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The reactions of 2-(arylazo) anilines, HL (1) [where HL is 2-(ArN=N)CsHsNH,; Ar is C¢Hs (for HL?, 1a) and p-MeCgH,
(for HL?, 1b); H of HL represents the proton of Ar which gets dissociated upon orthometalation] with RhCl; in
methanol afforded new orthometalated complexes of composition (L)(HL)Rh"'CI, (2) and (L)(ArNH2)Rh"CI; (3). The
anionic L~ hinds the metal in tridentate (C, N, N) manner in both the complexes, while HL and ArNH, hind the
metal of 2 and 3 in monodentate fashion through the amino nitrogen. The ArNH, of 3 was formed in situ due to
cleavage of azo (—N=N—) function of monodentate HL of 2. The scission of N=N has been authenticated.

Introduction Our interest to explore the chemistry of transition metal

Rhodium complexes have been exploited a great deal ascomplexes with new azo ligands prompted us to study the

fcint carayss n homogeneous catystne most e % P SoTpees oo 2 e
notable example in this regard is Wilkinson’s catalyst, Rh- gand. P Y

(PPh)sCl. Rhodium complexes are useful to mediate organic aniline, HL (1), with RhCh yleldl_n_g new cyclolmetalated

. L - : complexes of Rh(lll) of composition (L)(HL)RhCI, and
transformations primarily due to the affinity of rhodium to (L)(ArNH)RN'Cl,. The new binding mode (C, N, N) df
form Rh—C bond, accessibility to variable oxidation states (shown b2 the azr.rows in the strugcture belo,w)’has been
(+1, +111), and coordination numbers (4, 6). Transition metal n by . . .

. . . . described for the first time. The products obtained upon
complexes incorporating azo ligands have displayed Severalreaction between Rhgand1 indicated the cleavage of azo
interesting properties related to electron-transfer reacfions, (—N=N—) bond of HL. The reaction of (L)(HL)RhC?I with
photolumunescenégliquid crystals? photochromisnt,and hCk h » onalize th 2
organic transformation via metal carbon bond formafion RhCk has been examlned to rationalize the reaction route

" toward the formation of (L)(ArNK)RK'"CI, as a result of
azo cleavage.
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several overlappingyn—py absorptions within the ranges
3177-3268 cm?! and 3196-3280 cm? for 2 and 3,
respectively, indicating the presence of more than one amino
group. Thevg,-c that appeared near 330 chas split bands
may be due to the site effect in the solid state since the Cl
Rh—CI angles are very close to 18(X-ray structure, see
below) and the asymmetric stretch is unlikely to be observed.
The IR data are collected in the Experimental Section.
The compositions a2 and3 matched well with the C,H,N
analytical data andH NMR spectral data. ThéH NMR
spectra (Figures S558) of the complexes were recorded in
CDCls. The amino protons appeared as broad singlets within
0 4.58-4.59 and) 6.63-6.67 for2, while for 3 these were
observed in the ranges 6f4.30-4.32 andd 5.50-5.60 for
Figure 1. UV-vis spectra of2a (—) and3a (- - -). two equivalent proton counts for each resonance. This is
consistent with the formulation having two amineNH,)

in refluxing methanol afforded two dark brown produads, .
. ) . groups in each of the two types of complex2end3. The
ands, in ~40% and~15% yields, respectively (eq 1) after total count of aromatic protons) (7.114-8.236) matched

ghr:).v-vr:?nsgsciﬂc ligands used and the products obtained ar€yell with the composition of the complexes (Experimental

Section and Figures S558). The spectra &b displays two
resonances for R= Me atd 2.394 andd 2.543 for the B

R
© R and HL2 The complex3b also displays two methyl
X R o N 6 resonances for R= Me atd 2.395 andd 2.509 for [ and
EP\ weor N /,'u.’ﬂz Y /F\h/ﬂz (D) p-MeCsHsNH; signifying the cleavage of theN=N— bond
Sy HReo, e TS + Nelwy, TR of 1b unequivocally.
@ ’ X-ray Structures. After separation and purificatior2a
X ) 3 and3awere crystallized by slow diffusion of petroleum ether

