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Pd(ll) and Pt(ll) complexes ai-keto stabilized sulfur ylide: Synthesis,

structural, theoretical and catalytic activity sasl

Seyyed Javad SabouncfeiAli Hashemi? Asieh Sedghf,Mehdi Bayaf: Fateme Akhlaghi
Bagherjer? Robert W. Gabfe

& Faculty of Chemistry, Bu-Ali Sina University, Hagen,65174, Iran
® School of Chemistry, University of Melbourne, \Gdi, 3010, Australia

ABSTRACT: Reaction of dimethyl sulfide with 2/-8ibromoacetophenone led to formation of
sulfonium salt [MeSCHC(O)GsH4s-m-Br]Br (1). The resulted sulfonium salt was treated with
NaOH and gave the-keto stabilized sulfur ylide M&C(H)C(O)GH4-m-Br (2). This ligand was
reacted with [MCJ(cod)] (M = Pd, Pt; cod = 1,5-cyclooctadiene) toniche newcis- andtrans-
[MCl y(ylide),] (M = Pd (cis- andtrans-3), Pt Cis- andtrans-4)) complexes. Characterization of
the obtained compounds was performed by elememalysis, IR, 'H and *C NMR.
Recrystallization of dichlorobis(ylide) palladiuf)(land platinum(ll) complexes from DMSO
solution yielded the crystalline products, whichra§ diffraction data revealed that the both
compounds were crystallized eis-[MCl(ylide)(DMSO)] (M = Pd §), Pt €)) complexes. Also,

a theoretical study on structure and nature oMkR€ bonding between the Y ligand (ylide) and
[MCI,.DMSO] fragments in [YMGL.DMSO] (M=Pd, Pt) complexes has been reported BON
and energy-decomposition analysis (EDA). Furtheendhe palladium catalyzed Suzuki-

Miyaura reaction of various aryl chlorides with ligronic acids was performed. The results
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showed that the Pd(ll) complexes- andtrans-3 catalyzed efficiently coupling reactions at low

catalyst loading and short reaction time.

Keywords. Synthesis; Pd(ll) and Pt(ll) complexes; Sulfuridgt X-ray characterization;

Theoretical study; Suzuki-Miyaura reaction.

1. Introduction

Sulfur ylides are a group of reactive compaunthich have attracted considerable interest in
recent years [1-3]. This is not least becausehefr tsignificant role in organic synthesis,
including Johnson-Corey-Chaykovsky reaction [4],ickihis due to the high stability and
ambidentate character as ligand can engage agpaopagte ligand for organometallic synthesis
[5-7]. The coordination chemistry of these compaihds been investigated extensively and it
was found that they can bond to a metal centerugfirahe carbanion or the enolate oxygen

(Scheme 1) [8-10]. From consideration of the Haoft-8.cid-Base principle (HSAB) [11], it can

be hypothesized that the title ligands tend to doate to soft metal iongia the soft ylidic
carbon as opposed to the hard carbonyl oxygen atbemmore observedoccoordination mode
corresponds to the transition metal complexes ofliH{R], Cd(ll) [10], Ag(l) [3] and Pd(ll)
[12], while the O-coordination mode of these commisi is limited to a small number
of complexes with hard oxophilic metals such agsten [13].

Scheme 1 here

The palladium catalyzed Suzuki-Miyaura reaci®one of the most reliable methods for the
construction of G>Cspz bond [14-16]. Although this reaction originallytalyzed by palladium

complexes containing bulky phosphine ligands [1]/,X8it most of them are moisture/air



sensitive and have environmental considerationspliégtion of more stable and cheaper
complexes containing sulfur or nitrogen ligands wiaseloped to eliminate or reduce costs,
operational hazards and environmental pollutiong1 Very recently, our group reported the
synthesis of sulfur-containing palladium complexasd successful application as catalyst
precursors for the Mizoroki-Heck reaction [22]. th@rmore, attempts to use more economical
aryl chlorides which are less reactive than arginides and iodides in C-C coupling reactions
showing a noteworthy growth [23-25]. Mostly electspoor aryl chlorides, which are easier to
activate, have been used successfully in thes¢éisaa@nd non-activated aryl chlorides or even
deactivated aryl chlorides such as chloroanisokr®woupled by applying palladium complexes

in combination with phosphonium salts [26].

Notwithstanding this background, we chooseRHél) and Pt(ll) complexes of sulfur ylides
as attractive candidates for the synthesis, X-ragracterization and theoretical studies.
Although, the complexation of sulfur ylides to wars transition metals has been extensively
studied, however, application of the Pd(ll) compkef sulfur ylidesn the Suzuki-Miyaura

reaction of less reactive aryl chlorides is the &dyantage of this study.

2. Experimental

2.1. Physical measurements and materials

All of the reactions were carried out under airl &kle solvents and starting materials were
purchased from commercial sources and used witluotlter purification. The starting material
[PdCh(cod)] and [PtCl(cod)] were prepared according to the publishedqutares [27]. Melting

points were measured on a SMP3 apparatus. IR apsete recorded in the range of 4000—-400



cm® and on a Shimadzu 435-U-04 spectrophotometer #&mnpellets. NMR spectra‘fd and
13C) were recorded on 500 MHz, 400 MHz and 250 MHak@r and 90 MHz Jeol spectrometers
in DMSO-d; or CDCk as the solvent at 25 °C. Elemental analyses fabde nitrogen,

hydrogen and sulfur atoms were determined by usiRgrkinElmer 2400 series analyzer.
2.2. Synthesis of compounds
2.2.1. Synthesis of [Mg&SCHC(O)GH4-m-Br]Br (1)

Dimethyl sulfide (0.28 mL, 3 mmol) was added to aretone solution (5 mL) of ketone
BrCH,C(O)GsHs-m-Br (0.28 g, 1 mmol). The mixture was stirred f& . The resulting solution
was filtered off, and the obtained precipitdtevashed with acetone and dried. Yield 0.31 g,
95%. Anal. Calcd. for gH1,Br,0S (%): C, 35.32; H, 3.56; S, 9.43. Found: C, 35H43.61; S,
9.32. Melting point: 197-199 °C. IR (KBr disky(cm?) 1682 (CO); 802 (GS"). 'H NMR
(89.60 MHz, DMSO-g) 54 (ppm): 3.04 (s, 6H, S(CH1): 5.65 (s, H, CH); 7.38 (s, H, Ph); 7.58
(s, H, Ph); 7.67 (s, H, Ph); 7.94 (s, 1H, Ph); §H, Ph)}*C NMR (62.90 MHz, DMSO-g) 5¢
(ppm): 25.10 (s, S(Ch); 53.10 (s, Ch); 122.79 (s, Ph); 127.94 (s, Ph); 131.65 (s, PB§.36

