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CONVERSION OF 4-HYDROXY-3,5-DI-tert-BUTYLBENZONITRILE TO PALLADIUM AND 

RHODIUM COMPLEXES 

A. Z. Rubezhov, E. R. Milaeva, A. I. Prokof'ev, 
I. V. Karsanov, and O. Yu. Okhlobystin 

UDC 542.91:547.582.4:541.49:546.9 

The stability of complexes of the platinum metals with paramagnetic ligands based on 
spatially-hindered phenoxyls depends essentially on the mode of bonding of the transition 
metal with the phenoxyl-containing ligand [1-3]. Whereas o-phenoxyl complexes are unusually 
stable, compounds with 4-hydroxy-3,5-di-tert-butylazobenzene, in which the metal atom is bound 
to the ligand by o-bonding through the N atom are very unstable. In the present work we have 
synthesized the complexes (I) of rhodium and palladium with an N-coordinated ligand--4-hydroxy- 
3,5-di-tert-butylbenzonitrile (II) [4] and have studied the stability of the paramagnetic de- 
rivatives formed when they are oxidized. 

HO-- --CN MCIn HO-- __ --CN 
/ 

\ X /~ X 
(Ia, b) (I1) 

M = P d ,  n =  2 ( I a ) ;  M ~ R h ,  n = 3 ( I b ) ;  X ~ t - B u .  

The starting diamagnetic compounds were prepared by the usual methods of synthesis for 
coordination compounds of the transition metals with nitriles [5]. Heating (II)with RhCI3* 
3H20 in alcohol at the boiling point for 2 days in an inert atmosphere (to prevent oxidation 
of the phenol) yielded the air-stable complex (Ib), soluble in benzene, chloroform, and alco- 
hol and slightly soluble in ether and hydrocarbons. The direct method of synthesizing (Ia) 
from PdCI2 proved unsuitable; to prepare the complex we utilized the well-developed tendency 
of (PhCN)2PdCI2 to undergo substitution of the PhCN by other ligands. Reaction of the com- 
plex with (II) in acetone at ~20~ (3 h) gave (Ia), which was stable in air and was less solu- 
ble than the initial (C6H3CN) 2PdCI=. The composition and structure of the prepared complexes 
were confirmed by means of elemental analysis and IR spectroscopy. The presence in the IR 
spectra of characteristic bands (~OH = 3520, vCN ~ 2160 cm -I) indicated that the phenol frag- 
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ment and the CN group, N-coordinated with the transition metal atom, had been retained. The 
complexes (Ia, b) were oxidized by PbO= in toluene in evacuated ampuls. 

X = t - B u  

First of all the ESR spectrum corresponding to the free 2,6-di-tert-butyl-4-cyanophenoxyl 
radical was recorded [6]. The unpaired electron interacts with the two eqiivalent meta-pro- 
tons of the phenoxyl ring (a H = 2.20e) and with the 14N nucleus (a N = 1.30e). The absence 
of an interaction of the unpaired electron with the metal nucleus and the absence of any 
change in the hyperfine coupling (hfc) constants aH, a N confirmed the fact that during oxida- 
tion of the complex the generated radical leaves the coordination sphere, i.e., the ligand-- 
metal bond is broken during conversion of the complex to the paramagnetic state. 

With time the spectral picture changes (Fig. i). Analysis of the hyperfine structure of 
the ESR spectrum in the figure shows that in the paramagnetic species formed the unpaired 
electron interacts not only with two equivalent protons (a H = 1.05 Oe), but also with two 
equivalent ~4N nuclei (aN = 2.00e). 

The appearance of a new free radical species is explained by the possible cyclotrimeriza- 
tion derivatives of benzonitrile in the presence of salts and complexes of the transition 
metals [7]. In fact the spectral picture observed when the free nitrilophenoxyl radical was 
converted in the presence of PdCI2, K2PdCI4~ K2PtCI4, RhCi3"3H20 was the same in all cases 
and corresponded to the assumed trimer~ In the absence of inorganic additives the free radi- 
cal did not undergo change. 

In order to verify this assumption we preparatively studied the reaction of RhCI3"3H20 
with the 2,6-di-tert-butyl-4-cyanophenoxyl radical, which is a dimer in the solid state and 
which dissociates in solution according to the following scheme; �9 

X X X 

X = t - B u .  

