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170 NMR Evidence for Magnetic Anisotropy Due to Metal Cluster Cores1)
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170 NMR spectra have been measured for series of metal carbonyl
derivatives and convincing evidence for magnetic anisotropy due to
the metal cluster core has been obtained from the comparison of the
170 chemical shift data for RCCo4(CO),dppfe, RCCo5(CO),dppm, MeCpMn-

(CO) dppfe, and MeCpMn(CO),dppm.

It has been connoted recently that the 17O NMR chemical shift is sensi-
tive to the relative positions of CO groups to metal cluster core in the
series of RCCo3(CO)9_xLX derivatives (L = PPh3; X = 0 or 1).2) This finding
suggests that the magnetic anisotropy originated from the metal ring current
or metal-metal bond in the clusters should afford strong influence on the
170 chemical shift. In order to obtain crucial evidence for this assertion,
it is necessary to provide two types of compounds which show two different
CO conformations and retain these CO conformations in solutions. Recently,
we have synthesized MeCCo3(CO)7dppfe(1a)3) of which CO conformation is
different from those of MeCCo3(CO)7dppm (2a)4) and RCCo3(CO)95) (dppfe =
1,1'-bis(diphenylphosphino)ferrocene and dppm = bis(diphenylphosphino)-
methane) in solid state. Comparison of 170 NMR data for RCCo3(CO)7dppfe (R
= Me(la) and R = Ph(1b)6)) and RCC03(CO)7dppm (R = Me(2a) and R = Ph(2b))
has provided convincing evidence on the magnetic anisotropy due to the CCo,

core. The present paper reports the results on these 170 NMR measurements.
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Table 1. '70 NMR Data R
Compound 170 NMR chemica l
shift, &6/ppm?
RCC03(CO)7dppfe \\\ //// :\\\\ ///
R = Me (1a) 404.0 Co\ —Ro
= e a .
R = Ph (1b) 408.8 \ P
RCCo4(CO) ;dppm P\_/
R = Me (2a) 361.2 1

R = Ph (2b) 361.3

b)
RCCO3(CO)9

C
R = Me (5a) 368.3
OC\ /,CO

R = Ph (5b) 368.9 OC—Cs C P
RCCO4 (CO) gPPhP) c’;\>‘7[°/cl:
3 8 3 OoC (:\\\§9
R = Me (6a) 367.5 8 P
R = Ph (6b) 366.4 2
MeCpMn(CO)Xdppfe ﬁ/,_\\
x = 2 (3a) 364.3 P M
eV N Me
x = 1 (3b) not observedC®) ocC
C
MeCpMn(CO)Xdppm o)
x = 2 (4a) 364.0 3a, 4a
x = 1 (4b) 352.5
P\
MeCpMn(CO) 3 (7) 371.4 0c=Mn Me
a) Signals are all due to terminal F///
carbonyls. b) Ref. 2. c) Not 3b, 4b

observed due to exchange between
7)

Scheme 1.
two conformers.
The scheme shows schematic drawings on the structures of the metal
carbonyl derivativesa) employed in the present study and 770 NMR chemical
shift data are tabulated in the Table 1.9) As is seen from the Table 1, the
substitution of dppm for two CO groups in RCCo3(CO)9 affords such a normal

high-field shift of 170 resonance as is observed in the case of triphenyl-
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2) However, the substitution of

phosphine substitution for one CO group.
dppfe for two CO groups causes a significant lower-field shift. It is
suspected that the electronic effect difference between dppfe and dppm
affords such an opposite influence on 170 chemical shifts. To examine this
query, 170 NMR data for mononuclear manganese carbonyl derivatives,
(MeCp)Mn(CO)xdppfe (3a for x = 2 and 3b for x = 1) and (MeCp)Mn(CO)xdppm

(4a for x = 2 and 4b for x = 1) are compared. However, these compounds show
similar high-field shifts by replacement of CO group(s) with these 5’-\P
type ligands. Therefore, other factors than the electronic effect should

be responsible for observed change of 17O chemical shifts among 1 and 2.

As is shown in the scheme, RCCo3(CO)7dppfe(1) possesses four terminal and
three bridging carbonyls, whereas all seven carbonyls in RCCo3(CO),dppm (2)

4) similar to those of parent RCCo3(CO)9.5) In

are in terminal positions,
order to check the CO scrambling among terminal and bridging carbonyls of
1 in a solution, 17O NMR spectra are also measured at -50°% for 1a in
toluene—ds. However, no significant change from that measured at room
temperature to suggest such an exchange has so far been detected. Thus, a
plausible explanation that the observed 170 resonance at low-field for 1a

1

and 1b is an '‘'averaged peak'' among the terminal and bridging carbonyls

is untenable.10) The observed low-field shifts of 7o resonances in l1a and
1b compared with the high-field shifts for 2a and 2b are, therefore, best
accounted for in terms of the magnetic anisotropy effect originated from
the ring current of the CCojz core. Terminal carbonyls in 1a and 1b should
be located in the deshielded magnetic field, and those in 2a and 2b should
be located in the shielded magnetic field, although exact knowledge on the
shielding-deshielding cone angle of the CCog core should wait for future

calculation on the shielding cone angles for CCoj core.11)
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1b is synthesized by the same procedure to that of 1a.3) as 1R spectra
of 1b is quite similar to that of 1a, 1b should have the same CO confor-
mation to that of 1a; Vv(CO)(Nujol mull) : 2040(s), 2012(s), 1989(s),
1974(vs), 1874(m), 1845(m), 1820(s).
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1H—NMR measurements are employed to make

IR(CO stretching region) and

the characterization of the new compounds and to check the purities of

all the compounds.

170 NMR data are obtained for natural abundant level (0.037%) of 170

with same procedures described in the previous paper.z)
Although the fact that the two protons of the methylene group in 2a are

4) seems to suggest

inequivalent in 1H—NMR spectrum at room temperature
that the total scrambling including the puckering of dppm is not the
case for 2a and 2b at room temperature, it is suspected that the
exchange among axial and equatorial carbonyls is not frozen at room
temperature for 2a and 2b as in the case of RCC03(CO)9 and
RCCo3(CO)8PPh3.12) MAS-NMR measurements for 2a and 5a are now planned
in this laboratory.

We stand in the view that the magnetic fields which two kinds of ter-
minal carbonyls in 1a and 1b feel are quite similar because two kinds
of terminal carbonyls are in the same shielding cone angle and thus
two signals are not resolved. In addition, we notice the possibility
that the charge densities of two kinds of terminal oxygen atoms are
quite similar due to the nature of the CCoj core as a good electron
reservoir.z) MO calculation is necessary to ascertain this idea.
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