Inorg. Chem. 2006, 45, 460-467

Inorganic:Chemistry

* Article

Ruthenium Mediated C —H Activation of 2-(Arylazo)phenols:
Characterization of an Intermediate and the Final Organoruthenium
Complex '

Parna Gupta, * Swati Dutta, * Falguni Basuli, * Shie-Ming Peng, $ Gene-Hsiang Lee, ¢ and
Samaresh Bhattacharya* *

Department of Chemistry, Inorganic Chemistry Section, dpda University,
Kolkata 700 032, India, and Department of Chemistry, National Taiwarvélsity,
Taipei, Taiwan, ROC

Received October 28, 2005

Reaction of 2-(arylazo)phenols with [Ru(PPhs),(CO),Cl,] affords a family of organometallic complexes of ruthenium-
(1) of type [Ru(PPh3),(CO)(CNO-RY)], where the 2-(arylazo)phenolate ligand (CNO-R; R = OCHj, CHs, H, Cl, and
NO,) is coordinated to the metal center as tridentate C,N,O-donor. Another group of intermediate complexes of
type [Ru(PPh3),(CO)(NO-R)(H)] has also been isolated, where the 2-(arylazo)phenolate ligand (NO-R) is coordinated
to the metal center as bidentate N,O-donor. Structures of the [Ru(PPhs)(CO)(NO-OCH;)(H)] and [Ru(PPhs),(CO)-
(CNO—OCHjz)] complexes have been determined by X-ray crystallography. All the complexes are diamagnetic and
show characteristic *H NMR signals and intense MLCT transitions in the visible region. Both the [Ru(PPhs),(CO)-
(NO-R)(H)] and [Ru(PPh),(CO)(CNO-R)] complexes show two oxidative responses on the positive side of SCE.

Introduction proceed via a €H activation of the organic substréate,
leading to the formation of a reactive organometallic inter-
mediate, which then undergoes further reactions to yield the
final product. Thus, transition metal mediated-& activa-
tion of organic molecules is of significant importance, and
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Ru-Mediated C-H Activation

ruthenium has been selected as the transition metal for(PPh),(CO)CIl;] has indeed afforded a family of organoru-
promoting the C-H activation. The 2-(arylazo)phenols are thenium complexes, where the 2-(arylazo)phenols are coor-

dinated as irb. In addition, a group of complexes of another
Hsc@ /@o
N

type could also be isolated from the same reaction. The
N=

0.
Su S present report deals with the chemistry of all these com-
d H;C -
Il Il
N R=OCH;, CH;, N
H, CL NO,
R R R

plexes, with special reference to their formation, structure,
1 2 3

and spectral and electrochemical properties.

Experimental Section

Materials. Commercial ruthenium trichloride was purchased
from Arora Matthey, Kolkata, India. Theara-substituted anilines
and p-cresol were obtained from S.D, India. All other chemicals
and solvents were reagent grade commercial materials and were
used as received. [Ru(PPHCOLCI,] was synthesized by following
a reported procedufelhe 2-(arylazo)phenol ligands were prepared
by coupling diazotizegbara-substituted anilines witpara-cresol.
Purification of dichloromethane and acetonitrile and preparation
of tetrabutylammonium perchlorate (TBAP) for electrochemical

S :
=

Z:
=

known to bind to metal ions usually as bidentate N,O-donors,

via dissociation of the phenolic proton, forming a six- work were performed as reported in the literatire

membered chelate rin@)* However, in a recent stqu the Preparati?)ns of Complexez. [Ru(PPQz(CO)(NO—.R)(H)] and

2—(ary|azo)pheno|ls have been observed tp coordlnate_ the[Ru(PPhs)z(CO)(CNO—R)]. The [Ru(PPE),(CO)(NO—R)(H)] and

metal center as b|deptate5N,O—donor§ forming a stable five- [rypph),(CO)(CNO-R)] complexes were obtained by following

membered chelate ring)° In the solid state the pendent 3 general procedure. Specific details are given below for a particular

phenyl ring in the arylazo fragment 8is observed to remain  complex.

almost orthogonal to the plane of the chelate ring. However, [Ru(PPhs)y(CO)(NO—H)(H)] and [Ru(PPhs),(CO)(CNO—H)].

in view of the possible rotation of this phenyl ring around 2-(Phenylazo)-4-methylphenol (30 mg, 0.14 mmol) was dissolved

the C-N bond in the solution phase, and particularly in view in ethanol (40 mL), and [Ru(PER(CO)Clz] (100 mg, 0.14 mmol)

of the resulting closeness of the phenyl ring to the metal was added to it. The mixture was then refluxed 6oh toyield a

center when it becomes coplanar with the chelate ringHC red solution. The solvent was evaporated, and the solid mass, thus

activation at the ortho position of the phenyl ring appears to obtaine_ql, was subjec_ted to purification by thin-layer chromatography

be a possibility. A necessary prerequisite for such speculatedon a silica plate. With 1:1 hexandenzene as the elua.m’ a red .
L . . . band and a green band separated, and the corresponding materials

