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Abstract

A new class of cationicPd(ll) complexes of the typg®d(Tz)(Cl)(bipy)]CI and
[Pd(Tz)(Cl)(phen)ICI” (Tz = 1,4-diaryl-3-methyl-1,2,3-triazol-5-ylidenéipy = 2,2’-bipyridine
and phen = 1,10-phenanthroline) with various wiig droups were synthesized from the
corresponding 1,2,3-triazolium iodide via the cepending chloro bridged dinuclear complexes
[(Tz)(C)PdW-CI),Pd(CI)(Tz)]. The synthesized cationic complexes evscreened for their
catalytic activity of hydration of alkynes and faurio be excellent towards the selective
conversion of internal alkynes to the corresponditrdiketones in good yields. A plausible

mechanism was proposed for this conversion.
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1. Introduction

N-Heterocyclic carbenes (NHCs) have gained exclusrepid popularity and emerged as
versatile ligands for a wide variety of metal coexds.[1] The success achieved by NHCs is
because of their strongelectron donating capacity which will allow themform strong NHC-
metal bonds. Due to their stability to air, moistiand strongs-donor but poorr-acceptor

abilities NHCs have been receiving a great amotistttention and becoming a very important



class of ligands in transition metal catalysisRjer past few years 1,2,3-triazol-5-ylidenes have
attracted many research groups and emerged asgimgrfigands for transition metal chemistry,
these ligands are often referred as abnorafdHCSs) or mesoioniccarbenes (MICs) due to the
fact that their structures can only be represeatedwitter ions and not in the neutral canonical
form.[3] Albrecht first reported the synthesis astductural characterization of 1,2,3-triazol-5-
ylidene-metal (Pd, Rh and Ir) complexes.[3a] Thestfiexample of chiral and chelate type
palladium-1,2,3-triazol-5-ylidene complexes and irtheatalytic activity in Suzuki-Miyaura
coupling was reported by our group.[3b]

T-Complexes of palladium (1) are widely used inamg transformations.[4] Coordination of Pd
(I to tbond increases the reactivity of ttwond towards nucelophilic attack.[5] In this redjar
cationic palladium complexes are catalytically mogactive than their neutral counter parts.[6]
They have been primarily used in the catalyticvatibn of alkenes and alkynes towards addition
of nucelophiles.[7] Catalysis of copolymerizatioh alefins and carbon monoxide,[8] hetero
Diels-Alder reaction[9] and telomerization of buke[10] are few of the reactions catalyzed by
cationic palladium (II) complexes. Cationic pallaai (I) complexes bearingj-heterocyclic
carbene (NHC) ligands have been reported in thexahltire,[10b,11] especially imidazol-2-
ylidene based complexes are common.[10b,11c-j, M} 1lIn addition to imidazole-2-ylidene
ligands these complexes contained a variety of rothHeggands that include
phosphanes,[11f,11j,11m] allyl, thiolate,[10b,11B]2’-bipyridine,[11b] quinolone[11k] and
pyridine.[11d,11f-g] Cationic palladium (Il) comples containing chelating bis-imidazol-2-
ylidene ligands were also reported.[11c-d, 11hati@nic palladium complexes of 1,2,3-triazol-
5-ylidene ligands are less explored in comparisorihe cationic complexes of imidazole-2-

ylidene ligands. The first example of cationic Pdédnd Pt(ll) complexes of 1,2,3-triazol-5-



ylidene ligands has been reported by GandelmanAt2luinconventional approach involving
post-synthesis modification of Pd(ll) and Pt(ll)ngolexes containing PCP-pincer ligands was
used as the methodology for the synthesis of dati®d and Pt complexes. Conventional
synthesis of chiral cationic 1,2,3-triazol-5-ylideRd complex from the corresponding
triazoliumtriflate has also been reported.[13] DjRetones are important building blocks in
organic synthesis, valuable motifs often found iansn natural products and biologically active
compounds.[14] Several synthetic methods have begmorted with different Pd-catalysts for the
catalytic oxidation of alkynes to 1,2-diketones][@3his study we report the synthesis of a new
class of cationic palladium (II) complexes of thepd [Pd(Tz)(Cl)(bipy)]CI and
[Pd(Tz)(Cl)(phen)ICI” (Tz = 1,4-diaryl-3-methyl-1,2,3-triazol-5-ylidenbipy = 2,2-bipyridine
and phen = 1,10-phenanthroline) and explore tregtalygtic activity towards the conversion of
internal alkynes to 1,2-diketones.To the best of lmowledge this is the first example for the
oxidation of alkynes to 1,2-diketones catalyzedchtionic Pd-complexes bearing 1,2,3-triazol-
5-ylidne ligands.