After mixing an alcoholic solution of the reagents in an inert atmosphere (5 ha 25~ a 
bright blue colored substance was obtained the ESR spectrum of which in toluene was identical 
with the spectrum shown in Fig. io In the IR spectrum of the prepared compound the char- 
acteristic absorption of the OH group of spatially hindered phenols in the 3500-3650 cm -I 
region was absent and it possessed the absorption characteristic of the cyclohexadiene frag- 
ment (~C=O = 1640 cm-~)o The data from the elemental analysis (empirical formula C4sH6oO3N3) 
and the mass spectrum (M + 690) indicated the trimeric structure of the product~ It is known 
[7] that the cyclization of benzonitriles can lead to symmetrical (IIIa) and nonsymmetrical 

(IIlb~-+IIIc) triazines. 

1). 

o ~ o o ~ 

o o 
(Ilia) (llib) (flit) 

The triradical structure (Ilia) does not correspond to the observed spectrum (see Fig. 
Study of frozen solutions (--180 ~ did not reveal the characteristic lines corresponding 
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Fig~ I. ESR spectrum of the radical (IIIb, 
c), toluene, 20 ~ . 

to spin--spin coupling of unpaired electrons typical of bi- and polyradical systems of simi- 
lar type [8]. Hence the observed spectra relate to the mesomeric structures (IiIb, c)~ The 
equivalent N nuclei are denoted by the indices 1 and 2. 

In order to confirm the structure (IIIb~ c) the reaction product was reduced by means 
of K~Fe(CN) 6 to a diamagnetic derivative which was characterized by the PF~ and mass spectra 
(M + 691). In the PMR spectrum three singlets were observed due to the protons of three non- 
equivalent sets of tert-butyl groups (~ I.i01; 1.156; 1.201 ppm), a singlet due to the proton 
of HO (6 3~176 ppm), a singlet due to two aromatic meta-protons (~ 6.664 ppm) and four doub- 
lets (J = !.5 Hz) of the pour protons of two cyclohexadiene rings (~ 6.87; 6.70; 6~4!2, and 
5.985 ppm). The weak splitting of the singlets indicates a transannular interaction of the 
protons. 

The PMR spectroscopic data were in good agreement with the structure (iIIb, c)~ Forma- 
tion is most probably represented by a l~4-addition of the 4-cyanophenoxyi radical by a Diels-- 
Alder type reaction to the diamagnetic dimer of 4-cyano-2,6-di-tert-butylphenoxyl present in 
the solution. 

Thus during oxidation of complexes of 4-hydroxy-3,5-di-tert-butylbenzonitrile with rho- 
dium (III)and palladium (II) cleavage of the transition metal--ligand bond occurs, and then 
the ligand under the action of the metal salt undergoes a cyclic trimerization with forma- 
tion of the nonsymmetrical 1,2,4-triazine. 

EXPERIMENTAL 

2,6-Di-tert-butylcyanophenol was prepared by a published method ~4] from 2,6-di-tert- 
butyl-4-formylphenol and NH2OH'HC! in the presence of pyridine with subsequent dehydration 
with acetic anhydride. The 2,6-di-tert-butyicyanophenoxyl radical was synthesized by oxi- 
dation of 2,6-di-tert-butylcyanophenol by means of K3Fe(CN)6 [4, 6]. Bis(benzonitrile)- 
palladium dichloride was obtained by the published method [5], RhCI~'3H~O (commercial prep- 
aration) was used without prior purification. The IR spectra of the substances in KBr 
tablets were recorded on a UR-20 spectrometer, the NMR spectra on the Brucker WP200 instru- 
ment, and the ESR spectra on a Varian E-12A spectrometer. 

Bis(4-hydroxy-3,5-di-tert-butylbenzonitrile)palladium Dichloride. To a solution of 0.35 
g (0.001 mole) dibenzonitrilepalladium dichloride in 15 ml acetone was added 0.5 g (0.002 
mole) 4-hydroxy-3,5-di-tert-butylbenzonitrile in iJ~< m! acetone. The reaction mixture was 
stirred for 3 h at ~20~ the resulting yellow precipitate was filtered off, washed with ace- 
tone and hexane and recrystailized from a benzene--hexane mixture (i:i). A light yellow 
crystalline product was obtained. Yield 0.52 g (81%), mp (with dec.) 194~ Found: C 55.301 
H 6.58; N 4.36; Pd 18.92%. C~oH4~CI=N2PdO=. Calculated: C 56~25~ H 6~58; N 4o38~ Pd 18~81%~ 