(s, Ph); 136.86 (s, Ph); 137.88 (s, Ph); 190.8TZ().
2.2.2. Synthesis of Mg&SCHC(O)GH4-m-Br (2)

Treatment of compound (0.31 g, 0.9 mmol) with O (0.5 mL) and aqueous NaOH 10%
solution (2 mL) led to elimination of HBr, affordinthe sulfur ylide2. The mixture was stirred
for 30 min. Ligand2 as orange oil was obtained by extraction of resgltsolution with
chloroform, followed by washing with petroleum bem Yield 0.21 g, 84%. Anal. Calcd. for

C10H11BrOS (%):C, 46.35; H, 4.28; S, 12.37. Found: C486H, 4.39; S, 12.17. IR (Nojul):



v(em®) 1577 (CO); 853 (€S"). *H NMR (89.60 MHz, CDGJ) 8 (ppm): 2.98 (s, 6H, S(Cb);
4.65 (s, H, CH); 7.27 (s, H, Ph); 7.45 (s, H, Phg4 (s, H, Ph); 7.93 (s, 1H, PAJC NMR
(22.53 MHz, CDCJ) 8¢ (ppm): 28.08 (s, S(CHh); 54.97 (s, CH); 121.30 (s, Ph); 124.24 (s, Ph);

128.74 (s, Ph); 131.29 (s, Ph); 142.44 (s, Ph); 11776, CO).
2.2.3. Synthesis otis- andtrans-[PdChL(Me,SCHC(O)GH4-m-Br),] (cis- andtrans-3)

Dichloromethane solution of ylidé (0.21 g, 0.8 mmol, 5 mL) was added to a solution of
[PAChk(cod)] (0.12 g, 0.4 mmol, 5 mL, GBIl,). The mixture was stirred for 2 h at room
temperature. The separated yellow solid was filteaed washed with diethyl ether and dried.
Yield 0.24 g, 85%. Anal. Calcd. for,gH,0Br.Cl,O.PdS (%):C, 34.63; H, 2.91; S, 9.24. Found:
C, 34.71; H, 2.99; S, 9.11. Decomposition at: 183-4C. IR (KBr disk)v(cm™) 1624 (CO); 798
(C-S". Far-IRv(cm™): 256 (Pd-Cl) ¢is isomer); 333 (Pd-Cl)t(ans isomer).*H NMR (250.13
MHz, DMSO-d&) oy (ppm): 2.59-2.81 (m, 6H, S(G}) (trans isomer); 2.72-3.13 (m, 6H,
S(CH),) (cisisomer); 4.99 (s, 1H, CH}r@éns, major diastereoisomer); 5.07 (s, 1H, CHijus,
minor diastereoisomer); 5.67-5.72 (m, 1H, Ckis{somer); 7.28-8.43 (m, 8H, PHYC NMR
(62.90 MHz, DMSO-g) 6c (ppm): 26.46-27.43 (m, S(GH) (trans isomer), 26.76-27.65 (m,
S(CH),) (cisisomer); 49.13 (s, SCHir@nsisomer), 49.78 (s, SCHgig isomer), 121.97-139.71

(m, Ph); 192.71-192.85 (m, CQj4gns isomer); 193.86 (m, COtiGc isomer).
2.2.4. Synthesis otis- andtrans-[PtCL(Me,SCHC(O)GH4-m-Br),] (cis- andtrans-4)

Dichloromethane solution of ylidé (0.21 g, 0.8 mmol, 5 mL) was added to a solution of
[PtClx(cod)] (0.15 g, 0.4 mmol, 5 mL, GBIl;). The mixture was stirred for 4 h at room
temperature. The separated pale yellow solid wesdd and washed with diethyl ether and

dried. Yield 0.23 g, 72%. Anal. Calcd. fordB,oBr.Cl,O0,PtS (%):C, 30.63; H, 2.83; S, 8.18.



Found: C, 30.71; H, 2.90; S, 8.12. Decompositiorl86-198 °C. IR (KBr disk)v(cm™) 1634
(CO); 796 (G-S"). *H NMR (250.13 MHz, DMSO-¢ &y (ppm): 2.60-2.78 (m, 6H, S(GH)
(trans isomer); 3.01-3.18 (m, 6H, S(G}H) (cis isomer); 5.70 (m, 1H, CH)r@ns isomer); 5.90
(s, 1H, CH,%Jp.y = 377.68 Hz) (s isomer); 7.28-8.48 (m, 8H, Ph)’C NMR (62.90 MHz,
DMSO-&;) d¢c (ppm): 25.68-26.68 (m, S(GH) (trans isomer), 27.14-27.47 (m, S(GH) (cis
isomer); 49.13 (s, SCH)réns isomer), 47.12 (s, SCHié isomer), 121.54-145.95 (m, Ph);

193.45-193.54 (m, COjr@ansisomer); 193.75- 193.87 (m, CQjgisomer).

2.2.5. Synthesis otis[PdChL(Me,SCHC(0)GH.-m-Br)(DMSO)] (5)

0.03 g (0.05 mmol) of complexess- andtrans-3 was dissolved in DMSO (1 mL). The yellow
crystals were formed by the slow diffusion of metblanto the DMSO solution over two weeks.
The separated crystals were filtered and washdu digthyl ether and dried. Decomposition at:
181-193 °C. IR (KBr disk)y(cm?) 1623 (CO); 1163 (SOfH NMR (250.13 MHz, DMSO-g)

dn (ppm): 2.59-2.81 (m, 6H, S(G}) (trans isomer); 2.72-3.13 (m, 6H, S(G}) (cis isomer);
4.99 (s, 1H, CH)ttans, major diastereoisomer); 5.07 (s, 1H, CHas, minor diasterecisomer);
5.67-5.72 (m, 1H, CH)ds isomer); 7.28-8.43 (m, 8H, PHYC NMR (62.90 MHz, DMSO-g)

d¢c (ppm): 26.46-27.43 (m, S(GH) (transisomer), 26.76-27.65 (m, S(GH) (cisisomer); 49.13

(s, SCH) fransisomer), 49.78 (s, SCHgi§ isomer), 121.97-139.71 (m, Ph); 192.71-192.85 (m,

CO) (ransisomer); 193.86 (m, CO¥iG isomer).