(60—80° C) into the dichloromethane solutions. Suitable
R =Hfor1a,2a43a; R=Me for 1b, 2b & 3b. crystals were picked for X-ray studies. The crystal<2af
are monoclinic with the space gro2/c whereas crytals
of 3a are triclinic with the space groupl. The molecular
structures oRaand3aare given in Figure 2. with the atom
numbering scheme. The selected bond distances and angles
are given in Tables 1 and 2 f@a and 3a, respectively. In
both the complexe2é and3a), Rh(lll) forms the cyclom-
etalated chelate with a 2-(phenylazo) aniline ligand which
is tridentate (C,N,N) and uninegative. Two chloride ligands
are held in trans positions occupying the other two coordi-
nating sites. A second molecule of 2-(phenylazo) aniline
binds in a monodentate fashion through the amino nitrogen
at the sixth position of hexacoordinated Rh(lll)2g, while
in 3a the amino nitrogen of aniline (obtained upon

The monodentatg-RCs;H;NH; ligand of 3 is formed
during the syntheses as a result of cleavage=N— bond
of coordinated HL in2. The N=N cleavage could be
recognized unequivocally by characterizidlg (the coordi-
natedp-MeCsH4NH>), obtained on treatindb with RhCk
(*H NMR, see below). However, compl@did not undergo
any transformation on boiling in methanol for 6 h, whereas,
in the presence of excess RR@ was obtained fron2 upon
refluxing in methanol or ethanol (eq 2). Therefore, possibly,
a transient Rh(l) species, formed on boiling Rhi@lalcohol,
is acting as reducing agent for the reductive cleavage of azo
function of monodentate HL a2 to afford 3.

R —N=N— scission) binds at the sixth position of hexacoor-

© MeOH dinated Rh(lll). The geometries about Rh(lll), for both the
R Y A R complexes, are distorted octahedral where the chloride
@\cl:l N NZ Q\Eh/u ligands are mutually trans with ERh—Cl angle being equal
N*N/clfk\:HHZ\(j NQN/CII\NH Z\QR (0] to 176.28(3) and 178.04(5) for 2a and 3a, respectively.

RhCI The Rh-N(azo) length (1.942(3)A) d?ais shorter than the
MeOH/sA Rh—N(amine) lengths [RRN(3), 2.213(3); RAhN(4),
2.150(2)A] of the same molecule as a result of stronger Rh
Spectral Characterization. The compoundg and3 are — N(azo) back-bonding.The Rh-N(3) [2.213(3)A] bond,
soluble in common organic solvents furnishing orange-brown trans to RR-C, is longer than the RhN(4) distance
and brown-red solutions. The complexes displayed charac-[2.150(2)A] of 2adue to stronger trans effect of aryl cartfén.
teristic UV—vis spectra; representative spectra ®arand Similar trends in RA-N bond distances have been observed
3a are shown in Figure 1. The UWis spectral data are  for 3aalso: Rh-N(azo) [1.960(3)A]< Rh—N(amine) [Rh-
given in the Experimental Section. N(3), 2.255(4)A; Rh-N(4), 2.143(3)A]; RR-N(3)
The IR spectra of .the qomplgxes (Figures-S4 in .th.e (7) Whuler, P. A.; Brouty, C.; Spinat, P.; Herpin, Rcta Crystallogr.
Supporting Information) in solid KBr support exhibited Sect. B1976 32, 2576.
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ci()

(3a)
Figure 2. Views of molecular structures @aand3awith atom numbering

of 2aand3aare the longer C(aryfyN(amine) distanceLp,
N(3)—C(12), 1.439(5)A; N(4)-C(13), 1.439(4)A3a, N(3)—
C(12), 1.466(5) A; N(4-C(13), 1.459(5) A] than that in
the azoimine (N, N) chelates df where it is shorter (av.
~1.34A) and similar to imine length due to dissociation of
an amino proton followed by delocalizati®his is again
consistent with théH NMR spectral data (vide supra) &f
and3 where it was noticed that the Rh(lll) was coordinated
by the amino nitrogen rather than imino nitrogen.

