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ABSTRACT
The nuclear magnetie resonance and infrared properties of two new cyclic

organolead campounds are discussed.

INTRODUCTION

In recent years there has been a growing interest in the chemical and physical
properties of cyclic Group IVA organometallics, but while much-work has been done
on such compounds of Si, Ge and Sn, there have been few studies of cyclic urganclead
compounds (1). We report here some spectroscopic investigations of two new
compounds: 1,1-dimethyl-2,3,4,5-dibenzoplumbole (I) and 1.1-dimethyl-2,3,4,5-
tetraphenylplumbole (II). Although the latter has been mentioned in a patent (2},

nothing is known about its physical properties.
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RESULTS AND DISCUSSION

Nuclear magnatic resonance properties

Some lH-NMR data of the twa cyeclic lead compounds are listed in Table 1.
Owing to the great number of magnetically inequivalent aromatic protons, the

spaectrum in the 6 to 38 ppm region is extremely complex. More information can be
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& 5 in ppm (reference TMS), J in Hz: b see ref. (3].

obtained from the NMR data of the two methyl groups. It is readily seen from
Tahle 1 that the resonances of the methyl protons in the cyclic compounds are
shifted towards lower field compared with those in diphenyldimethyllead and
tetramethyllead (3}, indicating the deshielding effect of the two ring fragments.
This cannot be solely attributed to the greater electronegativity of the ring .
—ragnents ccmpared wfth the electronegativity of the phenyl groups in diphenyl-
d'meuhy11=ad (vide infra]. Sterlc factors may also be responsible. .

It is now cenera’ly accepted {3-6] that the Fermi-contact term is the domlnant
factor in determining the magnitude of the M-X coupling constants. A simplified
°rpression for tn*s term is given by (1] in which C is a collection of constants,

JEM-X) = (C/A) . &2(M) . e2(X) . $2(0)

* V (Ulns‘X] i (1

nsFM]

A the mean excitation energy, a2 the s-character of the hybride orbital used to

farm the M-X bond and ¢2(0)n5

t appeers that the_magnitLde F 23¢207pp- 1H(CHa]] depends un the nature of the

the valence s-electron density at the nucleus (3).

ring fragment. The difference between the two coupling ccnstants of the cyclic
compounds 1ndlcates the greater electronegativity of the rlna fragment of I
compared with that of. IT. S

The 13c-FT- NPR cata (lable 2) suppart the con01L51ons from the 1H-NMR spectra.
The deshle‘dlng erfecu of -the- ring system in II is ‘samewhat greater than that

in I. The variation of the J(297p5-13C) coupling constants is very interesting.

In contrast with 2J(2°7Pb-1H] there is a great difference between 1J(297ph-13C({CH,))

Ffar I and II, the coupling constant for the latter being even smaller than that
in tetramethyllead (3). Along with a difference in the effective nuclear charge

on the lead atom, which is related tc uz(D) there may be a substantial

6s{Ph)”’
change in the hybridisation of the lead atcm- fron the 1dea1 sp —case as 1n
tetramethyllead, which affects «2{Pb) of the Ferml contact term. This chanae

may be attributed to internal strain in the plumbacyclopentadiene-ring.



TABLE 2 , .
13C—VNI"IR,data for cyclic dimethyllead compounds a.
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8(Cy) 5(Cy) 8{C{CH3)]
compound
{13(2%7pp-13c,)) (23(207pp-13g,)  (13(2%7pp-13C(CH3)))
I 148.3 148.86 1.6
(344)] (107] (300)
1T 153.6 152.3 . 4.6
(2390) (146) (222)
¢,Pb(CH3)2 b - =1.0
~ {285
¢ b
CH31,Pb 3.2
(251)
8§ in ppm (reference TMS), J in Hz (in parentheses): see ref. (3).
TABLE 3
Infrared data for cyclic dimethyllead compounds e,
I i1 (CH3)4Pb assignment
1580 s 1595 s
1570 m } v(c=C)
1465 m 1480 s
1440 s 445 s 1448 vs
1385 m 13880 m 1400 s
1170 s 1183 m 1166 sh
1157 s 1153 m 1148 s
1073 m
1025 m } B{C-H)
754 vs 764 s 785 vs
748 vs 4H wag
710 vs
700 vs } ¢(c-C)
491 s 483 m 485 wvs v s m(Pb—C]
474 s 471 m 478 vs v tPb-C)
470 vs sym
a Nujol mulls / KBr discs; b see ref. (7).
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The coupling constants J(2097Pb-13C) for the ring carbon atoms have alsc been
determined. As can be seen from Table 2;>13[2°7Pb—13¢1[ring11 in T is greatsr
than in TI, while this sequence is reversed for ZJ[2°7Pb*13C2(rihg]}; It is clear
that this behaviour must be explained in terms of thes two factors dztx] and

