
ORGANOCHALCOGEN LIGATED PALLADIUM(II) 

ANI) PALLADIUM（の FOR CARBON-CARBON 

COUPLING REACTIONS 

By 

GYANDSHWAR KUMAR RAO 

Department of Chemistry 

Submitted 

in fulfilment ofthe requirements ofthe degree of 

DOCTOR OF PHILOSOPHY 

to the 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

INDIA 

NOVEMBER 2012 



nlてIHI叫叫 1 り自阜月1申1』い西 g-i-i;”。 
L「『＿ : 轟二 

盤C. 豊：TH。．933 9 



DE\DIC費丁ED 

TO 

MY PARENTS 



CERTIFICATE 

This is to certify that the thesis entitled, "ORGANOCHALCOGEN LiGATED 

PALLADIUM(1I) AND PALLADIUM（の FOR CARBON一CARBON 

COUPLING REACTIONS" being submitted by Mr. GYANDSHWAR KUMAR 

RAO to the Indian Institute of Technology Delhi for the award of the degree of 

Doctor of Philosophy in Chemistry, is a record of bonaffide research work carried out 

by him. Mr. Gyandshwar Kumar Rao has worked under my guidance and supervision. 

He has fuiffilled the requirements for the submission of this thesis, which to my 

knowledge has reached the requisite standard. 

The results contained in this dissertation have not been submitted, in part or 

in full, to any other university or institute for award of any degree or diploma. 

Date: 07/1 1/2012 Dr. AJA! K. SINGH 
Professor 
Department of Chemistry 
Indian Institute of Technology, 
Delhi 
New Delhi-i 10 016 



ACKNOLEDGEMENTS 

I have g，・eat pleasure in e.甲，・essi昭町 deep and sincere gコtitude to my 

supeかisor のマfessor ス加知mar Singん His wide knowle噌e and logical way of 

thinking have been ofgreat value' for me. He has extended his magnanimous moral 

sujアort and helped me to戸nd directions through all the crucial and tクingphases of 

my work. No words of acknowledgement would be adequate to 、 fully express my 

gratitude to him. I am extremely luc如 to have a supervisor who cared so much about 

my work, and re.叩onded to nりqueries prot叩tly. His understandi昭, encouragement, 

inspiration, advice，翌>preciation and guidance have made the thesis to take present 

shape. 

Mプ sincere than厨 are to the Hとad, Department of Chemisりfor providing 

necessaクresearch facilities. I acknowle噌e the help extended by allfaculか members 

duri昭川s奴y here, and in qfparticular Dr．凡 G. Ramesh. Special than為 are to 

Professor A. K. Ganguli for providing HRTEM as well as powder XRD facilities. I 

thank all technical staffmembersfor their help rendered during this work. 

i am gra叱ルi to Dr. Arun Kumar, for his he加 during his st<グ at liTDelhi as 

Ph.D. Fellow and Research Associate. I thank Dr. Jahangeer Ahmed, Dr. Anjul 

Kumar and Dr. Vとeraj Kumar lain for their s隻落estions. J would like to thank nり 
colleagues Dr. Monika Singh, Dr．入をm Sing/i, Dinesh Kumar, Amit Singh and Rahul 

Kumarfor ciァstallogi翼功ic support. I am also thanが'i to Men/ca, Soma Sharma, 

Debashree Das and Bharat Kumarfor their help in using HRTEM andpowder XRD. 

Aか sincere thanks are to my lab-mates Dr. N比tu Rani, Dr. D. Das, Dr. P. 

Singh, Dr. V. Singh, Om 乃vkash，凡ひiha Saleem, Saかendra Kumar, ル危habir Pra但p 

Singh, Kamal Nayan Sharma, Hemant Joshi, Alpesh, Salman Kareem, Rupesh, 

切冗esh，んかmnal Bhunia andAnirbanfor their cooperation and he加． 
J would like to thank nりfriends Dharmen'かa Gupta, Vineet Soni, C. Srinivas, 

G. Rather, Hけish Kumar, Rajesh Chattra, R. P. Verma, Aradhana N'りal and Usha 

Rani Shaoo for their s叫叩ort. I would like to ヒ望ress my gratitude for the love, 

affection and s叫写>ort receivedfflom Maheep Rao,A九inish Singh, Jyoti Prat叩 Singh 

and Poornima Singh. 