Concluding Remarks

The reaction of 2-(arylazo) aniline with RhCafforded
new cyclometalated complexes of Rh(Il® and3. Further,
the formation of2 and 3 indicated azo N=N—) bond
cleavage of 2-(arylazo) aniline. The reactiorRafith RhCk
in methanol exhibited that the scission of azo function occurs
after coordination of 2-(arylazo) aniline to Rh(lll) in a
monodentate fashion via amino nitrogen. It is believed that
the reductive cleavage of azo function has been promoted
by a transient Rh(l) species that formed in situ upon boiling
RhCk in methanol.

Experimental Section

Materials. RhCk was obtained from Arora-Mathey, India, and

scheme. The hydrogen atoms, except those of the amino groups, have beefyse( as it was received. All the solvents were purified and distilled

omitted for clarity.

Table 1. Selected Bond Distances (A) and Angles (deg) for Compound
2a

distances
Rh—CI(1) 2.3314(8) N(3)-C(12) 1.439(5)
Rh—CI(2) 2.3481(8) N(1)3N(2) 1.264(4)
Rh—N(3) 2.213(3) N(2)-C(7) 1.415(5)
Rh—N(2) 1.942(3) N(1>-C(1) 1.410(5)
Rh—N(4) 2.150(2) N(4y-C(13) 1.439(4)
Rh—C(2) 1.994(3) N(5)-N(6) 1.227(5)
angles

Cl(1)-Rh—CI(2) 176.28(3) Cl(2yRh—C(2) 92.02(8)

Cl(1)-Rh—N(3) 89.65(7) N(33-Rh—N(2) 81.53(10)
Cl(1)—~Rh—N(2) 90.35(7) N(33-Rh—N(4) 94.09(10)
Cl(1)-Rh—N(4) 91.84(6) N(33Rh—C(2) 161.15(12)
Cl(1)-Rh—C(2) 91.69(8) N(2-Rh—N(4) 175.09(10)
Cl(2)-Rh—N(2) 90.48(7) N(2y-Rh—C(2) 79.66(12)
Cl(2)-Rh—N(4) 87.06(6) N(43-Rh—C(2) 104.65(12)

Table 2. Selected Bond Distances (A) and Angles (deg) for Compound
3a

distances
Rh(1)-CI(1) 2.357(3) N(3)C(12) 1.466(5)
Rh(1)-CI(2) 2.367(3) N(1)yN(2) 1.290(4)
Rh(1)-N(3) 2.255(4) N(2»C(7) 1.435(5)
Rh(1)-N(2) 1.960(3) N(1yC(1) 1.439(5)
Rh(1)-N(4) 2.143(3) N(4)y-C(13) 1.459(5)
Rh(1)-C(2) 2.014(4)
angles

CI(1)—Rh(1)-CI(2) 178.04(5) CI(2yRh(1)-C(2) 92.21(14)
CI(1)—Rh(1)-N(3) 89.48(9) N(2)-Rh(1)-N(3) 80.47(11)
CI(1)—Rh(1)-N(2) 91.64(11) N(3yRh(1)}-N(4) 101.34(11)
Cl(1)—Rh(1)-N(4) 88.76(10) N(3rRh(1)-C(2) 161.71(13)
CI(1)—Rh(1)-C(2) 89.32(13) N(2yRh(1)-N(4) 178.16(13)
CI(2)—Rh(1)-N(2) 89.81(10) N(2yRh(1)»-C(2) 81.32(14)
CI(2)—Rh(1)-N(4) 89.84(10) N(4yRh(1)-C(2) 96.88(13)

[2.255(4)A] > Rh—N(4) [2.143(3)A] as a result adlz—pr

back-bonding and stronger trans influence of aryl carbon,
respectively. One of the important features in the structures

after receipt from Merck India. Silical gel G with binder was used
for thin-layer chromatography. 2-(Arylazo) aniline ligands were
prepared according to the procedure described eé&tlier.

