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The metal nuclear NMR chemical shift is strongly influenced by the formation of the

metal—metal direct bonding in polynuclear complexes of early transition elements, Mo,

W, and Nb, in addition to the factors such as the oxidation number of the matal center

and the nature of the metal-ligand bond, which are dominant factors for the shielding

in mononuclear metal complexes.
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Tablel. Chemical and Nuclear Magnetic Properties of Transition Elements

Five rows for each element show, respectivery from above : (1) Symbol of the element;
(2) Lower and higher limit of of available oxidation numbers'~®; (3) Mass number of
NMR—sensitive isotope (the underlined nucleus has a higher sensitivity [=the product of
relative sensitivity of the nucleus and natural abundance] than that of '*C, and shaded
has a lower resonant frequency than that of *H® ); (4) Nuclear spin quantum number,
+1 (M), and —%4(V¥); (5) Range of the chemical shifts (J) ever observed* % .

Group®’ 3 4 5 6 7 8 9 10 11
Group®’ IITA IVA VA VIA VIIA VIII VIII VIII 1B
First Sc Ti \'% Cr Mn Fe Co Ni Cu
Transition 0/+4 -1/+5 ~2/+6 -3/+7 -2/+6 -1/+45 -1/+4 +1/+4 0/+4
Series 45 47/88  B50/51 53 55 5% 59 61 63/85
A

370 2500 6000 2000 3500 3000 20000 1300 1200
Second Y Zr Nb Mo Tc Ru Rh Pd Ag
Transition 0/+4 -3/+45 -2/+6 —1/+7 -2/+48 -1/+6 0/+6 +1/43 0/+4
Series i} 8t 93 98/87 99 89/101 103 105 107/108

A v vy

500 1250 4000 5500 4500 9000 12000 0 800
Third La Hf Ta w Re Os Ir Pt Au
Transition 0/+4 -3/45 -2/46 -1/+7 0/+8 ~-1/+6 0/+6 +1/+7 -1/45
Series 138/138 Pri/iv8 181 383  185/187 ¥B7/188 191/183 195 187

A A A
1220 3450 6900 6900 5200 15000

Note: a) New IUPAC notation. b) Previous IUPAC notation. c¢) 15.35 MHz when 'H
resonates at 100. 00 MHz.
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Fig.l. Examples of Multinuclear Molybden um and Tungsten Complexes with Direct M—M
Bond(s).
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Fig.2, Formal Oxidation Number and ?’Mo Chemical Shift for Mo complexes.
[0 : Mononuclear or Polynuclear Complex with no direct Mo—Mo bond(s).
B : Polynucear Complexes with direct Mo—Mo bond(s).
{ 1: The frame of the complex is shown in the square brakets. The charge number, and the

additional ligands, with which the metal beccmes coordinatively saturated, are omitted for

the simplicity.

Arrows show halogen (—and<) and chalcogen dependence (->and<-) of the chemical shift

on going Cl-=Br—I and O— S —Se, respectively.
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Table 2, *Mo and '#*W Chemical Shifts for Polynuclear Mo and W Complexes with Direct

Bond(s) between Metal Atoms.

Oxidation Compounds & (°®Mo) §(*®*W)  Solvent M-M Mode of
number dist./A M-M bond
1I [M=(CFsC00).] 0,27, 6
M== Moz 4021 THF (2.21)
Wz 6760°° THF 2.09
[{Moo( tt 5-Xe)}X's]2 40
X=CL X’=Cl 2928° CHaCN
Br, Cl 3350°° CH=CN
Cl, Br 2804 CHaCN
11 [M={OC(CHs)a}e] o.27
M== Moz 2645 toluene
Wz 4408 toluene 2.22
[Wz(u-Cl)aCla]®" 3539 CDaCN 2.44 g
Iv [Ma(lls‘o)(ﬂ'o)a(HZO)g]‘H 3o
Ms= Moa 11337 HOTs(4M) 2.49
w3 1138« HOTs(satd.) (2.53)
[Wa( 12 5-0)( £ ~0)a(NCS)o]®~ 2063 CHaCN 2.54 30
[Ma{ 1t 2-0)2( -CHsC00)e(H=20)5]2* 20
Ms= Moa 1061 D=0 2.71
Mo=W 1224 848 D=0 2.72
MoWz 1360 897 D=0 2.72
Wa 1005 D20 2.74
v [ME(O)Z(H—O)Z(M‘edta)]E' g
(edta*":ethylenediamine-N,N,N’,N-tetraacetate ion)
Mz= Moz 609 D=0 (2.53)
MoW 877" 549> D=0 2.55
Wz 798 D=0 2.55

Chemical shift data are cited from Ref.25, except those stated:

a) P. B. Shehan, R. T. C. Brownlee,

M. Kony, M. J. O’Connor, and A. G. Wedd, J. Magn. Reson., 63, 343 (1985). b) D. J. Santure, K. W.
McLaughlin, J. C. Huffman, and A. P. Sattelberger, Inorg. Chem., 22, 1877 (1983). c¢) Ref.29.

d) C. G. Young, M. Minelli, J. H. Enemark, G. Miessler, N. Janietz, H. Kauermann, and J, Wachter,
unpublished results cited in ref.12. e) M. Minelli, J. H. Enemark, and E. Kober, unpublished

results cited in ref.12. f) S. F. Gheller, T. W. Hambley, R. T. C. Brownlee, M. J. 0’Connor, M. R. Snow,

and A. G. Wedd, J. Am. Chem. Soc., 105, 1527 (1983).

109, 1586 {1987). h) Ref.28.

g) K. Piepgrass, M. T. Pope, J. Am. Chem. Soc.,
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Fig.3,

°*Mo and '®*W FT-NMR Spectra of [M;(0),(CH;C00)¢(H;0),]Br, in D,0 at

20—27°C on Accumulation of 3000— 60000 Transients25’.
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Table 3. °°Mo NMR Chemical Shift of [ (MosX,)X'e]"™ in CD,CN?%.

Complex & vs Na=MoO4(in Dz0)
[(MOQXB)Cls] n-
Xs = Clsg 2928
Cl-S 3143 2488
Cl-Se 3140 2684
Brs 3350
Br-S 3617 2791
[(MOQXB)BPQJ n-
Xs = Cls 2804
Cl-sS 3007 2368
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Fig.5. Formal Oxidation Number and '?°Pt Chemical Shift Range for Platinum Complexes.

[[]: Monouclear or polynuclear complex with no direct Pt—Pt bond(s) .

B: Polynuclear complexes with direct Pt—Pt bond(s).
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