2. Results and discussion

2.1. Synthesis of cationic palladium complexes bearing 1,2,3-triazol-5-ylidene ligands.
1,4-Diphenyl-3-methyl-1,2,3-triazolium iodidelg) was treated with freshly prepared silver
oxide in dichloromethane at room temperature. Ftiomaof the corresponding silver
triazolylidenecarbene complex was inferred from theappearance of the triazolium proton
signal at 9.61 ppm in th#H NMR spectrum of the crude product obtained bykivay up a
aliquot of the reaction mixture.[3a-b,16] Typicakyter stirring for 16 h at room temperature,
complete disappearance of the starting materialolaerved. The silver carbene complex thus

generated was not isolated. It was directly treat@tl 1 equivalent of Pd(CGIJCHs;CN), and



stirred for additional 16 h at room temperatureteAfvorkup the crude product was obtained as
a pale yellow solid. It was identified as the cbldridged dinuclear comple2a.[17] Complex

2a was further treated with 2 equivalent of either’-Bjpyridine or 1,10-phenanthroline to
obtain the corresponding cationic compl8x or 4a, respectively (Scheme 1)[17,18].In this
preparation it was not necessary to isoRde It can bein situ treated with 2,2’-bipyridine or
1,10-phenanthroline to obtaBa or 4a, respectively without any detrimental effect in tield.
Triazolium iodides 1a-g) bearing different wing-tip groups were treatedasimilar manner to
obtain the corresponding cationic comple8asy and4a-gin excellent yields (Table 1).All the
complexes were fully characterized by spectroscomthods. In addition, compléda was also
characterized by single crystal XRD data. Compdaxcrystallized in P-1 space group and
triclinic crystal system. The geometry around gdilhm was distorted square planar (Figure 1).
The unit cell contained two molecules 8h and four molecules of chloroform, solvent of
crystallization. In the crystal structure of 3a aiehe chloride ion was bonded to the palladium
atom and the other chloride ion remained free, risleiadicating the cationic nature of the

palladium center i3a.
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Scheme 1.Synthesis of cationic palladium (Il) campk through chloro bridged dinuclear

complex.
Table 1.Synthesis of cationic palladium (II) conya@s8a-g and4a-g
1 Ary Ar; Product Duration (f) | Isolated yield
(%)
la Phenyl Phenyl 3a 8 98%
1b Phenyl Mesityl 3b 8 97%
1c Phenyl 1-Naphthyl 3c 16 93%
1d Mesityl Mesityl 3d 8 96%
le | 1-Naphthyl Phenyl 3e 8 97%
1f 1-Naphthyl Mesityl 3f 8 94%
19 1-Napthyl | 1-Naphthyl 39 16 92%
la Phenyl Phenyl da 8 95%
1b Phenyl Mesityl 4b 8 97%
1c Phenyl 1-Naphthyl 4c 16 92%
1d Mesityl Mesityl 4d 8 96%
le | 1-Naphthyl Phenyl de 8 94%
1f 1-Naphthyl Mesityl Af 8 94%




19 1-Napthyl | 1-Naphthyl 49 16 92%

4orresponds to conversion 2d-g to 3a-g and4a-g.

- X L C26CI5
c3
CI7
c27 cl3 )
\ Cl4
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Figure 1. Stick representation of structure3s#2CHCL] in the crystal. Hydrogen atoms are not
labeled for clarity. Selected bond angles: N1-Pd7R22(15), N1-Pd-C11 96.10(11)C11-Pd-
Cearbene88.15(11), N2-Pd-CGarbene95.87(149, Selected bond lengths: Pdabene197.6(4) pm, Pd-
CI1 230.12(10) pm.

2.2. Catalytic conversion of internal alkynesto 1,2-diketones

Initially we aimed at the addition of water as aleophile to the internal alkynes catalyzed by
the cationic palladium complexes.1,2-Diphenylaeatgl ba) was chosen as the model substrate
for the optimization of reaction conditions. Whée reaction was carried out in the presence of
2 mol% of3ain 1,4-dioxane-water mixture (4:1 v/v) as solvantler N atmosphere from room
temperature to refluxing conditions (rt to 1%D) only starting material remained intact even
after prolonged period (Table 2, entry 1). Additioh2 mol% of AgNQ to the same reaction
mixture at 90°C for 36 h surprisingly yielded benzbd) as the only product in 32% yield and

the balance being the unreacted starting alkynbl€T2, entry 2). The course of the reaction was



followed by TLC which indicated formation of benzba) as the only product. Careful
comparison of the TLC of the crude product withhautic samples of benzoin, hydrobenzoin
and deoxybenzoin (as possible byproducts) revdaaktdnone of these compounds were formed
in the reaction. Upon addition of AgN®white precipitate was observed immediately dufeo
formation of AgCI. The yield oba increased to 69% when the reaction was carriedrotite
presence of 4 mol% of AgNQOFinally in the presence of 4 mol% of the cataBstind 8 mol%
of AgNGQO; the yield of6a increased to 94% (Table 2, entry 3 and 4). Comxpleriments clearly
showed that there was no reaction in the absen8a(dable 2, entry 5), only starting material
was recovered after prolonged period. Neither AgjOibr CuSQ(as oxidant to convert any
Pd(0) formed during course of the reaction to ByfNas as effective as AgNGas additive
(Table 2, entry 6 and 7). Similarly other palladigwurces, namely PdCand Pd(OAcg) were
not as effective a8a as catalyst for this reaction (Table 2, entry & &). The presence of
cationic palladium complela and AgNQ in the mole ratio of 1:2, respectively was esseifitir
the success of the transformation shown in Scheme 2

)

Pd(ll) catalyst
— - Ph
Ph PR~ Sioxane:H,0 @:1) Ph)ﬁ(

90 °C, N, 0]
5a 6a

Scheme 2.Catalytic conversion of diphenylacetyl@agto benzil 6a).
Table 2. Optimization of reaction conditions foe tbatalytic conversion of diphenylacetylene
(5a) to benzil 6a).

