2—0.3 ppm downfield in
the 'H spectra). Values of the chemical shifts of the agmke
residue signals change twice as less. This allowetd assume
that the Pd is coordinated with the triazole molacditagment.
Due to a low abundance BN, the chemical shifts dfN nuclei
were determined by the use of thé-"*N-HMBC method (see
Figure 3).

OPiv
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L'PdCl,

Figure 3. **N chemical shifts and the observ@d-*H interactions in the
HMBC spectra of compounds, 16, L'PdCb, L*PdC}.

Such method allowed assigning three nitrogen noélégand
L% N* (cross-peaks with 5-H and Gigroup), N (cross-peak
with 5-H) of the triazole ring and Nof isoxazole ring (cross-
peaks with 4’-H and Clgroup). The signal of Natom of the
triazole ring was not found (expected cross-peak WMOGCH,-
group®*) despite the execution of several NMR experimegts b
varying of the’H-""N coupling constant (1-8 Hz). This result
caused the exact coordination of Pd determinatiché complex
less reliable. One of the reasons for the obserffedtenay be an
influence of the H-bonds OH- -bf neighboring molecules, as it
was established by X-ray analysis (see Figure 2)exiaude the
effect of H-bonds, we acylated the OH group of ligafidvith
pivaloyl chloride to prepare est6 (ligand L°) as was described
above. Indeed, in th#H-"*N-HMBC spectrum of pivalaté6 we
observed the signals of all four nitrogen atom3 Ifid a cross-
peak with the CBEDPiv group and resonated at 355 ppm).
Comparison of the spectra of the ligan8l and the complex
L®PdCL unambiguously indicates the coordination of Pd W
atom N. While the signals of the rest complex nitrogens
resonated closely to those of ligand, the signal of K was
found almost 100 ppm upfield. The similar pattefrihe *H-""N-
HMBC spectrum was registered also for the compl&RdCl.
Such significant shielding influence on the nitmgauclei
coordinated with Pd was already shown for triazoles ather
nitrogen heterocycles: *° It should be noted that series of the
signals in*H, *C and"®N NMR spectra appear as couples with a
close intensity. This may be due to the existeria@mplexes in
the form of bridge structures, with the possibild§ rotation
around Pd—Rl bond and the formation of rotamer couples.
Another reason may be the existence of a complex agture
of E,Zisomers in the bridge fragment of the moleculee Tétio
of rotamers, as well as the ratio of isomers, shdeloend on the



temperature. We recorded tfé, °C and'H-">N-HMBC NMR
spectra for the PPdCL complex at 65°C and found that the
signals ratio changed substantially and one ofrtitemers (or
isomers) became predominant. It should be noted affter
cooling to room temperature, the signal ratio reradhe same as
at 65 °C. This might indicate realization of the isometiaza
process (Scheme 3). The correlation spectra giyp®rynity to
determinate proton/carbon signals of each rotartigosners) in
the triazole part of the complex molecules. Thhs, tomplexes
with the downfield N NMR signal (248 ppm - 1PdC}, and 253
ppm - L°PdC}h) have downfield proton signals (5.33 and 5.78
ppm — CHO, 8.50 and 8.73 ppm Hyixo for L'PdChL and
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Figure 4. The optimized geometry of dimeric compleXPtCh.

L°PdCL, respectively). The resonances of the carbon nuclei Calculated vibrational frequencies appeared to rbegood

depend on the position of these nuclei in the madéecFor
example, the signals of GHgroup and ..o carbons are upfield
(47.32, 57.69 and 145.12 ppm) whereas theg,&Jisignal is
observed in downfield (128.17 ppm) of th&HCL isomer with
253 ppm of the RINMR signal.

Cl Cl Cl Cl Cl L
NN\ S NN S
pd_“ Pd Pd /Pd\
L/ \C\I:LZ’L‘\L L/ \Cl Cl
Z-isomer

E-isomer

Scheme 3Principal scheme of dimeric complex isomerization.

agreement with experimental IR spectra of synthdsize
compound EPdCh. Therefore, these data support the hypothesis
about a dimeric structure of the complex with cooation of
palladium atom by the triazole ring*Mtom. It should be noted
that we also modeled structural parameters for tigghon the
same level of theory. The difference between caledla
geometrical parameters and parameters obtainedghrsingle
crystal X-Ray diffraction for substancel (L) did not exceed
0.03A for bond lengths and 3 degrees for anglese ®hly
significant difference that was observed is the conétional
position of isoxazole ring relatively to the tridgdragment.

2.4.Mass-spectometry of complexéPdClL and L°PdCl

Our numerous attempts to perform a mass-spectransbtrily
of the complexes were unsuccessful. The problem ayonly
in a low solubility of the complexes compounds, butis
connected with their stability in the ESI-MS-expegim as well
as nature of the ligands. Nevertheless, we were abbtdbserve
fragment ions of low intensity ([M - Gf for dimers) in the case
of the most soluble complexes'RdCh], and [L°PdC}], (Figure
1, SI). As shown in Figure 1 (SI), the fragment ifids— CI]" at
m/z 826-839 (830.942) for [PdCL], and 994-1006 (998.988)

for [L°PdC}], were detected. Moreover, peaks due to species

containing Pd were easily detected by the charatiiisotope
distribution of the metal'{*Pd (1%),'%Pd (11.1%),"**Pd
(22.3%), 1Pd (27.3%),"Pd (26.5%) and®Pd (11.7%)].
Theoretical isotope patterns were calculated by RkeNbva
program and used to help the assignment (file repsstra, Sl).

2.5.Quantum-chemical modeling ofRdCl, complex

Additionally, we compared experimental IR spectra of
synthesized complex'PdClL with modeled vibrational spectra
for the complex of dimeric structure. Full geometigtimization
of the latter and its normal-mode vibrational freqaies
calculations were carried out at DFT level of theouging
B3LYP1" functional in combination with Pople’s 6-31+G* basis
set®'*for main-groups elements, and LANL2TZ(f) basissith
corresponding effective core potentidior palladium. All basis
sets were obtained through EMSL Basis Set Exchaitgary”*
The applicability of this level of theory for modey of some
1,2-azoles palladium complexes structures and theimal-
mode vibrational frequencies calculation was shovavipusly®
as well as the application of scale factors for ysislof obtained

frequencie$® In the present work, we used a scale factor of

0.978. For calculations we used Firefly QC packdgehich is
partially based on the GAMESS (U$3ource code. The results
of the calculations were analyzed with the help ok@Braft
packagée> Experimental frequencies for compleXPdCl and
calculated vibrational frequencies are listed iml&a3, obtained
geometry for the dimeric complex is presented guFe 3.

