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PREPARATION OF NEW HYDROPEROXO COMPLEX OF RHODIUM
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Novel hydroperoxo complex of rhodium, (PhsP)z(acac)CthOOH,
is prepared by the reaction of rhodium peroxo complex, (PhsP)3C1Rh02,
with acetylacetone. This new complex is characterized by means of
IR, NMR, elemental analysis, and 1802 labeling experiment.
(PhSP)Z(acac)CthOOH decomposes in chloroform solution to (Ph3P)2-

(acac)RhCl2 by way of the corresponding hydroxo complex.

Transition metal hydroperoxo species have recently attracted an increasing
interest since they are thought to be involved in the oxygenation of olefins
catalyzed by group VIII transition metals.l However, to date, only a few reports
for the isolation and characterization of them have been made except the "bio"
systems containing porphyrins or Schiff bases as ligands.2 Michelin et al. shortly
reported that a series of hydroperoxo complexes were prepared and isolated by the
anion exchange reaction of hydroxo or hydrido complexes with hydrogen peroxide only
for the PA(II) and Pt(II) complexes having both phosphine and particular alkyl
(-CF3, -CHZCN, -CH2CF3) ligands,3 but the corresponding Rh(III) hydroperoxo complex-
es were not isolated because of their instability. On the other hand, basicity of
the coordinated dioxygen was confirmed for both mononuclear and dinuclear peroxo
complexes by the reaction with acids, alcohols, or active methylene compound.4
We report herein a preparation of new hydroperoxo complex of rhodium(III) by the
reaction of chloroperoxotris (triphenylphosphine)rhodium, (Ph3P)3Cth02, with
acetylacetone as well as some chemical reactivity of the complex isolated.

Treatment of chloroperoxotris (triphenylphosphine)rhodium(III) (1) with 1.5
equiv of acetylacetone in the presence of 2 equiv of triphenylphosphine in dry
benzene at room temperature for 0.5 h gave a reddish orange solution. Concentra-
tion of the resulting solution under reduced pressure followed by the addition of
dry diethyl ether afforded chlorohydroperoxo(2,4-pentanedionato)bis (triphenyl-
phosphine)rhodium(III) (2) as yellowish orange powder in 88% yield.5 2: mp 135°C
(dec); IR (KBr) v(0-H) 3470, v(C=0) 1582, 1568, v(0-0) 813 cm '; 'H-NMR (CDCI,-TMS)
§1.14 (3H, s, methyl), 1.27 (3H, s, methyl), 4.82 (1H, s, methine), 6.43 (1lH, s,
OH), 6.9-8.1 (30H, m, phenyl); “>c{H}-NMR (CDC1,-TMS) 626.9 (methyl), 27.1 (methyl),
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100.2 (methine), 127-137 (phenyl), 185.1 (carbonyl), 187.9 (carbonyl); > p{lu}-NMR
(CDC13—Ph3P) §24.7 (4, JloaRh_P=99-6 Hz); mol wt (cryoscopy in benzene) calcd 795.1,
found 736. Anal. Calcd for C41H3804C1P2Rh: C, 61.94; H, 4.82; Cl, 4.46. Found:

C, 61.30; H, 4.94; Cl1l, 4.88.
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The Rh-OOH complex (2) derived from 18O2 (>95% 1802) showed no absorption at

813 cm-l, which was tentatively assigned as v (0-0), with no new absorption observed.

However, increase in the intensity of the absorption at 766 cm"1 was observed.

Simple harmonic oscillator calculations indicate v(180-180) will overlap the absorp-

tion band at 766 cm_l, which inherently appears in the spectrum of the unlabeled

complex 2. The 31P{1H}—NMR spectrum of 2 is well consistent with the structure

depicted in Eq. 1, in which two phosphine ligands are aligned trans.