Physical MeasurementsUV —vis spectra were recorded with
a Shimadzu UV-2401 PC spectrophotometer. IR spectra were taken
on a Perkin-Elmer L120-00A FT IR spectrophotometer (4000
225 cntl) on KBr pellets. C, H, N analyses were performed on a
Perkin-Elmer 240C elemental analyzer. NMR spectra were drawn
on Brucker Avance RPX 500 MHz and Brucker Avance DPX 300
spectrometers.

Syntheses of compounds. @(HLYHRNCI, (2a) and (LY-
(CsHsNH2)RNCI; (3a). 2-(Phenylazo) anilinela, (150 mg, 0.76
mmol) was dissolved in methanol (40 mL), and to the mixture RhCl
(100 mg, 0.38 mmol) was added. The mixture was then heated to
reflux for 4 h toafford a dark brown solution. Evaporation of the
solvent gave a brown residue, which was introduced for purification
by thin-layer chromatography on silica gel. Two deep brown bands
separated in toluereacetonitrile (90:10, V/V) mixed solvent. From
the first and second band@a and 3a, respectively, were isolated
in pure form upon extracting with acetonitrile. Yield: 40% (for
complex2a) and 15% (for complexda). Complex2a calcd: C,
50.79%; H, 3.70%; N, 14.81%. Found: C, 50.68%; H, 3.67%; N,
14.75%. IR (KBr disk): vnp2 = 3268, 3226, 3177 cm, vy—n 1389,
1485 cmt, vrp—c1 339, 325 cmt. 1H NMR (CDCly): 4.59(s, NH,
2H), 6.67(s, NH, 2H), 7.278(d, 1H), 7.3197.399(m, 4H), 7.419
7.473(m, 5H), 7.554 (t, 1H), 7.75(d, 1H), 7.938(d, 1H), 7.986(t,
2H), 8.203 (d, 1H), 8.236(d, 1H). Electronic spectral data in
dichloromethane solution:A{ nm, €, M~1, cm™1)): 520 (6550),
340 (66480), 250 (49000), 230 (73000).

Complex3acalcd: C, 45.65%; H, 3.67%; N, 12.09%. Found:
C, 45.57%; H, 3.60%; N, 12.00%. IR (KBr diskynn, = 3285,

(8) (a) Maiti, N.; Pal, S.; Chattopadhyay, I8org. Chem2001, 40, 2204.
(b) Maiti, N.; Dirghangi, B. K.; Chattopadhyay, 8olyhedron2003
22, 3109. (c) Maiti, N.; Chattopadhyay, $d. J. Chem2003 42A
2327.
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3244, 3187 le, vn=N 1386, le, Vrh-c1 339, 328 cmt IH NMR
(CDCly): 4.30(s, NH, 2H), 5.60(s, NH, 2H), 7.270-7.324 (m,
2H), 7.349-7.439(m, 5H), 7.4667.521(m, 3H), 7.628(s, 1H),
8.223(d, 2H). Electronic spectral data in dichloromethane solu-
tion: (4, nm,, MY, cml): 525 (4800), 370 (21900), 270
(30000), 245 (27650), 230 (47630).

(L?)(HL?)RNCI; (2b) and (L?)(p-MeCgH4NH2)RNCI; (3b).The
complexeb and3b were prepared following the same procedure
as in the cases dfa and 3a using 2-p-tolylazo)aniline,1b (160
mg, 0.76 mmol), in place ofa The solvent used for thin layer
chromatographic separation was tolueaeetonitrile (95:5 V/V)
mixed solvent. Yield: 46% (for comple2b) and 12% (for complex
3b). Complex 2b calcd: C, 52.42%; H, 4.23%; N, 14.12%.
Found: C, 52.32%; H, 4.12%; N, 14.02%. IR (KBr disk)ip, =
3300, 3225, 3150 cm, vn=n 1380, 1384 cm?, vrp—c) 329 cnTt.