I would like to exjルess my hear加lt than為 to I. I. T Deihifor offeni昭me an 

ideal environment in which Ifeltfflee and could concentrate on my research. 

11 



The戸nancial su;ァortfflorn Council of Scientヂc and Industrial Research, Alとw 

Delhi, India is grateルiか αcknowie噌ed. I would like to express my gratitude to my all 

teachers who taught me throughout. 

Thesis is dedicated to my mother late Smt. Dropati Devi. She taught me how to 

be persevered and pr叩ared to face challenges with disc加line, faith and humiliひ 
during my child五ood. Ialwの巧 feel her presence that urges me to strive to achieve my 

goals in 1罪． 
lt was constant si興フort, encouragement and affection of 町 father 

但yanendra Rao), younger brother (Rajesh Rao) and sisters (Nedam Rao, Sangeeta 

Rao and Sonam Rao) due to which I am able to see this day. I express my gratitude to 

them. Mジ brother-in-laws Sa可ai Singh, Om prakash Sing/i and Brjesh Singh，巧shal, 

Shawetank, Pu可 and Vibhu need a special mention'for their deep q[fection. 

I would like to give nり叩ecial than厨 to nりw加 Pooja and 刀り son Shubh 

whosepatient love enabled me to complete this work. 

Last but not the least I thank almighか． 

Gyandshwar Kumar Rao 

111 



ABSTRACT 

Palladium(II) complexes of hybrid organochalcogen ligands containing O and 

N along with S, Se and Te have emerged as a new class of effficient 

catalysts加recatalysts for C一C coupling reactions such as Suzuki一Miyaura, Heck and 

Sonogashria. For coupling of aryl chlorides and electron-rich aryl bromides, Pd(II) 

complexes of bulky and electron-rich phosphines, carbenes, pincer and palladacycles 

are known to be effficient catalysts/precatalysts. Generation of Pd(0) species including 

Pd nano-particles has been noticed in most of the cases in the course of catalysis and 

therefore these Pd complexes are considered many times as dispensers of Pd(0) 

species. The Pd nano-particles stabilized by dendrimers, organic/organofluorous 

ligands, polymers, ionic liquids and surfactants have been found independently 

effficient and recyclable catalysts for Suzuki-Miyaura coupling reactions. However, 

most of the Pd-complex based catalysts or pre-catalysts mentioned above known for 

cross coupling are sensitive to air and/or moisture. The Pd(II) complexes of 

chalcogenated Schiff bases, chalcogeno-ether and palladacycles have emerged as 

catalysts which are air stable, moisture insensitive and effficient for reactions such as 

Suzuki-Miyaura and Heck coupling. The catalytic effficiency of these Pd(II) 

complexes depends on the nature of other donor groups present in the ligand. The 

strong donor properties of chalcogens, particularly sulphur and selenium may be one 

of the reasons for the effficiency shown by Pd-complexes of organochalcogen ligands 

for catalytic C一C coupling. 

The present thesis is focused on designing of mono-, bi- and tni-dentate 

chalcogenoether ligands containing S, Se and Te donor sites with or without N and O 

and exploring their coordination chemistiy with Pd(II) and Pd(0) species. The Pd(II) 

complexes of and Pd nano-particles stabilized with selenoether have been studied for 
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catalytic C一C coupling reactions. The role of species generated in situ from molecular 

complexes during catalysis has been investigated. 