C—H activation to occur is the existence of a potentially

N . were extracted separately with acetonitrile. Evaporation of these
labile Ilga_n.d (X) trans to the phenqlate OXng*.),(Wh'Ch acetonitrile extracts gave [Ru(PPHCO)(NO—H)(H)] and [Ru-
would facilitate the targeted -€H activation leading to the  (ppp),(CO)(CNO-H)] as red and green crystalline solids, respec-
formation of the corresponding orthometalated speci#s ( tively. Yields: 45% and 50%, respectively.
via elimination of HX. With this strategy in mind, [Ru- [Ru(PPhs),(CO)(CNO—R)]. The [Ru(PPB)2(CO)(CNO-R)]
(PPh)(CO)Cl;] has been selected as the ruthenium starting complexes were also prepared by following two different proce-
material. This particular complex has been picked up becausedures, which are described below for a specific complex.
of its demonstrated ability to accommodate monoanionic  [RU(PPhs)(CO)(CNO—H)]. Method A. 2-(Phenylazo)-4-me-
bidentate (I-L) ligands via displacement of one CO and thylphenol (30 mg, 0.14 mmol) was dissolved in 2-methoxyethanol
one chloride¥ and hence, it is expected to provide a labile (40 ML), and [Ru(PP);(CO)Cy] (100 mg, 0.14 mmol) was added
Ru—Cl bond in the equatorial plane containing the Ru(L to it. The mlxture was then refluxed f® h toyield a gre.enlsh.
L)(CO)CI fragment, as required for the targeted-1& brown solution. The solvent was evaporated, and the solid residue,

- . . thus obtained, was purified by thin-layer chromatography on a silica
activation. Reaction of the 2-(arylazo)phendiith [Ru- plate. With 1:1 hexanebenzene as the eluant, a green band

separated, and the corresponding material was extracted with
acetonitrile. Evaporation of the acetonitrile extract gave [Rug2Ph
(CO)(CNO—-H)] as a green crystalline solid. Yield: 70%.

Method B. The red [Ru(PP}),(CO)(NO—H)(H)] complex (100
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mg, 0.12 mmol) was taken in 2-methoxyethanol (50 mL). The
solution was heated at reflux for 10 min, whereby it turned green.
Evaporation of the solvent afforded [Ru(RRACO)(CNO-H)] as
a green crystalline solid. Yield: quantitative.

Anal. Calcd for [Ru(PP%),(CO)(NO—OCHs)(H)]: C, 68.10; H,
4.77;N, 3.17. Found: C, 68.83; H, 4.72; N, 3.18.NMR:8 —10.5
(t, hydride,J = 22.0); 2.11 (CH); 3.57 (OCH); 6.31 (d, 1HJ =

(6) Ahmad, N.; Robinson, S. D.; Uttley, M. B. Chem. Soc., Dalton
Trans.1972 843.

(7) (a) Sawyer, D. T.; Roberts, J. L., Experimental Electrochemistry
for ChemistsWiley: New York, 1974; pp 16#215. (b) Walter, M.;
Ramaley, L.Anal. Chem1973 45, 165.
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6.0); 6.36 (s, 1H); 7.167.90 (2PP¥); 7.55-7.57 (d, 2H).*13C
NMR: 19.72 (s, CH); 44.54 (s, OCH); 127.47 (t, PPh J = 17.85);
129.11(s, PPJ); 131.86 (t, PP J = 27.30); 133.83 (t, PRhJ =

Gupta et al.

1H,J = 9.0); 6.67 (s, 1H); 7.167.36 (2PPh). 13C NMR: 29.69
(s, CHy); 30.83 (s, CH); 127.71 (t, PPk J = 16.80); 129.52 (s,
PPh); 131.96 (t, PPhJ = 27.80); 134.02 (t, PRhJ = 22.20);

23.68); 100.15, 101.91, 115.38, 121.34, 123.98, 125.50, 127.44,110.29, 118.20, 123.27, 127.50, 129.46, 130.22, 132.25, 137.14,
131.45, 133.33, 144.40, 153.12, and 161.44 (phenyl carbons 0f138.57, 162.06, and 166.00 (phenyl carbons of GNBBi; ligand);
NO—OCH; ligand); 202.20 (s, CO¥P NMR: 41.13 (s, 2PRh 180.50 (metalated carbon); 208.27 (s, C&P NMR: 30.99 (s,
IR: 1928 cnm? (vco). 2PPh). IR: 1920 cmi? (vco).

Anal. Calcd for [Ru(PP$,(CO)(NO-CHz)(H)]: C, 68.60; H, Anal. Calcd for [Ru(PP§2(CO)(CNO-H)]: C, 69.52; H, 4.63;
5.01; N, 3.18. Found: C, 68.77; H, 5.04; N, 3.24.NMR:8 —10.50 N, 3.24. Found: C, 69.47; H, 4.77; N, 3.2l NMR:2 2.10 (CH);
(t, hydride,J = 22.0); 2.10 (CH); 2.30 (CH); 6.91 (d, 1HJ = 5.50 (d, 1H,J = 9.0); 5.95 (s, 1H); 6.256.35 (2H);* 7.07-7.25
9.0); 7.07 (s, 1H); 7.367.87 (2PPH); 7.11 (d, 1H,J = 6.0); 7.54 (2PPh). 13C NMR: 29.68 (s, Ch); 127.71 (t, PPk J = 16.85);
(d, 1H,3 = 6.0).3C NMR: 19.71 (s, Ch); 20.01 (s, CH); 127.47 129.52 (s, PP); 132.06 (t, PP J = 27.76); 134.02 (t, PRhJ =
(t, PPh, J = 18.20); 129.11(s, PR) 131.86 (t. PP§ J = 27.45); 22.30); 116.66, 124.10, 129.97, 132.20, 134.46, 135.52, 137.20,
133.83 (t, PPy J = 23.59); 106.54, 108.71, 117.88, 122.34, 125.88, 143.84, 144.87, 162.16, and 168.20 (phenyl carbons of ENO

127.55, 129.44,134.44, 137.43, 148.41, 155.12, and 169.50 (pheny|||gand), 181.09 (meta|ated Carbon); 208.30 (s, C@? NMR:
carbons of NG-CH; ligand); 202.33 (s, COP'P NMR: 41.22 (s, 31.10 (s, 2PPJ. IR: 1922 et (vco).

