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Summary

The stability constants of some benzoato and oxinato complexes of dime-
thylead(1V), {CH;),PbX, (X=0COC;H,Y; Y =H, 0o-CH;, m-CH, , p-CH;
and p-CH;O; X = oxinato), with donors (L): tertiary phosphine oxides, phos-
phates (R, PO), hexamethylphosphortriamide (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 =0-CH; > m-CH; < H= p-CH; = p-CH30

The J, values, which are the J(?°7Pb—CH;) 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 0" values of the R groups and the J, values, which are
the J(2°7Pb—CH;) values estimated for the seven-coordinate complexes,
(CH;),Pb(OCOCsH,Y), - 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 Sn'V, Pb'V and Hg" and donor molecules in solution has been quantitatively
studied, and the configuration of the complexzes. and the nature of the metal— -
donor bonds have been discussed [1]. Recently we have reported that di-
methylbis(benzoato)lead forms a seven-coordinate complex with HMPA LU
(CH3),Pb(OCOC¢H;), - HMPA, in solution [2]. In the present ‘paper, we report R
thP stabxhty constants of some benzoato complexes of dunethyllead(IV), e




(CHa)z Pb(00006H4 Y)z (Y B, o-CH3, m-CH;., p-CH3 and p-CH3O), with -
o several donor molecules, and con:elatlons of these constants with the basxcxty,
;- the Taft’s * values of the substituent groups of the donors and the .
o J(2°’Pb—CH3) values for the seven-coordinate dimethyllead ‘.omplexes

- . Experrmental

g Materzals :

" _./Dimethyllead dichloride was prcpared by the chlorination of tetramethyl-
lead in ethyl acetate at about —10°C [3]. 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-

" icals were stored over molecular sieves 4A 1/16 for several days and refluxed at
~ reduced pressure over calcium hydride or lithium for a few hours. The middle
fraction obtained by distillation was collected.

_ The specific conductances of HMPA and DMSO used in conductivity

measurements were 1.23 and 1.03 X 1077 ohm™ cm™, respectively.

" Preparation of complexes

‘ All (CH3),PbX,; compounds (X =0COC;H,;Y; Y =H, 0-CH;, m-CH;,

* p-CHj3 and p-CH30; 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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:Fiz. 1. Job’s method of continuous variation applied for J(227Pb—CHg3) values of (CH3)>2Pb(0OCOCgHs)2
" at the total concentration (0.100 mol/l). Donors: (Csz)3P0 (—°—), (CH3)3P0 (—%—). [(CH3)2N] 3PO
—o) (ref. 2)and (CsHs)aPO ). .



| IR and PMR spectra o 3 PR
IR and PMR spectra were recorded on a Hitachi EPI-2G spectrometer mth 0

gratmgs and a JEOL model JNM-PS-100 spectrometer, operating at 100 MHz,

IeSpectlvely.

Determination of stoichiometry and stability constants of complexes

The application of the Job’s method of continuous variation[7] for the -
J(2°"Pb—CH,) values in some (CH;),Pb(OCOC:H;), —donor(L) systems is . -
shown in Fig. 1. 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 (CH,),Pb(OCOC H;), and the donor molecules was found
to be 1/1 in CH,Cl,, as shown in the equilibrium 1. Similar complexes may be .

(CH3).Pb(OCOCsH,Y), +L = (CH;), b'O'“O sHs YY), - L 1)

formed for the other benzoato compounds in CH,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 1/2 complex, (CH;),Pb(OCOC:Hs), - 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
(Ao) but varying amounts of donor maclecules (Dy) is expressed by

K = C/[(Ap — C)(Do, — C)] - (2)
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Fig. 2. J(*07Pb—CHy3) values for (CH3)2Pb(0OCOCgHs)2 (2.00 X 1972 mol/l) in CH;Cl; solutions con-
taining varying amounts of donor molecule: (C2Hg)3P0O (—0—), [(CH3)2N] 3P0 (—e—), Pyridine (—0—)
(CH3)2S50 (—®—), (CH30)3P0 (——) and (CgH50)3P0 (—e—). . :



eqn-‘3 where Jo and J are. the J(2°"Pb—-CH3) values of the uncomplexed and
- the complexed lead compounds ‘respectively and C is the amount of the com- ,
7 ;plex formed in soluhon- By using eqns. 2 and 3, we have obm_med eqn 4‘