Table 3. Main experimental IR spectra bands ancutated vibrational frequencies
for complex LPdC}).

Oscillation type (highest contribution) Experimental Calculated

frequencies, frequencies,

crit crmt
8(C-Clarom 492 494
3(C-C, C-H)arom +3(C-H}isox 688 686
8(C-C, C-H)arom +3(C-H)isox + 8(C-H)uriaz 764 765
3(C-H)isox + 3(C-H)yiaz + 5(CHy) 797 786
3(CHz) + 3(C-CH-C)isox + 8(0O-H) 950 952
V(C-O)on 1024 1027
V(C-O)on + 3(N-N-N)yiaz + 8(C-CH-N)yriaz 1050 1047
8(C-H)isox + V(C-O)isox + V(C-H)arom 1062 1054
3(C-H)uiaz + (N-NpgCriaz + V(C-Clriaz 1095 1093
8(C-H)uriaz + 8(N-N-CH)yiaz + 3(CH2) 1147 1146
8(C-H) arom * V(O-C)sox +V(C isox ~Carom) 1250 1256
V(NpaN)iriaz + 3(CH2) + 3(O-H) 1259 1272
3(CHy) 1340 1354
3(CHy) + V(CH-N)uia 1420 1444
8(C-H)arom + 8(C-H)isox + V(C-CH)jisox 1455 1463
8(C-H)arom *+ V(C-N)isox + V(C-CH)isox 1474 1475
V(C-N)isox + V(C-Clarom + 3(C-H)arom 1504 1512
3(C-H)uriaz + V(C-Chriaz 1573 1561
3(C-H)arom + V(C-C)isox + V(C-C)arom 1591 1584
8(C-H)arom + V(C-C)arom + V(C-Clisox 1609 1603
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2.6.Complexes in catalysis of cross-coupling reactions 100
16 L5PdCh 20 15 116/4.15°

With synthesized water and air-stable complex&2dCh —
L’PdCh in hand, we further tested their catalytic activitycross- . 98
coupling reactions. Primarily, to test the activif LPdC}L for 1 LPdCh 100 <t 9.810%/5.8810"
the Suzuki-Miyaura reactions, the model reaction »f

bromobenzoic aci@l with 4-methoxyphenylboronic acig2 in 18 L"PdChb 20 20 0 73;/2 o110°
the presence of 0.1 mol % of LPdGhas studied under air : :
atmosphere (Scheme 4, Table 4). Water and aqueettsanol ) 100
were used as solvents anddQ; as a base for these reactions, 19 LPdCt 100 3 110%2-10*
based on our previous results.
10 89
20 NaPdCl 20 o o
cog OMe CO,H .
0.1 mol% LPCl, C 21 NaPdCl 100 5 0.9171.1910"
+ K,CO3, Solv
Br 20-100°C 2 Aryl halide (0.5 mmol), arylboronic acid (0.6 mmdk,CO; (1.25 mmol), 5
B(OH), OMe ml of solvent: HO or HO-MeOH (1:1).
21 22 23 ® The experiments were performed in agueous mettsahation at 20 and

75 °C or in water at 35 and 10C?

¢4 NMR vyield with 1,1,2,2-tetrachloroethane (0.5 m internal
Scheme 4Model Suzuki-Miyaura reaction: cross-coupling ef 3 standard Y ( s

bromobenzoic aci@1 with 4-methoxyphenylboronic acP (0.1 mol % of dReaction with 3-iodobenzoic acid.

LPdCL) yielding 4-methoxybiphenyl-3-carboxylic acs.
by g ybipheny y It should be noted that in the presence of the ,b&se

bromobenzoic acid was converted into the correspansioluble
potassium benzoate and the reaction proceeded under
homogeneous conditions. We found that the reagiioceeded

Table 4. Suzuki-Miyaura reaction of 3-bromobenzaicid 21 with 4-
methoxyphenylboronic aci? in the presence of complexes LPgCI

y . ] ) Yield, % smoothly at 20-35 °C in 10-15 min in a high yieldheut any
Entry LPdC} T.*c Time, min- - J\ITOF, inert gas protection in the presence of tested texap (Table 4,
entries 1, 3, 5, 10, 12, 14 and 16). At elevatedpatures (75—
1 L'PdCh 20 15 . 93;/3 o610 100 °C), the reaction time did not exceed 1-4 raitr{es 2, 4, 6,
’ ’ 11, 13, 15, 17 and 19). Much to our surprise, incakes the
5 Uipdch 100 5 100 reaction proceeded without any apparent formatioﬁd}blqck,
1107310 even after the complete conversion of the aryl dealiTo
100 understand this phenomenon, we assumed that ongglagible
3 L*PdCh 20 15 11094-1C° part of the original Pd(Il) complex was reduced he &ctive
complex Pd(0) and participated in the catalytic leyc
4 L2PdCh 75 2 100 Consequently, if this assumption is correct, thactien can be
11090 carried out with a lower catalyst loading. Indeed #mount of
, 100 catalyst can be reduced by an order of magnitudenore,
° LPdCk ® 10 110%6:1C° without appreciable decrease in activity. For examph the
- presence of 0.01-0.001 mol % of compleXPdCh, 3-
6 L?PdC} 100 2 1164310" bromobenzoic acid reacted with 4-methoxyphenylbaraaid in
water at 100 °C in 4-5 min in quantitative yieldshntirnover
; L°PdC} 100 4 100 numbers (TON) up to 100,000 and turnover frequenCi€-)
0.01 mol % 110Y1.51C° up to 1,200,000 1 (entries 7 and 8). In the case of aryl iodides,
L2PdCh 100 the reaction was completed in less than 5 min wigh lyield in
8 0.001 mol % 100 5 1101216 the presence of 0.0001 mol % of catalyst (1 ppmel)fv
Remarkably high TON of 1,000,000 and TOF of 12,000,8
o L?PdCh, 100 5 100 were achieved (entry 9). These results indicate iswtazolyl-
0.0001 mol % 111,210 1,2,3-triazole complexes'BdCL-L'PdC}, are very effective and
o8 highjturnover catalysts for Suzuki-Miyaura reactionaqueous
10 L’PdCh 20 15 9.81073.9210° media.
99 On the other hand, the use of ,RdCl, as the catalyst in
1 L*PdCh 100 2 061072 971" agqueous methanol at room temperature afforded -cagsling
product in 89 % yield in 10 min (Table 4, entry 2Bpwever, at
12 L*PdCh 20 20 o 819;/2 0410 this moment, the catalyst agglomerated completety Pd-black.
: : After the formation of the Pd-black, the reactiomast stopped,
13 P 100 “ 100 and within 4 h the yield increased to only 92 % iier0). At
110610° elevated temperature, the cross-coupling product feamed
y Spac - . 100 with a quantitative yield in 5 min (entry 21).
1107410° The catalytic activity of LPdGlcomplexes was not limited to
99 Suzuki-Miyaura reactions. It can be readily extehde other
15 L°PdCh 75 <1 9.913/5.9410" cross-coupling  reactions such as Mizoroki-H&ckand

Sonogashird reactions.




