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CHAPTER- IV 

Synthesis, Structure and Spectral Properties of Rhodium(III) and 

lridium(III) Cyclometallates Formed by Metal Assisted C-S Bond 

Cleavage 

Abstract 

Rhodium( I) selectively cleaves C(sp2 )-S bond of 2-hydroxy-1-(2'-

alkylthiophenylazo)naphthalcnes (HL 1 -HL') and l-hydroxy-2-(2'-

alkylthiophenylazo )naphthalenes (HI "-H L 111
) with concomitant two-electron 

metal based oxtdation resulting in the f()rmation of novel rhodium(fll) 

cyclometallate. rhe molecular structures of the resulting complexes haw been 

determined by single crystal X-ray crystallography. Rhodium(lll) hinds 

dcsulfurized modified IHL'-HL 1
") ligands 1·ia 0. N. C(aryl) donor set. Indium([) 

also selectivelv cleaves the C(sp2 )-S bond of ligands (HL 1-HL 111
) with 

simultaneous two-electron metal based uxtdatiun. The resulting iridium(! I!) 

cyclometallates have also been isolated and structurally characterized. 

Cobalt( II). the remaining member of the group 9. regiospecifically cleaves the 

('( sp ')-S bond of the diazene ligands (lll 1 -H L 1 
'
1

) with concomitant dne-clectrPn 

oxidation leading to the t<mnation of novel co halt( III) complexes. rhe molecular 

structure of the resulting cobalt(! II) complex has been detem1ined by single 

crystal X-ray crystallography. The cobalt( Ill) center is hound to one monoanionic 

H L ''ia 0, N ,S donor set along with a dian ionic modified HL through 0. N, 

S( thiol) donor set. Non-covalent interactions like C- f-I· .. Cl and lt"·rr interactions 

hd\\ een adjacent aromatic rings. have been observed in solid state. The electronic 

structures of the representati\ e complexes ha' e heen examined us1ng time

dependent density functional theory (TD-DFT). 
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IV. I Introduction 

In the present e;wironment conscious era, the complete removal of s~lfur from 

petroleum feedstocks is obligatory. Here lies the importance of catalytic 

hydrodesulfurization (HDS) that removes sulfur from organosulfur compounds 

present in petroleum feedstocks [1-4]. The C-S bond cleavage of organosulfur 

compounds is an important step in catalytic hydrodesulfurization (HOS) process [5, 

6]. The carbon-sui fur bonds are activated on metal centers to provide a useful route to 

desulfurization process. Platinum metals, such as Ru, Os, Rh, Ir, Pd, and Pt, show the 

highest activity in catalytic hydrodesulfurization (HDS) studies [7, 8]. But the high 

cost of those systems prevents their utilization in commen:ial processes [9]. The 

commercial HDS process uses a cobalt- or nickel-doped molybdenum sultide catalyst 

supported on alumina [I 0-14]. 

Here, our ligand systems (HL) possess both C(sp2)-S and C(sp3)-S bonds and offer an 

excellent oppmiunity to examine their reactivity with rhodium and iridium. That may 

provide valuable insights about the C-S bond cleavage. 

On the other hand, scvcral diazene ligands offer a rich chemistry with rhodium and 

iridium. 2-(arylazo )phenol (I) usually hind to metal as bidentatc N,O-donors forming 

a six mcmhcrcd chelate ring (2) [I 5], they have also been observed to coordinatc 

metal ions as hidentatc N,O -donors t(mning five- membered chelate ring (3) [ 16 ]. 

(1) 

In some cases, C-H activation from an ortho position of the pendant phenyl ring has 

been observed and the 2-(arylazo )phenol derivative ligand serves as a tridentate 
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C,N,O-donor (4) [ 17]. Rhodium(!) complex like [Rh(PPh1)Clj and the analogou> 

iridium complex [Ir(PPh1hClJ) vvere t(>und to successfully induce C-H activation ot 

the 2-(arylazo)phenol [ 17, 18]. There is also an example of rhodium-assisted C-C 

bond activation [ 19). Upon reaction of 2-(2'.6'-dialkylphenylazo)-4-methylphenol 

with [Rh(PPh3 )Cl], the azo ligand undergoes an interesting rhodium-assisted C -( 

bond activation at one ortho position of the 2',6'-dialkylphenyl fragment, leading tu 

the elimination of the alkyl group from that ortho position. 

(5) 

ln presence o! cxces:-. PPh, S-dealkylatton ol alkyl ~-(phcnylazo)phenyl thioethcr i.e 

deavagc ul C(sp;)-S hone! h; rhodium(lll) chloride has been reported in the 

literature [20J. This is the tirst example t()r C-S cleavage of any diazene compound hy 

metal ions. 

Herem we \\'tsh to report the regiospec!lic C(sp~)-S bond cleavage uf ligands (HL 

H L 1 
'') using low-valent rhodium( I) and tridi um( I). The isolation, structural 

characterization and redox behavtour of the resulting: complexes have also been 

described. The regiospecific activation ofC(sp1 )-S bonds of(HL 1
- HL 111

) by cobalt( II) 

has also been achieved. Time dependent density functional theoretical (TDDFT) 

~tudies have been pert(mncd 111 nrder tl' cxplatn the electronic ~tructure of the 

resulting complexes. 

IV. 2 Results & Discussion 

IV. 2. l Synthesis 

IV. 2. I. I Reactions with IRh(PPhJbCij: Selective C(sp2)-S bond cleavage 

The terdentate monoanionic ligands (HL 1-I-1L') having 0.:\.S donor ~ct hme been 

uti 1 ized 111 this study. The reaction ot 2-hydroxy-1-( 2'-

alkylthlllphenylazo)naphthalcnes (HL 1-I-1l.'l \\ith [Rh 1(PPh;H'II \\a~ carried uut in 
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retluxing benzene under dinitrogen atmosphere. The colour of the reaction mixture 

gradually turns into deep violet mixture. Dark blue compound (l-Rh) were isolated 

from the reaction mixture by thin layer chromatography on silica-gel plates. The 

reaction route leading to the formation of rhodium(III) complexes is outlined in 

Scheme IV. I. 

The total absence of aliphatic proton signals in the 1 H NMR spectrum of the complex 

l-Rh points towards the rhodium-mediated C(sp2)-S cleavage of the diazene ligands. 

Facile C(sp2)-S cleavage in this case is further confirmed from the fact that all the 

tive azo-ligands (HL 1-HL5
) yield the same dark blue complex 1-Rh. 