Entry" | Pd(ll) source Additive Temp/duration Yield of kil
(6a) (%)
1 complex3a none rt to 106C/36 h no reaction
(2 mol%)
2 complex3a AgNO; (2 mol%) 90°C /36 h 32%
(2 mol%)
3 complex3a | AgNOs (4 mol%) 90°C /36 h 69%
(2 mol%)




4 complex3a AgNO;3 (8 mol%) 90°C /16 h 94%
(4mol%)

5 none AgNOs (8 mol%) 90°C /36 h no reaction

complex3a | Ag(OTf) (8 mol%) 90°C /36 h no reaction

(4 mol%)

7 complex3a CuSQ (8 mol%) 90°C /36 h no reaction
(4 mol%)

8 PdCh AgNOs (8 mol%) 90°C /48 h trace amount
(4 mol%)

9 Pd(OAc) AgNO; (8 mol%) 90°C /48 h trace amount
(4 mol%)

%all reactions were carried out on a 100 mg (0.560ihstale in 1,4-dioxanez®d (4 mL:1mL)
under Natm,isolated yield ofa.

The catalytic activities of complexe3a-c and 4a-c were tested under optimized reaction
conditions (Table 2, entry 4) for the conversiorbafind5b to 6a and6b, respectively5b (with
electron withdrawing N@group) reacted slower th&ain all cases. Comple8a was found to
be more active than other catalysts as evident fiom taken for the completion of the reaction
under identical conditions (Table 3, entry 1). ®iere complex3a was used as the catalyst for

further studies.

0]
Pd(ll) complex (4 mol%
Ar—=——Ph ( ) p ( 0) A Ph
AgNO3 (8 mol%) r
dioxane:H,0 (4:1) o
90 °C, N, 6a-b

5a Ar = Ph, 5b Ar = 4-NO,CgHy-
Scheme 3. Screening of Pd(Il) complexes for thevermsion of internal alkyne$é-b) to 1,2-
diketones ga-b).
Table 3.Screening of Pd(ll) complexes for the cosiem of internal alkynesé-b) to 1,2-
diketones ga-b).
Entry" | Pd(ll) complex | Substrate Duration (h) Product/

Yield (%)°
1 3a 5a 16 6al 94
2 3b 5a 16 6a/94

3 3c S5a 24 6a/91




4 da 5a 24 6a/89
5 4b 5a 24 6a/ 90
6 4c 5a 24 6a/85
7 3a 5b 21 6b/80
8 3b 5b 24 6b/78
9 3c 5b 36 6b/74
10 4a 5b 36 6b/72
11 4b 5b 36 6b/72
12 4c 5b 36 6b/71

%substrate (100 mg), Pd complex (4 mol%), AgN®mol%), 1,4-dioxane:$D (5 mL,
4:1 viv). N, atm. 90°C, Pisolated yield of the product.

To demonstrate the scope of substrates for theezsion of internal alkyne to 1,2-diketones a
variety of 1,2-diarylalkynes bearing electron damgt electron withdrawing groups and easily
oxidizable group were chosen. In all the cases¢hetion proceeded smoothly to furnish the
corresponding 1,2-diketones (Table 4). The easigipable aldehyde group iBc remained
intact during the course of this reaction &@uwwas formed in good yield (Table 4, entry 3).
Sterically hindered substratesf and Slreacted slower and gave moderate yields of the
corresponding diketonék and 6l, respectively (Table 4, entry 6, 10 and 12). Xk
arylalkynesbh and5i also reacted to furnish the corresponding dikesgim@nd6i, respectively

in excellent yields (Table 4, entry 8 and 9). Casian of 5a to 6a was carried out in 500 mg
scale. After 19 h 551 mg (93%) 6& was isolated along with 28 mg (94% conversion) of
unreactedba after column chromatographic separation. Similayversion ofsb to 6b was
carried out in 1 gram scale. After 28 h 871 mg (y&#6b was isolated along with 217 mg

(78% conversion) dbb after column chromatographic sepearation.
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Pd(ll) complex 3a 0
0,
A———R (4 mol%) R
AgNO3 (8 mol%)  Ar
dioxane:H,0 (4:1) 0]
5a'| 90 OC’ N2 Ga-l

Scheme 4.Substrate scope on the catalytic conveo$imternal alkynes to 1,2-diketones.

Table 4. Catalytic conversion of internal alkyned 12-diketones. Substrate scope.