IH NMR (CDCls): 4.586(s, NH, 2H), 6.630(s, NH, 2H), 2.394

(s, p-CHs, 3H), 2.543 (sp-CHs;, 3H), 7.132(d, 1H), 7.2367.281
(m, 4H), 7.325-7.423(m, 3H), 7.523(t, 1H), 7.542 (s, 1H), 7.898
7.927(m, 2H), 7.969(d, 1H), 8.107(d, 1H), 8.176 (d, 1H). Electronic
spectral data in dichloromethane solutioi; fm €, M4, cm1)):

520 (9000), 360 (64200), 260(48043), 230 (67700).

Complex3b calcd: C, 48.88%; H, 4.27%; N, 11.40%. Found:
C, 48.42%; H, 4.18%; N, 11.20%. IR (KBr diskpnn, = 3313,
3240,3175 cmt, rn=n 1395 cnrl, Vrh-cl 321 cnrl 1H NMR
(CDCly): 4.319(s, NH, 2H), 5.506(s, NH, 2H), 2.395 (sp-CHjs,
3H), 2.509 (sp-CHs;, 3H), 7.114(d, 1H), 7.203 (d, 2H), 7.287(d,
1H), 7.347(t, 1H), 7.4047.430 (m, 4H), 8.101(d, 1H), 8.186(d,
1H). Electronic spectral data in dichloromethane solutioh:nfn
(e, M1, cm1): 525 (4800), 370 (21900), 270 (29800), 230
(47630).

Reaction of 2a with RhCk. RhCk-3H,0 (9 mg, 0.035 mmol)
was added to a methanolic (10 mL) solution2af (20 mg, 0.035
mmol), and refluxed for 0.5 h. The solid mass obtained upon
evaporation of methanol was introduced on a thin-layer chromato-
graphic plate prepared by silica g&8a was separated almost
exclusively using tolueneacetonitrile (95:5 V/V) mixed solvent.
The pure3a was isolated from the TLC plate. Yield: 90%. The
product obtained was characterized by matching the—ui¥g
spectrum.

X-ray Crystallography. Data were collected on a Brucker
SMART CCD diffractometer using a Mo &€ monochromator A
= 0.71043). Structure solutions were performed using the Shelx

97 PC version program. The full matrix least-squares and aniso-
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Table 3. Crystal Data for Complexe®a and 3a

param 2a 3a

formula C24H21N6Rhc|2 (C18H17N4Rh CI2)2,O
567.28 942.33

space group monoclini€2/c triclinic, P1
alA 27.216(3) 12.251(1)
b/A 10.299(8) 12.438(1)
c/A 20.577(1) 13.836(1)
o/deg 90.000(0) 91.210(2)
pldeg 122.024(4) 98.510(2)
yldeg 90.000(0) 101.850(3)
MA 0.71073 0.71073
VIA3 4890.2(8) 2038(3)
z 8 2
TIK 273 273
D/mg/m 3 1.541 1.536
ulmmt 0.941 1.111
R(all data) 0.036 0.039
WRZ[I > 20(1)] 0.088 0.102
R13/GOP 0.97 1.02

aQbservation criterion:l > 20(1). R1 = ||Fo| — |Foll/3|Fol. ® GOF
= [ZIw(Fo* — FAZ/(n — p)]Y2 cWR2 = [3[W(Fo® — FA)A/ 3 [wW(Fe?)TH?
wherew = 1/ 6%(F¢) + (aP)> + bP, P = (F¢? + 2 FA)/3.

tropic refinements were performed on all the atoms. Hydrogen
atoms were included at calculated positions. The data collection
parameters and relevant crystal data are collected in Table 3.
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