OH 

~~'OSR 
,~ 

h 
HL 

Benzene, Retlux I Oh 

Under No 

R= -CII,, -C.:' I L,, -n-Pr, -n-Bu, -Cli.:'Ph 
1-Rh 

Scheme IV. I. Reactions of[Rh 1(PPh3) 3ClJ with the azo-Iigands (HL 1-HL\ 

The elemental analytical result was consistent with the fonnulation of [Rh111(L')CI] 

where L' is the desulfurized ligand. The structure of 1-Rh was confirmed by X-ray 

crystallography Figure IV.I. The crystal parameters are compiled in Table IV.I, and 

the selected bond parameters are listed in Table IV.2. The structures show that the 

ligand (HL 1) has indeed undergone an interesting chemical transfonnation during the 

course of the synthetic reaction, in which -SR group is eliminated from the ortho

position (2'-positon) of the phenyl ring in the arylazo fragment and a direct metal

carbon(aryl) bond has been established between the metal center and that particular 

phenyl ring carbon from which the -SR f,'Toup has been lost. The desulfurized 

modified ligand (L') is thus coordinated to rhodium as dianionic terdentate with 0, 

N, C(aryl) donor set, two triphenylphosphines and a chloride are also bound to the 

metal center. Rhodium(III) is, therefore, sitting in a CNOP2CI coordination 

environment which is distorted octahedral in nature as reflected in all the bond 
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parameters around rhodium. The crystal structure thus confinns the fact that the 

rhodium(III) complex (1-Rh) contains a desulfurized ligand. 

Figure IV. I Ortep diagram ofthe complex 1-Rh. Thermal ellipsoids are drawn at 

50%) probability. 

Table IV.!. Crystal data and Structure Refinement Table of 1-Rh. 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 
Calculated density 

Absorption coefficient 

C54H43 Cl N3 0 P:.' Rh S 

950.21 

293(2) K 

0.71073A 

Triclinic 

PI 

a= 9.744(4) A 
b = 11.994(5) A 
c = 12.018(5) A 
a = 78.456( 4 )0 

p = 66.320(5) 0 

y = 66.355(5)0 

1177.0(8) A' 

1.341 Mg/m3 

0.529 mm- 1 



Table IV.I ( Contd.) 

F(OOO) 

Crystal size 

Theta range for data collection 

Limiting indices 

Reflections collected 

Independent reflections 

Absorption correction 

Refinement method 

Data I restraints I parameters 

Goodness-of-fit on F2 

Final R indices [I>2sigma(l)] 

R indices (all data) 

Absolute structure parameter 

Largest diff. peak and hole 
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488 

0.32 x O.I8 x O.I2 mm 

I.86° to 25.00° 

-II::;h::;1I 

-14::;k::; 14 

-14::;/::; I4 

11218 

8172 [R(int) = 0.0 I67] 

multi-scan 

Full-matrix least-squares on F/\2 

8172 I 3 I 560 

1.072 

Rl = 0.03I1, wR2 = 0.0798 

Rl = 0.03I2, wR2 = 0.0799 

0.986(18) 

0.434 and -0.250 e.A-3 

Table IV.2. Selected bond lengths and angles in 1-Rh. 

Bond lengths/ A Bond angles/0 

Rh(I)-0(2) 2.192(3) N( 1 )-Rh(l )-0(2) 78.87(I2) 

Rh( I )-N( I) 1.985(3) C( I2)-Rh( I )-0(2) I59.38( 12) 

Rh( I )-C( 12) 2.006(4) N(l )-Rh( I )-P(2) 93.IO(IO) 

Rh( I )-P( I) 2.3806(12) C( 12)-Rh( I )-P(2) 94.49( II) 

Rh(I)-P(2) 2.3769(12) 0(2)-Rh( 1 )-P(2) 94.49( II) 

Rh( 1 )-CI( I) 2.3915(13) 0(2)-Rh( 1 )-P(2) 86.57(8) 

N(1)-C(1) 1.381(5) N(l )-Rh( 1 )-P( 1) 92.89( I 0) 

C(11)-N(2) 1.403(5) C(12)-Rh( 1 )-P( I) 94.79(11) 

N(2)-N(1) 1.290(4) 0(2)-Rh( 1 )-P( 1) 86.34(8) 

C(12)-Rh( 1 )-CI( I) 95.06(12) 

P(l )-Rh(l )-Cl(I) 87.35(4) 

Another set of azo-ligands, 1-hydroxy-2-(2'-alkylthiophenylazo )naphthalenes (HL 6-

HL 10
) also react with rhodium( I) and undergo two electron oxidation affording 

cyclorhodates having desulfurized ligand. The resulting complex (2-Rh) was fully 

characterized by elemental analytic data and spectroscopic analysis. The X-ray crystal 
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:>tructun: ol 2-Rh \\as dctcrmmcd tP establish the gc(1111etric~ abuut the metal i(ln'- ~., 

\Veil as the binding mode of the coordinated ligand. Figure 1\1.:2 show:~ the molecular 

view and atom numbering scheme of the complex 2-Rh. Relevant crystal data 

parameters and selected bond parameters are listed in Table l\1.3 & 1\1.4 respectively. 

Crystallographic analysis reveals a distorted octahedral structure \Vhcrcin 1-hydroxy

:2-(2'-alkyllthiophenylazo )naphthalene binds rhodium(! II) as a dianionic tenlentak 

[O,N ,C) ligand. The N 1-N2 bond length in 2-Rh ( 1.31 A) is slightly more elongated 

than that in 1-Rh ( 1.29 A). The other bond parameters are in good agreement \Vith 

those repotied for other cyclorhodetas derived from azo ligands [ 17-20). 

Figure 1\1.:2. Ortep diagram ofthe complex 2-Rh. Thermal ellipsoids are drawn at 

50°/o probability. 
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Table IV.3. Crystal data and Structure Refinement Table of2-Rh. 

Empirical fonnula 

Fonnula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 
Calculated density 

Absorption coefficient 

F(OOO) 

Crystal size 

Theta range t()r data collection 

Limiting indices 

Retlections collected 

Independent reflections 

Absorption correction 

Refinement method 

Data I restraints I parameters 

Goodness-of-tit on F2 

Final R indices [I>2sigma(I)] 

R indices (all data) 

Largest diff. peak and hole 

Csz H4o Cl Nz 0 Pz Rh 

950.21 

293(2) K 

0.71073 A 

Triclinic 

P-1 

a= 11.984(5) A 

b= 17.861(8)A 

c = 20.028(9) A 

a= 89.865(7)0 

B = 82.167(8)0 

y = 89. 943(8) 0 

4247(3) A 3 

31 

11.020 Mglm3 

4.513 mm- 1 

14446 

0.30 x 0.21 x 0.16 mm 

1.14° to 25.00° 

-10:Sh:S14 

-21 :S k :S 21 

-23 :S I :S 23 

27084 

14403 [R(int) = 0.0629] 

multi-scan 

Full-matrix least-squares on F"'2 

14403 I 0 I 1063 

1.231 

Rl = 0.1263, wR2 = 0.2395 

Rl = 0.1548, wR2 = 0.2541 

1.584 and -2.290 e.A-3 



Table IV.4. Selected bond lengths and angles in 2-Rh. 