2PPh). IR: 1930 ent? (vco). Anal. Calcd for [Ru(PP§),(CO)(CNO-CI)]: C, 66.85; H, 4.34;
Anal. Calcd for [Ru(PP(CO)(NO-H)(H)I: C,69.36;H,4.85; N 3.11. Found: C, 66.65; H, 4.27; N, 3.451 NMR:2 2.05 (CH);

N, 3.23. Found: C, 69.45; H, 5.02; N, 3.661 NMR:8 —10.67 (t, 5.01 (d, 1H,J = 9.0); 5.85 (s, 1H); 6.25 (d, 1H, = 9.0); 6.50 (s,

hydride,J = 22.0); 2.10 (CH); 6.02 (d, 1HJ = 9.0); 6.43 (d, 1H, 1H); 7.30-7.60 (2PPk). 3C NMR: 29.67 (s, CH); 127.71 (t, PPh

J=19.0); 6.58 (d, 1H] = 9.0); 6.93 (t, 1HJ = 9); 7.05 (t, 1HJ J = 16.78); 129.52 (s, PR} 132.06 (t, PPh J = 27.83); 134.02

= 7.5); 7.15 (s, 1H); 7.167.90 (2PPf). *C NMR: 19.74 (CH); (t, PPh, J = 22.20); 120.96, 128.00, 133.87, 137.10, 139.56, 140.82,

127.53 (t, PPH J = 18.00); 129.11(s, PR 131.86 (t, PPH J = 142.30, 148.64, 149.97, 168.16, and 170.00 (phenyl carbons of

27.30); 133.83 (t, PRhJ = 23.70); 116.54, 119.91, 121.38, 122.34, cNO—CI ligand); 183.59 (metalated carbon); 208.28 (s, Ct)
125.98, 127.47, 128.24, 133.45, 134.23, 146.46, 157.02, and 171.50R: 30.99 (s, 2PP. IR: 1921 cnt (veo).

(phenyl carbons of N©H ligand); 202.40 (s, COfP NMR: 41.19 Anal. Calcd for [Ru(PPH,(CO)(CNO-NOy)J: C, 66.07: H
. 1 . . , U,
(s, 2PPB). IR: 1928 cnt* (vco). 4.29; N, 4.26. Found: C, 66.15; H, 4.80; N, 3.9%. NMR:# 2.10
Anal. Calcd for [Ru(PP¥(CO)(NO—CI)(H)]: C, 66.70; H, 4.56; (CHa); 4.95 (d, 1H,J = 9.0); 5.72 (s, 1H): 6.15 (] = 9.0): 6.01-
N, 3.11. Found: C, 66.97; H, 4.64; N, 3#LNMR® —10.61 (L (¢ 111): 7.00-7.70 (2PPF). 1C NMR: 29.71 (s, CH): 127.71
hydride,J = 22.0; 2.11 (CK); 6.00 (d, 1HI=6.05,6.28 (4, IH,  ppr1' 216 70): 120,52 (5, PR} 132,06 (1, PPR 3 = 27.80);
— . . 1! . . Il . I} . ) . y . i
J=6.0): 7.10 (s, 1H); 7.267.52 (2PPR. "CNMR: 19.67 (CH): 134 05 ¢, PPy 1= 22.30); 121.76, 129.10, 134.77, 139.56, 143.66,

;57;7 gté :f :g’ ‘: - 1853_0)2? 31?‘;11(252 thlgjtfﬁl(;fg’ 1333 44 143.88,144.90, 149,19, 149.97, 169.26, and 171.20 (phenyl carbons
-57); 83 (t, PR =23.72); o e S © 7 of CNO—NO; ligand); 185.59 (metalated carbon); 208.31 (s, CO).
132.78, 136.50, 138.34, 140.15, 153.23, 161.40, 178.12, and 185480 ik 30,86 (s, 2PRp IR: 1020 o (vec)

(phenyl carbons N©Cl ligand); 202.38 (s, CO$P NMR: 41.20 i )
Physical Measurements.Microanalyses (C, H, N) were per-

(5, 2PPg). IR: 1931 e (vco). formed using a H Carlo Erba 1108 elemental anal IR
Anal. Caled for [Ru(PPé(CO)(NO-NO,)(H)]: C, 65.93; H, sortraT::(tera l\ﬁlar:g 2bt:i:1aeiiuzn :rlgerliin?Elmer sse?tn : ne?:trirr?eﬁ?rv.vith
4.50; N, 4.62. Found: C, 66.00; H, 4.45; N, 4.33.NMR:? —10.36 sgm les prepared as KBr pellets. Electronic s ec?ra were recorded
(t, hydride,J = 22.0); 2.12 (CH): 5.96 (d, 1H,J = 9.0); 6.30 (d, pies prep pETets. pec ecor
_ . = . . on a JASCO V-570 spectrophotometer. Magnetic susceptibilities
1H, J = 9.0); 6.60 (d, 1H,J = 9.0); 7.19 (s, 1H); 7.187.40 . S
were measured using a PAR 155 vibrating sample magnetometer