2.2.6. Synthesis otis-[PtCl,(Me;SCHC(O)GH4-m-Br)(DMSO)] (6)

0.04 g (0.05 mmol) of complexess- andtrans-4 was dissolved in DMSO (1 mL). The pale
yellow crystals were formed by the slow diffusidmaeethanol into the DMSO solution over two
weeks. The separated crystals were filtered andhedaswith diethyl ether and dried.

Decomposition at: 190-198 °C. IR (KBr diskfcm?) 1633 (CO); 1130 (SOYH NMR (250.13



MHz, DMSO-&) 84 (ppm): 2.60-2.78 (m, 6H, S(G)) (trans isomer); 3.01-3.18 (m, 6H,
S(CHs),) (cisisomer); 5.70 (m, 1H, CH}r@ns isomer); 5.90 (s, 1H, CHJpr.y= 377.68 Hz) is
isomer); 7.28-8.48 (m, 8H, Ph’C NMR (62.90 MHz, DMSO-¢) ¢ (ppm): 25.68-26.68 (m,
S(CH),) (trans isomer), 27.14-27.47 (m, S(G))) (cis isomer); 49.13 (s, SCHjr@ns isomer),
47.12 (s, SCH)ds isomer), 121.54-145.95 (m, Ph); 193.45-193.54 @Q®) (trans isomer);

193.75- 193.87 (m, CO¥xi isomer).
2.3. X-ray crystallography:

Suitable crystals of complex&sand6 were selected and mounted on a SuperNova, Duaht Cu
zero, Atlas diffractometer. The crystal was kepfld.00(10) K during data collection. Using
Olex2 [28], the structure was solved with the SHel[29] structure solution program using
Direct Methods and refined with the ShelXL [30] inefment package using Least Squares
minimisation. All non-Hydrogen atoms were refinedhnanisotropic displacement parameters;
all H-atoms were constrained at geometrical esésjawith isotropic displacement parameters of

either 1.5 times (Me) or 1.2 times (other) the @ispment parameters of the parent carbon atom.

2.4. Computational studies

All of these studies have been down at DFT levethebry using the exchange functional of
Becke and the correlation functional of Perdew @®P8§31,32]. The geometries of
[YPACILDMSO] and [YPtC}DMSO] complexes were optimized at BP86/def2-SVH {8igh C1
symmetry. All calculations were performed using Gaussian 09 set of programs [34]. NBO
[35] analysis was performed using internal modelU&SIAN 09, and it gives good information
about the nature of bonding. For bonding analyseshe terms of energy-decomposition

analysis, were carried out at BP86/TZ2P(ZORA)//BEBR-TZVPP with C1 symmetry. The



basis sets for all elements have triplguality augmented by one set of polarization fiomst

(ADF basis set TZP(ZORA)) with the program packa@2009.01.
2.5. General procedure for Suzuki-Miyaura reaction

A one-pot mixture of aryl chloride (0.5 mmol), dvgkonic acid (0.75 mmol), catalyst (1 mol%),
CsCO; (1 mmol) and DMF/HO (2 mL, 1:1) was heated to 100 °C for 2 h. Thactien
progress was monitored by thin layer chromatogra@iyC). After completion of the reaction,
the tube was cooled and the mixture was dilutetl mexane (15 mL) and water (15 mL). The
resulting organic layer was washed with brine (15 @nd dried over Cagl Purification was
done either by flash chromatograpmyhlexane:EtOAc, 8:2) or by recrystallization and tinel

product was then characterizedbiyand**C NMR spectroscopies.

2.6. Characterization of the Suzuki-Miyaura couplingdarots

2.6.1. 4-Nitro-biphenyl 7a)

Melting point: 67-69 °C*H NMR (89.6 MHz, CDGJ) 84 (ppm): 6.74-8.15 (m, 9H, biphenyl).
13C NMR (100.62 MHz, CDG) 8¢ (ppm): 124.08-147.59 (m, biphenyl).

2.6.2. 4-Acetyl-biphenyl(7b)

Melting point: 105-108 °C'H NMR (89.6 MHz, CDGJ) 84 (ppm): 3.40 (s, 3H, Ch), 7.46-8.21
(m, 9H, biphenyl)*C NMR (100.62 MHz, CDG) 8¢ (ppm): 26.75 (s, CH), 127.11-145.63 (m,
biphenyl), 197.53 (s, CO).

2.6.3. Biphenyl(7c)

Melting point: 67-69 °C*H NMR (400.61 MHz, CDG) 8 (ppm): 7.40-7.64 (m, 10H, phenyl).
13C NMR (100.62 MHz, CDG) 8¢ (ppm): 127.21-141.29 (m, biphenyl).

2.6.4. 4-Methyl-biphenyl {d)



Melting point: 48-50 °C'H NMR (89.6 MHz, CDCJ) &y (ppm): 2.46 (s, 3H, CH), 7.26-7.61
(m, 9H, phenyl).*C NMR (100 MHz, CDG) &c (ppm): 21.08 (s, Ck), 126.94-141.11 (m,
biphenyl).

2.6.5. 4-Methoxy-biphenyl Te)

Melting point: 90-92 °C*H NMR (400.61 MHz, CDG) &y (ppm): 3.78 (s, 3H, OCH, 6.90-
7.49 (m, 9H, pheny)!*C NMR (100.62 MHz, CDG) ¢ (ppm): 55.36 (s, OCH, 114.20-
159.15 (m, biphenyl).

2.6.6. 4-Nitro-4-ethyl biphenyl Tf)

Melting point: 82-83 °C'H NMR (400 MHz, CDCJ) &y (ppm): 1.32 (t, 3H, Ch), 2.75 (q, 2H,
CH,), 7.28-8.32 (m, 8H, bipheny*C NMR (100 MHz, CDG) 8¢ (ppm): 15.50 (s, CJ, 28.60

(s, CH), 124.11-147.61 (m, biphenyl).
2.6.7. 4-Acetyl-4-ethyl biphenyl 7g)

Melting point: 105-108 °CH NMR (400.61 MHz, CDG)) &4 (ppm): 1.29 (t, 3H, Ch), 2.71 (s,
3H, CHy), 2.74 (g, 2H, Ch), 7.26-8.03 (m, 8H, biphenyl}°C NMR (100.62 MHz, CDG) 8¢
(ppm): 15.52 (s, Ch), 26.64 (s, Ch), 28.55 (s, Ch), 126.90-154.74 (m, biphenyl), 197.76 (s,
co).

2.6.8. 4-Ethyl- biphenyl Th)

Melting point: 82-83 °C*H NMR (89.6 MHz, CDCJ) &4 (ppm): 1.39 (t, 3H, CH, 2.78 (q, 2H,
CH,), 7.32-7.67 (m, 9H, bipheny*C NMR (100 MHz, CDG) 8¢ (ppm): 15.59 (s, C), 28.48
(s, CHp), 126.89-143.33 (m, biphenyl).