-B~nd ~~-~gthsi A-- Bond ang\es/ 0 

---~ ----------------------- - ------------------------------------

Rh( 1 )-0( 1) 2.230(7) N( I )-Rh( l )-0( 1) 78.8(3) 

Rh( l )-N( 1) 1.941 (8) C( 12 )-Rh( 1 )-0( 1) 159.1(4) 

Rh( l )-C( 12) 1.988(9) N( 1 )-Rh( 1 )-P( 1) 93.8(3) 

Rh(l )-P(l) 2.353(3) C(l2)-Rh( I )-P(2) 90.4(3) 

Rh( l )-P(2) 2.366(3) 0( I )-Rh( I )-P( I) 87.8(2) 

Rh( 1 )-C\( l ) 2.380(3) 0( l )-Rh( I )-P(2) 90.9(2) 

N(l )-C(2) 1.367(13) N( I )-Rh( l )-P( l) 87.8(2) 

C( 11 )-N(2) 1.416(14) C( 12)-Rh( 1 )-P( I) 92.9(3) 

N(1)-N(2) 1.3 I 0( I I) C( 12)-Rh( I )-Cl( l) 97.5(3) 

P( I )-Rh( l )-Cl( l) 86.59( 1 0) 

P(2)-Rh( I )-Cl( I l 88.00( 1 0) 
-.------ . ---· --·· -- -

It i::-, note\\ urthy that m these case. selective C-S bond vv. C(sp2)-S is cleaved 

although \\ htch 1s nut consistent \\lth the bum! strength order ( '(sp 'l-Sc C(sp2)-S 

Here the metal center preferably binds Cl2(ary\) atom hm11ing a Rh-C(aryl) hom\ 

\\ith conc,)mitant clcm age of C(srh-s 

The exact mechanisms behind the observed transt(mmltions of the ligands. vvhich 

ultimately results in regiospecilic C(sp2 l-S cleavage is not completely understood. 

Ho\vever. the f()\lowing sequences shmvn m Scheme IV. 2 seem probable. During 

reactions (lfthe a;:o-ligands (HL 1-HL 111
) with the rhodium(!) center of[Rh(PPh,j:;C\1. 

the naphthulic 0-H hond -;cents tP underg\) rhudium-asststcd activation and tt 

\)xidatively hinds the metal center. generating a hydride complex of rhodium( Ill) as 

the reactive intermediate. Formation of such rhodium-hydride complexes as reactive 

intermediate is well documented in the literature [ 19j. The resulting intermediate can 

react ''ia either of these two pathways. In both of these pathways, C-S bond cleavage 

can be easily anticipated. 

(i) The metal center can hind to the thiocther-sulfur thereby forming a :-;ix-membered 

metal chelate ring. (pathway a, Scheme IV. 2). The simultaneous disS\lCiation of the 

coordinated hvdridc is expected to trigger loss ,lf the alkyl group of the thioethcr 

lllOlet\·. 
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(ii) On the other hand, this may be followed by fonnation of a metal-carbon bond 

from the C 12 (the 2' position) of the phenyl ring, causing loss of aromaticity of the 

ring and generating a positive charge at CI3 (3' position). The lost aromaticity of the 

phenyl ring is regained by the loss of the -SR group from the 2' position (pathway b, 

Scheme IV. 2). 

It is, thus reasonable to believe that in the present case, pathway b is operative. This 

can be explained considering greater tendency of the metal to form five membered 

metal-chelate ring rather than the six-membered chelate incorporating thioether 

moiety as evidentfrom earlier works [ 17, 20]. 

p 

( ~0~' Cl 

~/1\ 
~ P S-R 

b 
Pathway •1-fl 

p 

(XO~' Cl [Rh(PPh1),CII Rl( 

/! H 
N ~ 

HL 

R= -CH3 , -C 2 H5 , -"Pr, 

-"Bu & -CH2Ph 

II p S-R N(j 
(I) 

Pathway b! P 

p 

( "(0~1~1 _*__._ ... ,.... A /- s 

~ LQ 
-R' 

(II) 