1. . . — .
(122F;P1I31)is 3SP4N)M1F’§,1 ég(?toéggi\)] :12277.175)§t‘1§3P23\](t p]};;]jsz) fitted with a Walker Scientific L75FBAL magnet. NMR spectra
’ ' , . ’ Nite ) ’ were recorded in CDGlsolution with a Bruker AV 300 NMR

ig;ié 112653;.524?;, 112687'_7516115830'_1482’,1:: def&; Légz(gh;sascgrblg: S'lgf'spectrometer. ESR spectra were recorded with a Varian E-109C
NO—NO, ligand); 202.29 (s, COF'P NMR: 40.99 (s, 2PR) X-band spec.tron_we_ter fitted with a quartz Dewar for measurem_ents
IR: 1930 et (veg). at 7?dK f(ISSSH(gnIUS%?)g)})AgESR sri)ect_ra IWere calibrated with
anaido =2. . Electrochemical measurements were
4 %ne;\ll gallzd ggLr[Su(cp:Pgé(sg )&Cﬁa;oﬁ F?!DEICI:\II\/IGF%?Z OH7‘ made using a CH Instruments model 600A electrochemical analyzer.
N o o o A AN e o A platinum disk working electrode, a platinum wire auxiliary

(CHy); 3.67 (OCH); £.03 (d, 1H,] = 9.0); 6.39 (d. 1F) = 9.0) electrode, and an aqueous saturated calomel reference electrode
6.53-6.61 (3H);* 7.07 (s, 1H), 7.227.49 (2PPk). 13C NMR: ’ q - !
(SCE) were used in the cyclic voltammetry experiments. A

29.71 (s, CH); 54.83 (s, OCH); 127.71 (t, PPh J = 16.83), 129.52 platinum-wire gauge working electrode was used in the coulometric

(s, PPR); 132.06 (1, PPh J = 27.88); 134.02 (t, PRNJ = 22.30); experiments. All electrochemical experiments were performed under
108.96, 115.80, 120.97, 124.10, 126.16, 127.52, 128.25, 133.84, p . ' P . P
a dinitrogen atmosphere. All electrochemical data were collected

134.37, 158.16, and 161.20 (phenyl carbons of CNITH at 298 K and are uncorrected for junction potentials.

ligand); 179.59 (metalated carbon); 208.31 (s, C&p. NMR: ]

31.00 (s, 2PPJ). IR: 1922 cnr? (vco). Crystallography. Single crystals of [Ru(Pl%hg(CO)_(NO—
Anal. Calcd for [Ru(PPY(CO)(CNO-CHy): C, 69.78; H,  OCHe)(H)] and [Ru(PPE),(CO)(CNO-OCH)] were obtained by

4.79' N, 3.19. Found: C, 69.92: H, 4.32: N, 2.94.NMR:® 1.88 slow diffusion of hexane into dichloromethane solutions of the

(CHa); 1.80 (CHy); 5.93 (d, 1H,J = 9.0); 6.04 (s, 1H); 6.35 (d, respective complexes. Selected crystal data and data collection

parameters are given in Table 1. Data were collected, respectively,

on a Nonius Kappa CCD diffractometer and a Bruker Smart Apex

CCD diffractometer using graphite monochromated Mwo itédia-

tion (1 = 0.71073 A) byw scans. X-ray data reduction, structure

(8) Chemical shifts are given in ppm and multiplicity of the signals along
with the associated coupling constanty i Hz) are given in
parentheses. Overlapping signals are marked with an asterisk.
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Ru-Mediated C-H Activation

Table 1. Crystallographic Data for [Ru(PEa(CO)(NO—OCH:;)(H)] (a)
and [Ru(PPk2(CO)(CNO-OCHg)]
[Ru(PPR)(CO)(NO- [Ru(PPR)(CO)-
OCH)(H)]-H20 (CNO-OCH)]

empirical formula G1HaeN204P2RuU Gs1H42N203P:Ru

fw 913.91 893.88

space group monoclini€2/c triclinic, P1

a A 36.6120(5) 11.1402(5)

b, A 10.8869(2) 11.9230(5)

c, A 22.6351(3) 17.4378(7)

a, deg 90 72.366(1)

p, deg 95.5736(5) 74.471(1)

y, deg 90 80.368(1)

v, A3 8979.5(2) 2117.36(16)

z 8 2

i A 0.71073 0.71073

cryst size, mm 0.15x 0.05x 0.05 0.15x 0.15x 0.10

T, K 295(2) 295(2)

u, mmt 0.467 0.492

R12 0.0575 0.0579

wR2 0.129 0.1222

GOPF 1.051 1.060

AR1=J[|Fol — [Fel/3|Fol. ®WR2 = [F[W(Fe? = FA)?/ 3 [W(F?)7]] 2
¢GOF= [S[W(F ~ FA3/(M — N)]¥2, whereM is the number of reflections ~ (b) @) oQ) H()

andN is the number of parameters refined.

solution, and refinement were done using SHELXS-97 and SHELXL-
97 programs.The structure was solved by the direct methods.

Results and Discussion

Reaction of each 2-(arylazo)pherhyith [Ru(PPR)(CO),-
Cly] has afforded two complexes with distinctly different
colors, viz. reé® and green, in comparable yields. Preliminary
characterizations (microanalysis, IR, NMR, etc.), although
gave some idea about the compositions of these two types
of complexes, could not point to any definite formulation or
stereochemistry of these complexes. For an unambiguous
identification of these complexes, structure of a selected
member from each family, viz. the red and green complexes
obtained from the reaction with 2-¢nethoxy-
phenylazo)-4-methylphenoll( R = OCH;), has been
determined by X-ray crystallography. The structures are two axial positions, and hence, they are mutually trans. The
shown in Figures 1 and 2, and some selected bond parameterBu—H, Ru—C, Ru-0O, and Ru-P distances are all quite
are given in Table 2. normal!! However, the Ru-N distance is found to be

