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*O ‘Pb chemrcal shrfts are reported for the compounds (CH, )e_,.,Pb X, , 
where n = 1 - 4, X = 4-FC,H,--, n = 1, 2, 4, X = CH,C+C-, n = 1, 4, 

X = CH,=CH-, n = 1, X = Cl-, CHsO-, CH,CO,- A correlation between 
6(*O’Pb) and 6( l sF) for the 4-fluorophenyl denvatlves 1s drscussed, and 
solvent effects on 6( 2o ‘Pb) for the propynyl denvatwes are mterpreted m 
terms of complex formation. 

Introduction 

There have been several reports recently of * ’ SI [2 - 41 and ’ lg Sn 

[ 5 - 101 chemical shrfts m organometalhc derivatwes of these elements. Whrle a 
detaded mterpretation of the observed chemical shifts 1s not yet possible, rt 1s 
already apparent that valuable mformatron about structure and bondmg m 
organosihcon and organotm compounds can be obtamed Thus replacement of 
methyl groups in Me,M (M = Sr or Sn) by unsaturated organic groups such as 
vinyl, alkynyl or aryl groups leads to a shrft of the * g Sr or l 1 g Sn resonance to 
kgh field [3, lo], whereas a sh& to low field would be expected from simple 
electronegatlvlty consideratrons. This hrgh field shaft has therefore been ten- 
tatwely attnbuted to the presence of prr-dn bondmg m the metal-carbon 
bond [lo], a theory whmh IS supported by the observatron that electronegatrve 
but saturated organic groups, such as the trkhIoromethyi group, cause the 
expected shrft of the metal resonance to low field [ 51. It has also been found 
that hrgh field shifts are produced when the coordination number -of the 
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central metal exceeds four. Thus, for exampIe, * f aSn N&Xl% spectroscopy has 
been used to study complex formation and intra- and mtermolecular assocra- 
&XI of prgan0E.u cumpounds [7,9] * 

?h contrast, there have been very few reports of 26 7Pb NMR spectra of 
organdead compounds. It has been noted that the 2o ‘Pb chemical shrft d& 
ference between hexamethyldrlead and tetramethyllead IS larger than the drf- 
fence between the l 1 gSn chemical shifts of the analogous tin compounds 
[ 11, 123, as expected from the very large overall range of 2 “Pb chemrcal 
shifts 113 - 151. A preliminary report of a o ‘Pb chemical shrfts in some simple 
methyllead compounds has appeared recently [16, 173. We now report 2o 7Pb 
chemrcal shrfts (Table 1) for some propynyl-, vmyl- and 4-fluorophenyl- 
lead compounds and for trunethyllead chlorrde, acetate and methoxlde. 1 H and 
r9F NMR spectra of the 4-fluorophenyl-lead compounds are also given. The 
trends m 207Pb chemical shrfts are compared wrth those for ” SI and I1 ‘Sn 
chemrcal shifts in analogous compounds of s&con and tin. 

Results and Discussion 

The 2o ‘Pb chemical shifts obtamed for some of the compounds m Table 
I, m solutron III non-polar solvents, are plotted in Fig. 1. It can be seen that 
stepunse replacement of methyl groups m tetramethyllead by propynyl, vmyl 
or 4-fluorophenyl groups causes a steady shrft of the 2o ‘Pb resonance to hrgh 
field The stepwlse shift for each propynyl substltuent is approxnnately +170 
ppm, for a vmyl group +62 ppm and for a 4-fluorophenyi group +36 ppm. 
These can be compared with those from slmzlar studies of sllrcon and tm 
compounds. Thus in methylsihcon compounds, a vmyl substltuent causes a 
shB of the 2s Si resonance 13 ] of +7 ppm, and a phenyl group +4 ppm while in 
simi3ar tm compounds an ethynyl group causes a sh& of the 1 l9 Sn resonance 
[lOI of +68.5 ppm, a vmyl group +41.5 ppm and a phenyl group +32.5 ppm. 

TABLE I 

207Pb CHEMICAL SHIFTS IN ORGANOLEAD COMPOUNDS 

Compound 

KIe4Pb 
MeaPb 
MegPbCCMe 
MejPbCCMe 
MeZPb(CCMe)g 
Me2Pb(CCMe)Z 
Pb<CCMe)4 
Pb<CCMe)4 
Me3Pb(C6&F-4) 
Me2~wh$%@4>2 
MePb(C6lQ F-4)3 
%c6=@4>4 
Me3~Qx3=cHq1 
Pb~CX=Ciiz)4 
Me3Pwz 
Me$?bC~ 
MejPbOZCMe 
=%.3r’-tsDZ=e 
MeaPbOzCMe 
MegPbOMe 