Entry Substrate/Ar/R Product Duration (h) Yield (%)
1 5a/ Ph /Ph 6a 16 (19 94 (93
2 5b / Ph / 4-NQCgH4- 6b 21 (28§ 80 (76§
3 5c/Ph [/ 4-CHOGH,- 6c 21 83
4 5d / Ph / 2-MeGHg- 6d 19 89
5 5e/ Ph / 4-MeGH4- 6e 18 91
6 5f / Ph / mesityl 6f 30 48
7 5g/ Ph /-1-naphthyl 69 28 81
8 5h/ Ph/ Me 6h 14 94
9 5/ Ph /n-Bu 6i 14 92
10 5 / 2-MeGHy- / 2-MeGH4- 6 48 63
11 5k / 4-MeGsHy4- | 4-MeGH4- 6k 48 69
12 51 / 1-naphthyl / 1-Naphthyl ol 60 52

%all reactions were carried out on a 100 mg scakubstrate’on a 500 mg scale reaction with
94% conversiorfon a 1 gram scale reaction with 78% conversion.

Both trans-stilbene and 1,4-diphenylbuta-1,4-diyne did naicteeven after prolonged period of
time under conditions described in Scheme 4. We ldearly established by TLC analysis of
the crude product and its comparison with autheséimples of benzoin, hydrobenzoin and
deoxybenzoin that they were not formed in the cosiga of 5a to 6a. Nevertheless their
formation and involvement as short lived intermé&zBacannot be ruled out. Control experiments
were carried out to test the above hypothesis. @anhydrobenzoin and deoxybenzoin were

separately reacted in the presenc8ahs the catalyst under optimized conditions asrdest
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in Scheme 4 (Scheme 5). While benzoin and hydrabenzacted to furnish benzil as the sole
product, deoxybenzoin did not react even afterqorgéd period (Scheme 5). Thus the formation
of deoxybenzoin as a possible intermediate throRd(il) catalyzed hydration dba can be
clearly ruled out in the conversion & to 6a. The involvement of benzoin and hydrobenzoin in
the conversion ofba to 6a as short lived intermediates cannot be ruled @dutplausible
mechanism of the catalytic process is depictedcime8ie 6. Initially silver nitrate removes the
chloride ions as insoluble AgClto generate thettoéc intermediatd3 which coordinates to the
alkyne forming therecomplex produce intermediat@. Addition of water to the triple bond
followed by deprotonation results in the formatiaf intermediate E which undergoes
deprotonation to yield Pd-carbene intermedigteThis electrophilic Pd-carbeneintermediate
undergoes addition of water to give intermedi@tevhich onf-elimination releases the observed
product. The resulting palladium hydrido complegds hydrogen to give back the catalytically
active specie8 completing the catalytic cycle. It is effectivdlye sequential addition of water
molecules to the alkyne that results in the foromatf 1,2-diketone as the product. Such an
addition of water as a nucleophile to alkyne isalyaied by electrophilic cationic palladium

complex.
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Scheme 5.Control experiments to test the involveragbhenzoin, hydrobenzoin and
deoxybenzoin in the conversion & to 6a.
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Scheme 6. Plausible mechanism for the catalytiveion of alkyne to 1,2-diketone
3. Conclusions
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A new class of cationic palladium-NHC complexes tagring mixed 1,2,3-triazol-5-ylidene
(bearing a variety of wingtip groups) and 2,2’-hipine/1,10-phenanthroline ligands were
synthesized from the corresponding 1,2,3-triazoliodide via the silver carbene complex and
chlorobridgeddinuclear palladium complex. Comp3axwas structurally characterized by single
crystal XRD data and all the others were charazgdrthoroughly by spectroscopic data. These
cationic complexes showed excellent catalytic @gtifior the conversion of internal alkynes to
1,2-diketones in excellent yield with AgNCas an additive in 1,4-dioxane-water mixture.
Several symmetrical and unsymmetrical aryl and lalkybstituted 1,2-diketones were
synthesized using these cationic complexes. A filumechanism involving hydration of triple

bond catalyzed by the electrophilic cationic Pd ptax was proposed.

4. Experimental section

General instrumentation used in the study has Hescribed elsewhere.[13a]

Synthesis of compleka

1,4-Diphenyl-3-methyl-1,2,3-triazolium iodiddd) (2.18 g, 6 mmol) was treated with freshly
prepared silver oxide (1.67 g, 7.2 mmol, 1.1 equivCH,CI, (35 mL). The solution was stirred
at room temperature in the dark for 16 h undeogén atmosphere. The silver carbene complex
thus generated was not isolated, it was direcdgtad with Pd(CECN).Cl, (1.71 g, 6.6 mmol,
1.1 equiv.) and stirred for 8 h. The reaction migtwas passed through a bed of celite, and then
removal of CHCI, gave complexXaas a pale yellow solid (1.19 g) in 96% vyield. mp94191

°C; 'H NMR (500 MHz, CDC}) § 8.37-8.35 (m, 4H), 7.97-7.95 (m, 4H), 7.58 (s, L2406 (s,
6H) ); *C NMR (125 MHz, CDGJ) § 143.9, 138.5, 130.7, 130.6, 129.6, 129.3, 128B3);ESI-
MS: HRMS:m/zcalcd for GoHo7NgPhCls [M+H] ™ 822.9121, found 822.9136.

