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SHORT COMMUNI CATION 

Proton magnetic resonance spectra of some dimethyliead(TV) complexes 

Recently Holmes and Kaesz’ have pointed out that there is a linear relationship 
between the value of the spin-spin coupling constant J(’ lgSn-CH3) and the per cent 
s character of the hybridized tin orbital used in the Sri-C bond for several methyl- 
tin(W) compounds. A trans-configuration has been deduced for bis(acetylacetonato)- 
dimethyltin* when the observed value of the coupling constant (.I(llgSn-CH,) 99.3 
cps, which is almost twice the value of tetramethyltin) has been applied to this relation. 
This configuration is consistent with that obtained from the infrared and Raman 
spectra2s3. On the other hand, for bis(oxinato)dimethyltin2*4 bis@icolinato)di- 
methyltin2, bis(tropolonato)dimethyltir? and dimethyltin diacetate6, the values of 
spin-spin coupling constant J(l lg Sn-CHs) are rather smaller than those for bis- 
(acetylacetonato)dimethyltin* and the aquodimethyltin(IV) cation’ and are com- 
parable to that for dimethyltin dimethoxide8. If the Holmes-Kaesz relation holds 
also in these complexes, these small spin-spin coupling constants may be indicative 
ofa bent CHa-Sn-CH3 moiety. Among these complexes, a distorted truns-configura- 
tion having the bent CH3-Sn-CH, moiety has been suggested for dimethyltin diace- 
tate, because the infrared spectrum of this molecule has shown both antisymmetric 
and symmetric Sri--- stretching vibrational bands at 574 cm-l and 528 cm- ‘, 
respectively. 

In the case of dimethyllead diperchlorate g*lo. 
constant .J(‘O’ 

the value of spin-spin coupling 
Pb-CH3) has been found to be more than twice the value for tetra- 

methyllead”*‘2~x3 , although the value in water9 is not the same with that in dimethyl 
sulfoxide”. It seems, therefore, interesting to study spin-spin coupling J(207Pb-CH,) 
in dimethyllead(IVj complexes. 

The t values of methyl groups attached to the lead atom and the values of 
spin-spin coupling constant J( 207Pb-CH,) in bis(acetylacetonato)dimethyllead, 
bis(oxinato)dimethyllead and bis(tropolonatojdimethyllead observed in chloroform 

TABLE 1 

CHEMICAL SHIFT OF THE MJ3’HYL. PROTONS ATTACHfD TO IUD AND SPIN-SPIN COUPLING CONSTANT 

J(‘“‘Pb-CH,) IN SOME DIMETHYLLEAD(IV) COMPOUXDS 

Compound Solcent 

(CH ,LPb (a=cL CHQ 7.95 154.7 

(CH&Pb(Tr), CHQ 7.95 154.7 

(CH&Pb (Ox), a-ICI, 7.86 1523 

KH&PbQ DMSO (ret 10) 154.5 

WH,),PbWU DMSO (ref. 10) 150 
H,O (ref. 9) 135.1 

(CHM’WH), H;O (ref. 9) 128.3 

V-h),~b toluene (ref. 13) 9.35 62 
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are shown in Table 1. The corresponding values in some other dimethyllead(IV) 
compounds and tetramethyllead are added in this Table for comparison. One of 
remarkable results for the values of spin-spin coupling constant J(207Pb-CH,) in 
dimethyllead (IV) complexes studied in this note is that the values are larger than 
twice the value for tetramethyllead’1v12-13 and also larger than that for dimethyllead 
diperchlorate in aqueous perchloric acidg. The values are comparable to those for 
dimethyllead dichloride and dimethyllead diperchlorate in dimethyl sulfoxidel’. The 
other notable result is that the values of spin-spin coupling constant J(207Pb-CH3) 
are almost the same for all dimethyllead(IV) complexes. The configuration for these 
complexes, therefore, seems to be the same one, probably the trans-configuration 
(I) which has been suggested for bis(acetylacetonato)dimethyllead on the basis of 
infrared spectral data3_These results thus are in marked contrast to those for dimethyl- 
tin (IV) complexes. 