6(“‘Pb) (PP~) COIldltlOR.5 

0 80% wlw sob. m toluene 
+ 2392005 Soln m toluene + pyncime 
+I398 208 Solo m benzene 
+1409 *02 Solo mpyndme 
+3047 208 Solo. III benzene 
+3x10 502 SoIn. m pyndme 
+6855 204 Soln. m benzene 
~6989 iO8 Soln m pyndme 
+ 385 +08 Neat hquid 
i 43-o 9-0*6 Bk&.bqIua 
+I026 208 Sob mcf24 
+1535 *z5 Solo iuc@lq 
-c 65_3 ‘Q-8 Neat hqu%d 
t2510 408 Neat hquld 
-374S *OS 
-2357 10.2 

SoTa inCDCr3 
_ s&I. mpyz&Be 

-3046 *02 Satd soln mmethanol 
-311-Z +oz AbOoe soln dihrized x 3 
-264 8 -CO.2 Satd soln in methanol + pyndme 
-3313 *OS Soln in dxhloromethane 



379 

Fig 1 ‘07Pb chemical W for Mee_,PbXn. A. X s CH3C%C-, 8, X = CRz=CH- C X = 4-FCa4- 
D. X = CHsO-. E. X = Cl--_ 

Fg 2. Correlation of ‘O’Pb chemical sh&t wdb n X (’ 'F substltuent chemical shift) for the compounds 
Me4_&4Fc&,,Pb 

The trends m each case are clearly similar, with the incremental shift mcreasmg 
mth the Taft o* constant of the substituent [lo, I?] ; the magmtude of the 
shifts for a grven substituent are m the order 20 ’ Pb > r 1 g Sn > 2g Sr as might 
be expected from the overall chemical shrft ranges for these elements. 

In order to mvestlgate the possibility that the upfield shrfts mrght be due 
to n-bondmg effects, we have studied the 1 H and l9 F NMR spectra of the 
4fluorophenyllead denvatrves; the results of the analysis, wluch was carried 
out by standard methods (IS, 19], are grven m Table 2. It IS well known [ZO, 

TABLE 2 

NMR DATA FOR Me+,,Pb<C6H4F-4), 

Chenucui shrfts (ppml 

5 p%b) 
3&J 
&(H2)c 6(H’)c 

6 (CH3Pb) 

CozrpkRg GunstaItfs (is+ 

2J(207PbCH3) 

3J<zo7PbH1 5J(z07PbF) )= 

Me4Pb 

0 

071 

620 

MesPbAr o 

33 5 
114 11 

7 6 87 33 

091 

640 

MezPbAr2 = MePbArg a s?tiAs4= 

63 0 102 6 
112 87 3.11.99 1535- 11128 

7 6 32 82 7 702 47 7 709 55 

111 133 

67 0 710 

4J(FH’ %?<F&= )= 

68 180 0 68 19.0 0 20 75 6 4 76 220 0 
80 91 

3J(II’H2)= 
60 63 9.2 6.2 6.3 63 
82 84 87 8s 

SCS(lgF) ppm 099 -0 26 -1.13 -184 

OAs ^ 4-FCgH4 &From mternal CFC13. cHz ortho. Siz meta to Pb 
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211, that the ls F chemical shifts in compounds 4-FC, H,X are determmed by 
a combmatlon of the (T- and n-bonding effects of the substltuent X, and thus 
mformatlon has been used successfully to mvestigate the importance of pr-dn 
bonding In the metai-aryi bonds of several organometalhcs 122, 23) . The 
method rehes on relatmg the substituent chemical &uft (SCS) [defined as 
SCS = S(F) in 4-FC,H,X mmus S(F) m C,H,F] to bonding mfluences. Thus 
U- and r-mductlve effects (+I and +M) should shleid fluonne wWe the 7r-ac- 
ceptor effect (--M), due to pr-d?r bondmg, should deshield the Is F nucleus. If 
the *’ ’ Pb chemical sh& IS aiso determmed by a combination of these effects 
then a correlation between 6(20 7Pb) and the ls F SCS value would be ex- 
pected. In fact a imear correlation 1s observed between 6(20 ‘Pb) and n X SCS, 
where n is the number of aryi groups present in the molecule Me,_,Pb- 
(C,H,F), (Fig. 2). Thus lt seems that the effects of p?r--d?r bondmg between 
lead and each aryi group, which largely determme the Is F SCS value, combine 
in an additive manner to sheid the lead nucleus This correlation lends support 
to the theory that the *’ 7Pb chemical shift2 m these compounds are strongly 
Influenced by n-bonding effects 