2.6.9. 4-Ethyl- 4-methyl biphenyl Ti)

Melting point: 90-91 °C*H NMR (400 MHz, CDC}) &4 (ppm): 1.32 (t, 3H, CH), 2.44 (s, 3H,



CHs), 2.74 (g, 2H, Ch), 7.27-7.57 (m, 8H, biphenylJ3C NMR (100 MHz, CDGJ) &c (ppm):
15.64 (s, CH), 21.12 (s, Ch), 28.54 (s, Ch), 126.88-143.01 (m, biphenyl).

2.6.10.4-Methoxy- 4-ethyl biphenyl Tj)

Melting point: 73-75 °C*H NMR (89.6 MHz, CDCJ) &4 (ppm): 1.29 (t, 3H, CH, 2.67 (q, 2H,
CH,), 3.86 (s, 3H, OCH), 6.93-7.46 (m, 8H, bipheny>C NMR (250 MHz, CDGJ) ¢ (ppm):

15.56 (s, Ch), 31.15 (s, Ch), 55.23 (s, OCH), 114.03-158.66 (m, biphenyl).

3. Resultsand discussion

3.1. Synthesis

As shown in_ Scheme 2, dimethyl sulfide reacts whth 2, 3-dibromoacetophenone in equimolar
ratios, forming the sulfonium sdltin 95% vyields. The resulted salt was treated WidOH 10%
to obtain the sulfur ylide2 in 85% yields. Reaction of this ylide with [M&¢od)] (M = Pd and
Pt) in 2:1 ratio gives the new square-planar corgdeis- andtrans-[MCl ;(Me,SCHC(O)GH.-
m-Br);] (M = Pd, cis and trans-3; M = Pt, ciss and trans-4). Recrystallization of these
complexes from DMSO solution leads to ligand rephaent reaction, affording the DMSO
coordinateccis-[MCI,(ylide)(DMSO)] (M = Pd §), Pt 6)) complexes. Because of the very low
solubility of these complexes in most of commorvents such as chloroform, acetone and
ethanol, we chose DMSO as a suitable solvent BNiMR spectroscopies and crystallization.

Scheme 2 here

3.2. Spectroscopy

The structures were characterized successfully lesnental analysislR, *H and **C NMR

spectroscopies. The CHNS elemental analysis of exap3 and4 confirmed the complexation

10



of sulfur ylide with MC} (M = Pd, Pt) in a 2:1 stoichiometry. Table 1 skdWwe brief summary
of the spectroscopic data.

Tablelhere

Thev(CO) in the IR spectrum of sulfur ylidewas observed as a sharp band around 1577 cm
1 which shows lower frequency shift than the relatedfonium saltl (1682 cnt). This
absorption band is sensitive to the coordinatioenof ylide; that is coordination through the
carbanion shifts thev(CO) to higher frequencies in complex8&s and 4, while, if the
complexation occurred through oxygen atom, we exmmcrease ofv(CO) [15]. Mid-IR
spectroscopy could not differentiate between genmeasomers ¢is and trans) of these
complexes. However, the far IR spectrum of com@esie- and trans-3 exhibit two Pd-Cl

stretching band around the 333 and 256'cimdicating presence of bottis- and trans-

dichlorobis(sulfur ylide) structure in the solicht [36].

'H NMR spectrum of the sulfur ylide@ exhibits the SCH signals at lower frequencies
compared to that of the sulfonium sélt This upfield shift is due to the presence of farm
negative charge on the methinic carbon, which esxe the electron density in C-H bond. The
SCH signals in théH NMR spectra of complexeédand4 are the best spectroscopic probe for
determining the coordination mode of ylide to metahter. These signals are appeared at higher
frequencies compared to the ylideindicating that the &coordination of ylide has occurred.
'H NMR spectroscopic studies was also confirmedptiesence of both thes andtrans isomers
of complexes3 and4. *H NMR spectra of these complexes show two setsoablét peaks for
SMe, and methine groups. The higher field pair of Skfed the methinic proton signals may be
assigned to therans isomer [36]. Because these complexes have ch@alres at methinic

carbons, two diastereoisomers (RR/SS or RS/SRgxgrected for each of thef8,13]. Also, it

11



was concluded from the integrated intensities ef $Me signals in theH NMR spectrum of
complexexis- andtrans-3 that the ratio of theis to trans isomer was about 2:1. The fact that
trans-PdCh(ylide), is a major portion of isomers mixture would be mhaittributed to a smaller
steric repulsion between ylide ligands [36]. Howewke signals of methine proton in the
NMR spectrum of complexesis- andtrans-PtCh(ylide). show similar intensities and implies

that both isomers have same proportion incteeandtrans-4 complexes.

In the®®C NMR spectrum of sulfur ylid®, the signals of methinic carbon was shifted to
higher frequencies than those of sulfonium %alContrariwise, coordination of the sulfur ylide
through @, causes to an upfield shift of the signals duthoylidic carbon atoms in complexes
3 and4 [3]. This is the most important aspect of i€ NMR spectra of these complexes and
attributed to the change in hybridization of theligl carbon atom upon coordination to metal
ions [37]. The®C chemical shifts of the CO group for complex@and4 were found to be
around 190 ppm, compared with 180 ppm for the szemigon in the parent free ylide, indicating
a much lower shielding of the CO group in these mlexes [3]. Also, thé*C NMR spectra of
complexes3 and4 displayed two sets of signals, which are in agregmgth the mixture of two
geometric isomers. Such geometrical and opticam&em led to observation of four GH
signals due to the two SMlgroups and two SCH signals due to the two methgnowp in the
13C NMR spectra [36].

3.3. Crystallography

Yellow single crystals of complexésand6 were grown by vapour diffusion of methanol into
DMSO. The molecular structures of these complexe® shown in Fig. 1. Relevant parameters
concerning data collection, refinement and bondeangere given in Table 2. Selected bond

distances for the unit cells 6fand6 are displayed in Table 3.

12



Fig. 1 here
Table2 here

Table3 here

The Pd and Pt atoms in comple%emnd6 are in a square planar environment, coordinated by
one ylide, two chlorides and a DMSO molecule. Thenip substituted aromatic ring is oriented
such that the bromine atom tians to the ketone oxygen. There are number of weal-ir&
intra- molecular C-H...Cl, C-H...Br, C-H...O and C-H...Stenactions. There is alsoma..n
interaction between the aromatic rings of two aeljaanolecules. These interactions link the
molecules into 3D network.