Synthesis of compl&a
To a solution of complega (825 mg, 1 mmol) in 20 mL dichloromethane 2,2’yidine (343
mg, 2.2 mmol) was added and the reaction mixture stared for 8 h at room temperature to

give complex3a as a pale yellow solid (556 mg, 0.97 mmol) in 9&8A#ystals of3asuitable for
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single-crystal diffraction were grown by slow evagiton of a solution oBafrom chloroform.
Complexes 3b-gwere synthesized using similar procedure. Compglefag were also
synthesized using similar procedure using 1,10-ph#moline instead of 2,2-bipyridine.
Complex3a: mp: 174-176 °C*H NMR (400 MHz, CDC}) § 9.14 (d,J = 4.8 Hz, 1H), 8.75 (d]

= 4.8 Hz, 1H), 8.35 (d) = 6.8 Hz, 2H), 8.27 (d] = 7.2 Hz, 2H), 8.14-8.02 (m, 3H), 7.88-7.79
(m, 2H), 7.55 (tJ = 6.0 Hz, 1H), 7.51-7.46 (m, 6H), 4.38 (s, 3tAC NMR (100 MHz, CDGJ)

5 155.3, 155.1, 154.4, 149.2, 144.5, 141.8, 14110,3], 139.0, 131.2, 130.5, 130.4, 129.7, 129.5,
129.1, 126.5, 126.4, 125.7, 123.4, 122.9, 38.7:MSi HRMS:m/zcalcd for GsH2:NsCIPd [M-
Cl]*528.0542, found 528.0560.

Complex3b

Prepared from 1,2,3-triazolium iodi2le (405 mg, 1 mmol), AgD (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 2,2’-bipyridine (343 mg, 24uiv.). Yield 592 mg, 97%,
mp: 195 °C;'H NMR (500 MHz, CDCJ) § 9.09 (dd,J = 6, 1 Hz, 1H), 8.95 (] = 3 Hz, 1H),
8.48 (d,J = 7.5 Hz, 2H), 8.11 (d] = 8 Hz, 1H), 8.07-8.03 (m, 2H), 7.97-7.95 (m, 2HR2-7.49
(m, 1H), 7.46 (tJ = 7.5 Hz, 2H), 7.37 (1 = 7.5 Hz, 1H), 7.01 (s, 1H), 6.89 (s, 1H), 4.4834),
2.31 (s, 3H), 2.21 (s, 3H), 2.13 (s, 3K} NMR (125 MHz, CDGJ) § 155.2, 155.17, 155.12,
149.6, 144.1, 144.0, 140.48, 140.41, 140.1, 13635.2, 134.8, 131.4, 130.2, 129.8, 129.5,
129.3, 129.0, 126.4, 126.3, 122.6, 122.1, 38.93,219.1, 18.8; ESI-MS: HRMSw/zcalcd for
CagH27NsCIPd [M-CI]* 574.0990, found 574.0993.

Complex3c

Prepared from 1,2,3-triazolium iodgle (413 mg, 1 mmol), A (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 2,2-bipyridine (343 mg, 2euiv.). Yield 576 mg,
93%,light brown solid,mp: 201-202 °@&4 NMR (500 MHz, CDC}) § 9.02-8.98 (m, 2H), 8.49-
8.42 (m, 3H), 8.27 (d) = 7 Hz, 1H), 7.94 (dJ = 8 Hz, 2H), 7.84-7.73 (m, 4H), 7.67-7.66 (m,
2H), 7.59-7.53 (m, 3H), 7.45 (§, = 7 Hz, 3H), 4.49 (s, 3H)*C NMR (125 MHz, CDG)) 5
155.8, 154.9, 154.8, 149.3, 144.5, 144.4, 140.9,83.35.3, 133.9, 131.7, 131.3, 130.3, 129.9,
129.1, 128.7, 127.7, 127.4, 127.0, 126.4, 126.3..7,2124.4, 122.4, 122.0, 39.2; ESI-MS:
HRMS: m/zcalcd for GgH23NsCIPd [M-CI]*582.0677, found 582.0665.

Complex3d

Prepared from 1,2,3-triazolium iodi2tk (447 mg, 1 mmol), Ag (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 2,2-bipyridine (343 mg, 2euiv.). Yield 627 mg,
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96%,0ff white solid,mp: 197-199 °CH NMR (500 MHz, CDC}) & 9.08 (d,J = 8 Hz, 1H), 8.99
(d,J=5.5Hz, 1H), 8.88 (d] = 8 Hz, 1H), 8.42 (t) = 6.5 Hz, 1H), 8.14 () = 8 Hz, 1H), 8.01
(d,J=5.5Hz, 1H), 7.61 (1) = 6.5 Hz, 1H), 7.44 (1) = 7 Hz, 1H), 7.04 (s, 1H), 7.03 (s, 1H),
6.97 (s, 1H), 6.95 (s, 1H), 4.05 (s, 3H), 2.32B), 2.32 (s, 3H), 2.31 (s, 3H), 2.29 (s, 3H), 2.26
(s, 3H), 2.16 (s, 3H)!*C NMR (125 MHz, CDGJ) & 156.8, 155.1, 151.5, 151.2, 149.0, 147.3,
144.0, 142.4, 141.5, 141.3, 141.1, 140.0, 136.8,413135.1, 133.0, 130.2, 130.1, 129.6, 129.2,
126.9, 126.5,126.1, 124.6, 121.1, 37.5, 21.9,,2113, 19.37, 19.32; ESI-MS: HRMB8vzcalcd

for C31H33NsCIPd [M-CI]" 616.1459, found 616.1481.