Some apparently anomalous chemical shift data can be rationahsed using 
this approach. For example, the high field I1 ’ Sn chemical shift m tnbutyitm 
cyamde (+48 ppm) was tentatively attributed [5] to the presence of inter- 
molecular association giving 5-coorchnate tm, but is more hkeiy to be due to 
pn-dn bondmg effects m the Sn-CN bond; the 1 ls Sn chemical shift is very 
close to that for the essentially 3soeiectronic tnethyl(ethynyl)tm of +52 ppm 
1101 l 

As expected, the 2 ’ ‘Pb chemical shifts for tnmethyiiead chionde, acetate 
and methoxlde are all downfield from tetramethyliead, but the dimethyiiead 
dihalides are too msoiubie for study of their 2o ’ Pb NMR spectra, so that we 
have been unable to observe the expected increase m chemical shti on further 
halogen substitution 13, 5, lo] 

Solventeffects 
The ** ‘Pb chemical shifts of the propynyliead compounds have been 

measured m both benzene and pyndme solutions with the aim of mvestlgatmg 
their ability to form compIexes with pyndme. In ali cases, the 2o ‘Pb resonance 
moved to higher field m pyridine solution, the maximum solvent shift being 
+13.4 ppm for Pb(C=CCH, )*, suggestmg that this has the strongest acceptor 
properties. ThB shift IS small, however, compared with the sun&r solvent shift 
of +I59 ppm for trnnethyllead chlonde which is known to form a 5-coordmate 
complex mth pyridme 1241. T~u suggests that complex formation by the 
alkynyllead compounds is rather weak, as already mdicated by previous stu&es 
11 J . This conclusion should however be regarded as tentative since two op 
posing effects on the 2o ‘Pb chemical shrft are expected on complex formatlon. 
Thus the pnmary effect should be to cause a high-field shift, but a secondary 
effect WIU be the weakening of pn-dn bondmg in the alkynyl-lead bond 
which 1s expected to cause an opposmg low-field shift. 

Experimental section 

General techrnques have been described previously [l] . ls F chemical 
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shifts are m ppm upfield from Internal CFCl, _ 2o ’ Pb chemical shifts deter- 
mined by the double resonance method [ll] , are in ppm upfield from Me,Pb 
(as an 80% ww solution m toluene), which has a Z value of 20,920,657 + 2 Hz 

Organolead compounds were prepared by estabhshed methods 1125,263, 
with the following exceptions. 

(4-Fluoropheny l) trrmethy llead was prepared by treatmg Me, PbCl(7 33 g, 
25 mmole) with 4-fluorophenylmagnesium bromide (30 mmole) m ether (50 
ml). After hydrolysis with ammonium chlonde solution, the ether layer was 
evaporated and the product was punhed by vacuum distlllatron Yield 50%, 
b.p. 80” (15 mm). (Found: C, 30.8; H, 3.5. CsH,,FPb calcd : C, 311; H, 
3.8%) The product was hydrolysed slowiy m air. 

Bzs(4-fluorophenyl)dzmethyZZead ww prepared from Me,PbCI, (7 4 g, 24 
mmole) and 4-fluorophenylmagnesium bromide (90 mmole) in tetrahydrofuran 
(50 ml). After refIuxmg for 1 h the solvent was evaporated under vacuum and 
the residue was extracted Mnth pentane. After evaporatmg the pentane extracts, 
the product, a viscous hquid, was purified by vacuum distillation Yield 55%; 
b.p. 170” (1 mm) (Found. C, 38.9; H, 3 6, Pb, 49.3. C,,Hr ,F,Pb calcd - C, 
39 3; H, 3 3; Pb, 48.5%.) 

Tns(4-fluorophenyl)methyllead was prepared by treating tns(4-fluoro- 
phenyl)leadmagnesium bromide, prepared from lead chlonde (5 g, 0.018 mole) 
and 4fIuorophenylmagnesmm bromide (0.054 mole) m dry tetrahydrofuran 
(50 ml), with excess methyl iodide. After hydrolysis, extraction with chIaro- 
form and evaporation of the organic extracts, the product was recrystalhsed 
from methanol Yield ‘2 5 g (46%); m-p. 89-90”. (Found C, 44 56, H, 2 72; Pb, 
39 91. C, 9 H, 5 F,Pb cakd - C, 44 90; H, 2.90, Pb, 40.71%) 

Tetrakzs(4-fluorophenyZ)lead was prepared by refluxmg lead dichloride (5 
g, 0 018 mole) and 4-fluorophenylmagnesium bromide (0.036 mole) in a mut- 
ture of ether (100 mI) and toIuene (100 ml) for 24 h. The mixture was hy- 
drolysed, the toluene layer was evaporated and the product was recrystalhsed 
from chloroform. Yield 4 g (?I%), m-p. 144-145”_ (Found- C, 49.32, H, 2 60; 
Pb 34.91. C,.H,,F,Pb calcd : C, 49.20, II, 2.71, Pb 35.30% ) 
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