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Homogeneous Oxidation of Benzaldehyde Catalyzed by Bis 
(triphenylphosphine)oxygenopalladium(lI) Complex 

In the studies of the homogcncous 
oxidation of organic subst’raks cat’alyxed 
by metal complexes (I), oxygen activat,ion 
by m&al complexes, direct, oxggtbn transfer 
from metal-dioxygen complexes t’o organic 
substrates, and/or nonradical oxidation 
proccsws have kwI of current imrrcst. 
Itcccntly, the report by Hojo et al. (2) 
attracted our attention, bccauso thq 
proposed the nonradical mwhanism for the 
cat,alytic oxidat,ion of btnzaldchydc by 
PdO, (PPh3) 2. We have rcstudicd the: same 
rcact,ion and found that the reaction pro- 
cccds via frcw radical intermcdiatw 

Figure: 1 shows a typical reaction curw in 
the prcscncc and abscnw of PdO, (PPh3) 2 
[Anal. Found: C, G4.81y0; H, 4.7974; 
Calcd: C, G5.22% ; H, 4.5ciyc/,,; color ~-as 
grwn as in Rrf. (3, whik palo blue: was 

rcportcd in Rcbf. ($)I. To know t,hc fcaturc 
of the initial st,agn of the rca&on, \vc used 
t#ho lower concentration of the complex 
(1.51 X lop4 31) and the smaller volume of 
t,hc reaction solution (10 ml) than those 
used in R(hf. (2). Chlorobcnzcnc was uwd 
as a solvent, in place of bcnzcwc. The 
results of our kinetic st,udks \vcw diffcrcnt 
from t,hosc of Hojo et al. in some points. 
As shown in Fig. 1, \vc obwrwd an induc- 
tion prriod. The rat’c of the catalytSic 
oxidation \\-a~ dettrmiwd at, th(x maximum 
slope of th(t oxygen uptake curve, ignoring 
t,hc uncatalyzthd oxidation. The rate qua- 
t,ion (1) obt,ainc~d from tht> rcwrlts in Figs. 2 
and 3 is wry diffcrcnt8 from that, prcl- 
viously rcport~cd (Q, but, rather similar to 
t,hat obtSaincld for t,h(a radical autoxidation 
of bcnzald(lhyd(~ cat,algzrd by Co (III) (4). 
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Fra. 1. Oxidat,ion of benzaldehyde. (0) wit,h Pd02(PPh3)2 (I.51 X lo-” M), (A) without 

PdOl(PPhs)s, [PhCHO]o = 0.400 M, PO, = 747 mm Hg, at 25T. 
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428 NOTI<S 

P 
P 

FIG. 2. Dependence of the maximum ra,(,e on the 

catalyst concentration. [PhCHOlu = 0.490 M, 

PO, = 747 mm Hg, at 25°C. 

-d[Op]/dt = K[Pd02(PPh&]k 

X [PhCHO]gI’,,,:. (1) 

A marked retardation of the cat#alytic 
oxidation was obscrvod after the conwrsion 
of bcnealdt?hyde rcachcd about 30y0. Hojo 
et al. cxplaincd the result as the> cffcct, of 

accumulat~ion of product (pwbcwzoio :lc*id). 
But the: addition of pwbt>nzoic acid or 
brnzoic acid did not, affect the ratct signif- 
icantly. Sinw the addition of bcnzaldchydc 
nftw 1 hr of t,hc reaction only slightly 
incrc~ascd tJhcl oxygctn uptakr, t8ht: rc:t,arda- 
tion may bc duo to the dtwmpo&ion of 
the catalyst. The result that t,ho straight 
lint in Fig. 2 did not, intcwcpt, origin is also 
c>xplaincd by t,hc decomposition of tho 
catalyst. No retardation by pc>rbcnaoic acid 
and results similar to those: shown in Fig. 2 
wrc rcportcd in the cast of Co(II1) (4). 

Although Hojo et al. did not st#udy the 
cffoct of tht: addition of radical inhibitors, 
w obscrvcd the retardation or stop of the 
reaction by the addit,ion of Ion01 (Z,&di- 
tert-butyl-p-crwol). Furthcrmorc., the for- 
mation of a radical intwmc>diatc was 
dcmonstratcd by the radical trapping tech- 
niquc. When the solution of nitroso-tert- 
but>anc (NtB) (5) or phcnyl-tert-but,yl- 
nitronc (PBN) (6) was added to the 
rc>action solution at the maximum rate of 
oxygen uptalw, the rclaction stopped irn- 
mcxdiatctly. After nitrogen was bubbled 
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FIQ. 3. Dependence of the maximum rate on the oxygen pressure and benzaldehyde concen- 
tration at 25’C. (A) [Cat& = 1.51 X lo+ M, [PhCHO]o = 0.490 M. (B) [Cat& = 1.51 

x IO-4 M, PO, = 747 mm Hg. 
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t,hrough thr solution to rcmovc oxygen, 
wr spectra were talon on a ,JEOL PE-2X 

spcctromctcr modified with a ,JEOL ES- 
SCXA gunn diode microwave unit at room 
tempcraturc. A fine triplct ({q-factor, 
2.OOGS; aiv, $0 G) iI1 thC CaSC of Nt13 

and double tripl(%s ((q-factor, 2.0063 ; ay, 
13.4 G; a~-~~, 1.50 G) in the caw of PBN 
wrc obwrvcd. By comparing the> y-factors 
and hypcriiw COUphg COIlStmtS \\-itI1 

t,how of 

,J-lr,,l J 

(q-factor, 2.00%; a.~, S.0 G in bwzww) 
(7) and 

0 0. 
II I 

PhC-CH(Ph)-N-But 

(a.+- 12.X.5 G; c+II 1.45 G in bcnzcw) 
(&j, the free radica; trapped by NtB and 
PBN was idcntifird as PhCO. 

To explain thcsc results, wc propow 
Mcchanistn 1 [Eqs. (a)-(7)], in which Cat, 
denotes PdO,(PPh,)s. 

Cat, + PhCHO + 02 2 Cat + PhCO 

+ inert’ product,, (2) 

PhCO + 02 : PhCOOO , (3 

PhCOOO. + PhCHO 2 PhCOOOH 

+ PhCO, (4) 

PhCOOO. + PhCOOO. : 0.L 

+ inert product,, (5) 

Cat 2 inactive form, (a 

PhCOOOH + PhCHO 2 2PhCOOH. (7) 

When the strady-state approximat8ion is 
applied while ignoring the stpps (6) and (7), 
the constant K in Eq. (1) corresponds to 
k,(ki/2kt) +, which value was obtained from 
the lines in Figs. 2 and 3 Cl.83 from Fig. 2 
and from line A in Fig. 3, and 1.66 from 
lint B in Fig. 3. Oxygcw coIlccnt,rtLtion i11 

chlorobrnzcnc \VBS wnluatcld in Ilcf. (8). 
Eff cctivc catalyst, coIlcclnt,rat,ion was wal- 

uatcd to 6.2 X 10-j A( by supposing the: 
first-order drcomposit ion of the cat’alyst .I. 
The fair agrcwmc~nt, of K valws may 
support the pwwnt, nic&anisnl. 

In conclusion, it is clwr that t,hc oxida- 
tion of bnnzald~~hydc catalyzttd by PdOZ- 
(PPhy) 2 procwds by t,h(h radical mc~chanism 
rather than by thcl nonradical mwhanism. 
Thc~ d(%nilcd mechanism of c~wh stclp 
should furthw I)(, st,udi(d. 
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