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The stab’tity constants of some benzoato and oxinato complexes of dime- 
tbyllead(IV), (CH3)*PbXz (X = OCOC,H,Y; Y = H, o-CH3, m-CH3, p-CH, 
and p-CH,O; X = oxinato), with donors (L): tertiary phosphine oxides, phos- 
phates (RsPO), hexamethylphosphorkkunide (HMPA), dimethylsulfoxide 
(DMSO), dimethylformamide (DMF) and pyridines were determined in me- 
thylene chloride_ The stability constants for the benzoato complexes were 
found to be larger than those for the oxinato complexes and in general decrease 
in the following order of Y: 

Y = o-CH3 > m-CH, Z H 2 p-CH, 2 p-CH30 

The Jo values, which are the J(*O’ Pb-CH3) values estimated for the hexa- 
coordinate dimethyllead complexes, increase in the same order. Linear relation- 
ships were obtained in the plots of the stability constants against the basicity, 
the sum of the Taft’s o* values of the R groups and the J, vahres, which are 
the J( 2 o ' Pb-CH3 ) values estimated for the seven-coordinate complexes, 
(CH3)2Pb(OCOC6HqY)2 - L. The dependence of the stability constants on the 
Y and the R groups was found to be mainly due to the change of the electron 
density on the lead and the phosphoryl oxygen atom. 

Introduction 

The complex formation between several organometallic halide derivatives 
of SnrV PbIV and Hgn and donor molecules in solution has been quantitatively 
studkd~and the configuration of the complexes.and the nature of the metal- ’ 
donor bonds have been discussed [1 J . Recently we have reported that di- 
methylbis(benzoato)lead forms a seven-coordinate complex-with HMPA, 
(CH,)2Pb(OCOC6H5)2 -HMPA, in solution 123. In the present paper, :ve-report-. 
the stability constants of some benzoato complexes of dlmethyllead(IY);--, --:._~- . ._ 
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Dimethyllead dichIoride was prepared by the chlorination of tetramethyl- 
lead in ethyl acetate at about -10” C [ 33. Tributyl-, triethyl- and trimethyl-. 
phosphine oxides were prepared by the method reported previously [4] _ Or- 
ganic phosphates, HMPA and the other donors obtained from Nakarai Chem- 
icak were stored over molecular sieves 4A l/16 for several days and refhrxed at 
reduced pressur eover calciumhydrideorlithiumforafewhours_Themiddle 
fracti& obtained by distillation was collected. 

The specific conductances of HMPA and DMSO used in conductivity 
measurements were 1.23 and l-03 X lo-’ ohm-’ cm-’ , respectively. 

Prepam iion of complexes 
All (CH,),Pb& compounds (X = OCOC,H,Y; Y = H, o-CH3, m-CH3, 

p-CH3 andpCH,O; X = ox) were prepared by the reaction of dimethyllead 
dichloride (1.5 g, 5 mmol) and an appropriate benzoic acid or oxine (10 mmol) 
-in aqueous ammonia solution, as reported in refs. 2,5 and 6_ The benzoato and 
oxinato compounds were purified by recrystallization from methylene chloride 
and methanol, respectively. 
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-FXg. 1. Job’s method of ~ontimxous variation applied for J< 207Pb-cH3) VdUeS Of <CH3)2Pb(OCOC6H5)2 

& the total c~nmtcation to.100 molfl). DOIIOES: <C2H5)3PO <--o--). <CH3)3PO <-_e). [<CH3)ILNlgPO 

c-+0--) <=f. 2) md <C6@3P0 c-e>. 
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IR and PMR spectra were recorded on a Hitachi EPI-2G spectro&et& with 
gratin&i and a:JEOL model JN,M-PS-100 spectrometer, operating at-100 MHz, ... ‘: .- 
respectively. 