Tris(4-hydroxy-3,5-di-tert-butylbenzonitrile)rhodium Dichloride. To a solution of 0.75 
g 40.003 mole) 4-hydroxy-3,5-di-tert-butylbenzonitrile in 50 mi alcohol was added a solution 
of 0.26 g (0.001 mole) RhCI3"3H20 in alcohol. The reaction mixture was maintained at boiling 
for 2 days in an Ar atmosphere~cooled, evaporated to small volume and chromatographed on 
silica gel. Benzene eluted unreacted 4-hydroxy-3,5-di-tert-butylbenzonitrile; alcohol eluted 
an orange substance which was recrystallized from a benzene-hexane (i:i) mixture. Yield 0.12 
g (14%), mp (with dec.) 260-26i~ Found: C 59.71; H 6.77; N 4.52; Ph 11.40%. C~sH63CI3- 
~T303Rho Calculated: C 59.85; H 6.98; N 4.66~ Ph 11o41%o 

Reaction of 2,6-Di-tert-butyl-4-nitrilophenoxyl Radical with RhCI3~3H20. To a solution 
of 0.7 g (0.003 mole) 2,6-di-tert-butyl-4-nitrilophenoxyl radical in alcohol was added drop- 

1051 



wise an alcoholic solution of 0.26 g (0.001 mole) RhCI3"3H=O. The reaction mixture was 
stirred 5 h in anAr atmosphere at ~20 ~ then decomposed with an equal volume of water and 
extracted with benzene. After the usual treatment a bright blue powdery substance was ob- 
tained, which was recrystallized from a benzene--hexane (i:i) mixture. Yield 0.33 g (47%), 
mp (with dec.) 232~ Found: C 78.00; H 8.70; N 6.13%. C45H6oN~03. Calculated: C 78.25; 
H 8.74; N 6.10%. M + 690. 

0.3 g of the prepared blue substance was dissolved in acetone and an excess of an aqueous 
solution of K~Fe(CN6) added. The reaction mixture was stirred for 4 h at ~20 ~ then stood 
overnight. After extraction with ether and removal of the solvent a yellow colored residue 
was obtained, which was recrystallized from hexane. Yield 100%, mp 134-136~ Found: C 
78.15; H 8.78; N 6.07%. C~sH61N30~. Calculated: C 78.16; H 8.83; N 6.08%. M § 691. 

CONCLUSIONS 

Complexes of palladium (If) and rhodium (III) with 4-hydroxy-3,5-di-tert-butylbenzo- 
nitrile have been synthesized and it has been found that during their oxidation the metal-- 
ligand bond is broken to yield the free nitrilophenoxyl radical in solution which under the 
action of the transition metal salt undergoes cyclotrimerization with formation of the non- 
symmetrical triazine. 
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CHEMISTRY OF VINYLIDENE COMPLEXES. 

COMMUNICATION 2.* CONVERSIONS OF PHENYLVINYLIDENE IN POLYNUCLEAR COMPLEXES 

OF OSMIUM AND MANGANESE 

A. B. Antonova, S. V. Kovalenko, E. D. Korniets, UDC 542.91:541.49:547.1'13:546.94 
I. Yu. Efremova, A. A. Ioganson, and S. P. Gubin 

The most significant features of mononuclear vinylidene complexes of transition metals 
are the presence of the unsaturated M=C=C metalloallene grouping and the deficiency of elec- 
tron density on the a-carbon atom [i]. The M=C=C group can take part in very diverse pro- 
cesses: the addition of carbenoid metal-complex fragments containing Mn, Re, Fe, or Pt across 
the M=C bond, the addition of nucleophilic reagents (CO, phosphites) to the a-carbon atom, 

hydrogenation, etc. [1-7]. 

In this communication we shall report the conversions of phenylvinylidene in a hetero- 
nuclear system of four metal atoms formed during the reaction between the phenylvinylidene 
complex of manganese Cp(CO)2Mn=C=CHPh (I) and the unsaturated carboyl hydride cluster of os- 
mium H2Os~(CO) 1o. As far as we know, reactions of mononuclear vinylidene complexes with 
clusters of metals have not previously been reported. 

*For Communication i, see [i]. 
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