Structure of the red complex (Figure 1) shows that the significantly longer than usual, and this elongation may be
2-(arylazo)phenol is coordinated to ruthenium, via dissocia- attributed to the strong trans effect of the coordinated
tion of the phenolic proton, as a bidentate N,O-donor forming hydride!2 Structure of the green complex (Figure 2) shows
a five-membered chelate ring)( Two triphenylphosphines,  that in this complex the 2-(arylazo)phenol is coordinated to
a carbon monoxide, and a hydride are also coordinated tothe metal, via loss of the phenolic proton as well as another
the metal center. The récomplexes are therefore formu- proton from one ortho position of the phenyl ring in the
lated in general as [Ru(PRRCO)(NO-R)(H)], where arylazo fragment, as a tridentate C,N,O-don6y. (The
NO—R refers to the N,O-coordinated 2-(arylazo)phenolate remaining three coordination sites are occupied by two
ligand @). Microanalytical data of these [Ru(PR¥{CO)- triphenylphosphines and a carbon monoxide. The green
(NO—R)(H)] complexes agree well with their compositions. complexes are therefore represented in general as [Ry)¢(PPh
The coordinated 2-(arylazo)phenolate ligand, CO, and hy- (CO)(CNO-R)], where CNG-R stands for the C,N,O-
dride constitute one equatorial plane with the metal at the coordinated 2-(arylazo)phenolate ligars). (The observed
center (Figure 1b), where the CO is trans to the phenolatemicroanalytical data of these [Ru(PHCO)(CNO-R)]
oxygen and the hydride is trans to the coordinated azo-
nitrogen. The two PPHigands have taken up the remaining

Figure 1. View of (a) the [Ru(PP$)2(CO)(NO—-OCH;)(H)] complex and
(b) the equatorial plane.

(11) (a) Basuli, F.; Das, A. K.; Golam, M.; Peng, S. M.; Bhattacharya, S.
Polyhedron200Q 19, 1663. (b) Menon, M.; Pramanik, A.; Chatto-
padhyay, S.; Bag, N. Chakravorty, Morg. Chem.1995 34, 1361.

(9) Sheldrick, G. MSHELXS-97 and SHELXL-97, Fortran programs for (c) Barral, M. C.; Aparicio, R. J.; Royer, E. C.; Saucedo, M. J.;
crystal structure solution and refinementniversity of Gottingen: Urbanos, F. A.; Puebla, E. G.; Valero, C. R.Chem. Soc., Dalton
Gottingen, Germany, 1997. Trans.1991, 1609.

(10) Color of the [Ru(PP)2(CO)(NO—NO,)(H)] complex is purple. (12) Douglas, P. G.; Shaw, B. LJ. Chem. Soc. A97Q 1556.
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Figure 2. View of (a) the [Ru(PP¥2(CO)(CNO-OCH;z)] complex and

(b) the equatorial plane.

Table 2. Selected Bond Distances and Bond Angles for
[Ru(PPh)2(CO)(CNO-OCHg)] and [Ru(PPR)2(CO)(NO-OCHg)]

[Ru(PPh)2(CO)(CNO-OCH)]

Bond Distances (A)

Ru—C(1) 1.865(4) Cc(1ro(1) 1.117(4)
Ru—C(2) 2.028(4) N(1}N(2) 1.286(4)
Ru—N(1) 2.034(3) C(8yN(1) 1.398(5)
Ru—0(2) 2.198(3) C(BN(2) 1.401(5)
Ru—P(1) 2.3650(9)

Ru—P(2) 2.3697(10)
Bond Angles (deg)
P(1)-Ru—P(2) 176.86(4) C(2YRu—N(1) 78.00(15)

C(1)-Ru-N(1)  175.98(15) N(1XRu—0(2) 78.17(12)

C(2)-Ru—0(2) 156.05(13) RuC(1)-0(1) 177.4(4)

[Ru(PPR):(CO)(NO-OCHg)(H)]
Bond Distances (A)
Ru—H(1) 1.56(5) C(1¥0(1) 1.163(6)
Ru—C(1) 1.816(6) N(1>N(2) 1.281(6)
Ru—N(1) 2.211(4) C(7¥N(1) 1.432(7)
Ru—0(2) 2.113(4) C(9rN(2) 1.421(7)
Ru—P(1) 2.3590(15)
Ru—P(2) 2.3570(15)
Bond Angles (deg)
P(1)-Ru—P(2) 168.24(5) H(1yRu—0(2) 89.4(17)
C(1)-Ru—N(1) 107.9(2) N(1)-Ru—0(2) 77.47(16)
H(1)-Ru—C(1) 85.2(17) Re-C(1)-0(1) 174.8(5)

complexes are consistent with their compositions. The
coordinated 2-(arylazo)phenolate ligand and CO share an
equatorial plane with the metal at the center (Figure 2b),
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Scheme 1. Probable Steps for the Formation of
[Ru(PPh)2(CO)(NO—R)(H)] and [Ru(PPE2(CO)(CNO-R)] Complexes

jos
H,C N

3 1l
R

[Ru(PPh,),(CO),CL]
Ethanol, reflux

P =PPh, | H,
P

where the CO is trans to the coordinated azo-nitrogen. The
PPh ligands have occupied the axial positions as before.
The bond parameters around the metal center are found to
be quite normat!32As all five complexes belonging to each
group, viz. [Ru(PP$)2(CO)(NO—-R)(H)] and [Ru(PP§).-
(CO)(CNO-R)], have been synthesized similarly and they
show similar spectroscopic and electrochemical properties
(vide infra), the other four members of each group (with R
# OCH;) are assumed to have structures similar to those of
their respective structurally characterized R OCHg)
analogues.

