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Syntheses, structures and catalytic activitiesvofdyclopalladated
complexes derived from'-(2-naphthaldimine)benzohydrazide

G. Narendra Babu, A. R. Balavardhana Rao, Srinfeessara, Samudranil Pal
School of Chemistry, University of Hyderabad, Hytbed 500 046, India

ABSTRACT

Condensation reaction of 2-naphthaldehyde with eqeivalent of benzohydrazide in
presence of acetic acid in refluxing methanol aeldthe Schiff baseN'-(2-
naphthaldimine)benzohydrazide A in 86% yield. Reaction of equimolar amounts of
Lio,PdCl, (generated in situ from PdClnd LiCl taken in 1:2 mole ratio), .H and
NaOAc3H,0 in methanol at room temperature provided the ¢ex?d(HL)CI] (1) in 82%
yield. Treatment of one mole equivalentlofvith two mole equivalents of PP acetone at
room temperature produced the complex [Pd(L)@HARRB) in 72% vyield. The Schiff base and
the two complexes were characterized by elementdlysis, mass spectrometric and various

spectroscopic (IR, UV-Vis antH-NMR) measurements. The molecular structures of bo
complexes 1 and2) were determined by single crystal X-ray crystgphy. In each square-
planar complex, the tridentate ligand (Hb 1 and [*" in 2) acts as pincer-like CNO-donor.
The fourth coordination site is occupied by chlerid 1, while that in2 is satisfied by the P-

atom of PPk The 2-naphthyl fragment of both Hiand > is palladated at the 3-position.
Complex2 was found to be an effective catalyst for one-potruki-Miyaura double cross-
coupling reactions of 3,5-dihalosalicylaldehydeshwa variety of arylboronic acids to
provide the corresponding triaryl products in madeto excellent yields.

Keywords: Cyclopalladation; Regioselectivel'-(2-naphthaldimine)benzohydrazide; Crystal
structures; Spectroscopic properties; Double coosgling

1. Introduction

Syntheses of new cyclometallated complexes contiouattract immense interest
because of the potential applications of such giseai a diverse range of research areas that
include materials science, biological studies, ptareutical chemistry and organic synthesis
[1-10]. We have been working on cyclometallated platigroup metal ion complexes with
a variety of Schiff bases prepared by condensatiantions of mono- or polycyclic aromatic
aldehydes with aroylhydrazides, thiosemicarbazates thioaroylhydrazides during the past
several years [EH20]. In all these complexes, the ligands have thegp like CNO- or CNS-

coordination mode. Based on the position of therehine group, the Schiff bases derived
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from polycyclic aromatic aldehydes may provide firespect for cyclometallation of the
polycyclic moiety in a regioselective way and isma of the corresponding cyclometallates
[13—-18]. Regioselective cyclometallation reaction isiaaportant tool in organic synthesis
reactions as it can assist in functionalizatioraapecific site among several available. The
Schiff baseN'-(2-naphthaldimine)benzohydrazide,(: 2 Hs represent the amide-H and the
H-atom at the 1- or 3-position of the 2-naphthygy) is one such Schiff base. It is expected
that the chelation of the Schiff base via the azbme-N and the amide-O atom will bring
the 2-naphthyl moiety in close proximity of the mletenter for the activation of its—€l
bond either at the 1- or 3-position both beortho to the azomethine group and eventual
cyclometallation at one of the two C-atoms. In ghresent work, we have studied the
palladium(ll) coordination chemistry of,H to examine how the cyclopalladation of the 2-
naphthyl fragment occurs. In this effort, we has@ated two complexes, [Pd(HL)CHl)(and
[PA(L)(PPR)] (2), in which the 3-position of the 2-naphthyl fragmef each of the two
pincer-like tridentate ligands (Hland %) is regioselectively metallated (Scheme 1). In the
following account, we report the syntheses, X-raysi@l structures and spectroscopic
properties of these two complexes. The catalytitviies of both complexes in the one-pot
Suzuki-Miyaura double cross-coupling reactions @& -@halosalicylaldehydes with various

arylboronic acids have been also evaluated.