&;—")[( +1+1/A0K) \/(r+1+1/A°K)2 —4;-] @
B (r=Do/Ao) |

" The changes of the J values for (CH; )sz(OCOCGHs )2 with varying amounts
of donor are shown in Fig. 2. The solid lines indicate the J values calculated by
-the Ieast-squares method [8] by using eqgn. 4, in which Jp, J;. and K were used as

J= Jo

" -parameters. The values thus obtained were found to agree well with those ob-

‘tained by using a constant value for J, but changing the values for J. and K. The
" calculations have been done with a NEAC model 700 computer at the Calculatlon
Center of Osaka Umversn:y

: :,:“Results and. dxscussmn

= -As shown in Table 1, the benzoato compounds of dimethyllead, (CHs). -
Pb(OCOCsH,Y), (¥ =H, o-CH;, m-CH;, p-CH; and p-CH;30), were found to
: vber'non-electrolytes in HMPA and in CH,Cl, solution containing (CH;);PO. The

TABLE 1

. MOLAR CONDUCTANCES AND STRETCHING FREQUENCIES OF CARBOXYL GROUPS FOR
(CH3),PbX; COMPOUNDS IN SEVERAL SOLVENTS

X . Y Solvent
CH,ClL, HMPA(DMSO)Y  CH3Cl;/TMPO®

QOCOCgHAY H Ap® <0.1 0.53(0.55) 0.23

Vasym(CO2? 1525 1525 1522

rsym(CO2)¢ 1370 1375 . 1370

0-CH3 Ap r 0.27 0.41

Pasym(CO2) 1532 1537 1530

Vgym(CO2) 1370 1382 1375

m-CH3 Am r 0.23 0.33

Vasym(CO2) 1535 1538 1532

usym(coz) 1382 1383 1380

pCH3 Anp r 0.60 0.32

Pasym(CO2) 1523 1537 1527

Psym(CO2) 1372 1392 1373

p-CH30 An r 0.49 0.27

" Vasym(CO2) 1525 1532 1525

‘ 7 . Vgym(CO2) 1376 1386 1377
ox. _ - Am - <01 0.36(0.51) !
acac® : Apm <01 0.57(0.44) f
hfacach o Am <01 28.1(57.8) f
- NO3 . . . Am f 29.0(58.0) f

" @ Molar conductances (ohm~-! cm?2 mole—1) at 1.0 X 10-3 (25  0.1°C). ¥ In cm~! at about 2.0 wt%. € In
_em-1 at about 8.0 wt%. @ Figures in parentheses are obtained in DMSO. € Ay, and Vasym sym values are

" obtained in the CH>Cl2 solution containing about 0.1 mole/l and 8.0 wt% of (CH3)3PC, respectively. . f Not:
§ . measured. z Acetylacetonnto complex (see ref. 9)- h Hexaﬂuoroacetylacetonato complex- -




'-;"J(2°7Pb—CH3) values of (CH3)2Pb‘{2 (X benzoato [5] oxmato [5,6] and-
’?::acetylacetonato [91 ) in DMSO have beer recently reported to. be larger by B
f’rabout 25 Hz than those in CH,Cl, or 'CHCI,. On the other hand, the. mcremen
_of the J(2°7Pb—CH3) value of dlmethylbls(hexaﬂuoroacetylacetonato)lead ;
i (CH3)2Pb(hfacac)z , in DMSO (148.5 Hz), in which this compound is electro-
" lyte as in [(CH3),Pb(DMS0),]**2X" (X = C10, and NO;) [J(2°’Pb—CH3)
about 149 Hzl [10] (see Table 1), was found to be small relative to the. value
CH,Cl, (144.5 Hz). These findings seem to show that the benzoato and’ oxmato L
compounds studied in this work do not form ion pairs in the solutions: con-- .-
taining strongly donor molecules. Two benzoato ligands are assumed- to coor- . ..
dinate to the lead atom as bidentate ligands both in CH,Cl, and HMPA,and -
also in CH, Cl, solution contalmng excess (CH;);PO, since the stretching fre- =~ -
quencies of the carboxyl groups in these solvents are almost the same (see

Table 1). It seems evident from the above results together with the stoichio-- .

metry for the complex formation that seven-coordinate dimethyllead complexes -
with one donor molecule exist in solution, and they may take a distorted penta- .
gonal bipyramid configuration (I) around the central lead atom.- “

CH,
o Sl ‘l—”——-—l—
o
YCeH - TNl R
-‘l‘“~\d'}>C—C6H4Y
CHa

(1)

The stability constants (X), the J, and the J, values for the dimethyllead
benzoato and oxinato complexes with-some tertiary phosphine oxides, phos- = .
phates and HMPA in CH, Cl, are summarized in Table 2. The value of Av{OH) in
this Table indicate the frequency shifts of the O—H stretching band of phkenol
by the hydrogen bonding with the donors [11]. The K values of (CH,), -
Pb(OCQCcH,Y), - R3PO complexes were found to be larger than those for -
(CH;),Pb(0x), - R3PO complexes. Table 2 also shows that there is a general
drift of the K values against the Y for most of the above R;PO donors.