We evaluated catalytic activity of some LPdCbmplexes in
the Mizoroki—Heck reaction betweeniodobenzoic aci®4 and
acrylic acid25 in the presence of XOs;under reflux in water to
give 3-carboxyrans-cinnamic acid26 (Scheme 5, Table 5).

7

cross-coupling products by separation of 2-MeTHRewa

layers, then evaporation and full regeneration-Me&lTHF. The

growing interest towards 2-MeTHF from both academia a
industries is also due to its abidance of Green ©tgm
principles®

CO,H CO,H
0.1 mol% LPdCl,
b
AN COH  K,CO3, H,0
I 100°C Z CO,H
24 25 26

Scheme 5Model Mizoroki—Heck reaction: cross-couplingrof
iodobenzoic aci®4 and acrylic aci@®5.

Table 5. Mizoroki-Heck reaction between m-iodobenzzid 24 and acrylic
acid25in the presence of complexes LPgCI

Table 6. Sonogashira reaction between methyl pkiedpoate27 and prop-2-
yn-1-ol 28 in the presence of complexes LBACI

- ) ) Yield,” %
Entry LPdC} Additives Time, min 5
TON/TOF, h
1 L’PdC} PPh 15 o7
9.7107/3.881C°
2 LPdC} - 10 23
3 L*PdC} PPh 15 9
9.9107/3.961C°
4 L°PdC} 7§ 15 %8
9.8107/3.921C°
5 L°PdC} - 10 19
6 L'PdC} PPh 20 96

) ) Yield,®%
Entry LPdC} Time, min 5
TON/TOF, K
1 L2PdCb 30 99
9.910%1.981C°
2 L*PdChb 30 100
110%2:10°
3 L°PdCb 30 100
110%2-10°
4 L’PdCb 40 98

9.810%1.9610°

2 Aryl halide (0.5 mmol), acrylic acid (0.6 mmol),®0; (1.25 mmol), 5 mL
of H,O, 100 T.

®1H NMR yield with 1,1,2,2-tetrachloroethane (0.5 mjyvas internal
standard.

For all tested complexes, almost quantitative teolgields of

2 Aryl halide (0.5 mmol), prop-2-yn-1-ol (0.65 mmoNEt (0.75 mmol),
1 mol % Cul, 5 mL of 2-MeTHF, 20C.

P NMR yield with 1,1,2,2-tetrachloroethane (0.5 mijras internal
standard.

It is worthwhile noting that (PRpRPdCL afforded29in 82 % yield after a
prolonged reaction time (THF, 4 eq. of triethylamit.5 mol % Pd-catalyst,
1.5 mol % Cul, 20 °C, overnight, argofl).

3. Conclusions

An efficient and convenient synthesis of new substitu3-
((1H-1,2,3-triazol-1-yl)methyl)-5-arylisoxazoles (arf Ph, p-

26 were obtained in 30-40 min in air atmosphere. No by-Tol) and 2-(5-phenylisoxazol-3-yl)-5-(2-(1-(($-tolyl)isoxazol-

products were detected for any of the catalysts,camthmic acid

3-yl)methyl)-1H-1,2,3-triazol-4-yl)eth-yl)-1,3,4-oxadiazole was

26 was isolated in pure form without the need ofelaborated by means of click-chemistry procedufidse new

chromatographic purification.

Finally, LPdC} complexes were assayed in the Sonogashirqemonstrated high catalytic activity

reaction between methyl-iodobenzoate27 and prop-2-yn-1-ol
(propargyl alcoholR8, to afford methyl 4-(3-hydroxyprop-1-yn-
1-yl)benzoate29 (Scheme 6), under the conditions summarize
in Table 5 (2-methyltetrahydrofuran, 1.5 eq. oéttiylamine as
base, 0.2 mol % LPdgk 2PPh, 1 mol % Cul, 20 °C, 15 min,
argon).

CO,Me 0.2 mol% Pd

0.4 mol% PPh;
. /\OH
28

1 mol% Cul MeO,C

NEts, 2-MeTHF

20 °C, argon % OH
1

27 29

Scheme 6Model Sonogashira reaction: cross-coupling-tddobenzoate
27 and prop-2-yn-1-028.

It is important to note that it was the use of awlitwhal
phosphine ligand that provided a smooth reactiod anhigh
yield (Table 6, entries 1, 3, 4 and 6). In the alse of
triphenylphosphine, the reaction proceeded quidkly mainly
resulted in the formation of tar products of an demiified
structure (entries 2 and 5). It is possible thahauit additives the
activity of the resulting palladium catalyst is &igh that it

compounds served as ligands in preparation of wetelr air-
stable palladium(ll) complexes. The obtained comxgde
in the crossyuing
reactions: 3-bromobenzoic acid with 4-methoxyphleasdnic
acid (Suzuki-Miyaura reactionjnriodobenzoic acid with acrylic

dycid (Mizoroki—Heck reaction) and methgdiodobenzoate with

propargyl alcohol (Sonogashira reaction). All reaucs
proceeded in short time in water or environmenifilg solvent
with quantitative yields of the target products. I€atly, these
palladium complexes are being studied as precurkorghe
development of effective homogeneous and reusable
heterogeneous catalysts for the synthesis of ugghducts in
environmentally safe conditions (Green Chemistry).