2. Experimental
2.1. Materials

All chemicals used in this work were of analytigghde available commercially and
were used as received without any further purificatAll solvents used were purified by

standard procedures [21].

2.2. Physical measurement

Elemental (CHN) analysis measurements were perfdrmaseng a Thermo Finnigan
Flash EA1112 series elemental analyzer. High réisolunass spectra were recorded with a
Bruker Maxis (ESI-TOF analyzer) spectrometer. Ar8lo®d Scientific balance was used for
room temperature magnetic susceptibility measurénenhe solution electrical
conductivities were measured with the help of aiddig DI-909 conductivity meter. A
Thermo Scientific Nicolet 380 FT-IR spectrophotoeretvas used to collect the infrared

spectra. The electronic absorption spectra wermaded by employing a Shimadzu UV3600
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UV-Vis-NIR spectrophotometer. A Bruker spectrometeas used to record th#i (400
MHz, SiMe, as an internal standard) aftP{*H} (160 MHz, 85% HPO, as an external
standard) NMR spectra.

2.3. Synthesis of H

Few drops of acetic acid were added to a methamdltisn (40 ml) of
benzohydrazide (681 mg, 5 mmol) and 2-naphthaldelfyfl6 mg, 5 mmol) and the resulting
mixture was boiled under reflux for 5 h. The reactimixture was then cooled to room
temperature. The white solid precipitated wasrgite washed with methanol (2 x 15 ml) and
finally dried in vacuum. Yield: 1.18 gm (86%). An&alcd for GgH14N20 (%): C, 78.81; H,
5.14; N, 10.21. Found (%): C, 78.65; H, 5.21; N,120 HRMS in CHGJ m/z found (calcd)
for [M+H]*: 275.1187 (275.1184). Selected IR bandécni®) = 3199 (N-H), 1638 (C=0),
1605 (C=N). UV-Vis in MeNCHO: Zmax (nm) € (10" M~ cm™)) = 347" (0.65), 335" (1.74),
315 (2.48), 282 (2.01), 274 (1.86H NMR in (CDs),SO: J (ppm) = 11.99 (s, 1H), 8.64 (s,
1H), 8.16 (s, 1H), 8.0%.93 (m, 6H), 7.637.53 (m, 5H).

2.4. Synthesis of [Pd(HL)CIL}

To a methanol (30 ml) solution of IPdCLy] (generated in situ from Pd{(178 mg, 1
mmol) and LiCl (85 mg, 2 mmol)) were addedLH275 mg, 1 mmol) and NaOAZH,O
(137 mg, 1 mmol) and the mixture was stirred atmraemperature (298 K) for 24 h. The
yellow solid separated was collected by filtratim@shed with methanol (2 x 10 ml) and then
dried in vacuum. Yield: 340 mg (82%). Anal. Calad £;3H13N,OCIPd (%): C, 52.07; H,
3.16; N, 6.75. Found (%): C, 52.21; H, 3.09; N,76.8IRMS in CHC}-MeCN (1:1) m/z
found (calcd) for [M-Cl+MeCNJ": 420.0407 (420.0328). Selected IR band&em™) = 3178
(N-H), 1612 (C=0), 1596 (C=N). UV-Vis in MBICHO: Amax (nm) €& (10" M~ cm™)) = 442
(0.44), 419" (0.57), 394 (1.21), 374 (1.17), 356 (0.98). NMR in (CD5),SO: J (ppm) =
12.32 (br s, 1H), 8.85 (s, 1H), 8.33 (s, 1H), 82199 (m, 2H), 7.837.33 (m, 6H), 7.257.16
(m, 1H), 7.0£6.94 (m, 1H).