Determination of stoichiometry and stability constants of complexes 
me application of the Job’s method of continuous variation[7] -for the 

5(*07Pb--CH3) values in some (CH,),Pb(OCOC,H,),-donor(L) systems is 
shown in Fig- l- As can be seen from this figure, each curve has a maximum at 
x (mole fraction of the donor) = 0.5. Thus, the stoichiometry of the complex 
formation between (CH3)7Pb(OCOC,H,)2 and the donor molecules was found 
to be l/l in CH2C12, as shown in the equilibrium 1. Similar complexes may be 

(CH&Pb(OCOC,GY), + L 5 (CH3)2Pb(OCOC6H4Y)2 -L (1) 

formed for the other benzoato compounds in C&Cl, _ However, in the case 
of HMPA, the curve is not symmetrical about the line corresponding to x = 0.5 
and somewhat lifted in the region at x > 0.5. These facts seem to indicate that 
a l/2 complex, (CH3)2Pb(OCOC6Hg)Z - 2HMPA, makes some contributions to 
the equilibrium for the complex formation. For the equilibrium 1, the values of 
J for a series of solutions containing a constant amount of the lead compound 
(A,) but varying amounts of donor molecules (Do) is expressed by 

K = C/](A, - C)(D, - C)] (2) 

t I. 
0 5 i0 25 20 25 30 

r( = Do/A,1 

Fig. 2. ~<Z07eb--C~~~ ~&ES fol- <CH3)2Pb<OCOC6Hs)t (2.00 x lo-* mol/l) in CH2CIz solutions con- 
hining varying ~~OUII~S of donor molecule: <C2H5)3PO <--O-). [(CH3)2N] 3PO c-e-), Pyridine (-a-), 