4. Experimental Section

4.1. General Information

The IR spectra were recorded on a FTIR spectrometer
Protege-460 (Nicolet) in KBr pelletsH, *C and N NMR
spectra were recorded on a Bruker Avance-500 speetsy
operating at 500, 125, and 51 MHz fbd, *C and, ™N,
respectively. Chemical shifts are given on $hecale (ppm) and
were determined relative to the residual solvemai@H 7.26
ppm, 6C 77.2 ppm for CDG} 8H 2.5 ppm,3C 40.1 -ppm for

causes oligomerizatioff of the acetylene compounds, both the DMSO-d;, 3H 8.0 ppm,5C 162.5 ppm for DMF-g). Nitrogen

starting propargyl alcohol and the cross-couplimgdpct. The
practical advantage of this protocol is the usevafer-insoluble
2-MeTHF as a solvent, which provides convenientaisoh of

chemical shift values forN NMR spectra were assigned relative
to the nitromethane used as an internal refereit¢80.0 ppm).
Coupling constants (J) are given in Hertz. Assignsefifproton
and carbon resonances were performed by standard 2B NM



8 Tetrahedron
techniques 'H,"H-COSY, HSQC, HMBC). Mass spectra were 214 (100)[M] ¥, 186 (15), 119 (97), 91 (79), 65 (31). Anal. Calcd
recorded on an instrument Agilent 5975 inert MSD/6890 for C,;H;N,O: C 61.67; H 4.71; N 26.15. Found C 61.78; H

Network GC System (El ionisation at 70 eV), HP-5MS dapil
column 30 m x 0.25 mm, 5% PhMe Silicon stationahage
(0.25 um), evaporator temperature 250. Data are reported as
m/z (relative intensity in %). HPLC-MS studies weerformed
using an Agilent 1200 liquid chromatograph with maskective
detector Agilent 6410 Triple Quad in Positive ESI mod
Elemental analysis was performed on a Vario MicroecGbINS-
analyser. The chlorine content was determined bgsidal
microanalysis according to the modified Pregl mdtffoThe
palladium content of complexes and residual paliedi
contamination in target products was determined tmme
absorption spectroscopy on a MGA-915 spectrometet Was
performed on Merck Silica gel 60,4 plates; the eluent was

4.68; N 26.19.

4.5. General Procedure for the Synthesis of 3-((123t
triazol-1-yl)methyl)-5-arylisoxazolgd 1-15)

The mixture of 0.23 mmol CuS&H,0 and 0.45 mmol
TBTA in 15 mL MeOH was stirred for 10 min at room
temperature and 0.91 mmol Na ascorbate was then adéted
stirring for 30 min, the solution of 4.5 mmol is@ddylazide9,10
and 4.6 mmol corresponding alkyne (propargyl altoty
methylbut-3-yn-2-ol, phenyl acetylene) in 15 mL MeQths
added. The reaction mixture was stirred for 4 h difitted with
150 mL of brine. Precipitate was filtered off, wagheith water
(3 x 20 mL), dried in vacuum and recrystallizednfracetone —

hexane-BD, 2:1-1:3. Melting points were determined on CH,Cl, (1 : 1).

Boetius apparatus. All purchased chemicals were asadch.

Single crystal X-ray diffraction data afL were collected on a
SMART Apex Il diffractometer using graphite monocheted

Mo-Ka radiation § = 0.71073 A) at a temperature of 296 K. The

structure was solved by direct methods (SIR3%1and refined
on F? by the full-matrix least-squares

For all compounds, non-hydrogen atoms were
anisotropically. The investigated crystal was a nmrohedral
twin, with a fractional contribution of 0.5079 (12) e major
twin component. The hydrogen atoms were placed icutzed
positions and refined in a “riding” model, withs(H) =
1.9U{O) for the hydroxyl H atom anti,(H) = 1.2J.(C) for
remaining H atoms. Molecular graphics was performeti e
programs ORTEP-3 for WindoWsand PLATON®

4.2. General Procedure for the Synthesis of 3-(Anitbyl)-
5-arylisoxazoleg9,10)

Sodium azide (11 mmol) was added to the correspgn@in
(chloromethyl)-5-arylisoxazole7,8 (10 mmol) in 20 mL
anhydrous DMF and the mixture was stirred for 4 65t70°C.
The reaction mixture was then poured into ice watgurated
with NaCl. The precipitate was filtered off, washed withter (3
x 20 mL) and dried over,Ps.

4.3. 3-(Azidomethyl)-5-phenylisoxaz (@

White solid (99 % yield); m.p. 45—4&. '"H NMR (500 MHz,
CDCl): 6 = 4.45 (s, 2H, Ch), 7.23-7.19 (m, 1H), 6.65 (s,
1Hisox), 7.38-7.51 (M, 3kbm), 7.70-7.82 (M, 2kbm) ppm.C
NMR (125 MHz, CDCl): 6 = 45.82 (CH), 98.59 (Chly),
125.93 (2CHiom), 129.11 (2CHiom), 130.58 (1CHom), 127.06,
159.88, 171.04 (3G.) ppm. IR (KBr): V= 3129, 3068, 3008,
2950, 2852, 2133, 2098, 2077, 1612, 1592, 15739,14859,
1428, 1253, 1209, 1048, 1021, 947, 908, 880, 844, 690, 673,
649, 559, 493 cm. GC-MS (El) m/z (I, %): 200 (76M] ¥, 172
(13), 105 (100), 77 (91), 51 (46). Anal. Calcd fopHN,O: C
59.99; H 4.03; N 27.99. Found C 60.12; H 4.09; N 27.87

4.4. 3-(Azidomethyl)-5-(p-tolyl)isoxazdE0)

White solid (99 % vyield); m.p. 37.5-38°€. 1H NMR (500
MHz, CDCk): 6 = 2.38 (s, 3H, Ck), 4.43 (s, 2H, CkJ, 6.49 (s,
1Hox), 7.24 (d,J = 7.4 Hz, 2H,0n), 7.65 (d,J = 7.4 Hz, 2H,om)
ppm. *C NMR (125 MHz, CDG)): § = 21.49 (CH), 45.80
(CH,), 97.95 (CH,), 125.82 (2CHem), 129.75 (2CHom),
124.34, 140.89, 159.78, 171.19 (49 ppm. IR (KBr): Vmar
3136, 3038, 3030, 3008, 2954, 2925, 2864, 21308,22077,
1618, 1598, 1566, 1511, 1463, 1455, 1436, 1408813341,
1313, 1252, 1216, 1209, 1114, 1045, 1023, 949, 883, 826,
806, 768, 716, 680, 661, 557, 506 triBC-MS (El): m/z (I, %)

technique

(SHELXL20169%. The intensities were corrected for absorption.(M: 3Harom), 7.86-7.92 (M, Harom), 8.19 (S, Hiyiazo).
P finod125 MHz, DMFé): 6 = 45.36 CHN), 55.18 CH,0), 100.12