2.5. Synthesis of [Pd(L)(PB)h (2)

Solid PPB (263 mg, 1 mmol) was added to a suspension oHPl] (1) (208 mg,
0.5 mmol) in acetone (25 ml) and the mixture wasest at room temperature (298 K) for 24
h. The light yellow solid precipitated was collettey filtration, washed with acetone (2 x 10
ml) and finally dried in air. Yield: (230 mg, 72%Anal. Calcd for GgH»7N,OPPd (%): C,

3



67.45; H, 4.25; N, 4.37. Found (%): C, 67.31; H84.N, 4.46. HRMS in CHGIm/z found
(calcd) for [M+H]: 641.0971 (641.0974). Selected IR bandgcm™) = 1587 (C=N). UV-
Vis in MeNCHO: /max (M) € (10" M~ cm™)) = 448 (0.63), 422 (0.78), 393 (1.26), 374
(1.18), 357 (0.84)H NMR in CDCk: J (ppm) ¢ (Hz)) = 8.04 (s, 1H), 8.02 (s, 1H), 7.91 (7)
(d, 1H), 7.797.75 (m, 6H), 7.59 (6) (d, 1H), 7.58.52 (m, 4H), 7.497.46 (m, 6H), 7.42 (6)
(d, 1H), 7.37 (6) (t, 2H), 7.26 (6) (t, 1H), 7.1®) (t, 1H), 6.80 (6) (d, 1H), 6.32 (3) (d, 1H).
3p{*H} NMR in CDCls: d(ppm) = 34.06.
2.6. General procedure for double cross-couplingctens

In a 10 ml round bottom flask, 3,5-dihalosalicykthgde (1 mmol), arylboronic acid
(2.2 mmol for diiodo precursor or 2.5 mmol for adibro precursor), LIOH-$O (2 mmol)
and complexX (0.01 mol% for diiodo precursor or 0.05 mol% faordmo precursor) in 0.1
ml dimethylformamide were taken in 2 ml of waterth@anol (1:1) mixture. The reaction
mixture was then heated at 80 °C under aerobic itond Progress of the reaction was
monitored by TLC. On completion, the reaction migtwas cooled to room temperature and
extracted with two 10 ml portions of ethyl acetalee combined extract was washed with
water (2 x 10 ml), dried over anhydrous,88, and finally the solvent was removed under
reduced pressure. The solid obtained was subjéctealumn chromatography over silica gel
using ethyl acetate and hexane mixture as the thoenfford the pure product. All the
functionalized triaryl products obtained were clégsized by'H-NMR spectroscopy and

high resolution mass spectrometry.

2.7. X-ray crystallography

Single crystals of [Pd(HL)CI]1) were grown by diethyl ether vapor diffusion irit®
dimethylformamide solution, whereas single crystdl$Pd(L)(PPRh)] (2) were obtained by
slow evaporation of its chloroform-methanol (1:bjusion. 1 crystallizes asl- Me;,NCHO
and?2 crystallizes as it is without any solvent molecWait cell determination and intensity
data collection forl-Me;NCHO were performed on an Oxford Diffraction XcaiibGemini
single crystal X-ray diffractometer using graphitenochromated Mdo radiation £ =
0.71073 A) at 298 K. Data collection, reduction amborption correction were performed
using the CrysAlisPro software [22]. In the cas€pf Bruker D8 QUEST diffractometer
equipped with a PHOTON 100 CMOS area detector andNEOATEC microfocus source

for graphite-monochromated M¢ua radiation @ = 0.71073 A) was used for determination of
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the unit cell and intensity data collection at 208The APEX3 software package [23] was
used for data collection, data integration, reducind absorption correction. The structures
of both complexes were solved by direct method mfthed onF? by full-matrix least-
squares procedures. The structure 2ofwas refined as an inversion twin using the
TWIN/BASF procedure [24]. The non-hydrogen atomsboth structures were refined
anisotropically. In the case @f four carbon atoms (two from benzoyl phenyl rimgl awo
from PPh phenyl ring) were refined with restraints on atngpic displacement parameters.
All hydrogen atoms were included in the structuaetdr calculation at idealized positions
using a riding model. The SHELX-97 programs [24&i&able in the WIinGX software suite
[25] were used for structure solution and refinem&he Mercury package [26] was used to
prepare the molecular illustrations. Selected efiggraphic data are listed in Table S1

(Supplementary material).