Complex3e

Prepared from 1,2,3-triazolium iodge (413 mg, 1 mmol), A (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 2,2-bipyridine (343 mg, 2euiv.). Yield 600 mg,
97%'pale yellow solid, mp: 185-187 °¢4 NMR (500 MHz, CDC}) & 9.04 (d,J = 5.5 Hz, 1H),
8.98 (d,J = 5.5 Hz, 1H), 8.51 (d] = 7.5 Hz, 2H), 8.46 (d] = 8.5 Hz, 1H), 8.27 (d] = 7 Hz,
1H), 7.96-7.92 (m, 2H), 7.81 d,= 6.5 Hz, 1H), 7.82-7.77 (m, 2H), 7.69Jt 8 Hz, 1H), 7.65-
7.61 (m, 2H), 7.57 () = 7.5 Hz, 1H), 7.53 (d] = 7.5 Hz, 2H), 7.46-7.41 (m, 3H), 4.49 (s, 3H);
13C NMR (125 MHz, CDGJ) 5 155.6, 154.8, 154.7, 149.2, 144.4, 144.3, 14038,7], 135.3,
133.8, 131.6, 131.2, 130.3, 129.7, 129.0, 128.7,7120127.4, 126.9, 126.5, 126.3, 124.7, 124.3,
122.3, 122.0, 39.1; ESI-MS: HRMSwzcalcd for GgH2aNsCIPd [M-CI]" 582.0677, found
582.0690.

Complex3f

Prepared from 1,2,3-triazolium iodfe (455 mg, 1 mmol), AgO (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 2,2-bipyridine (343 mg, 2euiv.). Yield 621 mg,
94%,pale yellow solid, mp: 204 °G4 NMR (500 MHz, CDCJ) & 9.30 (d,J = 3.3 Hz, 1H),
8.95-8.93 (m, 2H), 8.19-8.18 (m, 2H), 8.02-7.95 (H), 7.90 (t,J = 8 Hz, 4H), 7.84 (d) =8
Hz, 1H), 7.61-7.57 (m, 2H), 7.52-7.49 (m, 1H), 7882 (m, 1H), 7.04 (s, 1H), 6.92 (s, 1H),
4.27 (s, 3H), 2.32 (s, 3H), 2.31 (s, 3H), 2.2734); *C NMR (125 MHz, CDGJ) 6 156.0,
154.9, 149.5, 140.4, 140.1, 140.0, 136.6, 134.8.713132.5, 131.7, 131.1, 129.8, 129.47,
129.41, 128.2, 127.4, 126.8, 126.2, 125.8, 1222,3] 121.9, 38.7, 21.4, 19.4, 19.0; ESI-MS:
HRMS: nvzcalcd for GoH29NsCIPd [M-CI]*624.1146, found 624.1119.

Complex3g
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Prepared from 1,2,3-triazolium iodi2tg (463 mg, 1 mmol), Ag (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 2,2-bipyridine (343 mg, 2euiv.). Yield 616 mg,
92%,yellow solid, mp: 208-210 °CH NMR (500 MHz, DMSO-¢) § 9.15-8.56 (m, 2H), 8.44-
8.02 (m, 12H), 7.83-7.53 (m, 8H), 4.14 (s, 3H NMR (125 MHz, DMSO-g¢) § 156.5, 155.8,
155.7, 154.37, 154.34, 153.0, 152.5, 149.8, 14B48,1, 146.5, 143.0, 142.4, 141.48, 141.46,
141.41, 134.97, 134.91, 133.7, 133.6, 133.4, 1382,0, 131.76, 131.71, 131.6, 131.4, 131.3,
130.2, 129.0, 128.4, 128.37, 128.32, 128.1, 12®0,9, 127.7, 127.6, 127.59, 127.52, 127.45,
127.41,127.1, 126.9, 126.6, 126.4, 126.3, 123,68l 125.3, 125.2, 124.3, 124.2, 124.0, 123.7,
123.6, 123.4, 123.3, 123.1, 123.0, 38.5, 38.2; MSI-HRMS: m/zcalcd for GsH2sNsCIPd [M-
Cl]* 632.0833, found 632.0834.

Complex4a

Prepared from 1,2,3-triazolium iodid2a (447 mg, 1 mmol), AgD (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 563 mg,
95%,pale yellow solid,mp: 231 °GH NMR (400 MHz, DMSO-¢) & 9.16 (d,J = 4.4 Hz, 1H),
8.93 (d,J = 8.4 Hz, 1H), 8.89 (d] = 8.4 Hz, 1H), 8.61 (d] = 4.8 Hz, 1H), 8.25 (d] = 7.2 Hz,
2H), 8.22 (dJ = 4.8 Hz, 2H), 8.13 (dd] = 8, 4.8 Hz, 1H), 8.03 (dl = 7.2 Hz, 2H), 7.89-7.86
(m, 1H), 7.61-7.46 (m, 6H), 4.33 (s, 3HC NMR (100 MHz, DMSO-¢) § 152.6, 149.3,
146.3, 145.1, 144.2, 141.2, 140.4, 140.3, 138.0,713.30.4, 130.3, 130.2, 129.8, 129.0, 127.8,
127.5, 126.4, 126.2, 124.7, 38.5; ESI-MS: HRM@zcalcd for G/HxNsCIPd [M-CII
556.0520, found 556.0505.