Oxygen incorporated in the complex 2 was quantified through the analysis of
Ph3P180 produced by the pyrolysis of oxygen-18 labeled hydroperoxo complex 2.
When oxygen-18 labeled hydroperoxo complex 2 was heated at 250°C in the sealed tube
with 4 equiv of triphenylphosphine under an atmosphere of argon, incorporated
oxygen-18 was recovered as Ph3P180 in 80.3% yield. (Eg. 2)

250°C, 150 h

(Ph3P),(acac)CIRIB0,H + excess PhsP = phzp180 (2)
CgHg» under Ar
(0.240 mmo1) (1.01 mmo1) (0.386 mmo1)

The complex 2 is sufficiently stable in the solid state but unstable in solu-

tion even under an atmosphere of argon. Especially, in CH2C12 or CHCl3 in the

presence of excess phosphine ligand, 2 decomposed to a dichloro complex 4 by way of
an intermediary rhodium hydroxo species 3 accompanied by the formation of tri-

phenylphosphine oxide. (Eg. 3)

(3)

The decomposition of 2 to 4 was followed by taking 3lp_nMr (Fig. 1) and IR

spectra at different times.
(1) In the presence of 2.5 equiv of Ph3P, decomposition of 2 was retarded.

standing for 10 min at room temperature, formation of new species, B, and Ph3PO was

After
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observed. (Fig. 1 (b))

(2) On further standing of above solution A Ph3P
for 1 h at room temperature, intensities

of the resonance peaks of B and Ph3PO in- giég.gp:z

creased, and at the same time, a newer [ AJL_
species, C, appeared. (Fig. 1 (c)) (a)

Furthermore, progressive increase in the

intensity of a new shoulder peak at 3550

cm-l and simultaneous decrease in the in-

tensity of that at 813 em™1 were observed Ph3P0 B \le'SGP;mHz

in IR spectra of the reaction mixture (b) —A LJL I i JL——
measured at intervals of 10 min, parallel-

ed with the growth of the 31P--NMR absorp-

tion peak of B.

(3) Warming the solution at 80°C for 10 h

resulted in the quantitative conversion (c) Ah_
to C. (Fig. 1 (d)) Final product C was

isolated and identified as dichloro(2,4- C 2§J)Pﬂ“
pentanedionato)bis (triphenylphosphine) - J=90.8 Hz

rhodium (III) (4). 4: mp 205-210°C (dec);

IR (KBr) v(C=0) 1560, v(Rh~-C1) 330 cm l; () . R
l4-NMR (CDC1,-TMS) 61.16 (6H, s, methyl),

4.60 (1H, s, methine), 6.9-8.1 (30H, m, Fig. 1 3P T -NMR spectra in CDC1, at -30°C
phenyl) ; 13C{lH}-NMR (CDC13—TMS) §26.2 under Ar atmosphere

(methyl), 99.0 (methine), 127-137 (phenyl), (a) Freshly prepared (Ph3P)2(acac)C1Rh00H +
186.0 (carbonyl); 31P{]'H}—NMR (CDC13—Ph3P) Ph3P(2.5 equiv)

§23.0 (4, Ji03pp.p=90.8 Hz). Anal. Calcd (b) After standing for 10 min at r.t.

for C, H3,0,C1,P,Rh: C, 61.75; H, 4.68; (c) After standing for 1 h at r.t.

Cl, 8.89. Found: C, 62.37; H, 4.65; C1, (d) After standing for an additional 10 h at
9.18. 80°C.

(4) When no PhyP was added to the CHCI, A, (Ph3P),(acac)CIRhOOH (2)

solution of 2, complex 2 immediately dis- B, (Ph3P)2(acac)C]Rh0H (3)

sociated Ph;P as Ph,PO and was converted C, (Ph3P)2(acac)RhC12 (4)

to (Ph3P)(C5H702)CthOH species.7 We
tentatively identified this complex as
the mixture of geometrical isomers, because four pairs of doublet peak appeared in
the region of 39-46 ppm in the 31p{1ly}-NMR measured in CDC1l; at -30°C.

These results indicate that the intermediate B is the six-coordinate hydroxo
complex 3 in which two phosphine ligands occupy the axial position.