CH,-pbb&H, (I) 
/I 

There are three contributions to spin-spin coupling14*‘5 : (i) the Fermi contact 
tern (ii) Coupling via electron orbital motion. This term is normally very small and 
negligible for the discussion of spin-spin coupling14*16. (iii) Dipole4ipole coupling 
of the nuclear spin and electronic spins. The contribution of this term to the observed 
spin-spin coupling constant seems also to be small12. The Fermi contact term 
appears to dominate spin-spin coupling between heavy metal nuclei and pro- 
tons12.16-19 

The Fermi contact term is expressed by equation (l), provided the fractional 
s character of the bond involved in the coupling is taken into account’8’20: 

J(M-C-H) = const - a& - q&zs) - a,(ls)/AE, (1) 

where c& is the s character of the M orbitals in the M-C bond, a&s) and ~~(1s) is 
hyperhne coupling constant (hfs) of the ns electron in an M atom and the 1s electron 
of proton, respectively. A& is the mean singlet-triplet excitation energy. If both 
the hfs [u&s)] and the AE, are assumed to be constant in a series of compounds, the 
constant J(M-C-H) depends probably on the s character of the M orbitals in the 
M-C bonds and therefore on the configuration of the compounds. These conditions 
seem to hoId for almost all methyltin compounds, because there is a linear rela- 
tionship between the s character and the value of coupling constant J(‘1gSn-CH3)1. 
These conditions, however, do not hold for organomercury(II)18 and organo- 
thallium(III)lg compounds. The coupling constant J(205Tl-CH3) for a series of com- 
pounds R3Tl, R,Tl+ and RT12+ cau be explained only when changes of both 46s) 
and a$ terms are taken into consideration. TJzis is due to the fact that the a,(64 
term increases when the net positive charge which the 6s valence electrons see 
becomes large18*21*22. 

The rather large values of the spin-spin coupling constant Jt2”Pb-CH3) 
observed in dimethyllead complexes could not be accounted only by a change of 
hybridization of the lead orbital, because in this explanation the coupling constant 
J(“‘Pb<H3) in dimethyllead(IV) complexes, which have probably sp-hybridized 
lead ckbitals, is at most twice the value for tetramethyllead which has sp3-hybridized 
lead orbitals. For a satisfactory explanation of these large coupling constants for 
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dimethyllead(IV) complexes, increases of both the s-character of the lead orbitals 
and the hfs term ~~~(6s) seem to be neccessary. The increase of the bfs term may be 
accomplished by increase of net positive charge on the lead nucleus. If this assump- 
tion is accepted, the lead-ligand bonds in these dimethyllead(IV) complexes can be 
considered to have a rather large ionic character. The infrared spectra also seem 
to indicate that the Pb-0 bond is rather ionic in bis(acetyiacetonato)dimethyllead 
compared to the Sn-0 bond in bis(acetylacetonato)dimethyltin, because the Pb-0 
stretching vibrational frequency (390 cm-l) in the former is lower than that of the 
Sn-0 (406 cm-‘) in the latterz3. 

Experimental 
Bis(oxinaro)dimethyllead. Dimethyllead dichloride was suspended in an 

aqueous solution of S-hydroxyquinoline. By adding aqueous ammonia to this solu- 
tion with stirring, yellow precipitates were obtained. Recrystallization from chloro- 
form and ligroin gave greenish yellow powder_ Decomposition begins at 147O. 
(FoundC,45.11;H,3.47;N,5.86.C2,H,,N,O,Pbcalcd.:C,45.70;H,3.45;N,5.33%.) 