3.4. DMSO as ligand

Although DMSO is known as one of the best solvémtslissolving such compounds, but it can
behave as an ambidentate ligand and bind to a roetdér either through the sulfur atom or
through the oxygen atom. Estimation of the cooriimamode of DMSO is highly depends on
both electronic and steric factors [38]. Especiatiythe case of S-bonding, steric demands of
coordination have more contribution than the mao@etaacceptor properties [39]. For example,
our group reported the synthesis of Hg(ll) comptegétype [HgC).(P-ylide).DMSO], in which
P-ylide was a bulky phosphine ligand §PEHC(O)GH4CI) [39, 40]. Despite the fact that
Hg(ll) is a soft metal ion and S-bonding mode isferred, but the steric hindrance of such bulky
ligands induce the O-bonding mode.

Based on the above mentioned rationale, such ligapldcement reaction is expected for the
DMSO solution of complexesis- and trans-3 and 4. Non-bulky sulfur ylide ligands and
relatively soft metal ions such as Pd(ll) and Pighd to preferring of S-bonding coordination

mode of DMSO in complexeS and 6. Even though the attempts to achieve suitablelesing
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crystal of complexesis- andtrans-3 and4 for X-ray characterization were unsuccessful, the
obtained new DMSO coordinated complef%esnd6 are good evidence for complex formation
between the Pd(Il) or Pt(Il) metal ions and thdwswlide 2.
3.5. Computational studies
A theoretical study on structures and nature ofdbion[Y.PdCL.DMSO] and [Y.PtGi.DMSO]
(Y= ylide 2) complexes at the BP86/def2-SVP level of theory bhaen reported. It has been
shown that BP86 is suitable level for calculatidibonding situation between the<vL in such
as these complexes [40-55]. X-Ray crystal strustemnfirm that both of [YPd@DMSOQO] and
[YPtCI,.DMSO] have square planar structures with two ¢héoatom in cis position (see Fig. 2).
Thus, further studies including geometry optimiaatiNBO and EDA analysis were performed
on the Cis-like structure. The optimized structucgs[YPdCL.DMSO] and[YPtC}.DMSO]
using BP86/def2-SVP level are shown_in Fig 2 arsb aelected experimental and calculated
bond lengths, and bond angles for latter complexesillustrated in_Table 4. The calculated
bond lengths and bond angles of these complexes @@od agreement with the experimental
values.
Fig. 2 here
Table4 here

In continuation the NBO analyses used fornestie the delocalization of electron density
between occupied Lewis-type orbitals and formaltpacupied non-Lewis NBOs (antibonding
or Rydberg), which corresponds to stabilizing deacceptor interaction [56].

The values of partial charges and WBI for Pg,C and CI atoms involved in the bonding
interactions between [PdLIMSO] and [PtGIDMSO] with Y fragment in [YMC}DMSOQO] (M=

Pd, Pt) complexes as well as, the total chargd@fl}.DMSO] (M= Pd, Pt) fragments were also
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evaluated through natural population analysis aedgaven in_Table 5. The result showed that
the calculated partial charges on the C and M atonfgMCl,.DMSO] (M=Pd, Pt) complexes
are negative and positive. Thus, it can concludeéttiere iss donation between the lone pair of
C atom for Y fragment and also empty orbital of s from [MC,DMSO] (M=Pd, Pt) in
M-C bond (see Table 5).
Table5 here

Also the negative value of total charge of [MOMSO] (M=Pd, Pt) fragments show that
there are charge transfers about 0.4 from Y liganfMCI,.DMSO] (M=Pd, Pt) fragments in
[YMCI,.DMSO] complexes. These data could confirm the terie of a strong interaction
between the Y ligand and [MEDMSO] (M=Pd, Pt) fragments in [YM@DMSO] complexes.
In continuation, a second-order perturbation themglysis of the Fock matrix was carried out to
evaluate the donor—acceptor interactions on the BANBO analysis. The values of donor-
acceptor interactions for latter complexes arergiveTable 6. The calculated data showed that
the important donor—acceptor interactions in treeaz Pd—C bonds in [YPALIMSO] complex
were concern to (Pd—C), o (Pd-Cl) and LP of Cl atoms as donors anitd (Pd—C),0* (C-0),
as acceptors. Also in the case of Pt—C bonds in@QBMSO] complex they concern o (Pt—
C), and LP of S atoms as donors aotl (Pd—C),c* (C-0), and LP* of Pt as acceptors (see
Table 6).

Table6 here

To better understand the nature of the M-C dbun between the Y ligand and

[MCI,.DMSO] fragments in [YMCG.DMSO] (M=Pd, Pt) complexes, we carried out quantu

chemical calculations in the terms of energy-deamsitpn analysis at the
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BP86-D3/TZ2P(ZORA)//BP86/def2-SVP with ;Csymmetry with the program package
ADF2009.01.

TheAE;; between two investigated fragments in [YPAMSO] complex is about 73 kcal
mol™” (see Table 7) and that for [YP#DMSO] complex is about 85 kcal mblThe result shows
that the binding of Y fragment to [PAOIMSO] in [YPdCLDMSO] complex is stronger than
that in [YPtCL.DMSO] complex. The breakdown of theE,; values into the Pauli repulsion
AEpayi and the two attractive components shows that Hgu@2-60% comes from the
electrostatic attractionEgistat While ~33% comes from the orbital tethfe,, and the remaining
concern toAEgispersionfor [YMCI,DMSO] (M=Pd, Pt) respectively. Also, the valuesAdeistat
showed that the percent of electrostatic natured3C bonding in [Y.PdGIDMSO] is slightly
more than [Y.PtGIDMSO]. The covalent bonding between the [MDMSO] fragment and Y
ligand in [Y.MCL.DMSO] (M=Pd, Pt) complexes becomes visible bydaleulated deformation
densitiesAp.

Table7 here

Fig. 3 and _Fig. 4 show the important deformationsitiiesAp and the associated energy values

which provide about 90 % of the overall orbitaleirgictions for the complex. Visual inspection
of Fig. (3a, ¢ and 4a, c) indicates thel andAp3, which show the main contribution 2,

and comes from the [DMSO{M Y] o donation. Also Fig.3b, d, e and 4b, d, e) display the

deformation densitpnp2, Ap4, andAp5, which come from the [MGDMSO] (M=Pd, Pt) to Y
fragmentreback donation.