4.6. (1-((5-Phenylisoxazol-3-yl)methyl)-1H-1,2, 3a#ol-4-
yl)methanol(11)

White solid (85 % vyield); m.p. 156-15C. *H NMR (500
MHz, DMF-d;): 6 = 4.66 (dJ = 5.5 Hz, H, CH,0), 5.25 (tJ =
5.5 Hz, H, OH), 5.87 (s, B, CH,N), 7.05 (S, Hisoy), 7.49-7.57
*C NMR

(CHisox.)v 123.69 CHtriaZODv 126.17 (EHarom)v 129.74 (EHarom)x
131.10 (TCHgpom), 127.40, 149.54, 161.10, 170.85C(dy). N
NMR (50.7 MHz, DMFéd,): 6 = 240 (N), 361 (N), 372 (Nsox)-
IR (KBI): Vma= 3286, 3139, 3126, 3085, 3058, 2992, 2930, 2883,
1614, 1594, 1576, 1553, 1505, 1468, 1454, 1427213303,
1232, 1137, 1065, 1049, 1039, 1022, 950, 913, 883, 760,
742, 686, 676, 491 cth HPLC-MS, m/z (I, %): 5352M + Na
17(19), 279 M + Na]* (18),257[M + H] * (100). Anal. Calcd for
CigH:NLO,: C 60.93; H 4.72; N 21.86. Found C 61.08; H 4.62;
N 21.99.

4.7. (1-((5-(p-Tolylisoxazol-3-yl)methyl)-1H-1,2y8az0l-4-
yl)methanol(12)

White solid (97 % yield); m.p. 150-15Z. '"H NMR (500
MHz, DMSO-de): 6 = 2.33 (s, B, CHy), 4.56 (d,J = 5 Hz, H,
CH,0), 5.29 (t, H, J = 5 Hz,0H,), 5.78 (s, B, CH,N), 6.93 (s,
1 Hisox), 7.31 (d,J = 8 Hz, Haom), 7.73 (d,J = 8 Hz, Harom),
8.14 (S, Hyiazo). °C NMR (125 MHz, DMSOd,): 21.57 (CH),
45.24 CH,N), 55.62 CH,0), 99.74 CHisy), 124.01 CHyiazo),
126.19 (ZHaom), 130.40 (ZHaom), 124.39, 141.21, 149.09,
160.80, 170.65 Byuar)- IR (KBr): V= 3289, 3147, 3132, 3123,
3059, 3037, 2992, 2958, 2921, 2853, 1619, 15988,1%5615,
1470, 1436, 1376, 1368, 1319, 1226, 1132, 11163,10649,
1038, 1017, 949, 842, 820, 810, 790, 737, 629,ch03 GC-MS
(EN), m/z (I, %): 270 (21)M] ", 242 (24), 119 (100), 91 (59).
Anal. Calcd for GHN,O,: C 62.21; H 5.22; N 20.73. Found C
62.40; H 5.03; N 20.66.

4.8. 2-(1-((5-(p-Tolylhisoxazol-3-yl)ymethyl)-1H-132riazol-
4-yl)propan-2-ol(13)

White solid (95 % yield); m.p. 152-15%. '*H NMR (500
MHz, DMSO-dg): 6 = 1.47 (s, Bl, 2CHy), 2.35 (s, B, CHy), 5.13
(s, H, OH), 5.74 (s, H, CH,), 6.95 (s, Hsox), 7.33 (d,J = 8 Hz,
2Harom), 7.75 (d,J = 8 Hz, Haom), 8.00 (S, Hyiazo). “C NMR
(125 MHz, DMSO¢dg): 6 = 21.56 (CH), 31.22 (2CH), 45.09
(CHZ): 99.82 CHisox)a 121.66 CHtriazol)a 126.17 (EHarom):
130.38 (ZH,rom), 67.62, 124.36, 141.19, 156.84, 160.71, 170.59
(6Cquar)- IR (KBr): ¥ma= 3355, 3129, 3075, 3038, 3001, 2970,
2930, 2874, 1619, 1600, 1568, 1515, 1469, 14418,13855,
1301, 1218, 1181, 1135, 1116, 1062, 1047, 1019, 949, 837,
825, 808, 779, 743, 722, 678, 502 tmAnal. Calcd for



Ci6H1gNLO,: C 64.41; H 6.08; N 18.78. Found C 64.75; H 6.20;

N 18.54.

4.9. 5-Phenyl-3-((4-phenyl-1H-1,2,3-triazol-1-yl)img)iso-
xazole(14)

White solid (98 % yield); m.p. 194-19%. '"H NMR (500
MHz, DMSO-dg): § = 5.88 (s, B, CH,), 7.07 (S, Hisox), 7.34 (t,
J=7.4 Hz, Hyop), 7.45 (t,J = 7.7 Hz, Hpom), 7.48-7.54 (m,
3Harom), 7.82—7.93 (M, Baom), 8.73 (S, Hyiazo). "C NMR (125
MHz, DMSO-g): 6 = 45.61 (CH,), 100.38 CHiso), 122.65
(CHyiazo), 125.83  (ZHaom), 126.26 (ZHaom), 128.60
(1CHaom), 129.50 (ZHaom), 129.85 (ZH.om), 131.27
(1CHgrom), 127.03, 131.10, 147.39, 160.76, 170.58,(5). IR

9
CHs), 3.22 (t,J = 7.2 Hz, H, CH,,), 3.38 (,J = 7.2 Hz, H,
CH,,), 5.75 (s, B, CH:N), 6.85 (S, Hisoy), 7.30 (d,J = 8 Hz,
2H.1om), 7.55-7.61 (M, Barom), 7.71 (d,J = 8 Hz, Hoom), 7.73
(s, Hicoy), 7.95-8.03 (M, Harom), 8.10 (S, Hyiazo). °C NMR
(125 MHz, DMSOdy): 6 = 21.52 (CH), 22.45 (CH,), 25.09
(CH,), 45.24 CH,N), 99.58 (CHisy), 100.05 CHioy), 123.75
(CHyiazo)s  126.11  (ZHgom), 126.52 (ZH,py), 129.93
(2CH,p0n), 130.33 (ZH,,), 131.78 (CHaom), 124.31, 126.37,
141.13, 151.32, 157.21, 160.71, 167.81, 170.57,7B7(Cquar)-
IR (KBr): Vma=3144, 3125, 3116, 3064, 3034, 2992, 2923, 2853,
1619, 1600, 1566, 1493, 1462, 1447, 1427, 1353212220,
1050, 995, 950, 816, 765, 688, 679, 498 cmnal. Calcd for
Cy6H21N;O5: C 65.13; H 4.41; N 20.45. Found C 65.27; H 4.75;

(KBr): ¥ma= 3122, 3098, 3054, 2999, 2957, 2918, 2850, 1612N 20.51.