(yo~'/CI ~ Rh 

~~~ .. SR 1 (+) 
_.-c:::; 

... -SR 

Scheme IV.2. Probable steps in the fonnation of complexes 1-Rh & 2-Rh. 
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IV. 2. l. 2 Reactions with flr(PPh3)3Cll: Selective C(sp2)-S bond cleavage 

Excellent reactivity of the rhodium(!) complex towards the diazene ligands (HL 1 -

HL10
) encouraged us to extend our study to the next member of the group 9 platinum 

metals 1.e., iridium. The reaction of [Ir1(PPh3);Cl] with 2-hydroxy-1-(2'

alkylthiophenylazo )naphthalenes (HL 1-HL 5) and l-hydroxy-2-(2'-alkylthiophenylam l 

naphthalenes (HL 6 -HL 10
) were carried out in ret1uxing toluene under an inert 

atmosphere in presence of triethylamine (Scheme IV.3). The blue microcrystalline 

products ( 1-lr and 2-lr) were obtained by thin layer chromatography on silica-gel 

plates. 

~ OH 

I ~ 

ltL I-' 

~ 
()fl 

~ 

,~ 

~ 

~uSR 
,~ 

~ 
HLI>-111 

lir(PPl1~)_1,C'l\ 

Tolucm:. Rctlux 2-1-h 

t ndcr '\, 

r,,Jucnc. Rcllu'' 2-\h 

I 'nder "i" 

1--: ·<II~ -{ ,}l~- n-Pr -11-Bu. -<·H~Ph 

1-lr 

2-lr 

Scheme IV.3. Reactions of[Ir1(PPh1),Cl] with the am-ligands (I-H_ 1-HL 111
). 

The structure of the complex 2-lr was continned by X-ray crystallography as 

depicted in Scheme IV.3. The molecular structure \Vith the atom-numbering scheme 

is shown in Figure IV.3. Crystal data parameters arc compiled in Table IV.5. Selected 

bond distances and hum! angles arc gin~n in Table !\'.h. The courdination geometry 

around the metal is essentially octahedral with the dcsulfurized ligand and one 
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chloride occupymg the equatorial positions. Remaining two trans-positions are 

occupied by two triphenylphosphines. 

Figure IV.3. Molecular view of the complex 2-lr. Thermal ellipsoids arc drawn at 

50% probability 

Table IV.S Crystal data and Structure Refinement Table for the complex 2-lr. 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 

Cs2 H4o Cl N3 0 P2 Ir S 

998.45 

293(2) K 

0.71073 A 

Monoclinic 

P2lln 

a= 12.0521(12) A 
b = 18.0731(18) A 
c = 20.038(2) A 
a= 90° 

~ = 98.079(2)0 

y = 90° 

4321.4(7) A3 

4 



Table IV.5 (contd.) 

Calculated density 

Absorption coefficient 

F(OOO) 

Crystal size 

Theta range for data collection 

Limiting indices 

Reflections collected 

Independent reflections 

Absorption correction 

Refinement method 

Data I restraints / parameters 

Goodness-of-fit on F2 

Final R indices [I>2sigma(l)] 

R indices (all data) 

Largest diff peak and hole 

- l) I -

1.535 Mg/m 3 

3.267 mm- 1 

1992 

0.48 x 0.21 x 0.11 mm 

1.52 to 25.00° 

-14ShS.l4 

-21 SkS21 

-23 S.l s 23 

38976 

7331 [R(int) = 0.0820] 

multi-scan 

Full-matrix least-squares on F J 

7331 / 0 / 527 

1.240 

RJ =-= 0.0942, HR2 _c O.J78() 

R I = 0.1145, ttRJ == 0.1 ~79 

2.1 R6 and -2.343 e. A~ 

rablc IV.h. Selected hund lengths and angles in 2-lr. 
--- - ---··-·~- ---~----- --- ----·-- --- ------------- -·· ----- --------- ~----------------------------------- ·-

BPnd lengths A Bond anglesi 0 

--- ------·- ---- - . ----------- -----·---- ---------~---··------ -----------·--·--- --

lr( l )-0( 1 ) 2.282(9) N( I )-lr( I )-0( I) 79.8(4) 

lr(I)-N(l) 1.986(10) C( 12)-Ir( 1 )-0( I) 160.9(6) 

lr{I)-C(l2) 2.046( I3) N( 1 )-lr( I )-P( I) 91.4(3) 

lr(I)-P(I) 2.363(3) C( 12)-lr( I )-P(2) 92.8(4) 

I r( l )-P( 2) 2 . .-~52(3) 0( I )-lr( 1 )-P( I) 90. 1 ( 2) 

lr( I )-Cl( I) 2.406(3) 0( l )-lr( I )-P(2) X8.0(2) 

N(l )-C(2) 1.367(13) N( 1 )-lr( 1 )-P( I) 91.4(3) 

C(ll )-N(2) 1.39(2) C( 12)-lr( I )-P( I) 91.1(4) 

N( I )-N(2) 1.3 74( 17) C( 12)-lr( I )-Cl( I) 97.4(5) 

P( I )-lr( I )-Cl( 1) 87. 77( 12) 

P(2)-lr( I )-Cl( I) 86.38( I I) 
---·-------~ -- -·---- -- --
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IV. 2. l. 3 Reactions of diazene ligands with cobalt(ll) 

The reactivity of rhodium(I) and iridium(I) with terdentate diazene ligands having 

O,N,S donor set and subsequent C-S bond cleavage encouraged us to extend this 

study to the remaining member of group 9 of first transition series i.e. cobalt. 

Cobaltous chloride (CoCh) was selected as the starting material. The choice was 

mainly governed by the intention of exploring the reactivity of the ligands with low

valent starting metal compounds. The reaction between the azo-ligands and CoCh in 

ethanol at 60°C proceeded smoothly and led to colour change from yellow to pink. 

After removal of solvent the solid residue was thoroughly washed with water, dried 

and crystallized from dichloromethane/ethanol (Scheme IV.4 ). 

Ofl 

R 7t))s .... 
N ~ 

'~ 
R= CH3 :3-Co 
R= CH2Ph :4-Co 

Scheme IV.4. Reactions ofCoClz with the azo-ligands under aerobic condition 

In order to confirm the identity of the isolated complex, single crystal X-ray structure 

determination was carried out for 1-Co. The molecular view of the complex is shown 

in Figure IV.4. Crystal data parameters are compiled in Table IV.7. Selected bond 

distances and bond angles are given in Table IV.8. The structural analysis of clearly 

shows one of the coordinated ligand precuurssor is converted to dianionic o-,N,S

tridentate ligand via C{sp3)-S cleavage. The other ligand is coordinated to the metal in 
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a tridentate. monoanionic (CY.N,S) fashion thereby providing a d1sturtcd , 

geometry around cobalt(Ill). 

Cl4 
...) 

0 

v 

Ftgurc IV.-+. fv!olecular view ofthe cnmpkx 1-Co. Thermal ellipsoids arc drawn at 

"0% probability 

!he< \1-S(th1olato) distance (2.nAl has heen found to slightly elongated than the Co

S( thiot:ther) distance (2.1 ~A) (Tahle V ){). 1"111: Cu-~. Co-O distances are well within 

the range noted for similar compounds [2! -25 j. 
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Table IV.7. Crystal data and Structure Refinement Table of 1-Co. 

Empirical tonnula 

Fonnula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

z 
Calculated density 

Absorption coet1icient 

F(OOO) 

Crystal size 

Theta range tor data collection 

Limiting indices 

Ret1ections collected 

Independent reflections 

Absorption correction 

Refinement method 

Data I restraints I parameters 

Goodness-of-fit on F2 

Final R indices [I>2sigma(l)] 

R indices (all data) 

Largest diff. peak and hole 

CJs H2'i Co N4 OJ S2 

676.67 

293(2) K 

0.71073 A 

Monoclinic 

P I 2 lie 

a= 9.904(2) A 

b=39.I90(8)A 

c = 8.0572(16) A 

a= 90° 

p = I06.49(3)0 

y = 90° 

2998.8( I 0) A 3 

4 

I.499 Mglm3 

0.756 mm- 1 

I400 

0.31 x 0.25 x O.I I mm 

2.21 o to 25.00° 

-ll:Sh:SII 

-46 :S k :S 46 

-9 :S I :S 9 

I9857 

5087 [R(int) = 0.0334] 

multi-scan 

Full-matrix least-squares on F"'2 

5087 I 0 I 406 

1.122 

Rl = 0.0538, wR2 = 0.1266 

Rl = 0.0593, wR2 = 0.1298 

1.050 and -0.460 e.A-3 

,. ' 



Table IV.8. Selected bond lengths and angles in 1-Co. 

Bond lengths/ A Bond angles/ 0 

- -· -~--·------------ - ---- ---~-----

Co( I )-0( I) 1.899(2) 0( I )-Co( I )-N(2) 93.79(10) 

Co( I )-0(2) 1.917(2) 0( l )-Co( 1 )-N( 4) 85.89( 1 0) 

Co( I )-N(2) 1.907(3) N(2)-Co( l )-N(4) 178. 70( 11) 

Co( I )-N(4) 1.909(3) 0( 1 )-Co( 1 )-0(2) 88.53(1 0) 

Co( l )-S( 1) 2.2180( I I) N(2)-Co( 1 )-0(2) 87.30( I 0) 

Co( l )-S(2) 2.2285( I 0) N ( 4 )-Co( l )-0( 2) 93.94(11) 