References

1. (a) B. R. James and E. Ochiai, Can. J. Chem., 49, 975 (1971).
(b) C. W. Dudley, G. Read, and P. J. C. Walker, J. Chem. Soc. Dalton, 1974, 1926.
(c) J. Farrar, D. Holland, and D. J. Milner, J. Chem. Soc. Dalton, 1975, 815.
(d) D. Holland and D. J. Milner, J. Chem. Soc. Dalton, 1975, 2440.



1014 Chemistry Letters, 1982

(e) G. Read and P. J. C. Walker, J. Chem. Soc. Dalton, 1977, 883.
(f) H. Mimoun, M. M. P, Machirant, and I. Seree de Roch, J. Am. Chem. Soc., 100,
5437 (1978).
2. (a) K. Thomas, J. A. Osborn, A. R. Powell, and G. Wilkinson, J. Chem. Soc. A,
1968, 1801.
(b) L. E. Johnston and J. A. Page, Can. J. Chem., 47, 4241 (1969).
(c) H. L. Roberts and W. R. Symes, J. Chem. Soc. A, 1968, 1450,

3. (a) R. A. Michelin, R. Ros, and G. Strukul, Inorg. Chim. Acta, 37, L491 (1979).
(b) G. Strukul, R. Ros, and R. A. Michelin, Inorg. Chem., 21, 495 (1982).
4. (a) H. Suzuki, K. Mizutani, Y. Moro-oka, and T. Ikawa, J. Am. Chem. Soc., 101,

748 (1979).

(b) F. Sakurai, H. Suzuki, Y. Moro-oka, and T. Ikawa, J. Am. Chem. Soc., 102,
1749 (1980).

(c) P. J. Chung, H. Suzuki, Y. Moro-oka, and T. Ikawa, Chem. Lett., 1980, 63.

(d) R. Sugimoto, H. Eikawa, H. Suzuki, Y. Moro-oka, and T. Ikawa, Bull. Chem.
Soc. Jpn., 54, 2849 (1981).

(e) M. Pizzotti, S. Cenini, and G. L. Monica, Inorg. Chim. Acta, 33, 161 (1978).
(f) A. Nishinaga and T. Matsuura, Chem. Commun., 1973, 9.

(g) A. Nishinaga, T. Tojo, and T. Matsuura, Chem. Commun., 1974, 809.

(h) A. Nishinaga and T. Tomita, J. Mol. Cat., 7, 179 (1980).

(i) R. Ugo, A. Fusi, G. M. Zanderight, and L. Casella, J. Mol. Cat., 7, 51 (1980).
(j) 8. Muto, H. Ogata, and Y. Kamiya, Chem. Lett., 1975, 809.

(k) S. Muto, K. Tasaka, and Y. Kamiya, Bull. Chem. Soc. Jpn., 50, 2493 (1977).

5. An attempt to recrystallize 2 was failed because of its instability in solution.
Therefore, 2 was purified by washing with the mixed solvent of diethyl ether and
n-pentane.

6. The fact that only one doublet peak was observed in the P{lH}-NMR spectrum of
2 indicates that two phosphine ligands are magnetically equivalent. Following
two structures, A and B, would satisfy such a requirment. On the other hand, in
the S1p{1H}-NMR spectrum of the peroxo
complex 1, two kinds of doublet peak
appear at 20.2 (2P, dd, JRh_P=98.6 and
Jp_p=25.4 Hz) and 35.3 ppm (1P, dt,
JRh-p=153.3 and Jp p=25.4 Hz) downfield
from the internal triphenylphosphine.

31

In comparison with these results, the
chemical shift of 24.7 ppm and the coupling constant of 99,6 Hz for the phosphine
in the complex 2 suggest that two phosphine ligands are aligned trans as depicted
in Eq. 1.

7. Anal. Calcd for C,3H,30zC1PRh: C, 53.46; H, 4.49; C1, 6.86. Found: C, 52.60;
H, 4.68; C1, 6.58. IR (KBr) v(OH) 3502, v(C=0) 1570 cm'!,
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