1593, 1574, 1465, 1453, 1440, 1355, 1347, 1227012082,
1076, 1048, 1027, 1011, 973, 947, 912, 830, 786, 789, 685,
507, 490 crit. HPLC-MS, m/z (I, %): 303V + H] * (100). Anal.
Calcd for GgHiN,O: C 71.51; H 4.67; N 18.53. Found C 71.65;
H 4.64; N 18.39.

4.10. 3-((4-Phenyl-1H-1,2,3-triazol-1-yl)methyl)45-(
tolyl)isoxazolg15)

White solid (91 % yield); m.p. 178-17C. '"H NMR (500
MHz, DMSO-dy): 6 = 2.33 (s, BI, CHy), 5.86 (sJ = 7.4 Hz, M,
CHy), 6.99 (s,Hisox), 7.31 (d,J = 8.1 Hz, Moom), 7.34 (tI=7.4
Hz, 1Haom), 7.45 (,d = 7.7 Hz, Haom), 7.75 (d,J = 8.1 Hz,
2Harom), 7-89 (d,J = 7.2 Hz, Maom), 8.73 (S, Hyiazo). "C NMR
(125 MHz, DMSO€,): 6 = 21.56 (CH), 45.62 CH,), 99.71
(CHisox.)v 122.64 CHtriaZODv 125.83 (EHarom)v 126.20 (EHarom)x
128.59 (TCHarom), 129.49 (ZHom), 130.38 (ZHaom), 124.38,
131.11, 141.21, 147.39, 160.68, 170.784K). IR (KBr):
Vma=3108, 3088, 3047, 3032, 2991, 2946, 2917, 28569,16
1597, 1517, 1463, 1440, 1431, 1350, 1223, 1200411817,
1079, 1047, 973, 948, 912, 839, 821, 783, 761, 892, 517,
505 cm®. Anal. Calcd for GeHygN,O: C 72.13; H 5.10; N 17.71.
Found: C 72.29; H 5.05; N 17.60.

4.11. 2-(But-3-yn-1-yl)-5-(5-phenylisoxazol-3-y|B}-
oxadiazolg19)

DCC (0.97 g, 4.7 mmol) was added to a solution oftden
inoic acid (0.94 g, 9.58 mmol) in 10 mL anhydroakiéne. The
reaction mixture was stirred for 30 min at room tenapure,
precipitate filtered off, and 3-H-tetrazol-5-yl)-5-
phenylisoxazolel8 (1g, 4.69 mmol) was added to the filtrate.
The obtained suspension was refluxed for 6 h, t@uems
removed, solid residue washed with chilled toluerexahe and
dried on air to give 0.84 g compourd® which used without
further purification. White solid (86% yield); m.A45-147°C.
'H NMR (500 MHz, CDCJ): 6 = 2.05 (t, H, J = 2.5 Hz,=CH,),
2.80 (dt,J=7.2 and 2.5 Hz,12, CH,CH,C=), 3.23 (t, H,J=7.2
Hz, CH,CH,C=), 7.15 (S, Hisox), 7.48—7.54 (M, Barom), 7.82—
7.87 (M, Hzom). °C NMR (125 MHz, CDC): 6 = 16.27
(CH,CH,C=), 25.21 CH,CH,C=), 70.29 €CH), 98.69 CHisox),
126.22 (ZHgyom), 129.39 (ZHgom), 131.26 (CHgaom), 81.06,
126.40, 150.89, 157.77, 166.49, 172.104(&). IR (KBr): ¥ma=
3257, 3142, 3068, 3051, 2923, 2853, 2118, 1617716665,
1494, 1470, 1459, 1445, 1428, 1327, 1227, 11193,1949, 938,
803, 767, 731, 692, 678 cAnal. Calcd for GH;;N;O,: C
67.92, H 4.18, N 15.84. Found C 67.84, H 4.09, N 15.94.

4.12. 2-(5-Phenylisoxazol-3-yl)-5-(2-(1-((5(p-tgigbxazol-3-
yl)methyl)-1H-1,2,3-triazol-4-yl)ethyl)-1,3,4-oxadiazo(20)

The compound was prepared by the same procedurglsesc
for 11-15 but reaction was carried out at 24D. Compound was
obtained (91 % vyield) as white solid; m.p. 183-188 °
(decomp.).'H NMR (500 MHz, DMSOd): ¢ = 2.32 (s, 8,

4.13. (1-((5-Phenylisoxazol-3-yl)methyl)-1H-1,2,&tol-4-
yl)methyl pivalatg16)

AnhydrousEtN (0.10 g, 0.99 mmol) was added to a solution
of hydroxytriazol-isoxazold1 (0.23 g, 0.90 mmol) and pivaloyl
chloride (0.11 g, 0.91 mmol) in 30 mL anhydrous
dichloromethane. The reaction mixture was stirred 4oh at
reflux, diluted with water, acidified with HCI, organiyer
separated and dried over sodium sulfate. After reino¥ the
solvent in vacuo 0.30 g esté6 was obtained which does not
need further purification. White solid (99 % yield).p. 117-119
°C.™H NMR (500 MHz, DMFél): 6 = 1.13 (s, ®1, 3Me), 5.21 (s,
2H, CH,0), 5.92 (s, I, CH;,N), 7.05 (S, Hisoy), 7.50—7.56 (m,
3Harom), 7.86—7.91 (M, Haom), 8.38 (S, Hyiazo). "C NMR (125
MHz, DMF-d;): 6 = 26.96 (3CH), 45.53 CH,N), 57.99 CH,0),
100.11 CHisox), 125.52 CHyiazo)s 126.17 (ZHgom), 129.74
(2CHgpon), 131.12 (TH,poy), 38.79, 127.38, 143.65, 160.91,
170.90, 177.84 Byuar)- *°N NMR (50.7 MHz, DMFé): § = 242
(NY), 355 (N), 364 (N), 372 (Nsox)- IR (KBF): ¥ma= 3118, 3094,
3074, 2981, 2970, 2935, 2874, 1731, 1613, 1593515480,
1468, 1452, 1429, 1396, 1366, 1313, 1283, 1227511654,
1133, 1051, 1037, 1007, 964, 947, 916, 842, 821, 784, 740,
689, 681, 500 ci. Anal. Calcd for GH,N,Os C 63.52; H
5.92: N 16.46. Found: C 63.75; H 5.88; N 16.35.