Fig. 3here

Fig. 4 here

3.6. Catalytic activity
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Suzuki-Miyaura coupling reaction of varous aryl arfides with arylboronic acids was then
examined by using the palladium complexes andtrans-3. As noted in literature, release of
Pd(0) as catalytic active species in C-C coupliegctions is highly depends on the nature of
ligands around the palladium center [57]. Althowglwide variety of palladium(ll) complexes
containing phosphorus ylide efficiently promote suooupling reactions, their sulfur ylide
analogues show rivalry for releasing of Pd(0) spedn these reactions [58]. In order to
investigate the catalytic activity of the Pd(ll)neplexescis- andtrans-3, we carried out a model
reaction to optimize the reaction conditions inahgdsolvent, base, temperature and catalyst
loading (Table 8). As these catalysts are not §gasb oxygen, the reactions were carried out in
the air atmosphere. Reaction of phenylboronoic aditi chlorobenzene in EtOH (2 mL) at
75°C in the presence of;R0O, (1 mmol) and 1 mol% of complexess- andtrans-3 was chosen
as model reaction. The reaction led to formationaifpled product in 38% yield (Table 8, entry
1). Then, a series of experiments was performdithdathe optimum reaction conditions.

Table8 here

At the first stage of optimization, we studyeteffect of base and solvent on the reaction.
Since the solubility and basicity of the base gijtprdepend on the solvent used, these two
parameters are closely connected. This optimizatias done with several commonly used bases
and solvents, inclouding organic and inorganic based polar protic solvents to non-polar
aprotic solvents. The use of strong basgOCs led to increase in conversion (Table 8, entry 7);
However, the organic base NBtas ineffective and gave the coupled product ineloyield
(Table 8, entry 13). The higher solubility of cgktlin a dipolar aprotic solvent (DMF) rather
than a dipolar protic solvent (EtOH) resulted ighwer yield of coupled product (Table 8, entries

2, 8 and 14). Addition of water to DMF in 1:1 (v/kgtio leads to complete dissolution of the
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both of catalyst and base. Interestingly, the dogpleactions carried out in aqueous DMF gave
the the desired coupled product in highest yieltable 8, entries 5, 11 and 17). Althogh the
reactions in EtOH/BD gives more conversion in compared to the reastionEtOH, but the
complexegis- andtrans-3 remains almost insoluble and causes low efficesn€Table 8, entries
4, 10 and 16). Also, very poor catalytic activity tomplexcis- andtrans-3 was observed in the
toluene and water, due to low solubility of com@egis- andtrans-3 in these solvents (Table 8,
entries 3, 9, 15 and 6, 12, 18, respectively). €hesults indicates that solubility of both the

catalyst and base plays an important role in satdlyic systems.

Next, we investigate the effect of catalysidmg on the reaction. As expected, varying the
catalyst loading has a significant effect on thEgenance of catalyst. We choose the reaction
condition including DMF/HO as solvent and @SO; as base_(Table 8, entry 11) for more
investigation. When the loading of complexa@s- and trans-3 decreased to 0.2 mol%, the
coupling reaction will proceed slowly and even stowvhen the catalyst loading was 0.1 mol%
(Table 8, entries 20 and 21). Also, excessive amadircatalyst did not increase the yield
significantly (Table 8, entry 19). Therefore, withspect to the economic aspect, low catalyst

loading of 1 mol% was chosen as the best loadirgataiyst.

Finally, the reactions were carried out atedlént temperature. Decreasing the temperature of
the reactions has led to fall-off of the yields andrease of the reaction time to completion of
the reactions_(Table 8, entry 23). Also, the reacat 100 °C yielded the corresponding coupled
product in almost quantitative yield (Table 8, gr2l). Thus, the optimum condition obtained
for Suzuki-Miyaura coupling reaction consisting th&F/H,O as solvent, GEO; as base, 1
mol% of complexesis- andtrans-3 as catalyst and reaction at reflux temperatur® ¢ for 2

h.
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Using the optimized reaction conditions, pdillan complexegis- andtrans-3 were applied
to a range of aryl chlorides bearing electron-dioigaand electron-withdrawing substituents in
Suzuki-Miyaura reaction. Various functionalized lazklorides reacted with phenylboronic acid
and were converted into the corresponding coupledyzts in high to excellent yields (Table 9).
Conversely, increasing electron density on the enjdrides lowered the catalyst activity. That
is, excellent yields were achieved when phenylbieratid reacted with aryl chlorides with
electron-withdrawing substituent such as JN@nd -COCH (Table 9, entries 1 and 2).
Deactivated aryl chlorides 4-chlorotoluene and anisol gave lower yields indicating that
the reaction was sensitive to the electron demsitthe aryl chlorides (Table 9, entries 4 and 5).
The reaction of electronically neutral chlorobereenth phenylboronic acid was also produced
good amounts of the product (Table 9, entry 3 hoteworthy that the reactions of arylboronic
acid containing electron-donating substituent wattyl chlorides furnishes good amounts of
desired biaryls, albeit with reduced yields (Ta®lentries 6-10).

Table9 here

Several studies on chemistry of palladium lga& coupling reactions indicate that the
palladium complexes may behave as a mere resoarcpréducing Pd(0) nanopatrticles. To
evaluate the homogeneous or heterogeneous natuliee cdctive species, we carried out the
mercury drop test_[59]. Addition of a drop of merguo the reaction mixture at t=0 did not
affect the conversion of reaction, which suggelstd amalgamation had not occurred and the
catalysis was homogeneous in nature.

As can be seen in Table 9, by using Pd(ll) glemes of sulfur ylide ligand good amounts of
functionalized biaryl derivatives are yielded. Tiegher C—Cl bond dissociation energy

compared with C-Br and C-lI bonds disfavors oxidataddition step in catalytic coupling
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reactions of less reactive aryl chlorides which esakhis step becoming rate-determining step
[60]. However, more electron-rich and less bulky ligafatslitate the oxidative addition step
and counter wise, more bulky and less electrondigdnds facilitate the reductive elimination
step [61, 62]. Therefore, sulfur ylides with loverst hindrance and suitable electron donating
properties can act as an ideal ligand for such looypeactions, as well as their phosphorous
analogous or N-heterocyclic carbene (NHCs) ligaiiddle 10 shows a comparison between the
efficiency of this catalytic system in Suzuki-Miyaucoupling reaction of aryl chlorides and
other catalytic systems. On the whole, the resafithis comparison showed that the catalytic
activity of these Pd(Il) complexes with sulfur yidigands are similar to or slightly better than
those of mono-and bidentate Pd(Il) complexes ofsphime and NHCs ligands. From an
industrial view point, simple synthetic procedul@y catalyst loading and short reaction time

make these Pd(Il) complexes one of the best chdacdbe Suzuki-Miyaura coupling reaction.