<CH3)2SO <A). WH3013PO <- 1 and <C6H50)3PO t--b)- 
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.$hti Cdmpl&ed_lead compotiixls, r&&ctively and C is ih& amount of the com- 
ST .$&a fo&& % solutions By. using eqns. 2 and 3, we have obtained k&4: 

~~~~-~J.~+'JczJ.)[~~~~~~~,~K)--J(~~~+~/~oK)' _&I. : ;(4) 
-. 

(r=Do/&) 

The.changes-of the JvaIues for (CH,)2Pb(OCOC,H,)+ w&h varying amounts 
of donor are shown in Fig_ 2_ The solid lines indicate the J&dues calculated by 
the least-squares method. 187 by using eqn. 4, in which Jo, J, and H were used as 

‘parameters_-The values thus obtained were found to agree well with those ob- 
‘tained by using a constant value for Jo but changing the values for J, and K_ The 
calculations have been done with a NEAC model 700 computer at the Calculation 
Center of Osaka University_ 

-Results and. discussion 

-As shown in Table 1, the benzoato compounds of dimethyllead, (CH,)* - 
Pb(OCOCiI&Y)2 (Y = H., o-CHs, m-CHs, P-CHs andp-CH,O), were found to 
be nonelectrolytes in HMPA and in CH2Clz solution containing (CHs )sPO. The 

-TABLE 1 

M0LABCONDUCTANCES_4NI)STRETCEIINGFREQUENCIESOFCARBOX~GROUPSFOR 
<CH&FbX2 COMPOUNDS IN SEVERAL SOLVENTS 

AX Y Solvent 

CEP32 HMPA(DMSO)d CH2Cl#ilMPO= 

0C0C,&%Y H <O_l 0_53<0_55) 0.23 
:&W&,b 1525 1525 1523 

v.Jy*<cosc 1370 1375 1370 

oGR3 Am f 0.27 0.41 

Y~,<CO2) 1532 1537 1530 

v*,<COz) 1370 1382 1375 
mGH3 Am f 0.23 0.33 

v~mm32> 1535 1538 1532 

Ysym<COZ~ 1382 1383 1380 

pcI-I3 *m f 0.60 0.32 

:7;::2 

1523 1537 1527 
1372 1392 1373 

pCH30 Am f 0.49 0.27 

vasym<CO2~ 1525 1532 1525 

Ysyrnuxw 1376 1386 1377 

.a= Am <O_l 0_36<0_51) f 
-d &I <O_l 0_57(0_44) f 

hficac? Am <O.l 28_1<57.8) f 
- NOt Am f 29_0<58_0) f 

~?dohr conductances<OhPI-t cm2mo+-l)at I-OX 10 -3 (25+ O_lOC).b Inem- atabout2_0wt%_CIn 

cm-1 atabout8_Owt%_d F~inparenthesesare~btainedFnDMSO.=h,and"~~~~Yaluesare 
-o~~~~~e~Z~Zso~~~~n~~~giningabout0.1mole~and8.0wt% of <CH33PO.respectively_ f Not 

. . meesured_~Acetylac&onato~omplex<~ref_9~_ hHexafluoroacetylacetonatocompleq_ 
.. 
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Fk 3. PM.s of h? K vs. ANOH) and J, for (CHg)2Pb<OCOCgH5)2 - R3PO complexes. 

phenol-R3P0 system [11,12] * were correlated with Av(OH) and Co* by 
eqns. 8 and 9. 

log R = 6.70(+ 0.19) X 1O-3 Av(OH) - 1.30 (2 0.08); r = 0.994 (5) 
IogK =2.71(? 0.25)X 10-l Zo* +-2.06(+: 0.09); r= 0.990 (6) 
& = 8.97 (+ 0.53) X IO-* AY(OH) f 128.6 (’ 2.1) (Hz); r = 0.974 (7) .. 
log I(phend = 6.52 (+- 0.23) X 1O-3 Av(OH) + 0.23 (k 0.08); I- = 0.99’7 (8) 
1% E=pilenal = -2.74 (+ 0.15) x 10-l zcJ* + 3.37 (“- 0.17); ?- = 0.945 (9) 

Since the coefficients of AY(OH) in eqns. 5 and 8, and those of Zo* in eqns. 
6 and 9 are almost the same, respectively, the electronic effect of the R group 
on the log K values is comparable with that on the log Kphencrl_values. The major.._ 
factor which differentiates the log K values from the log Kphend values maybe : 
a steric factor. Equation 7 shows that the J, values increase linearly w&h an .. 
increase in the electron density on the phosphoryl oxygen and the value of its .- 
intercept is almost the same as the Jo value. This finding.suggests that the.j= 
values become larger es the electron density on the lead atom is increased by 
the coordination of the good donor molecules, as have been reported.for the : 
dimethyllead oxinato compounds [6] . The other benzoato. compounds~were .: .’ ‘. : 
found to behave in a similar manner. 

-._ 

The stability constants with several donor -molecules, the 2, values-a&&the -. : 1 
.- 

J( ‘07Pb-CH3) values obtained when such donor molecules were used aa a-s&:: . . : : 
ent for (CH3),PbX, (X = OCOCBHS- and ox) are shown in Table 3: The J; ~&h&k .._ 

v : :. y : 

*'Re~ressionanaly~ismadebYusinetbedatain ref. 11. 
: ~. -_._ . . . . :-_ i--, 
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Fig_ 4_Plots oflogh-us. Pa* for <CH~)~P~<OCOC~HS)~ - R3PO ComPkXeS 

TABLE 3 

STABILITYCONSTANTSANDJcVALUESFOR<CH3)$'bX_ 7 - L COMPLEXES AND J<zo7Pb-CH3) 

VALUESIN TEIEDONORSOLVENTS 

Compound K JC Jo 
<llmol) <Rz) <Hz) 

X L 

0C0C#5 

ox 

L<CH&Nl3PO 53.0 169.6 173.7 

GGkzSO 20.4 160.4 159.6 
HCON<CH& 12.5 155.5 156.0 
pyxidine 11.5 165.3 165.3 
a-picoline 2.6 153.1 152.3 

C<CH32NI 3PO 1.0 180.6 187.2 

wemfound to become larger with increasing R values and to be almost identical 
with the J( 207Pb-CH3) values-in the donor solvents, except for those in HMPA. 
From this table, we consider that one of major factors affecting.the change 
of the J(207Pb-CH3) values with the solvent donor strength is the amount of 
positive charge on the lead atom, which is produced mainly by the formation of 
.seven-coordinate dimethyllead complexes with the solvent molecules, as report- 
ed previously [ S,S] . The larger J(*” Pb-CH3) values in HMPA, compared with 
the J, values, may be due to the formations of some l/2 complexes in addition 
to -l/l complexes of the dimethyllead benzoato and oxinato compounds with 
HMPA, & discussed from the results for the application of the Job’s method. 
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