4.14. General
complexes

procedure for the synthesis of LRdCI

General procedure for the synthesis of LBdf@implexes. 40
mL of 0.025 M solution (1 mmol) of the corresporgliigand
(L) in MeOH was added dropwise under stirring to 10 riL o
0.1 M methanol solution of NBRACl, (1 mmol), and the mixture
was stirred at room temperature. After 10 min, thecipitate
was filtered off, washed with water, methanol, anedlin air at
room temperature for one day.

4.15. Complex 1PdCh

Pale yellow solid (96 % yield}H NMR (500 MHz, DMFé,):
o (rotamerl / rotamer2y 5.29/5.33 (s,12, CH,0), 5.75 (br.s,
1H, OH), 6.01 / 6.04 (s,, CH,N), 7.10 / 7.12 (s, H, CHisoy),
7.49-7.66 (M, Baom), 7.80—7.95 (M, Harom), 8.47 / 8.50 (s, H,
CHuiazo). °C NMR (125 MHz, DMFd,): 8 = 47.15 | 47.25
(CH,N), 57.01 / 57.15 (H,0), 100.24 (Hi), 126.16
(2CHaom), 126.33  CHyiazo)s 129.78  (ZHgzom), 131.22
(1CHgom), 127.25, 151.26 / 151.86; 160.00 / 160.06; 171.10
(4Cqua). "N NMR (50.7 MHz, DMFd)): 6 = 228 / 248 (N), 244
(NY), 354 (N), 372 (Neoy)- IR (KBI): ¥may =3417, 3111, 2988,
2943, 2871, 1610, 1591, 1573, 1607, 1455, 14200,13243,
1147, 1093, 1062, 1024, 950, 797, 764, 688, 493.dAPLC-
MS, m/z: 830.942 (calcd for [M — Q1 830.905). Anal. Calcd for
CoeH24CliNgO,Pd: C 36.01; H 2.79; Cl 16.35; N 12.92; Pd
24.54. Found C 36.28; H 3.02; Cl 14.95; N 13.092R38.
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4.16. Complex iPdCh

Pale yellow solid (94% yield¥ax = 3429, 3132, 3097, 2949,
2922, 1612, 1595, 1476, 1454, 1407, 1161, 1020, 834, 802
cm™. Anal. Caled for GH,;,ClLN,O,Pd: C 37.57; H 3.15; Cl
15.84; N 12.52; Pd 23.78. Found C 37.41; H 3.251&F3; N
12.57; Pd 23.41.

4.17. Complex iPdcCl,

Pale yellow solid (91% vyield); IR (KBr¥max = 3435, 3118,
2976, 2917, 2870, 1614, 1597, 1474, 1369, 1184511724,
1078, 951, 816, 781 ¢ Anal. Calcd for GiH14CI,N,O,Pd: C
40.40; H 3.81; Cl 14.91; N 11.78; Pd 22.37. Found0347; H
3.97; Cl 15.04; N 11.72; Pd 22.05.

4.18. Complex fPdcCl,

Pale beige solid (90% yield); IR (KB = 3119, 3062,
3000, 2951, 1610, 1590, 1574, 1457, 1368, 13429,12360,
1114, 1054, 951, 921, 818, 764, 691 tnAnal. Calcd for
Ci1gH14CILN,O,Pd: C 45.07; H 2.94; Cl 14.78; N 11.68; Pd 22.19.
Found C 45.17; H 3.16; Cl 14.83; N 11.63; Pd 22.08.

4.19. Complex 1PdCl,

Pale beige solid (88 % yield); IR (KBr¥max = 3431, 3131,
2920, 2855, 1615, 1598, 1565, 1515, 1488, 14679,14841,
1369, 1339, 1331, 1315, 1239, 1206, 1184, 11581,11058,
1019, 1004, 949, 822, 762, 744, 695, 503"crnal. Calcd for
CigH1CILN,O,Pd: C 46.23; H 3.27; Cl 14.36; N 11.35; Pd 21.56.
Found C 46.15; H 3.36; Cl 14.48; N 11.39; Pd 21.41.

4.20. Complex iPdCl,

Yellow solid (67 % vyield);"H NMR (500 MHz, DMFél): &
(rotamerl/rotamer2¥ 1.24 / 1.25 (s, 8, 3CH), 5.73 / 5.78 (s,
2H, CH,0), 6.06 / 6.08 (s, B, CH,N), 7.09 / 7.11 (s, H,
CHisox), 7.52-7.56 (M, Baom), 7.86-7.91 (M, Haom), 8.70 /
8.73 (S, Hyiazo). °C NMR (125 MHz, DMFék): § (rotamerl /
rotamer2)= 27.09 (3CH), 47.32 / 47.41(H,N), 57.69 / 57.81
(CH,0), 100.22 / 100.25(Hisox), 126.16 (ZHaom), 128.09 /
128.17 CHyiazo)y 129.79 (ZHarom), 131.24 (THaom), 38.98 /
39.01; 127.24; 145.12 |/ 145.72; 159.85 / 159.88;.17; 177.89
(6Cquar)- N NMR (50.7 MHz, DMFd): § (rotamerl / rotamer2)
=235/ 253 (N), 246 (N), 358 (N), 373 (Nso). IR (KBF): ¥max
= 3442, 3153, 2971, 2933, 2871, 1731, 1611, 1592511457,
1398, 1280, 1147, 1101, 1049, 1035, 951, 803, 866, cm".
HPLC-MS, m/z: 998.988 (calcd for [M — Tl 999.020). Anal.
Calcd for GgH4ClsNgOsPdy: C 41.76; H 3.89; CI 13.70; N 10.82;
Pd 20.56. Found C 41.56; H 3.91; Cl 13.64; N 10.e02@41.