3. Resultsand discussion
3.1. Synthesis and some properties

The Schiff baseN'-(2-naphthaldimine)benzohydrazide >l was prepared in good
yield (86%) by condensation reaction of equimolanoants of 2-naphthaldehyde and
benzohydrazide in methanol in presence of a fewsliaf acetic acid. The purity and the
identity of HL have been confirmed by elemental analysis, massctometric and
spectroscopic (IR, UV-Vis andH NMR) measurements. The palladium(ll) complex
[PA(HL)CI] (1) was synthesized in 77% vyield by reacting in sfenerated LPdCL,
NaOAc3H,O and HL in 1:1:1 mole ratio in methanol at room temperaturhe second
complex [Pd(L)(PP¥] (2) was synthesized in 73% yield by treatthgvith two equivalents
of PPh in acetone (Scheme 1). The excesssR¥hxpected to facilitate the deprotonation of
the amide functionality of HLin 1. The elemental analyses datalofnd?2 are in good
agreement with their corresponding molecular foamuln chloroform and dichloromethane,
2 is highly soluble butl is sparingly soluble. Both complexes are highlyuklke in
dimethylformamide and dimethylsulfoxide, sparingigluble in acetonitrile and methanol
and insoluble in hexane and toluene. Due to soluestrictions and the solubility problem
the positive ion ESI mass spectrumloivas collected in CHGIMeCN (1:1) mixture, where
its solubility is slightly better when compared kvithat in the pure solvents. The spectrum

shows the base peak at 420.0407 correspondingetoatiion where the chloride is replaced
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by acetonitrile, i.e., I-Cl+MeCN]". On the other hand, the spectrum2oin pure CHCJ
displays the usual2fH]" as the base peak at 641.0971. As expected foresglanar
complexes of palladium(ll), both and2 are diamagnetic. The electrically non-conducting

nature ofl and2 in solution is consistent with their molecularrfarlas as neutral species.

3.2. X-ray molecular structures

The structures ofl-Me;,NCHO and2 have been solved in the monoclinic space
groups C2/c andP2;, respectively. The asymmetric unit &fMe;NCHO consists of one
molecule each of the complex and the solvent digiettmamide, while that o2 contains
two complex molecules. Ih-Me;NCHO, the solvent molecule is hydrogen bonded whth
complex molecule. The structure of the solvatectiggeis illustrated in Fig. 1. The O-atom
of the solvent molecule and the amide-NH of tharid) HL are involved in this hydrogen
bonding. The N(2)0(2) distance and the N(Hi--O(2) angle are 2.734(5) A and 165°,
respectively. In contrast, there is no significanteraction between the two complex
molecules present in the asymmetric uni2oBoth molecules are very similar with respect
to intramolecular bond lengths and bond angles.sTitme structure of one of these two
independent molecules &fis depicted in Fig. 2. Selected bond parametari-fde;NCHO
and?2 are listed in Table 1. In each complex, the tridenligand (HLC in 1 and 1*” in 2) acts
as pincer-like CNO-donor and forms fused 5,5-memdbehelate rings. The structures reveal
that the 2-naphthyl fragment of each of Hind 1*” is palladated at the 3-position instead of
the 1-position. There are very few reports on aydtallated 2-naphthyl containing chelating
ligands [2730]. As observed in the present study, generalpp$&tion gets regioselectively
metallated when both 1- and 3-positions of the @2htiayl fragment are available [2Z9]. In
such cases, it is thought that the 1-position is atzessible for metallation due to steric
hindrance caused by the H-atom at pleei-C (8-position). However, it has been shown that
the 1-position of the 2-naphthyl group can be nhetiedl when the 3-position is blocked by a
substituent [30]. In the amide functionalityG(=O)NH-) of HL™ in 1, the C(12)N(2) and
the C(12¥0O(1) bond lengths are 1.358 (5) and 1.246 (5) Bpeetively. These values are
consistent with the neutral keto form of the amfglectionality [13-15,17,19]. On the other
hand, for2 the average of C(12/)2N(2/2) bond lengths and that of C(12720(1/1) bond
lengths are 1.335(6) and 1.285(6) A, respectiv@ble 1). The shorter C(12/)2N(2/2)
and longer C(12/1p-0(1/1) bond lengths ir2 compared to the corresponding bond lengths
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in 1 clearly indicate that the amide functionality &f lin 2 is deprotonated and their values
suggest that the negative charge is delocalizedtbeeamidate fragment [£17,19,20]. The
HL™ and the chloride constitute a CNOCI square-plaoaral the metal center Iy while the
L% and the PPhassemble a square-planar CNOP coordination emaigat for the metal
center in2. In both complexes, the metal center has no dewmidom the square-plane
formed by the four coordinating atoms. The rms awns from the mean plane constituted
by the metal and the four coordinating atoms artiwi0.0+0.02 A. The amidate-O is
expected to be a betterdonor than the amide-O. As a consequence, th€®fanidate)
bond length ir2 is significantly shorter (by ~0.1 A) than the-@{amide) bond length ifh.