N( 1 )-N(2) 1.292(4) N(2)-Co( I )-S( I) 88.82(8) 

N(3)-N(4) 1.277(4) N ( 4 )-Co( I )-S( I) 91.47(8) 

0(2)-Co( 1 )-S( I) 93.27(7) 

0( I )-Co( 1 )-S(2) 91.91(8) 

N(2)-Co( 1 )-S(2) 89.41 (8) 

N(4)-Co( l )-S(2) 89.35(8) 

S( 1 )-Co( l l-S(2) 86.45( 4) 

IV. 2. 2 Spectroscopic properties 

(a) lR Spectra 

lnthmxl spectra uf both the lM(ONC-L) (PPh,)2Cl] (1\·1' Rh. lr) complexes are very 

similar. Each complexes show several sharp hands of different mtcnsities in the [700-

400 em 1 region. Assignment of each individual hond to a speeitic vibration has not 

been attempted. Three strong hands ncar) I X. 696 and 74.~ ern 1 are observed in all the 

complexes. \Vhich an: attributable to the cm,rdinated PPih ligands [ I 7 -l 9 I Few ~harp 

bands are also displayed hy all these complexes \Vi thin 1200- J 400 em 1 wh1ch arc 

absent in the spectrum of[M (PPh,)1Cll. [M""Rh. Ir), and hence these arc attributahlc 

to the coordinated 0, N, C-donor ligands (L'). TheIR spectra of compounds of l-Rh, 

and 2-h· arc shown in Figure IV.S & IV.6 respectively. 
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Figure IV.5. IR spectrum ofthe cyclorhodate 1-Rh. 
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Figure IV.6. IR spectrum of the cyclorhodate 2-Ir. 

(b) Electronic Spectra 
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The rhodium(III) and iridium(III) compounds are soluble in polar organic solvents, 

such as chloroform, dichloromethane, acetonitrile etc., and produce intense blue 

colour. The electronic spectra were recorded in dichloromethane solution. Spectral 

data are presented in Table IV.9. 
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Table IV.9. IR and electronic spectral data ofrhodium & iridium compounds 
;-------~-~-----------~, -------~----~-_ -~~- -------~~ -l-- --,---,---://, __ __ 
1 

Compounds 1.,1<1, nm (f:, ( nr mo em ) 
~---~---

293( 17,200), 562(4,600), 605(5,700) . [Rh(ONC-L 1
) (PPh3)2Cl] (1) 

1----- ---+----
[Rh(ONC- L6

) (PPh3)2CI] (2) 293(28,600), 33 !'h(l6,000), 567(7300), 611 (9,-tOO) 

[Ir(ONC-L 1
) (PPh3)zCl] (3) 

[Ir(ONC-L6
) (PPh3)zCI] (4) 

In dichloromethane 

1\'. 2. 3 Magnetic Behaviour 

257'h(33,400), 300sh( \4,000), 387(6.600). 
539(7,100), 594(7,700) 

260(26,400), 318(12,100), 591(6,300), 628(5,500). 

Magnetic Susceptibility measurements showed that all the complexes arc diamagndt 

which corresponds to the+ 3 oxidation state of rhodium and iridium (low spin d
1
' S i l) 

in these complexes. 

1\'. 2. 4 NMR Spectra 

H :\!\1R spectra ufthe cnmpll:xe..; have heen recorded in CDC!, Solution. iH NMR 

-..pectral data of the compounds arc gi\·en in experimental section. The rhodium( Ill) 

cyclomctallates show hruad signals \vithin 7.0-7.7 ppm tor the coordinated PPh, 

ligands. Ahsence uf signals m the :lliphatic region indicates the C(sp2)-S cleavage Ill 

these case:-.. 
1
H '\!'v1R -;pectrum nt the and iridium(!II} cyclometallates ( l-lr and 2-lr) 

are qualitatively similar to that uf the analognus rhodium complexes. The 1 H '\i!\1R 

spectral data thus correspond \Nell with the composition of the complexes. The 

aromatic region uf the spectra (6 7.()->(0) appears a bit complex due to O\'crlap of 

some signals and hence assignment of all the signals in this region to specific protons 

has not been possible HmH.·ver intensity measurements of the signals cotTespond tP 

the total number 1lf aromatic protons present in the respective complexes. 

IV. 2. 5 Redox Behaviour 

The electron transfer properties of the cobalt(!!!) complexes (1-Co - 4-Co) in 

acetonitrile medium were examined voltammetrically. Potential data are summarized 

in Table IV.lO and representative cyclic voltammograms of( 1-Co) is shown in Figure 

IV.7. All potentials arc referenced to Ag AgCI electrode. 
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Table IV.l 0. Cyclic voltammetric data for cobalt( III) complexes 

Complex 
Et:z/V vs. Ag!AgCl electrode 

I st couple 2nd couple 3rd couple 

1-Co 0.015 -0.55 -0.89 

2-Co 0.02 -0.60 -1.10 

3-Co 0.01 -0.71 -1.12 

4-Co 0.018 -1.20 

Figure IV.7. Cyclic voltammograms (50 mV s-1) of I mM Solution of 1-Co in MeCN 

(0.1 Min TBAP.lndicated potentials (in V) are vs. Ag!AgCI. 

IV. 2. 6 X-ray Crystallographic Analysis 

The crystal packing of 1-Rh is shown in Figure IV.8. Two intramolecular 1t· .. 1t 

interactions involving the naphthyl rings and the phenyl moieties of the 

triphenylphosphines, which are shown in Figure IV.9. stabilize the crystal packing. 

Figure IV.8. Crystal packing diagram of 1-Rh. 

~I 
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Figure TV.9. Intramolecular 1t· .. 1t interactions of 1-Rh. 

file '''''"I packing diagram of 2-Rh is shown in Figure IV I 0. The crystal structure 

lw.s hccr: t<nmd In he stabilized hy intennolecular C'-H ·· ·n interactiono (Figure IV. I I ). 

Figure l\:.1 0. Crystal packing diagram of 2-Rh 
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Figure IV. I I. Intermolecular 1t .••. 1t interactionc of2-Rh 

The crystal packing in 2-Ir has been shown in Figure IV. I 2. 

Figure IV. I 2. Crystal packing in 2-lr. 

The crystal packing in 1-Co is shown in Figure IV. I 3. The crystal packing has been 

found to be stabilized by several 1t •••. 1t interactions (Figure IV. I4). 

Figure IV.I3. Crystal packing in 1-Co. 
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Figure IV.l4. Intem1olccular 7t. ... n: intcractionc of 1-Co. 
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IV. 2. 7. UV-vis Spectra and Excited Singlet State Calculations 

The rhodium(III) cyclometallates (l-Rh & 2-Rh) are soluble in common orgamc 

solvents. The electronic spectra of all, recorded in dichloromethane, show several 

intense absorptions in the visible and ultraviolet regions. Electronic spectra of the 

rhodium(lll) cyclometallates is shown in Figure IV.l5 Spectral data are presented in 

the Experimental Section. 

\V~vt'lt'u&th (mn) 

Figure IV.l5. Electronic spectra of 1-Rh (blue) & 2-Rh (pink) in dichloromcthane. 

To gain insight into the nature of the absorptions, the time-dependent OFT (TDDFT) 

calculations of the representative rhodium(III) cyclometallate, l'iz., 1-Rh has been 

done. We have only calculated the singlet excited states and only the singlet states 

with oscillator strengths greater than 0.05 are listed. Excitation energies and oscillator 

strengths tor the various absorption bands are reported together with the composition 

of the solution vectors in tenns of most relevant transitions. 

IV. 2. l. 1 Electronic Structure and Optical Absorption Spectrum ~ll-Rh. 

A detailed analysis of the highest occupied and lowest unoccupied molecular orbitals 

of 1-Rh is presented in Table IV.ll, where orbital energies and composition in terms 

of atomic contributions are reported. In case of HOMO (I 53 a), the largest orbital 

contributions arise from the ligand orbitals with a small percentage of metal d orbitals 

(l 0%). HOM0-1, on the other hand has major contributions from the rhodium dx2-y2, 

dz2 and dyz orbitals. HOM0-2 and HOM0-3 are largely ligand based having 18% and 

14% metal character respectively. The lowest unoccupied molecular orbital ( 154a) 



' 152a (HOM0-1) 

157a (LUM0+3) 