Y =0-CH; > m-CH; R H= p-CH; = p-CH;0

The decrease of the K values is probably associated with the decrease of the
amount of positive charge on the lead atom, because the J, values, which have
been shown to increase with decreasing positive charge on the lead atom for = .
some dJmethy;lead compounds [5,6], become larger in thxs order.
In a series of the benzoato complexes (CH;), Pb(OCOC5 Hs )2 *R5 PO, the
K values increase with an increase in the Av(OH) values for the R3PO donors,
which are associated with the electron density on the phosphoryl oxygen. ,The
_results are analogous to that in some dimethyllead oxinato complexes” [6]:.
.~ The plots of the values of log K vs. the Av(OH) values, the J;; values and the
- sum of the Taft’s 6* values of the R groups (Z0™) are shown in FlgS. 3 and‘
-~ The correlations between these guantities are expressed by egns. 5:7;
To.r 1s the correlatlon coefflc1ent. The stablhty constants log Kphen
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Fig. 3. Plots of log K vs. Av(OH) and J,. for (CH3)2Pb(OCOCgHs)2 - R3PO complexes.

phenol—R ;PO system [11, 12] * were correlated with Av{OH) and Zo* by
eqns. 8 and 9.

log K = 6.70(¢ 0.19) X 10~ Apy(OH) — 1.30 (= 0.08); r=0.994 ()
log K =—2.71 (+ 0.25) X 107! Z¢* +.2.06 (= 0.09); r=0990 - (6)
J. =8.97 (¥ 0.53) X 1072 Ap(OH) + 128.6 (= 2.1) (Hz); r=0.974 - D
log K nena = 6.52 (x 0.23) X 1073 Ay(OH) + 0.28 (= 0.08); r=0.997 8)
log Kphena = —2.74 (2 0.15) X 107! o™ +3.37 (x 0.17); r=0.945" 9)

Since the coefficients of Av(OH) in eqns. 5 and 8, and those of £¢* in eqns. "
6 and 9 are almost the same, respectively, the electromc effect of the R group
on the log K values is comparable with that on the log Kphenm values. The major. ~
factor which differentiates the log K values from the log K pena values may.be
a steric factor. Equation 7 shows that the J, values increase linearly with an
increase in the electron density on the phosphoryl axygen and the value of its-
intercept is almost the same as the J, value. This finding suggests that the' J.
values become larger as the electron density on the lead atom is mcreased by ;
the coordmatlon 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. S
The stability constants with several donor molecules, the J, values and-the f B
J(?°7Pb—CH;) values obtained when such donor molecules were used as a solv= ..
ent for (CH3 )zl?bX2 (X = OCOCGHS and ‘OX) are shown in- Table 3 The Je values

-* Regrasxon analysls was made by usmg the data inref. 11, . |
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Fig. 4. Plots of log K vs. £o* for (CH3)2 Pb(OCOCgHS5)2 - R3PO complexes.

TABLE 3

STABILITY CONSTANTS AND J. VALUES FOR (CH3)7PbX; - L COMPLEXES AND J(207Pb—CH3)
VALUES IN THE DONOR SOLVENTS

Compound K Je J°
(}/mol) (Hz2) (Hz)
X L
OCOCgHs {(CH3),N15PO 53.0 169.6 173.7
(CH3)>SO 20.4 160.4 159.6
HCON(CH3)» 12.5 155.5 156.0
pyridine 11.5 165.3 165.3
- a-picoline 2.6 153.1 152.3
ox [(CH3)>N}3PO 1.0 180.6 187.2

< Value obtained in the donor as the solvent (see refs. 5 and 6).

were found to become larger with increasing K values and to be almost identical
with the J(?°?Pb—CH,) 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(*°"Pb—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 [5,6]. The larger J(*°”Pb—CH3) values in HMPA, compared with
" the J,, values, may be due to the formations of some 1/2 complexes in addition
' _to1/1 compliexes of the dimethyllead benzoato and oxinato compounds with
HMPA, as dlscussed from the results for the apphcatlon of the Job’s method.
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