Table 10 here

4. Conclusion

In summary, the present study describes the syisthes characterization of sulfonium sajt
sulfur ylide 2, and its new Pd(ll) and Pt(ll) complexeis- andtrans-3 and4. On the basis of
physico-chemical and spectroscopic data, we pro@eseordination of ylide to the metal ions,
which is further confirmed by the X-ray crystalwsttures. Density functional theory study has
been done on structures and nature of M-C bondinyMCI,DMSO] (M=Pd, Pt) complexes
via NBO and EDA analysis. The result of NBO anatyshowed that there are charge transfers
about 0.4 from Y ligand to [MCI2.DMSO] (M=Pd, Ptafiments in [YMCIDMSO] complexes.
The EDA analyses confirm that the contribution loé telectrostatic interaction&Keistary and

AEqp in C-M bond of the present complexes are about @0fb 33% respectively. Also the
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EDA-NOCYV showed that the main contribution A&, comes from the [DMSO@W«Y] o
donation and [MGDMSO] (M=Pd, Pt) to Y fragment-back donation. The catalytic activity of
complexesis- andtrans-3 toward Suzuki-Miyaura reaction between varioud amorides and
arylboronic acids in DMF/LD at reflux temperature was investigated. Resulsved that these
complexesact as efficient catalysts in Suzuki-Miyaura reactior preparation of functionalized
biaryls.
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Fig. 1. ORTEP view of X-ray crystal structures of &aand (b)6.

28

Br1



Fig. 2. Optimized structures of the [YPdIMSO] (a) and [YPtGIDMSO] (b)

complexes at BP86/SVP level of theory.
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a b

Apl: AE=-60.32267 (kcal/mol) Ap2: AE=-4.62248 (kcal/mol)
v=1.02706 v=0.25458
Counter =0.001 Counter =0.0005

C d
Ap3: AE=-6.42297 (kcal/mol) Ap4d: AE=-2.50921 (kcal/mol)
v=0.22651 v=0.15541
Counter =0.0005 Counter =0.0001

Ap5: AE=-3.21768 (kcal/mol)
v=0.14979
Counter =0.0001

Fig. 3. Deformation densitiea\p associated with the most important orbital intBoas in
[YPdCIL,DMSQ].
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a b

Apl: AE=-71.81716 (kcal/mol) Ap2: AE=-6.47842 (kcal/mol)
v=0.97187 v=0.28606
Counter =0.001 Counter =0.0005

c d
Ap3: AE=-8.03363 (kcal/mol) Ap4: AE=-2.58426 (kcal/mol)
v=0.25524 v=0.17289
Counter =0.0005 Counter =0.0002

Ap5: AE=-3.69845 (kcal/mol)
v=0.15366
Counter =0.0003

Fig. 4. Deformation densitiea\p associated with the most important orbital intBoms in
[YPtCI,DMSQ]. Note that the colour in this Figure, dendtes charge flow, which is from the
red to the blue region.
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Table 1. Selected spectroscopic data for compouRnds

Compound IR; v(CO) cmi* 'H NMR; 8(SCH) ppm  °C NMR; §(CO) ppm
1 1682 5.68 190.87
2 1577 4.65 179.17
3 1624 5.03tfans) 192.78 {rans)
5.70 €is) 193.86 ¢is)
4 1634 5.701tans) 193.49 {rans)
5.90 €is) 193.81 (is)
B(SCH)
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Table 2. Crystal data and structure refinements§and6.

Compound Compound
Empirical formula G2H1,BrCl,O.PdS Ci2H17BrCl,O.PtS
Formula weight 514.58 603.27
T[K] 130.00(10) 130.00(10)
Crystal system orthorhombic orthorhombic
Space group Pbca Pbca
a[A] 15.9615(3) 15.8900(5)
b [A] 9.26239(16) 9.2781(2)
c[A] 22.8926(5) 23.0926(7)
al°] 90 90
B[] 90 90
v [°] 90 90
VAT 3384.49(11) 3404.53(16)
z 8 8
Dc [Mg m ] 2.020 2.354
w [mm ™ 4.017 23.338
F(000) 2016.0 2272.0
Crystal size[mni 0.3981 x 0.196 x 0.156 0.1449 x 0.03 x 0.02
Radiation MoK, (A = 0.71073) Culk (. = 1.54184)

20 range [°]
Index ranges

Refl. collected
Independent reflections

Data/restr./param.
Goodness-of-fit on ¥
Final R indexes [I>=2 (I)]

Final R indexes [all data]

Largest diff. peak/hole[e A

6.208 t0 64.678
28 h<23, -13< k<13,
-32<1<32
48725
5757;fR= 0.0381,
Reigm: = 0.0228]
5757/0/185
1.075
R, = 0.0281, wR = 0.0622

1R= 0.0355, wR=0.0652

2.64/-0.93

7.656 t0 153.982
19< h<19, -11< k<
7, -29<1<26
12655

3554 [Ry; = 0.0308,
Reigme = 0.0276]

3554/0/185
1.112
R = 0.0322, wR =
0.0847
R = 0.0361, wR =
0.0881
2.38/-2.06
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Table 3. Selected bond lengths [A] and bond angles [°Hands6.

M = Pd, Compoun&

M = Pt, Compound

Bond lengths

M1-Cl1
M1-CI2
M1-S2
M1-C1
S1-C1
S2-02

Bond angles
Cl1-M1-CI2

S2-M1-Cl1
S2-M1-CI2
Ci-M1-Cl1
C1-M1-ClI2
C1-M1-S2
02-S2-M1
C2-C1-M1

2.3203(6)
2.3722(5)
2.2424(6)
2.065(2)
1.793(2)

1.4892(17)

92.97(2)
175.03(2)
88.15(2)
89.37(6)
174.46(6)
89.95(6)
118.29(7)
109.68(14)

2.3258(12)
2.3704(12)
2.1986(12)
2.068(5)
1.809(5)
1.485(4)

91.17(4)
175.81(5)
89.13(4)
89.04(15)
174.73(14)
91.04(15)
118.30(17)
111.1(3)
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Table 4. Selected bond lengths (A°) and bond angles (°JYafl CI.DMSQO] (M=Pd, Pt)
complexes at the BP86/def2-SVP level of theory.