Complex4b

Prepared from 1,2,3-triazolium iodid&h (405 mg, 1 mmol), AgD (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 616 mg,
97%,0ff white solid, mp: 213-215 °&4 NMR (500 MHz, CDCY)  9.57 (d,J = 5 Hz, 1H), 9.33
(dd,J =5, 1 Hz, 1H), 8.57 (dl = 7 Hz, 2H), 8.50 (dd] = 8.5, 1 Hz, 1H), 8.42 (d,= 8 Hz, 1H),
8.33 (dd,J = 8, 5.5 Hz, 1H), 7.91 (s, 2H), 7.82 (dds 8, 5 Hz, 1H), 7.42 (1] = 8 Hz, 2H), 7.30

(t, J=8 Hz, 1H), 7.02 (s, 1H), 6.84 (s, 1H), 4.543d), 2.29 (s, 3H), 2.25 (s, 3H), 2.15 (s, 3H);
13C NMR (125 MHz, CDGJ) § 156.3, 149.7, 146.5, 146.0, 144.3, 142.8, 14(38,9, 138.6,
136.4, 135.3, 135.1, 131.6, 130.19, 130.12, 1292B.4, 129.2, 128.9, 128.5, 127.6, 126.7,
126.5, 125.0, 39.0, 21.3, 19.2, 18.8; ESI-MS: HRM®zcalcd for GoH,/NsCIPd [M-CI]
598.0990, found 598.0984.
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Complex4c

Prepared from 1,2,3-triazolium iodid (413 mg, 1 mmol), A (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 592 mg,
92%,yellow solid, mp: 225 °CH NMR (500 MHz, CDCJ) § 9.63 (s, 1H), 9.28 (dd| = 5, 1.5
Hz, 1H), 8.55 (dJ = 7 Hz, 3H), 8.40 (ddj = 8.5, 1.5 Hz, 1H), 8.35 (d,= 7.5 Hz, 1H), 8.29-
8.26 (m, 2H), 7.93 (d] = 8 Hz, 1H), 7.79-7.75 (m, 4H), 7.69 Jt= 8 Hz, 1H), 7.58 (tJ = 8 Hz,
1H), 7.51 (tJ = 7 Hz, 2H), 7.45 (t) = 7.5 Hz, 1H), 7.41 (t) = 7.5 Hz, 1H) 4.55 (s, 3H}’C
NMR (125 MHz, CDC}) 5 156.4, 149.5, 144.7, 143.4, 138.8, 138.4, 1339,7,, 131.2, 130.2,
129.6, 129.0, 128.8, 128.4, 127.6, 127.5, 127.2,0,2126.6, 124.9, 124.7, 124.4, 39.2; ESI-MS:
HRMS: nvzcalcd for G;H23NsCIPd [M-CI]* 606.0677, found 606.0682.

Complex4d

Prepared from 1,2,3-triazolium iodided (447 mg, 1 mmol), AgD (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 650 mg,
96%, off white solid, mp: 196 °CH NMR (500 MHz, CDCY) § 9.28 (ddJ = 5, 1 Hz, 1H), 9.10
(d,J =8 Hz, 1H), 8.70 (dJ = 8, 1 Hz, 1H), 8.43 (dd] = 8.5, 5.5 Hz, 1H), 8.22 (d,= 8.5 Hz,
1H), 8.02 (dJ = 8.5 Hz, 1H), 8.79 (dd] = 8.5, 5 Hz, 1H), 7.02 (s, 1H), 6.97 (s, 1H), 6(94
1H), 6.89 (s, 1H), 4.10 (s, 3H), 2.45 (s, 3H), 2863H), 2.27 (s, 3H), 2.25 (s, 6H), 2.23 (s, 3H);
13C NMR (125 MHz, CDG)) & 153.5, 149.5, 146.7, 145.9, 145.5, 144.0, 14144,2, 140.8,
139.9, 139.4, 138.0, 136.6, 135.2, 133.7, 131.0,113129.9, 129.7, 129.6, 129.3, 128.3, 127.4,
127.1, 125.1, 1215, 37.7, 21.7, 21.6, 21.3, 199.2; ESI-MS: HRMS:nvzcalcd for
CssH33NsCIPd [M-CI]* 640.1459, found 640.1473.

Complex4e

Prepared from 1,2,3-triazolium iodid2e (413 mg, 1 mmol), A (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 605 mg,
94%,yellow solid, mp: 207-209 °GH NMR (500 MHz, CDC}) 5 9.03 (s, 1H), 8.98 (dl = 5.5
Hz, 1H), 8.51 (dJ = 4.5 Hz, 2H), 8.45 (s, 1H), 8.28 @~ 7.5 Hz, 1H), 7.93 (d] = 8.5 Hz,
2H), 7.82-7.41 (m, 12H) 4.49 (s, 3HJC NMR (125 MHz, CDGJ) & 149.5, 144.7, 143.4, 138.8,
138.4, 133.9, 131.7, 131.2, 130.2, 129.6, 129.8,812128.4, 127.6, 127.5, 127.4, 127.0, 126.6,
126.5, 124.9, 124.7, 124.5, 39.2; ESI-MS: HRM@zcalcd for GiHxNsCIPd [M-CIJ®
606.0677, found 606.0697.