In contrast, the PeC bond length irl is shorter by ~0.05 A than that 2n This lengthening
of the P&-C bond in2 is very likely due to the bettérans-directing ability of the amidate-O
than the amide-O (Figs. 1 and 2). Similarly thersgertrans-effect of PPhthan CI causes a
longer (by ~0.02 A) PeN(azomethine) bond length @ compared to that il (Table 1).
Overall, all the bond lengths and the bond angiss@ated with the metal centersliand?2
are within the ranges observed for palladium(ll)mptexes with similar ligands
[11,13-15,17,19].

3.3. Spectroscopic properties

Infrared spectra of the Schiff base,(hland the complexesdl (and2) were recorded
by employing KBr pellets in the range 46@@0 cm™. A large number of bands have been
observed in each of the three spectra. Except dar ¢haracteristic bands we have not
attempted to assign the remaining bands. The fokdffSase (HL) displays the typical
bands for the amide and C=0 stretching vibrations at 3199 and 1638 craspectively.
A medium intensity band observed at 1605 thas been assigned to the azomethine C=N
stretching vibration. The spectrum bfdisplays the amide ™H stretch at 3178 cth Two
medium intensity bands observed at 1612 and 1598 ara assigned to the amide C=0 and
the azomethine C=N stretching frequencies, respaygti Appearance of these two bands at
lower frequencies compared to those of the freeiffStiase is consistent with the
coordination of both amide-O and azomethine-N tortfetal center id. On the other hand,
the spectrum of2 does not display the amide-N and C=0O stretching bands due to
deprotonation of the amide functionality. A strdvand observed at 1587 this most likely

associated with the one end coordinated diazin®&l(B=C) like fragment of £ in 2.
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Electronic absorption spectra oblH 1 and2 were recorded in dimethylformamide.
The spectrum of b displays a broad band centered at 315 nm precbgea couple of
shoulders and followed by a relatively narrow batd282 nm and a shoulder (Fig. S1,
Supplementary material). This type of spectral iprofs typical of organic compounds
containing naphthyl group [15,31,32]. Pure naplghal is known to display similar
absorptions at higher energy region with more puoiced vibrational structure [33,34]. The
spectral profile of naphthalene consists of a grougbsorption bands centered at ~275 nm.
The absorption profiles of the two complexésand 2 are very similar to that of the
naphthalene except for a large red-shift. A grobtigive bands are observed in the range
448-356 nm for bothl and2. The spectrum o2 is illustrated in Fig. S1 (Supplementary
material). Thus the absorption bands observed taras well as its complexesand2 are
due to transitions predominantly centered at tb@iresponding 2-naphthyl fragments.