Bis(tropolonajo)dimethq?lfead. The same method used for preparing bis(oxi- 
nato)dimethyllead was employed for obtainin g this compound. Recrystallization 
from chloroform and ligroin gave paIe yellow solid. Decomposition begins at 191”. 
(Found C, 39.51; H, 3.39. C,,H1601Pb calcd.: C, 40.05; H, 3.39x.) 

Bis(acetylacetonnto)dimethyllead. The compound was prepared by the method 
reported elsewherez4. 

Proton magnetic resonance spec~ra. The proton magnetic resonance spectra 
were measured in chloroform using a Japan Electron Optics model JNM-3H-60 
spectrometer operating at 60 Mc/sec. Tetramethylsilane was used as an internal 
standard_ 

Acknowledgement 

The author wishes to thank Professor T. MUKAI of Tohoku University for 
his kind supply of tropolone. 

Department of Applied Chemistry 
Osaka University, Osaka (Japan) 

Y. KAWASAKI 

1 J. R. Ho~ms AND H. D. KxEsz, J. Am. Chem. Sot-, 83 (1961) 3909. 
2 M. M. MCGRADY AND R. S. TOBLG, J. Am. Chem. Sot., 87 (1965) 1909. 
3 Y. KAWASAKI, T. TANAKA AND R. OKAWARA, Bull. Chem. Sot. Jupan, 37 (1964) 903. 
4 K. k&w-n AND R. OKAWARA, J. Organometal. Chem., 6 (1966) 249. 
5 M. KOMURA, T. TANAKA, T. MUKAI AND R. OKAWARA, to be published. 
6 U. MAEDA, C. R. DULLARD AI R. OKAWARA, Inorg. Nucl. Chem. Lezters, 2 (1966) 197. 
7 M. M. MCGRADY AND R. S. TOBIAS, hot-g. Chem., 3 (1964) 1157. 
8 W-G-, J. B. LEANE, E. F. MOON AND R. G. Res, Specrrochim. Acta, 19 (1963) 1964. 
9 C. E. F-LINE AND R. S. TOBIAS, Inorg. Chem., 5 (1966) 364. 

10 G. D. SIGHER AND R. S. DRAM, J. Organometal. Chem., 6 (1966) 359. 
11 N. Ftrrtxo~~ AND H. D. IiAEsz, J. Am. Chem. Sot., 85 (1963) 1377. 
12 W. G. SCHNEIDER AND A. D. BUCKINGHAX, Discussiors Faraday SOC., 34 (1962) 147. 
13 H. P. FRITZ AND K. E.-&xnvA~mW, J. Organonrefal. Chem., 1 (1964) 297. 
14 N. F. KEY, Ph_w..Reu., 91 (1953) 303. 

J. Organon&&_ Chem, 9 (1967) 549-552 



552 SHORT CO_hJMUNICATION 

1.5 J. A. POPLE, Y?. G. SCHNEIDER AND H. J. BERNSTEIN, High-resolution Nuclear Magnetic Resonance, 
McGraw-Hill, New York, 1959. 

16 J. A. POPLE, kfol. Phys., I (1958) 216. 
1-7 G. KLCBSE, dnn. Physik, 9 (1962) 262. 
18 J. V. Hm-ro~, W_ G. SCH?TEKER A’VD W. &BAND, J. Chem. Phys., 39 (1963) 1330. 
19 J. V. HATTON, J. Chem. Phys., 40 (1964) 933. 
20 G. S~AITH, J. Chem. Phys., 42 (1965) 435. 
21 E. FERW AND E. SEC* 2. Physik, 82 (1933) 729. 
Z2 H. KUHN, Atomic Spectra, Academic press, New York, 1962. 
23 Y. K_~WASAKI, T. TANAKA AND R. OKAWARA, Specm~chti. Acfa, 22 (1966) 1571. 
23 R. UEEDA, Y. KAWASAKI, T. TANAKA Ah’D R. OKAWARA, J. OrganometaL Chem., 5 (1966) 194. 

Received February 7th, 1967 

J. Organomeral. Gem_, 9 (1967) 549-552 