Formation of the two types of complexes, viz. [Ru(Bh
(CO)(NO—R)(H)] and [Ru(PPk)2(CO)(CNO-R)], from the
reaction of the 2-(arylazo)phenolk) (vith [Ru(PPhR),(CO),-

Cl;] in refluxing ethanol has been quite interesting. A careful
examination of the equatorial plane of these two species,
viz. [Ru(PPh),(CO)(NO-R)(H)] and [Ru(PP¥)(CO)(CNO-

R)], reveals that the relative disposition of the coordinated
CO is different in the two types of complexes, which has
also been interesting. The exact mechanism of formation of
these two types of complexes is not completely clear to us.
However, the sequences shown in Scheme 1 seem probable.
In the initial step, the 2-(arylazo)phenol binds to the metal
center, via displacement of a CO and elimination of HCI, as
a bidentate N,O-donor. The remaining-Ral bond is also
converted to a RtH bond under the prevailing reaction
conditions!® and thus, two isomerss(and 7) of the [Ru-

(13) (a) Winter, R. F.; Hornung, F. Mnorg. Chem.1997, 36, 6197. (b)
Young, R.; Wilkinson, Glnorg. Synth 1977, 17, 79. (c) Levison, J.
J.; Robinson, S. DJ. Chem. Soc. A97Q 2947.
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(PPR)2(CO)(NO—R)(H)] complexes are formed. In one of in the expected region. Besides the absence of the hydride
these two isomers (isomd), the hydride is trans to the signal, theH NMR spectrum of each [Ru(PBBKCO)-
nitrogen and the CO is trans to the phenolate oxygen, while (CNO—R)] complex is qualitatively similar to that of the

in other isomer (isomer) relative disposition of the hydride  corresponding [Ru(PRJ3(CO)(NO—R)(H)] complex. 13C

and CO is the reverse. It appears that iso®eatoes not NMR spectra of the [Ru(PRJ}(CO)(NO—R)(H)] complexes
undergo any further reaction in refluxing ethanol, and hence, show all the expected signals within 19.202.4 ppm, of

it is obtained as the rétl [Ru(PPh),(CO)(NO-R)(H)] which the signal near 19.74 ppm is assigned to the methyl
complexes. In isomeT, the coordinated hydride is in the  carbon in thepara-cresol fragment and the most deshielded
appropriate location to allow orthometalation of the pendent signal near 202.4 ppm to the carbonyl carb&t NMR
phenyl ring via elimination of molecular hydrogen, and this spectra of the [Ru(PR(CO)(CNO-R)] complexes show
seems to have happened irreversibly to afford the green [Ru-3]| the expected signals within 29-208.4 ppm. The signal
(PPR)2(CO)(CNO-R)] complexes. Rapid transformation of  for the methyl carbon in theara-cresol fragment is observed
isomer 7 into the corresponding orthometalated species peagr 29.7 ppm, and that for the carbonyl carbon is observed
appears to have vitiated its isolation. This speculated schemenear 208.4 ppm. A distinct signal around 180 ppm is assigned
indicates that the isomé, that is the retf [Ru(PPh),(CO)- to the metalated carbon of the CN® ligand. 3P NMR
(NO—R)(H)] complexes, cannot as such undergo any cy- gpectra of all the complexes show a single resonance within
clometalation because of the inappropriate disposition of the 5541 ppm, as expected. The NMR spectral data of the [Ru-
hydrlde as well as CO. This scheme further indicates that (PPh;)z(CO)(NO_R)(H)] and [RU(PPE)z(CO)(CNO_R)]

isomerization of6 to 7 could not take place in refluxing oo hiexes are therefore in well accordance with their
ethanol, presumably because of its relatively lower boiling respective composition and stereochemistry

point. To verify whether transformation 6éfto 7, followed Infrared specira of the [Ru(PBKCO)(NO-R)(H)] com-

by the desired orthometalation, can take place at a higher . g .
(with respect to boiling ethanol) temperature, the-?éRu- plexes show many bands of different intensities below 2400

; ; L. Assignment of each individual band to a specific
(PPh)2(CO)(NO—R)(H)] complexes (isomes) were simply cm . ,
treated in refluxing in 2-methoxyethanol (boiling point 125 vibration has not been attgmpted. However, in each _Of these
°C), which indeed afforded the cyclometalated [Ru(®Rh complexes a sharp band is observed near 2360,arhich

(CO)(CNO-R)] complexes in a quantitative yield. Further- 1S @ssigned to the ReH stretching. Another strong band,
more, when direct reactions between [Ru(BREO)CI] observed around 1930 chyis assigned to the CO stretching.