'H NMR spectra of bl and 1 were recorded in (C{»SO solution and th&H and
3p{’H} spectra of2 were recorded in CDglsolution. The amide NH proton of HL
resonates as a singletéat1.99 ppm. The azomethine proton and the protohneal-position
of the 2-naphthyl fragment of H appear as two one-proton singlet®#&.64 and 8.16 ppm,
respectively. The remaining aromatic protons arseoked as a six-proton multiplet and
another five-proton multiplet having the chemicaifts centered ad ~7.98 and ~7.58 ppm,
respectively. A broad singlet at12.32 ppm due to the amide-N proton of the ligand HL
is observed in the spectrum bfAs in the free Schiff base, here also two ondeursinglets
corresponding to the azomethine proton and theoprat the 1-position of the 2-naphthyl
fragment of HL are observed &t 8.85 and 8.33 ppm, respectively. Slight downfehifts of
these three resonances Inwhen compared with those in free;lHare not unusual
considering the deshielding caused by coordinatiothe amide-O and the azomethine-N to
the palladium(ll) center. The remaining ten aromatiotons belonging to the 2-naphthyl and
the phenyl rings of HLappear as four multiplets centeredat8.05, ~7.58, ~7.21 and ~6.98
ppm. As expected the spectrumafloes not display the signal corresponding to thala
N-H due to deprotonation. The spectrum shows twoetjospaced one-proton singletséat
8.04 and 8.02 ppm followed by a one-proton doubtei 7.91 ppm. The singlets are very
likely to be due to the protons at the 1- and 4itfmss of the 2-naphthyl fragment of L The

one-proton doublet is assigned to the azomethio®pr The doublet splitting is attributed to



the PPR P-atom coordinated at thiensposition with respect to the azomethine-N. There i
a significant upfield shift of the azomethine proio 2 compared to that in 4 and 1. It is
very likely that the stronges-donor PPh facilitates bettermtbackdonation from metal to
azomethine ir2 and hence causes the upfield shift of the azomethioton. The remaining
nine aromatic protons of’Land fifteen protons of the PPphenyl rings appear in the range
0 7.79-6.32 ppm with various splitting patterns such asbdet, triplet and multiplet. In
general, the aromatic protons in the complexesohserved over a broader chemical shift
range than in the free Schiff base due to shieldeghielding caused by metal coordination
and presence of the monodentate ancillary ligams. singlet observed @ 34.06 ppm in

the3'P{*H} NMR spectrum of2 confirms the presence of PRis the ancillary ligand.

3.4. Catalysis studies

Functionalized polyaryls and polyheteroaryls areafsiderable interest because of
their potential applications in natural product®ldgical, agrochemical, pharmaceutical and
materials research [389]. Hence, there has been a continuous efforteteeldp new and
efficient methods for the synthesis of such spepi€s43]. Among the various strategies
used so far, the simplest and most versatile appraa the palladium catalyzed Suzuki-
Miyaura poly cross-coupling reactions of polyhatmaatic compounds with arylboronic
acids [44-47]. In the present work, we have attempted thepmiesynthesis of functionalized
triaryls via double cross-coupling reactions of -@ibalosalicylaldehydes with various
arylboronic acids using the cyclopalladated comgdeixand2 as catalysts. The reaction of
3,5-diiodosalicylaldehyde and phenylboronic acigprasence o2 as catalyst was chosen as
the model reaction to screen the bases and thergsl{Table S2, Supplementary Material).
Among the various inorganic bases used in watehametl (1:1) as the reaction solvent
(entries 6), LIOH-HO was found to provide the best yield (94 %) of tlmable cross-
coupling product 3,5-diphenylsalicylaldehyde ateaation temperature of 80 °C (entry 4).
No coupling product was detected in the absendssé (entry 7). Using LIOH-B as the
base the reaction was then performed in variousivgativent (1:1) mixtures (entries B3).
In all these reaction solvents, no yield to verypipgields were observed. Subsequently the
reaction was conducted under the identical conditias described in entry 4 except for the
use ofl instead of2 as catalyst (entry 14). The change of the catalgased a significantly
low yield (80%) of the coupled product and indichtkat2 is a better catalyst thah Thus

9



the optimal reaction conditions were found to be tise of 3,5-diiodosalicylaldehyde (1
mmol), phenylboronic acid (2.2 mmol), LIOH,8 (2 mmol) and2 (0.01 mol%) in water-
methanol (1:1) at 80 °C for 15 h (entry 4).

To examine the substrate scope of the catdysbne-pot double cross-coupling
reactions of 3,5-diiodosalicylaldehyde with varicarylboronic acids were performed under
the above mentioned optimal conditions. The resautssummarized in Table 2. As observed
with phenylboronic acid (entry 1), high yields (82%) of the double cross-coupled
products were also obtained withmethoxy-, p-fluoro-, andm-chlorophenylboronic acids
and 2-naphthylboronic acid but in 5 to 9 h longsation times (entries 2-5). Comparatively
rather low yield (74%) was obtained withanisolylboronic acid even in longer reaction
duration (entry 6).