4.21. Complex fPdCl,

Pale brown solid (88% yield); IR (KBN¥max = 3473,
3111,3066, 2947, 2858, 2922, 1614, 1589, 1566, ,14844,
1431, 1400, 951, 766 ¢ Anal. Calcd for GH,;Cl,N,O5Pd: C
47.55; H 3.22; Cl 10.79; N 14.93; Pd 16.20. Foundi7Ql4; H
3.31; Cl 10.64; N 14.87; Pd 16.01.

4.22. General procedure for the Suzuki-Miyaura risrct

A 20 mL Schlenk tube with a magnetic stir bar wasrgbd
with  3-bromobenzoic acid 21 (0.5 mmol), 4-
methoxyphenylboronic acig2 (0.6 mmol), KCO; (1.25 mmol),
5 ml of solvent [HO, H,O-MeOH (1:1)] and 5Q.L of solution
(110%-1010° M) of palladium complexes LPdCin DMF under
air atmosphere. The reaction mixture was placed pneheated
oil bath: at 100 °C for MeOH-}0 and at 35 °C or 100 °C for
H,O; and stirred for the appropriate time and underditmns
required (Tables 4). After this time, the mixture wazoled,
diluted with 5 mL of HO, 5 mL of EtO and acidified by 1 M

Tetrahedron

HCI. The organic phase was separated, and the aglas@usvas
extracted with EOD (2 x 5 mL). The combined organic layers
were washed with brine (5 mL), dried over,88), concentrated
in vacuo and the yield was determined"ByNMR analysis with
1,1,2,2-tetrachloroethane (0.5 mmol) as interreahcard (Tables
4). The pure product was obtained by a simple fitiraof ether
solution through silica gel pad and evaporatiosai¥ent.

4.23. 4-Methoxybiphenyl-3-carboxylic A¢Rz3)

White crystalline powder (98 % yield), m.p. 203-204(m.p.
202-203 °€). 'H NMR (400 MHz, DMSO-¢): 6 = 3.79 (s, 3H),
7.03 (d,J=8.8 Hz, 2H), 7.54 (§ = 7.8 Hz, 1H), 7.63 (d] = 8.8
Hz, 2H), 7.82—7.90 (m, 2H), 8.12 (s, 1K5C NMR (100 MHz,
DMSO-d;): 6 = 55.2, 114.5, 126.8, 127.5, 127.9, 129.2, 130.6,
131.4, 131.6, 140.2, 159.2, 167.3. IR (KB¥)max = 3394, 3081,
2957, 2840, 1678, 1600, 1586, 1423, 1395, 13179,12872,
1241, 1197, 1172, 1124, 1062, 1009, 931, 756.c8=lcd for
CyH1:05: C 73.67; H 5.30. Found: C 73.69; H 5.37.

4.24. General procedure for the Mizoroki-Heck reattio

A 20 mL Schlenk tube with a magnetic stir bar wasrgbd
with 3-iodobenzoic acid®24 (0.5 mmol), acrylic acid®5 (0.75
mmol), K;CO; (1.5 mmol), 5 ml of water and 50L of the
solution (1102 M) of palladium complexes LPdClin DMF
under air atmosphere. The reaction mixture was gldoea
preheated at 100 °C oil bath and stirred for ther@priate time
(Tables 5). After this time, the mixture was coolditljted with 5
mL of H,0, 5 mL of EtOAc and acidified by 1 M HCI. The
organic phase was separated, and the aqueous layextracted
with EtOAc (2 x 5 mL). The combined organic layers ever
washed with brine (5 mL) and dried over,88),. The yield was
determined bylH NMR analysis with 1,1,2,2-tetrachloroethane
(0.5 mmol) as internal standard (Tables 4). The puioduct was
obtained by a simple filtration of solution througitica gel pad
and evaporation of solvent.

4.25. 3-[(E)-2-carboxyvinyl]benzoic ac{@6)

White crystalline powder (97 % yield), m.p. 284—-285(m.p.
284-286 °C’). '"H NMR (400 MHz, DMSO-¢): 8 = 6.58 (d,J =
16.0 Hz, 1H), 7.53 (1) = 7.8 Hz, 1H), 7.64 (d] = 16.0 Hz, 1H),
7.90-8.00 (m, 2H), 8.14 (s, 1H), 12.81 (br. s, Zf. NMR (100
MHz, DMSO-d6):5 (ppm) = 120.5, 129.0, 129.3, 130.8, 131.6,
132.0, 134.7, 142.9, 166.9, 167.4. Calcd fgyHgO,: C 62.50; H
4.20; O 33.30. Found: C 62.46; H 4.27.

4.26. General procedure for the Sonogashira reaction

A 20 mL Schlenk tube with a magnetic stir bar wasrgbd
with methyl p-iodobenzoate27 (0.5 mmol), prop-2-yn-1-oR8
(0.65 mmol), triethylamine (1.5 mmol), Cul (0.005nwl), 4.9
ml of 2-methyltetrahydrofuran, 50L of solution (410> M) of
PPh and 50uL of solution (2102 M) of palladium complexes
LPdCL in 2-MeTHF under argon atmosphere. The reaction
mixture was stirred at room temperature for the appate time
(Tables 6). After this time, the mixture was added tsaturated
solution of brine (5 mL). The resulting water-orgarphases
were separated and the organic phase was dried oy8ONa
The vyield was determined b{4 NMR analysis with 1,1,2,2-
tetrachloroethane (0.5 mmol) as internal standaadbles 6). The
pure product was obtained by filtration of solutibnough silica
gel pad and evaporation of the solvent under retiycessure.
Removal of solvent was carried out in a closed velumhich
allowed carrying out 90-95% regeneration of the eoly



4.27. Methyl 4-(3-hydroxyprop-1-yn-1-yl)benzog)

White crystalline powder (96 % vyield), m.p. 83-84¢@.p.
82-84 °C?%. 'H NMR (400 MHz, CDC)): § = 2.00 (br.s, 1H),
3.90 (s, 3H), 4.50 (s, 2H), 7.46 @= 8.4 Hz, 2H), 7.96 (dJ =
8.4 Hz, 2H)."*C NMR (100 MHz, CDGJ)): § = 51.5, 52.2, 84.9,
90.2, 127.2, 129.5, 129.7, 131.5, 166.5. IR (KBr);,, = 3323,
1726, 1430, 1282, 1119, 1031 tncCalcd for for GH;,0s5: C,
69.46; H, 5.30; O 25.24. Found: C, 69.39; H, 5.40.

X-ray Crystal Data

CCDC 1823325 contains the supplementary crystalpiicadata
of compoundL 1 for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data @ent
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