Figure IV.l6. Isodensity surface plot of the relevant MOs of 1-Rh . 

• 
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has 87% contribution from the diazene ligand. LUMO+ I, on the other hand has 

substantial metal d-character. The other LUMO's have predominant ligand character. 

Isodensity surface plot of the relevant MO's is presented in Figure IV.l6. The 

HOMO-LUMO gap is computed to be 1.67 eV. 

Table IV.ll. Energies and Percentage Composition ofthe Lowest unoccupied and 
Highest Occupied Kohn-Sham Orbitals of 1-Rh in Tenns of Rh and the ligand 
fragmenta 

MO occ E(eV) Rh Ligand 
159a 0 -1.462 70.63 
15Sa 0 -1.497 80.47 
157a 0 -1.558 82.16 
156a 0 -1.584 758(dxv):7.89(dxz). 51.05 
155a 0 -2.273 19.12 (dvz): 4.91 (d,2vcl· 2.32 (dl2); 1.49 (dxv): 138 (dxz)· 52.99 
154a 0 -2.903 1.29 (dxz); 1.14(dw). 87.18 
153a 2 -4.576 5.29 (d/): 1.85(dxJ: 1.80 (d,2.y2): 1.67 (d"). 81.19 
152a 2 -4.877 26.65 (d,2v7): 12.52 (dyz); 7.68 (d72). 47.1 
151a 2 -5.302 13.38(dz2):4.35(d,2 .. 7). 61.85 
150a 2 -5.518 7.25(dxz);6.59(d,y). 6693 
149a 2 -5.572 586(dd:4.11(d,z);3.7R(dxv)1.89(d,2,,) 55.41 
148a 2 -5.721 2.73(d!2}. 69.34 

Bold characters are used for the HOMO ( l53a) and the LUMO ( l54a). 

For 1-Rh, the lowest energy absorption band (at ca. 565 nm) involves excitation from 

the highest occupied to the lowest unoccupied molecular orbital. The absorption band, 

with an onset at 2.207 eV, has dominant intraligand rr-rr* character. The other 

absorptions in the visible regton in 1-Rh have common density redistribution features 

with a small amount of metal to ligand charge transfer and largely rr-rr* intrahgand 

density redistribution. The most intense transition observed in 1-Rh in UV region (ca. 

325 nm) involves excitation from HOM0-5 and HOM0-17 to LUMO+ l and LUMO 

respectively with predominantly intraligand rr-rr* character with a small admixture of 

MLCT (Table IV.l2). 

Table IV.I2. Selected TDDFT calculations of excitation energies, wavelengths (1,), 
oscillator strengths (f) and compositions of the low-lying singlet states in 
dichloromethane solution for complex 1-Rh. 

State Energy ) ... t.:ill 
-:-

f Composition ! Aoxr 
(eV) (nm) (nm) 

s, 2.207 562 562. 0.083 HOMO->LUMO (76.3%) 
605 HOM0-2 ->LUMO (13.8'%) -

0.082 ~ 2.9427 421 HOM0-3 --+LUMO (65.5%) 
i 

s~~ 3.1819 I 390 ~:~~; 
HOM0-2->LUMOtl (81.1%) 

~ -----'-'- -- -
s,~ I 3.5888 )45 293 HO~I0-5 ~LUMOt I (47 7"o) 

I l_ HOM0-17 •I.UMO (20.3"u) 
~ ~ 
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IV. 2. 7. 2 Electronic Structure and Optical Absorption Spectrum of2-lr. 

Electronic spectra of the iridium(III) cyclometallates have been recorded m 

dichloromethane medium and are shown in Figure IV.l7. 

12.------------------------------------------------------. 

1 

0.5 

300 400 500 600 700 
\Vavel(>Ugtll [mn) 

Figure IV.l7. Electronic spectra of 1-lr (blue) & 2-lr (pink) in dichloromethane. 

Table 1V.l3 shows the analysis of the highest occupied and lowest unoccupied 

molecular orbitals of 2-Jr. Here again HOMO ( 149a) has been found to be 

predominantly ligand based with only ~ 7% iridium d character. In case of HOMO-I 

(148a), the largest orbital contributions arise from the rhodium dyL, dxy and d/.2 orbitals 

(48%). HOM0-2 and HOM0-3 are largely ligand based having only 12% and 4% 

metal character respectively. The lowest unoccupied molecular orbital ( 150a) of 2-lr 

has been found to be based on the diazene ligand. The HOMO-LUMO gap has been 

computed to be 1.346 eV. [sodensity surface plot of the relevant MO's is presented in 

Figure IV.l8. 



150a(LUMO) 

148a (HOM0-1) 

Figure IV.l8 . Isodensity the relevant MOs of2-Ir. 



I ( J:) -

Table IV.l3. Energies and Percentage Composition of the Lowest unoccupied and 
Highest Occupied Kohn-Sham Orbitals of 2-lr in Terms of Ir and the ligand 
fragmenta 

------ -----------·------------~---------------- ----~- --
MO occ E(eV) lr Ligand 

-------~-------- ------------ - ---·--------- --- -· 

l55a 0 -1.481 1.57 (dd. 71.91 
154a 0 -1.497 1.04 (d,2-d- 7R.45 
153a 0 -!.583 I. 73(dx2-\2); 1.47 (dlo). o3.52 
152a 0 -l.o61 84.01) 
!51 a () -2.004 I o. 77 ( d,2.d: 2.52 (d" ). o0.34 
lSOa 0 -2.95o 3.78(d") 83.59 
149a 2 -4.302 5.52 (d"): 1.28 (d;2). 82.9o 
t48a 2 -4.989 40.08 (d"): 2.37 (d"): !.52 (d;C). 47.83 
147a ) -5.297 10.87 (d"); 2.37 (d"l o3.!5 
14oa ' -5.545 2.19(d,.l:2.00(pJ. 04.22 
145a 2 -5.745 8.90 (d"): 2.54 (d"): 2.21 (df2l. oO.A 

_j44a ___ _} ______ -5. 7R4 __ _J_Q_.49 ( d" ): 5.97 ( d, 1 ): 1.55 ( d,.o ); I. 10_ ( d" ): __ -~~3. 7:'_ 

Bold characters are used for the HOMO ( 149a) and the LUMO ( 150a). 

fhe lowest energy absorption band (at 6.')~ nm) m 2-lr. mvPives cxcitatiun !'rum t 

htghest \h..:cupicd tu the lowest unoccupied molecular orbital. The absorption band, w1th 

an unset Jt ! .iN c\'. has dominant intraligand Jt-Jt* character. Selected TDDF1 

calculattons pf excitation energies, wavelengths(/.). nscillator strengths (f) and 

cu111pustliPtb ut'thc lcl\\-lying singlet states are presented in Table !V.14. 

rable 1\'.14. Selected TDDFT calculations of excitation energies. wa\dengths (t.). 

1hcillator strengths (f) ~md compt)sitions nfthe lo\v-lytng singlet states in 
dichloromethane solution ltll· complex 2-lr. 

State -~ f~nergy 
_ ___;, (eV) _ 

'K1 t.89R9 
<-,, l _'\.()55:-\ 

-

3.24.\ I 
S; 1 _\ 7l)()() 

!__-

. --~ r-~----- -------------- --
1. " 11 1. "P I ( 't'l1lPl':-;ition 

: (nm) . (nm) ' +----------- ______________________ 
1 

T653 --;--:~94- t()~Ts(; 1 HOMO! -+LUMO (93.9<;; .. ) 
-,.-~-Oh- -+-- ---f-0'()~-7 + IIOM0-6---->l.UMO (50.9%) 

- --- L-

387 
. 300 

HOMO-" •UJMO ( 13.2"<>) 
. f!S~~'v'I.Sc~~4 -~ l_lz~g !J3 _ oo ~) __ 

• ()_()55 , HOMO-X ->LUi\-10 (64.5'~o) !------ -1'~------- -~~------- --------

0.057 ' fiOM0-4--•LUMO• l (67 9"<1) 

- - -- L_ HOMO-S >I.UMO I 10.4",ol 
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IV. 2.9 Conclusions 

l. Rhodium (I) selectively cleaves C(sp2)-S bond of monoanionic diazene ligands 

having O,N,S donor set (HL 1-HL 10
) with concomitant two-electron oxidation 

resulting in the formation of novel rhodium(III) cyclometallate. Rhodium(lll) 

binds desulfurized (HL1-HL 10
) ligands via 0, N, C(aryl) donor set. 

2. The C(sp2)-S bond cleavage ofligands (HL 1-HL 10
) is also observed with 

iridium(!) compound (lr(PPh3)3Cl]. Novel iridum(III) cyclometallates have 

also been isolated and structurally characterized. 

3. The reactions of diazene ligands (HL 1-HL 10
) with the remaining member of 

the group 9 was examined. The reaction between cobalt(ll) salts and the 

ligands (HL 1-HL 10
) results in regiospecific C(sp3)-S bond cleavage with 

concomitant one-electron oxidation leading to the formation of novel 

cobalt(III) complex. Each cobalt(lll) binds one monoanionic HL 1-HL 10 via 0, 

N ,S donor set along with dianionic modified (HL 1-HL 10
) via 0, N, S(thiol) 

donor set. 

4. The molecular structures of the resulting complexes have been detennined by 

single crystal X-ray crystallography. 

5. Several non-covalent interactions, notably C -H ... CI and 1["'1[ interactions 

between adjacent aromatic rings, have been found to stabilize the crystal 

packing in the metal complexes. 

6. The simulated electronic spectra of the representative complexes using time