The scope of the cataly®twas further extended to double cross-couplingtieas of
3,5-dibromosalicylaldehyde with the same group myfb@ronic acids which was used for
3,5-diiodosalicylaldehyde. The reaction of 3,5-dibosalicylaldehyde with phenylboronic
acid under the same optimal conditions describedealor the diiodo precursor provided the
product 3,5-diphenylsalicylaldehyde but in sigrafi¢ly low yield (40%). However, increase
of the catalyst loading from 0.01 to 0.05 mol% ahd amount of the phenylboronic acid
doubled the yield to 82% in 24 h of reaction tinfalfle 3, entry 1). The reactions with the
remaining arylboronic acids were then performedhwthe higher (0.05 mol%) catalyst
loading and arylboronic acid to dibromo precursaslanratio (2.5:1) (entries 2—6). The
corresponding double cross-coupled products weokatesd in moderate to good yields
(60-83%). In general, despite the use of higher catdlygding and mole ratio of the
reactants and comparable or longer reaction titesyields of the coupled products from
the dibromo precursor are less (Table 3) than thkls obtained in the case of the diiodo
precursor (Table 2). This difference in the reati&s is attributable to the fact that the &
bond is stronger than the-Cbond [48].

4. Conclusions

Synthesis, characterization and spectroscopic piiepeof the Schiff basdN'-(2-
naphthaldimine)benzohydrazide A and the cyclometallated palladium(ll) complexes
[PA(HL)CI] and [Pd(L)(PP¥] with it have been described. The X-ray molecskanctures of

the two complexes demonstrate pincer-like CNO doatibn mode of both HLand 1*"and
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regioselective cyclopalladation at the 3-positidrih@ 2-naphthyl group of each ligand. The
spectroscopic characteristics of the two compleass consistent with their molecular
structures. Catalytic properties of both complexesne-pot Suzuki-Miyaura double cross-
coupling reactions of 3,5-dihalosalicylaldehydeshwa variety of arylboronic acids have
been investigated. Between the two complexes, [ERR)] has been found to be the better
perfoming catalyst . The catalytic reactions exibireasonable substrate scope and provided

moderate to excellent yields of the functionalizealyls.
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Appendix A. Supplementary material

CCDC 1553122 and 1553123 contain the supplemertieystallographic data for
1-MeNCHO and 2, respectively. These data can be obtained freechadrge via
www.ccdc.cam.ac.uk/data_request/cif, by e-mailiogdata_request@ccdc.cam.ac.uk or by
contacting The Cambridge Crystallographic Data @erit2 Union Road, Cambridge CB2
1EZ, UK; fax: (+44)1223-336-033. Supplementary Babf1 and S2 and Fig. S1 related to

this article can be found in the online version.
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Tablel

Selected bond lengths (A) and angles (°)lfdde;,NCHO and?2

[Pd(HL)CI]-Me;NCHO (1-Me;NCHO)

Pd(1)-C(3)
Pd(1)}-0(1)
C(12)-N(2)
C(3)-Pd(1)-N(1)
C(3)-Pd(1)-Cl(1)
N(1)-Pd(1)}-CI(1)

[PA(L)(PPR)] (2)
Molecule 1
Pd(1)-C(3)
Pd(1>0(1)
C(12)-N(2)
C(3y-Pd(1)}N(1)
C(3)-Pd(1)P(2)
N(1)-Pd(1)-P(1)
Molecule 2
Pd(1)-C(3)
Pd(1)-O(Z)
C(12)-N(2)
C(3)-Pd(1)-N(1")
C(3)-Pd(2)-P(2)
N(1')-Pd(2)-P(2)

1.953(4)
2.208(3)
1.358(5)
81.89(15)
98.89(13)
178.89(9)

2.008(5)
2.107(3)
1.333(6)
82.25(18)
98.94(13)
178.55(13)