Complex4f
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Prepared from 1,2,3-triazolium iodid® (455 mg, 1 mmol), AgD (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 644 mg,
94%,pale yellow solid, mp: 219-221 °@&§ NMR (500 MHz, CDCJ) § 9.87 (d,J = 4.5 Hz, 1H),
9.17 (ddJ =5, 1.5 Hz, 1H), 9.13 (d,= 6.5 Hz, 1H), 8.51-8.43 (m, 2H), 8.32 (dds 8, 1.5 Hz,
1H), 8.26 (dJ = 8 Hz, 1H), 7.84 (t)J = 8 Hz, 2H), 7.78-7.76 (m, 2H), 7.66-7.57 (m, 3A}9-
7.45 (m, 1H), 7.06 (s, 1H), 6.88 (s, 1H), 4.333(d), 2.36 (s, 3H), 2.31 (s, 3H), 2.29 (s, 3HE
NMR (125 MHz, CDC}) 6 156.7, 149.6, 146.5, 145.9, 144.4, 142.2, 14038.60, 138.63,
136.6, 135.6, 135.1, 133.7, 132.6, 131.8, 130.9.113129.67, 129.61, 129.4, 129.3, 128.4,
128.1, 127.5, 127.3, 126.9, 126.79, 126.72, 12829,8, 123.3, 38.8, 21.4, 19.4, 19.0; ESI-MS:
HRMS: nvzcalcd for G4H2oNsCIPd [M-CI]* 648.1146, found 648.1147.

Complex4g

Prepared from 1,2,3-triazolium iodid2g (463 mg, 1 mmol), AgD (256 mg, 1.1 equiv.),
Pd(CHCN),CI»(286 mg, 1.1 equiv.), 1,10-phenanthroline (436 &8, equiv.). Yield 638 mg,
92%, light brown solid, mp: 221-223 °&4 NMR (500 MHz, DMSO-g) § 9.29-9.22 (m, 1H),
9.02-8.40 (m, 4H), 8.23-7.84 (m, 12H), 7.78-7.59 @H), 4.16 (s, 3H)**C NMR (125 MHz,
DMSO-d6) 6 153.3, 152.7, 150.1, 148.9, 148.8, 146.6, 1454%.8, 145.56, 145.54, 144.6,
143.1, 142.4, 140.5, 140.0, 139.9, 132.0, 131.1,513131.4, 131.3, 131.2, 131.1, 130.26,
130.20, 130.1, 129.87, 129.84, 128.80, 128.3, I8128.15, 128.0, 127.8, 127.64, 127.61,
127.55, 127.50, 127.4, 127.34, 127.30, 127.2, 12¢28.8, 126.6, 126.4, 126.3, 126.1, 125.9,
125.88, 125.81, 125.6, 125.5, 125.25, 125.21, B23123.34, 123.0, 38.4, 38.3; ESI-MS:
HRMS: nvzcalcd for GsH2sNsCIPd [M-CI]* 656.0833, found 656.0857.

Representative procedure for the conversion ofnalealkynes to 1,2-diketones:

To a solution of 1,2-diphenylethynBa) (500 mg, 2.808 mmol) in 1,4-dioxane, water (20:5L
mL v/v), complex3a (63 mg, 0.112 mmol, 4 mol%), AgN@38 mg, 0.224 mmol, 8 mol%) were
added and the reaction mixture was stirred at@Qhe progress of the reaction was monitored
by TLC. After 19 h the reaction mixture was cootedoom temperature, diluted with water and
extracted with ChCl,. The separated organic layer was dried ovesSRg concentrated under
vacuum. The residue was subjected to silica gelnsnlchromatography by using hexane/EtOAc
(9:1, v/v) as eluent to give benzbd) (551 mg, 2.623 mmol) as a yellow solid in 93%ldgie
Similarly to a solution obb (1000 mg, 4.48 mmol) in 1,4-dioxane, water (40 biLmL v/v),
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complex3a (102 mg, 0.179 mmol, 61 mg, 4 mol%), Agh®1 mg, 0.358 mmol, 8 mol%) were
added and the reaction mixture was stirred at®0for 28 h to givesb (871 mg, 3.415 mmol)
as a yellow solid in 76% yield. The characterizatiata for all the 1,2-diketone@afl) are given

in the supporting information.
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Highlights

» Synthesis of cationic Pd(l1) complexes with 1,2,3-triazolylidene ligands is reported

» Cationic Pd(Il) complexes bear bipyridine and 1,10-phenanthroline as co-ligands

» Oneof the cationic complex is structurally characterized by single crystal XRD data

» Cationic complexes are catalytically active for the conversion of alkynesto 1,2-diketones
» Cataytic conversion of 1,2-diarylalkynesto benzil derivativesis highly selective