dependent density functional theory (TO-OFT) are in close agreement with the 

experimental spectra. 

IV. 3 Experimental 

IV. 3. 1 Preparation of Compound!!' 

a. Chemical.\· 

Rhodium trichloride and iridium trichloride were obtained from Arora Matthey, 

Kolkata, India. Triphenyl Phosphine was purchased from S. D. Fine Chem. Limited, 

Mumbai, India. [Rh(PPh3)3Cl] and [Ir(PPh3)3Cl] were prepared by following the 

reported procedures [26] and [ 18] respectively. Purification of acetonitrile and 

preparation of tetra butyl ammonium perchlorate (TBAP) for electrochemical work 

were performed as reported in the literature [27]. 2-Aminothiophenol (Merck, 

Gennany), 1- naphthol and 2- naphthol (E.Merck, India), benzyl Chloride (S. D. Fine 
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Chemicals, India) were used without further purification. Methyl iodide, ,ethyl 

bromide. n-propyl bromide, n-butyl bromide, triethylamine, silica gel (for TLC) and 

all other chemicals were reagent grade commercial materials and were used as 

received. All solvents were puritied according to standard procedure. 

h. Syntheses l~{the ligand.\' 

2-hydroxy-1-(2'-alkylthiophenylazo )naphthalenes(HL1-HL 5)and 1-hydroxy-2-(2'

alkylthiophenylazo)naphthalenes (HL6 -HL 10 ) were prepared following reported 

procedure using 2-naphthol and ]-naphthol respectively [23]. Detailed svnthetic 

procedure and characterization of the ligands have been outlined in Chapter II. 

c. Syntheses of the complexe.\· 

Preparation ot[RJ/ (PPh1)lC!j 

RhCh + 4P (Cf>Hsb _ ___. RhCIIP (CiiHshb + ChP (Cf>Hsh 

ClzP (Cr,Hs)1 + H2o-----. OP (C6Hsh + 2HCL 

Rhodium (Ill) chloride trihydrate (:?.g) was dissolved 111 70cm 
1 

of 

C·H-J)H (l)5°o) in a 500 em round bottomed t1ask titted \Yith gas inlet tube. retlux 

condenser and gas ex1t bubbler. r\ solution of 12g of triphenylphospine (freshly 

crystallll:ed trom ethanol to remP\ e triphenyl phosphine oxide) in 350 em; of hot 

ethanol \vas added and the tlask purged with Nitrogen. The solution was ret1uxed for 

about 2h, and the crystalline product was collected from the hot solution on a Buchnar 

funnel or sintered glass tilter. The product \\,.as washed with small portions of 50 em' 

tll anhvdrous ether. !hi-, crystallme product j-, deep reel in colour. I \'icld: h.25g (SS 0
;) 

based on Rh)j. 

An isomeric species which is orange m colour is obtained if the total volume of 

ethanol used is 200 em 1 
or less and the solution is retluxed t(x a period of about 5min. 

These substances often contain small amounts of red product and on continued 

retluxing the orange crystals are slov.:ly converted to the red fonn. The excess 

triphenyl phospine used in the preparation can be recovered hy addition of \\'ater to 

the ethanol filtrate until precipitation hegins. Alter allowing the solutinn to stand .2 to 

3 days in as Stoppered t1ask PPh, crvstalli/es out. Rccrystalli/ation tl·om C,J-I,OH and 

ctharwl-hen/l~ne (I: l) remm es PPh ;-oxide contaminant. 
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Triphenylphospine (6g) was dissolved in hot tert-butyl alcohol (200 em\ and the 

solution was purged with a stream of dinitrogen for I Omin. Iridium trichloride ( 1 g) 

was added to the solution, and was heated at reflux for 72h. under a dinitrogen 

atmosphere. [Ir1 (PPh3)3Cl] separated as a yellow crystalline precipitate,which was 

collected from the hot solution by filtration, washed thoroughly with ether, and dried 

in air. Yield: 94%. 

d. Isolation of compounds 

Isolation of[Rh111(0NC-L 1
) (PPh3)2 Cl} (1) 

Solid 2-Hydroxy-1-(2'-methylthiophenylazo )naphthalene (HL 1
) (0.03g, 0.1 mmol) in 

benzene ( 40 cm3
) was taken in a three necked round bottomed flask fitted with a 

condenser and dinitrogen was slowly purged through the solution for 15min. Then it 

was added [Rh1 (PPh3)3Cl] (0.093g, 0.1 mmol). The resulting mixture was then heated 

at reflux for I Oh to yield a deep violet solution. The solvent was then evaporated to 

give a solid mass, which was then dissolved in dichloromethane and subjected to 

purification by thin layer chromatography on silica plate using I 0% CH 3COOEt in 

petroleum ether as eluant, a blue band separated, which was extracted with 

acetonitrite. Evaporation of this extract gave complex (I) as crystalline solid. (Yield : 

0.0 18g, 0.02 mmol, 20%). 

Anal.calc. t<x C52 H4oN20ClP2Rh: C, 68.7°;(); H, 4.4(Yc); N, 3.08%. Found: C, 67.9%; H, 

3.9%; N, 3.02%. IR (KBr; u/cm- 1 
): 518, 696 and 743 (coordinated PPh3 ligands.), 

UV/Vis (CH2Ch), A./nm (E/dm3 mor 1 cm- 1 
): 293( 17200), 562( 4600), 605(5700). I H 

NMR in CDC13 (ppm): 7.2 (coordinated PPh3 ligands.), 7.0-7.6 (Other aromatic 

protons). 

Isolation of[Rh111 (ONC-L 15
) (PPh 3)2 Cl} (2) 

The preparation and isolation of the compound (2) has been made following the above 

procedure. The following yield is based on HL6 (0.0 12g, 0.04 mmol) and [Rh1 (PPh3)3 

Cl] (0.037g, 0.04 mmol). (Yield O.Olg, 0.011 mmol, 28%). 

Anal.calc. for CszH4oN20ClP2Rh: C, 68.7%; H, 4.4%; N, 3.08%. Found: C, 68.1 %; H, 

4.1 %; N, 3.03%. IR (KBr; u/cm- 1
): 519, 693 and 746 (coordinated PPh3 ligands.), 

UV/Vis (CH2Ch), A./nm (E/dm3 mor 1 cm- 1
): 293(28600), 331'\ 16000), 567(7300), 

611(9400). 1H NMR in CDC1 3 (ppm): 7.26 (coordinated PPh3 ligands.), 7.0-7.6 (Other 

aromatic protons). 

Isolation of [Ir111 (ONC-L 1
) (PPh3)2 Cl} (3) 



Solid 2-Hydroxy-1-(2'-mcthylthiophenylazo )naphthalene ( H L 1
) (0.03 g, 0.1 mmo1) in 

toluene (50cm
1
) was taken in a three necked round bottomed tlask fitted vvith a 

condenser and NEt1 (0.0 1 g, 0.1 mmol) was added to it. Then dinitrogen was slovvly 

purged through the solution for l5min and to it was added [Ir (PPh1J,CI] (0.\g. 

0.1 mmol). The resulting mixture was then ref1uxed under dinitrogen atmosphere l"or 

26h, whereby a deep violet solution was obtained. Evaporation of this solution 

afforded a dark solid mass. which was subjected to purification by thin layer 

chromatography on silica plate using \5°/o CH 1COOEt in petroleum ether a~ ,Ju<mt. c~ 

blue band separated. which was extracted with acetonitrite. 

Slow Evaporation of the blue acetonitrile extract afforded the cumpPund .. h 

crystalline solid. (Yield: 0.02g, 0.02mmol, 20%) 

.c\nal.ca!c. t()r C,2H-~,N 20ClP· lr: C 62.6~,;,; H. 4°(,; :\1. 2.S 0 /o. Found: C. 62.1 °lo: 

H. 3.1 °!,: N. 2.2<~/o. IR fKBr: \'em·\ 519. 693 and 743 (coordinated PPh, ligands). 

l V Vis (CH 2C]:.). i, nm (L elm' mu\ 1 cn1 \ 25TilU3400). _)()(fh( 14000). ~~7(6600). 

:;~()("""~\00) .. '94(7 7 00). H '\MR m CDCl, (ppm) 7.25 ic'lorchnated PPh, ligands). 

'7.0-7.6 (Other aromatic protons). 

i'>olarion o!/Ir':1 rO\"C-r"i f/'fJh:J· Cl/ (4) 

The preparatiPn and JSdlatlllll ,1f the compound (4) was made 1()\lowing the abon: 

procedure. The f~.l)l(l\\lllg \ll'ld !S based ill1 HL; (iJ.Ol =ig. (J.()) mmol) and [lr1 (PPh,)· 

( '] j ( 0.05g, 0.05 mmol ). and triethylamine ( 0.005 g.0.05 mmo\) 

(Yield 0. 013 g. 0.0 1.) mmol . .?.hu o ).Anal.calc. tor ( · d-LwN,O( "I p, lr: ( ·. (J2 J1° ;,; II. -l-0 
r): 

"J 1 001 F 11.1111 · (' ( 1 ll 0 · · l-1 \ ~o. · N' 1 ()0 " 1R (KF3r· 'l. '11_1-
1
)· -';!() ( l)"' at1'1 "'"~4·1 • . _.o ;(). l (. . • l . o. . _ ._1 ·0, .• -· o. . , •L .• _ • ) .1 '- I '"t 