[YPAADMSO] [YPtChL.DMSO]
Bond Lengths
M(1)-S(27) 2.28(2.24) 2.25(2.20)
M(1)-C(4) 2.08(2.06) 2.08(2.07)
M(1)-CI(2) 2.33(2.32) 2.34(2.33)
M(1)-CI(3) 2.39(2.37) 2.40(2.37)
Bond angles

CI(2)-Pd(1)-C(4)
CI(2)-Pd(1)-CI(3)
CI(3)-Pd(1)-S(27)
C(4)-Pd(1)-S(27)

79.43(89.37)

93.39(92.97)
85.58(88.15)
102.60(89.95)

87.939(89.04)

92.098(91.17)
87.556(89.13)
92.423(91.04)
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Table 5. Wiberg bond indices(WBI) of M—C and M-CI bondsdamatural charges of Pd, Pt, C
and Cl atoms as well as total charges of [MOMSO] (M=Pd, Pt) fragments.

[YPAEDMSO] [YPtCIDMSO]
Pd-C 0.52 Pt-C 0.57

WBIs Pd-CI(2) 0.67 Pd-CI(2) 0.75
Pd-CI(3) 0.59 Pd-CI(3) 0.66
Pd 0.14 Pt 0.01
C -0.70 C -0.68

NPA Cl(2) -0.37 Cl(2) -0.37
CI(3) -0.49 Ci(3) -0.45
[PACLDMSO] -0.41 [PdCL.DMSO] -0.43

36



Table 6. The most important donef acceptor interactions energy concern te-€doonds at
BP86/def2-SVP level of theory.

Donor Acceptor Type E? (kcal/mol)
Pd (1)-C 1(2) Pd(1)-C(4) c— o* 25.13
Pd (1)-C( 4) Pd(1)-C(4) c— o* 3.81
Cl (3) Pd (1) -C(4) lp— o* 82.99
Pd (1) -C( 4) C(6) —0O(7) c— o* 4.80
Pt (1) -C (4) C(6) —0O(7) c— o 11.73
Pt (1)-C( 4) Pt (1) c— Ip* 5.39
S(6) Pt (1)-C (4) lp — o* 10.98
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Table 7. EDA analysis (BP86/TZ2P(ZORA)//BP86/def2-SVP)tbé [YMCLDMSO] (M=Pd,
Pt) complexes with the C1 symmetry.

[YPdCLDMSO] [YPtCI,DMSO]
AEint -72.66 -85.39
AEpaui 192.21 217.97
AEgga -165.18(62.4%) -183.46(60.5%)
AEorp -86.16(32.5%) -100.96(33.3%)
AEgisp -13.53(5.1%) -18.93(6.2%)
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Table 8. Optimizations for the Suzuki-Miyaura coupling réan.’

Complexes cis and trans-3
Cl+ B(OH),
Conditions, 2 h

Entry Solvent Base Temp. (°C) Catalyst (mol%) Yield (9%6)
1 EtOH KsPOy 75 1 38
2 DMF KsPOy 75 1 65
3 Toluene KPO, 75 1 35
4 EtOH/HO (1:1) KPO, 75 1 60
5 DMF/H,O (1:1) KPO, 75 1 73
6 H.O KsPOy 75 1 31
7 EtOH CsCOs 75 1 51
8 DMF CsCOs 75 1 70
9 Toluene C£L£Os 75 1 40
10 EtOH/HO (1:1) CsCOs 75 1 75
11 DMF/HO (1:1) CsCOs 75 1 86
12 HO CsCO; 75 1 38
13 EtOH NE} 75 1 50
14 DMF NEg 75 1 65
15 Toluene NEt 75 1 37
16 EtOH/HO (1:1) NEg 75 1 52
17 DMF/HO (1:1) NEg 75 1 61
18 HO NE 75 1 25
19 DMF/H0O (1:1) CsCOs 75 10 91
20 DMF/HO (1:1) CsCOs 75 0.2 65
21 DMF/H0O (1:1) CsCOs 75 0. 47
22 DMF/HO (1:1) CsCOs 100 1 90
23 DMF/H,0O (1:1) CsCOs 25 1 42

 Reaction conditions for Suzuki-Miyaura reactiommlotobenzene (0.5 mmol), phenylboronic
acid (0.75 mmol), base (1 mmol), solvent (2 mL)nptexescis- andtrans-3, for 2h in the air.
b |solated yield.
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Table9. Suzuki-Miyaura reaction of aryl chlorides catagizoy complexesis- andtrans-3.7

Complexes cis and trans-3
Conditions, 2 h

Entry R R' Product Yield (%)
1 NO, H p-O.N-Ph-Ph(7a) 95
2 coch H p-CH;0C-Ph-Ph(7b) 93
3 H H Ph-PH7c) 90
4 Me H p-Me-Ph-Ph(7d) 82
5 OCH H p-CH,0-Ph-Ph(7e) 78
6 NO, Et p-ON-Ph-Ph-E{(7f) 89
7 COCH Et p-CH;OC-Ph-Ph-E{7g) 90
8 H Et p-Et-Ph-Ph(7h) 85
9 Me Et p-Me-Ph-Ph-E{7i) 73
10 OCH  Et p-CH,0-Ph-Ph-E(7}) 70

 Reaction conditions: aryl chloride (0.5 mmol), laoyonic acid (0.75 mmol), GEO; (1
mmol), DMF/H,O (2 mL, 1:1), catalyst (1 mol%), 2 h, at refluxmgerature (100 °C) in the
air.

® Isolated yield.
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Table 10. Comparison of Suzuki-Miyaura coupling reaction ¢flacobenzene and
phenylboronic acid using Pd(ltpmplexe<sis- andtrans-3 and other catalytic system.

Catalyst, Base
Cl + (HO),B >
2 Solvent, Temp., O O
Entry Pd source Catalyst loadin@Condition Yield Ref.
(mol%) (%)

t—I—T
P,I-
- -

Y

SR
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Research highlights

Pd(ll) and Pt(Il) complexes of-keto stabilized sulfur ylide:

Synthesis, structural, theoretical and catalytiovag studies

Seyyed Javad SabouncheiAli Hashemi® Asieh Sedghf,Mehdi Bayaf: Fateme
Akhlaghi Bagherjer?, Robert W. Gabfe
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» Synthesis and characterization of Pd(Il) and Pgulfur-ylide complexes are
presented.

» NMR used to determinate the coordination mode efitiands.

» X-ray analyses demonstrate the structures are ape tyis
[MCl,(ylide)(DMSO0)] (M=Pd, Pt).

» Sulfur ylide Pd(Il) Complexes have catalytic adijvin Suzuki cross-coupling
reactions.

» Theoretical studies on structure and nature oMkR€ bonding between the Y

ligand (ylide) and [MG1.DMSO] fragments are presented.
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