2 R
v Folns(X) oo
the plumbacyclopentadiene ring, these factors obviously differ between the two

of the Fermi-contact term. Because of the differing substituents on
dydlic lead'compounds.x

Infrared spectroscopy

Some IR absorptions are presanted in Table 3. The spesctra of thase cyclic
compﬁunds consist of two fairly independant regions: one section arising ?rom the
two methyl substituents on the lead atom, which can bs compared with the IR
spectrum of tetramethyllead (7), and ths other section arising from the remaining
ring fragment. There is a close agreement between the wave numbers of the
sbsorptions which are attributed to the methyl substituents for the two cyclic
lead cempounds, énd this agreement also holds for the tetramsthyllead absorptions.
0f the other absorptions thare are some which appear to be characteristic for
classes of cyclic organolead compounds (8). Thus, all dibenzoplumboles show an
ahsorpticn at about 750 cm—1, dus to the 4H wag of the two benzo substituents (9),
while the tetraphenylplumboles characteristically abscrb at about 1075 and 1025 cm‘1.
assaciated with 8(C-H) of the monosubstituted phenyl groups, and at about 700 cm-1,
associated with the out of plane ring bend uf'the phenyl groups (see also (101}}.

EXPERIMENTAL

The NMR spectra were recorded on a JEOL-PS-100 NMR spectrometer as saturated
CDC1l3 solutions. The IR spectra were recorded on a UNICAM-SP-1200 infrared
spectrophatameter.

The reactions were carried out under dried, oxygen-free nitrogen. Diethyl ether

and tetrahydrofuran were distilled from LiAlH, before use.

Synthesis of 1,1-dimethyl-2,3,4,5-dibenzoplumbole (I) (11])
5.24 g of 2,2’-dibromobiphenyl (0.02 Moll was lithiated in 300 ml diethyl ether
with n-butyllithium (0.04 Mol). The solution of the dilithio compound was slowly

added to a stirred suspensicn of 7.94 g of dimethyllead dibromide (0.02 Mell in
300 ml diethyl ether, while the flask was cooled in an ice bath. After the addition
was cbmplete, the mixture was stirred for 1 h at room temperature and for 0.5 h

at reflux temperature.

The mixture was hydrolysed with 3080 ml 5% HC1l, the ether layer was separated

*. Furthsr studies on the interpretation of the NMR properties of series of
organolead compounds are being carried out.
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and the water layer was hydrolysed with two 50 ml portions of diethyl ether. The
combined ether layers were dried over Na,S0,. Oistillation of the diethyl ether
left a yellow o0il, and addition of 100 ml light petroleum (b.p. 40-60°C) gave
the white product I. The yield was 4,05 gram {52%), After recrystallisation
from chloroform/ethanol the m.p. was 142-143°C (dec.).

Synthesis of 1,1-dimethyl-2,3,4,5-tetraphenylplumbola (II} (12}

10.869 g of diphenylacetylene (0.06 Moll} was stirred for 4 h in 30 ml of
diethyl ether with 0.7 g (0.1 Mol) freshly cut lithium wire. A red solution was
formed and a yellow salid precipitated. The slurry was rapidly added through a
Blichner funnel to a stirred suspension of 11.91 g of dimethyllead dibromide (0.03
Mol) in 200 ml tetrahydrofuran. An additional 100 ml diethyl ether was used to
transfer the dilithio compound to the suspension, which was cooled in an ice bath
during the addition. The mixture was stirred for 2 h at room temperature, after
which the ether layers were distilled off. Dichloromethane (250 ml) was added to
the residue, and the resulting suspension was filtered thraough Hyflo. After
concentration to about 50 ml, 100 ml absolute ethanol was added, whereupon the yellow
product (II) crystallised. The yield was 12.50 gram (70%). Recrystallisation fram

dichloromethane/absolute ethanol resulted in a m.p. of 195—19700 {dec.}.

Both compounds are crystalline solids with remarkably high melting points. In
contrast to saturated cyclic lead compounds (1), they are stable towards oxygen,

light and maisture.
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