The secondary amine ligands (L1一L4) [Li:C6H5S一(CH2)3NFI一FIC(Ph）一 

C6H4-2一OH; L2 : C6H5Se一(CH2)3一NH一HC(PhトC6H4-2一OH; L3: MeO-4一C6H4- 

Te一(CH2)3一NH一HC一(Ph)C6H4-2一OH; L4: C6H5S一(CH2)3一NH一HC一(Ph)C6H4-4一 

OMe-2一OH] were prepared by the reduction of corresponding Schiff bases with 

NaBH4 in ethanol. The ligands on reaction with Na2PdC14 give complexes [PdC1(C, 

N, E)] (i-4) [i: (C, N, S)=Li一H, 2: (C, N, Se)=L2一H, 3: (C, N, Te)=L3一H, 4: 

(C, N, S)=L4一H] were synthesized by reacting with corresponding ligands. All 

these compounds were authenticated by h11, '3C{'H},77Se{'H} and '25Te{'H} NMR 

spectroscopy. The ligands bind in (C二 N, Se) mode with Pd(II) in 2 and 4 as 

established by single crystal X-ray diffflaction leaving the OH group uncoordinated 

which is probably the result of preferable ortho-palladation of the ligand. 

ORTEP Diagram of Complex 2 
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The catalytic activity of 1-4 for Suzuki-Miyaura coupling was tested by 

reacting aryl/heteroaryl halide with phenylboronic acid. The order of efficiency is Se 

palladacycle>S palladacycle>Te palladacycle. The catalytic activity of sulphated 

palladacycle (1) was signifficantly reduced, when -OMe group was mneo叩orated in its 

architecture. 

The in situ generated species during the course of Suzuki-Miyaura cross 

coupling were investigated by separating and analyzing the decomposition products 

Nanoparticles of P山6s7, Pd17Se15, Pd3Te2 and Pd16S7 obtained from 1-4 respectively 

obtained from 1-4. It appears that palladium chalcogenides are true catalytic species 

formed from pre-catalysts 1-4 during the course of reaction. OEe composition of these 

species were found to be Pd16S7, Pd17Se15, Pd3Te2 and Pd16S7 for 1-4 respectively. 

The size of nano-particles obtained from 4 has been found to be signifficantely higher 

(一6 nm) than those obtained from palladacycle i (-2 nm). This probably results in 

signifficant lower catalytic activity of 4. 

The reaction of (3-aminopropyl)phenylselenide with benzoate esters of 2,4- 

dihydroxybenzaldehyde in dry ethanol gave four Schiff bases (L5-L8; differing in 

lengths and numbers of alkyl chain) containing (Se, N, 0-) donor sites. Their Pd(II)- 

complexes [PdC1(L-H) (5-8); L=L5-L8] have been synthesized by reacting them 

with Na2PdC14. All of them were characterized by 'H, '3C{'H} and 77Se{'H} NMR 

and elemental analyses. The nearly square planar geometry around Pd in structure of 5 
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has been elucidated by X-ray diffflaction on its single crystals. The ligand is 

coordinated with Pd in a (Se, N, 0-) mode and forms two six membered chelate rings. 

プ・り 
N ' 

OH 

L5: Rl=OMe, R2=H 
L6: Rl=0C10H21,RZ=H 
L7: Rl=R2=oc1。比1 
L8: Rl=0C18H37, R2=H 

The studies on Suzuki-Miyaura, Heck and Sonogashira coupling reactions in 

the presence of 5-8 have revealed that catalytic effficiency increases with alb1 chain 

length of pendent arms of ligand for Suzuki and Heck coupling but not for 

Sonogashira coupling. Further investigation have suggested that 5-8 are pre-catalysts 

and give nano-sized Pd(0) species during the catalytic reaction. The spherical shaped 

nano-particles of average size -3 nm were formed in case of both the complexes. The 

nano-particles, formed in case of 8 are much more uniformly dispersed than those 

formed fflom 5 and m町 be among the reason of its higher effficiency. 

The liquid crystalline properties of ligands L5一L8 and their Pd-complexes 

were investigated by differential scanning calorimetry (DSC) and polarized optical 

microscopy. The L6 and L8 have been found to show the liquid crystalline properties 

with a wide range of Smectic A phase. 