2.005(5)
2.113(3)
1.337(6)
82.62(19)
98.61(15)
178.18(14)

Pd(BEN(1)
Pd(BCI(1)
C(130(1)
C(3Pd(1)-0O(1)
N(1)Pd(1)-0(1)
O(BPd(1)-CI(1)

Pd(EN(1)
Pd(BP(1)
C(12)0(1)
C(3)Pd(1)-0O(1)
N(HPd(1)}0(1)
O(EPd(1)-P(1)

Pd(3-N(L)
Pd()-P(1)
C(19-0(1)
C(3-Pd(1)-O(1)
N()-Pd(1)-O(1)
O()-Pd(1)-P(1)

1.977(3)
2.2929(12)
1.246(5)
158.13(14)
76.26(12)
102.97(8)

1.996(4)
2.2594(11)
1.288(6)
158.52(15)
76.40(15)
102.38(10)

2.002(4)
2.2586(11)
1.282(6)
158.62(16)
76.17(16)
102.53(9)




Table2
Reactions of 3,5-diiodosalicylaldehyde with arylngic acid8

CHO CHO
OH 2, LIOHH,0, OH
+ ArB(OH), >
H,0O-MeOH(1:1)
at 80 °C
I | Ar Ar
Entry Ar Time (h) Yield (%)
1 phenyl 15 94
2 p-anisolyl 24 88
3 p-fluorophenyl 20 90
4 m-chlorophenyl 24 92
5 2-naphthyl 24 90
6 o-anisolyl 24 74

& Conditions: 3,5-Diiodosalicylaldehyde (1 mmol)ylaoronic
acid (2.2 mmol), LIOH- KO (2 mmol),2 (0.01 mol%) in 0.1 ml
of dimethylformamide, bD-MeOH in 1:1 volume ratio (2 ml),
80 °C.

® |Isolated yield.
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Table3
Reactions of 3,5-dibromosalicylaldehyde with arytbuc acid§

CHO CHO
OH 2, LIOHH,0, OH
+ ArB(OH), >
H,0-MeOH(1:1)
at 80 °C

Br Br Ar Ar
Entry Ar Time (h) Yield (%)
1 phenyl 24 82
2 p-anisolyl 24 80
3 p-fluorophenyl 24 84
4 m-chlorophenyl 30 60
5 2-naphthyl 30 62
6 o-anisolyl 24 83

# Conditions: 3,5-Dibromosalicylaldehyde (1 mmobylhaoronic
acid (2.5 mmol), LIOH- KO (2 mmaol),2 (0.05 mol%) in 0.1 ml
of dimethylformamide, bD-MeOH in 1:1 volume ratio (2 ml),
80 °C.

b |solated yield.
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Figure Captions
Scheme 1. Conversion of [Pd(HL)CI]1) to [Pd(L)(PPB)] (2).

Fig. 1. ORTEP representation of [Pd(HL)@e;,NCHO (1-Me,NCHO) with the atom
numbering scheme. All non-hydrogen atoms are shbwitheir 50% probability thermal

ellipsoids.

Fig. 2. ORTEP representation of one of the two molecutd®d(L)(PPh)] (2) present in the
asymmetric unit. The thermal ellipsoids for the #igirogen atoms are drawn at the 50%
probability level. All non-carbon atoms and a feelested carbon atoms are labeled for

clarity.
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[Pd(HL)CI] (1

2PPh3 Acetone/298K

PPh3

Saee
[PA(L)(PPh3)] (2)

Scheme 1
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o(1) Pd(1)

Figure 1
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Figure 2
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Research Highlights

* Cyclopalladation chemistry &f'-(2-naphthaldimine)benzohydrazide,(tj was examined.
» Mononuclear cyclopalladates [Pd(HL)CI] and [PdRPh)] were isolated.

» Structures of both complexes were studied by Xergstallography and spectroscopy.

« 2-naphthyl of each of HLand 1" is regioselectively cyclometallated at 3-position.

* [Pd(L)(PPR)] efficiently catalyzed Suzuki-Miyaura double csesoupling reactions.