and the 2-(arylazo)phenols)(were carried out in refluxing 1 "rée strong bands are displayed near 520, 695, and 745
2-methoxyethanol, the cyclometalated green [RU§BREO)- cm?, Whlch are attributable to the coordinated PRjands.
(CNO—R)] complexes were obtained as the sole product. Comparison with the spectrum of [Ru(RIXCO)Cl,] shows
All these results suggest that from the ethanol reaction thethe presence of some additional bands (near 1094, 1255,
red® [Ru(PPh),(CO)(NO-R)(H)] complex 6) as well as 1367, 1435, and 1479 c} in the spectra of the [Ru(PBk
its geometrical isomer7j are generated, probably via (CO)(NO-R)(H)] complexes, and these new bands are
different kinetic routes. While the red comple®) (emains  attributed to the coordinated 2-(arylazo)phenolate ligand.
stable in refluxing ethanol, its isome¥)(undergoes rapid ~ Besides the absence of the Rd stretch, the infrared
cyclometalation via elimination of £ Isomerization of the ~ spectrum of any [Ru(PRR(CO)(CNO-R)] complex is
red® complex 6 into complex 7, followed by its rapid  mostly very similar to that of the corresponding [Ru(B)2h
transformation into the cyclometalated product, takes place (CO)(NO—R)(H)] complex.
at a higher temperature. Both the [Ru(PP¥>(CO)(NO-R)(H)] and [Ru(PPk-
Both the [Ru(PP¥)2(CO)(NO—R)(H)] and [Ru(PP¥).- (CO)(CNO-R)] complexes are found to be poorly soluble
(CO)(CNO-R)] complexes are found to be diamagnetic, in acetone and acetonitrile, but readily soluble in ethanol,
which corresponds to the2 state of ruthenium (low-spin  2-methoxyethanol, dichloromethane, and chloroform, pro-
d®, S= 0) in these complexedH NMR spectra of the [Ru-  ducing intense réd and green solutions, respectively.
(PPR)2(CO)(NO—R)(H)] complexes show broad signals Electronic spectra of complexes of both the types have been
within 7.1-7.5 ppm for the coordinated PPligands. The  recorded in dichloromethane solution. All the complexes
hydride signal is observed as a distinct triplet, due to coupling show intense absorptions in the visible and ultraviolet region
with the two magnetically equivalent phosphorus nuclei, near (Table 3). The absorptions in the ultraviolet region are
—10.5 ppm. The methyl signal from the phenolate fragment attributable to transitions within the ligand orbitals, and those
of the 2-(arylazo)phenolate ligand is observed near 2.0 ppm.in the visible region are probably due to allowed charge-
Most of the expected signals from the aromatic protons of transfer transitions. To have a better understanding of the
the coordinated 2-(arylazo)phenolate ligand have been clearlynature of the transitions in the visible region, semiempirical
observed in all the complexes, while few could not be EHMO calculations have been performedn computer
identified because of their overlap with the BRfignals.  generated models of all the complexes, where phenyl rings

Signals for the hydrogen containing substituents{RCHs  of the triphenylphosphines are replaced by hydrogens. The
and CH) in the arylazo fragment have also been observed

(15) (a) Mealli, C.; Proserpio, D. MCACAQ version 4.0; Italy, 1994. (b)
(14) The evolved hydrogen could not be detected experimentally. Mealli, C.; Proserpio, D. MJ. Chem. Educ199Q 67, 399.
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Table 3. Electronic Spectral and Cyclic Voltammetric Data

electronic spectral data cyclic voltammetric dat&P

compd Amadnm (€, M~1cm™1) E, Vvs SCE
[Ru(PPh)2(CO)(NO—-OCH;z)(H)] 514 (8500), 328 (14700) 0.731.18
[Ru(PPh)2(CO)(NO—CHg)(H)] 508(7400), 322(15000) 0.761.24
[Ru(PPh)2(CO)(NO—H)(H)] 504(7000), 322(14500) 0.791.29
[Ru(PPh)2(CO)(NO-CI)(H)] 518 (6000), 322(12900) 0.801.35'
[Ru(PPh)2(CO)(NO-NO2)(H)] 512 (9000), 326(17000) 0.921.36¢
[Ru(PPh)2(CO)(CNO-OCHg)] 670 (7300), 390 (105009356 (13000) 0.4%(70)f 1.13(80Y
[Ru(PPh)2(CO)(CNO—-CHj3)] 680 (2700), 422 (2500356 (6000), 0.48(90)f 1.00!
[RU(PPh)2(CO)(CNO-H)] 682 (5000), 428 (4800)354 (13000) 0.5%(70)/ 1.40'
[Ru(PPh),(CO)(CNO-CI)] 690 (1850), 424 (1450)360 (4000) 0.64(70)/ 1.39
[Ru(PPh)2(CO)(CNO-NO,] 668 (6500), 428 (10000), 334 (80060) 0.73(60Y

2|n dichloromethane? Supporting electrolyte, TBAP; scan rate 50 m\A.s* Shoulderd Ep, value.® Ey, = 0.5€pa + Epo). F AEp = (Epa — Ep), where
Epa and E,c are anodic and cathodic peak potentials, respectively.

LUMO 510 nm by these [Ru(PRRR(CO)(NO—R)(H)] complexes is
assignable to the transition occurring from the filled ruthe-
H nium () orbital (HOMO) to the vacant*-(azo) orbital of
the 2-(arylazo)phenolate ligand (LUMO). EHMO calcula-
tions of the [Ru(PP$)2(CO)(CNO—-R)] complexes show a
.. slightly different picture. The HOMOs of these complexes
o have comparable contributions from both the metal and the
2-(arylazo)phenolate ligand, but the LUMOs primarily
c consist of the azo fragmeéfitas before. The lower energy
(668—690 nm) absorption in the [Ru(PHKCO)(CNO-R)]
complexes is therefore attributed to the transition occurring
from the filled HOMO (having both metal as well as ligand
(CNO—R) character) to the vacant*-(azo) orbital of the
2-(arylazo)phenolate ligand (LUMO).