The L9 [(C22H45)2Sej, prepared by reaction of docosyl bromide [C22H45Br] 

with nucleophile Se2- generated in situ by borohydride reduction of selenium powder 

in dry ethanol forms complex [PdC12(L9)2] (9) on reaction with Na2PdC14 in i :2 

molar ratio. The L9 and its complex has been characterized by 1H, 13C{1H} and 

77Se{'H} NN圧R and elemental analyses. The L9-stめilized Pd nano-particles (10-12) 
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Pd NPs Stabilized by S吠CZZH4の2 
Pd:L4gand=4:1 

Pd N恥 Stabilized by Se(C22H45J2 
Pd:Ug and=I :1 

:Pd NIPs Stabfiized by Se(C22H45)2 
Pd:Llgand=1:4 

Pd(H) Complex 

:Ugand 

600 
I 

Fりり 400 300 ?00 かトm] 

having different Pd:L9 ratio were synthesized by reaction of ligand with Na2PdCI4 

followed by NaBH4 reduction [10; Pd:L9=1:4, 11;Pd:L9=I:i,12; Pd:L9=4:1」． 

The Pd nano-particles 10-12 were characterized by powder XRD, 77Se{1H}NMR 

spectroscopy, HRTEM, TEM一EDX and SEM. The size ofNPs is 一 3 nm in case 10 

whereas -5 nm in case ofli and 12. 

77Se{'H} NMR Spectra ofL9 and 9-12 

The coordination of the ligand L9 via Se with Pd(II) and Pd（の nano-particles 

was supported by 77Se{'H}NMR spectroscopy. In the spectra of 10-12 intensities of 

signals reveal that the ratio of weakly and strongly coordinated L9 is higher for 10 

than that of 11. The 77Se{'H} NMR spectrum of 12 (Pd:L9 ratio 4:1)suggest that 

almost all L9 molecules are strongly coordinated to nano-particles. 

The complex 9 has been found to be efficient catalyst for Suzuki-Miyaura 

coupling. The 9 showed catalytic activity for ArC1 in the presence of its 2-5 mol%. 

For aryl bromides it showed high catalytic activity as its 3 x 10- 5 to 0.1 mol% was 

found suffficient for good conversions. 

The distinct feature of Suzuki coupling reactions catalyzed by 10-12 is the 

time for maximum conversion which is found signifficantly short (20 min to 3 h). The 

effficiency oflO was found better than those ofil and 12 as it was able to catalyze the 

reactions to give comparable conversions at lower loading. The TEM image of nano- 
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particles obtained aifier using 10 for ffive times suggest that aggregation of nano- 

particles is not extensive which probably results in their recyclability. 

2一Chioroet取iphenylsuiffide on reaction with nucleophile C6H5S, C61-15Se- or 

4一MeOC6H4Te- to give bidentate (S, E) type chalcogeno ether ligands 

C6H5S一(CH2)2一SC6H5 (L 10), C6H5S一(CH2)2一SeC6I-I5 (L i 1) and C6H5S一にH2)2一Te一 

C6H4-4一OMe (L12) respectively. Their complexes [PdC12(LlO一L12)] (13-15) have 

been synthesized by direct reaction of the ligands with Na2PdC14. The ligands and 

complexes were characterized by 'H, '3C{'H} and 77Se{1H} or 125Te{1H} NMR and 

elemental analysis. The single crystal structures of 13 and 15 have been determenied 

by X-ray diffraction. The distances of Pd一S bonds in 13 and 15 are 2.285(1)and 

2.260(2)A respectively. The Pd-Te bond length in 15 is 2.504(8)A . 

The catalytic effficiency of 13-15 has been studied for Suzuki-Miyaura 

coupling reaction of aryl bromides with phenylboronic acid. The catalytic effficiency 

of 13 and 14 was found promising as their 0.02 mol% are suffficient for signifficant 

conversions. However complex 15 does not show signifficant catalytic activity for 

Suzuki coupling. The major advantages ofusing these complexes are their air stability 

and moisture insensitivity. 
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