~~~ourdll1ated PPlh ligandc-L l. .,. VJS (('!1~(-l:l. i. nm (~: dm' mol; em 1
): 260(26400). 

\IS(\.2\00). 5lJI(h~OO). (l2X(5500). H -"i!VIR 111 CDC\, (ppm) '.2(cnordinatcd PPh, 

ligands). 7.0-7.6 (Other aromatic protons). 

H: 3. 2 Characterization l~f'compowuls 

·\ll compounds arc characterized by C. H and N microanalysis. Elemental analysis 

\\as made bv 1..-'\.('.S .. Kolkata or C.D.R.I.. Luckno\\. India. 

IV. 3. 3 Physical .Hewwrement' 

The IR spectra \\l'n.: ubtaincd 1111 a L~Scu )~!l() FT-IR "peclt\lphutumcter a-. KBr disks. 

1· ,11·-ll~ -;peel L! \\ lTI.' 'Jhtai ned ti·nm Bruh~r II· S-h-) ..;pectrophotomctcr. Electronic 

"pcctra \\en .. · n:curdcd llt1 a -;himad;u n\·- .,-1-ll "pcctruphutomckr 'I! '.;:v1R -;pcctra 
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were recorded on Bruker DPX 300 spectrometer. C, H and N elemental analysis 

were done by either Perkin-Elmer (Model 240C) or Hercus Carlo Erba II 08 

elemental analyzer. Electrochemical measurements were performed using a computer 

controlled PAR model (VERSAST AT II) electrochemical instrument. A platinum disc 

working electrode, a platinum wire auxiliary electrode and an aqueous saturated 

calomel reference electrode (SCE) were used in the cyclic voltammetry experiments. 

All electrochemical experiments were performed under a dinitrogen atmosphere at 

298 K in I :9 dichloromethane/acetonitrile using [n8u4N][CI04] (TBAP) as the 

supporting electrolyte. The reported potentials are uncorrected for junction potential. 

IV. 3. 4 Crystallography 

Single crystals of the compounds 1-Rh, 2-Rh and 2-Ir were grown by slow 

evaporation of the acetonitrile extract of the respective compounds. Single crystals 

suitable for X-ray analysis f(x 1-Co were obtained by slow evaporation from a 

mixture of dichlorometane/ethanol (I :4, v/v). Other intonnation's are described in 

Chapter ff, Section fl.3.3. 

IV. 3. 5 Metlwd ami Computational Details 

Described in Chapter rr, Section f 1.3 .&' 
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