Electrochemical properties of both the [Ru(RRAHCO)-
(NO—R)(H)] and [Ru(PP§)2(CO)(CNO-R)] complexes
have been studied by cyclic voltammetry in 1:9 dichlo-
romethane-acetonitrile solution (0.1 M TBAP). The vol-
tammetric data are given in Table 3, and a selected
voltammogram is deposited as Supporting Information
(Figure S2). Complexes of both types show two oxidative
responses on the positive side of SCE. In the [RugBPh
(CO)(NO—R)(H)] complexes, the first oxidative response,
observed within 0.730.90 V!8is irreversible in nature, and
in view of the composition of the HOMO (vide infra) this
oxidation is assigned to the RuRu(lll) oxidation.
However, in the [Ru(PRJp(CO)(CNO-R)] complexes the
first oxidation, observed within 0.460.73 V, is reversible
in nature, characterized by a peak-to-peak separafiém) (
results of these calculations are found to be sirtfiar the ~ Of 70 mV, which remains unchanged upon changing the scan
five complexes in each group. Compositions of some selected'ate, and the anodic peak curre)(is almost equal to the
molecular orbitals are given in Table S1, and a partial MO Cathodic peak currentix) as expected for a reversible
diagram of a representative [Ru(PRICO)(NO—R)(H)] electron-transfer process. In view of the composition of the
complex is shown in Figure 3. A partial MO diagram of a HOMO in these complexes (vide supra), assignment of the
selected [Ru(PRJ(CO)(CNO-R)] complex is shown in ~ ©xidation to the metal center alone seemed unjustified. For
Figure S1. In the [Ru(PRJ3(CO)(NO-R)(H)] complexes, @ Satisfactory assignment of this oxidation, each [RugzPh
the highest occupied molecular orbital (HOMO) has a major (CO)(CNO-R)] complex was coulometrically oxidized at
(>60%) contribution from the ruthenium d-orbitals, and the an appropriatey, + 0.2 V) potential. The oxidations have
lowest unoccupied molecular orbital (LUMO) is delocalized P&en smooth and quantitative, associated with a color change
almost entirely on the 2-(arylazo)phenolate ligand and is Of green to brownish-green (brown for ® NO,). ESR
concentrated heavily >50%)® on the azo £N=N-) spectra recorded on the oxidized solutions show sharp and

fragment. Hence, the intense absorption displayed around

Figure 3. Partial molecular orbital diagram of the [Ru(RRHCO)(NO—
H)(H)] complex.

(17) A little dichloromethane was necessary to take the complex into
solution. Addition of large excess of acetonitrile was necessary to
(16) In the case of R= NO,, the LUMOs of both the types of complexes record the redox responses in proper shape.
have a considerable contributior45%) from the nitro group. (18) Potentials are recorded with reference to SCE.
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nearly isotropic signals withg ~ 2.0. The signals are or CNO-R) centered oxidation. The potential of this
representative of free radicals with very little anisotropic irreversible oxidation does not show any systematic variation
effect arising from the metal center. This result corresponds with the nature of the substituent R.
well with the composition of the HOMO in such species.
The site of the first oxidation in the [Ru(PBKCO)(NO—
R)(H)] complexes could not be verified because of the 1he present study shows that [Ru(BRCO)XCI,] can
irreversible nature of this oxidation. successfully mediate €©€H activation of the 2-(arylazo)-
The potential of the irreversible Ru(#Ru(lll) oxidation phenols ). This study also indicates that similar bond
in the [Ru(PPE(CO)(NO-R)(H)] complexes has been agtlvatlon of organic molecules that have structura}l similarity
found to be sensitive to the nature of the substituent R in With the 2-(arylazo)phenold] should also be possible upon
the arylazo fragment. The potential increases with increasingheir reaction with [Ru(PPj(CO)Cl2], and such possibili-
electron-withdrawing character of the substituent R. The plot €S are currently under exploration.
of oxidation potential versus [c = Hammettpara sub- Acknowledgment. The authors thank the reviewers for
stituent constant of R} OCH; = —0.27, CH = —0.17, H their comments and suggestions, which have been helpful
= 0.00, CI= 0.23, and N@ = 0.78] is found to be linear  in preparing the revised version of the manuscript. Financial
(Figure S3) with a slopeoj of 0.17 V (p = reaction constant  assistance received from the Department of Science and
of this coupl@®, which shows that the nature gfara- Technology [Grant SR/S1/IC-15/ 2004] is gratefully ac-
substituent R on the 2-(arylazo)phenolate ligand, which is knowledged. The authors thank the RSIC at Central Drug
seven bonds away from the metal center, can still influence Research Institute, Lucknow, India, for the C,H,N analysis
the metal-centered oxidation potential in a predictable data. S.D thanks the CSIR, New Delhi, for her fellowship
manner. The potential of the reversible oxidation in the [Ru- [Grant No. 9/96(410)/2003-EMR-I].
(PPR)2(CO)(CNO-R)] compl_exes also shows a !'near Supporting Information Available: Partial molecular orbital
dependence on the electronic nature of the substituent Rgiagram of [Ru(PP4,(CO)(CNO-H)] (Figure S1), cyclic volta-
(Figure S4) with a considerably higher sloge<t 0.27 V). mmogram of [Ru(PP(CO)(CNO-OCH)] (Figure S2), least-
The observed higher value @f may be attributed to the  squares plots oFy, values of Ru(lly-Ru(lll) couple versuss for
combined effect of closeness of R to the metal center (four the [Ru(PPE)(CO)(NO—-R)(H)] complexes (Figure S3), least-
bonds away) and larger contribution of ligand (CNR) in squares plots oy, values of Ru(ll}-Ru(lll) couple versuss for
the redox active HOMO. The second oxidative response, the [Ru(PPE)2(CO)(CNO-R)] complexes (Figure S45 NMR
displayed by the [Ru(PRJ(CO)(NO-R)(H)] and [Ru- speptrgm of [Ru(PEj)lz(CO)(NO—H)(H)] (Figure S5), molec_ular
(PPh),(CO)(CNO-R)] complexes, above 1.1V, is irrevers- orbital interaction diagram of [Ru(PBB(CO)(NO—CHj)(H)] (Fig-

: : . . . . ure S6), composition of selected molecular orbitals for all the
ible in nature and is tentatively assigned to a ligand (WO complexes (Table S1), and X-ray crystallographic data in CIF

Conclusion

(19) Hammett, L. PPhysical Organic Chemistry2nd ed.; McGraw-Hill: format.This material is available free of charge via the Internet at
New York, 1970. http://pubs.acs.org.
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