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Abstract

Complexes of diphenylmethane (Ph,CH,): Ph,CH,Cr(CO), (1), Ph,CH ,[Cr(CO),1, (2), Ph,CH,Co (CO), (3), Ph CHZ[CO4
(CO),], (4), Ph,CH, Cr(CO);Co4(CO)9 (5) and Ph »CH,RuC(CO),, (6) have been prepared and characterlzed by H and Be-
and 7O NMR spectroscopy. Strong shielding effects are caused by the metal valence electrons on the 'H- and PC-NMR
chemical shifts of aromatic protons and carbons in m-coordinated ring(s) of diphenylmethane. Generally, the order of these
shielding effects on the nuclei of the aromatic rings in 'H-NMR was Co,(CO), < Ru,C(CO),, < Cr(CO); and in 13C-NMR
Co,(CO)y < Cr(CO), < RuyC(CO),,. In addition, aromatic solvent exhibits an enhanced shielding effect on the '"H-NMR
chemical shifts of the #-coordinated ring induced probably by aromatic solvent induced shifts (ASIS). The '"H-NMR chemical
shifts of the exocyclic methylene protons are shielded or deshielded depending on the solvent, the metal and the degree of
sr-coordination. These findings can be explained by the varying conformational states adopted by the flexible ligand. The
BC-NMR chemical shifts of the methylene carbon are generally shielded supporting the above explanation. This conformational
flexibility can be of extreme importance in controlling the catalytic activity of these organometallic compounds. In chromium and
heterobimetallic chromium cobalt derivatives 1, 2 and 5, "O-NMR spectroscopy proved to have excellent sensitivity comparable
with that of *C-NMR. In cobalt clusters 3 and 4 no O-NMR lines were observed, which is probably because of strongly
broadened "O-NMR signals of carbonyls undergoing dynamic exchange. In the ruthenium cluster 6 only one broad 0.NMR
line at 30°C was observed. An inverse relation between the *C- and "O-NMR chemical shifts of the carbonyl groups can be
explained by the effect of 7-backbonding.
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1. Introduction easy-to-detect spectral characteristics [1,4,5]. Recently,
interest in transition metal carbonyl complexes of poly-

Transition metal (Cr, W and Mn) tricarbonyls and aromatic hydrocarbons has developed [6,7]. This
transition metal (Ru and Co) carbonyl clusters m7-coor- prompted us to continue synthetic and multinuclear
dinated with monoarenes such as toluene and mesity- magnetic resonance spectroscopic studies on transition
lene were previously characterized by multinuclear metal carbonyl complexes of polyarene-type ligands. In
magnetic resonance spectroscopy [1-3]. In addition to the present work, this kind of derivative of diphenyl-
BC.NMR spectroscopic data, which have been collated methane has been studied. Generally, 7-coordination
exhaustively by Mann and Taylor (3], ""O-NMR reveals in polyarene compounds can offer very large structural

variation when preparing mono- and homo /heterobi-

metallic complexes or clusters. The conformational

" See also E. Kolehmainen et al., J. Organomet. Chem., 453 (1993) flexibility O.f the h.gand’ aS. 111 .dlphenylmethane, can
273_278. also offer interesting possibilities for control of the
* Corresponding author. properties of these organometallics. NMR spec-
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troscopy is certainly one of the most efficient methods
for these studies. Further, these new transition metal
derivatives may possess extraordinary catalytic and
chemical properties in comparison with the monoaro-
matic derivatives.

2. Experimental section
2.1. Syntheses

All reactions were carried out in argon atmosphere
using absolutely dry solvents. The work up of the
products was performed using standard solvents and
without precautions being taken to exclude air.

Diphenylmethane tricarbonyl chromium, (C{H.),-
CH ,Cr(CO), (1) was obtained according to the method
detailed in Ref. [8], the yield of 1 being improved to
58%.

Diphenylmethane hexacarbonyl dichromium,
(C4H;),CH,[Cr(CO);], (2). A mixture of 800 mg (1.82
mmol) of Cr(CO), and 300 mg (1.78 mmol) of Ph,CH,
was refluxed in 50 ml of diglyme + 10 ml of heptane for
5 h. After cooling the solvent was evaporated in vacuo.
The residue was chromatographed on an Al,O; col-
umn using a CH,Cl, /petrol ether (v/v, 1/1) mixture
as an eluent giving two yellow fractions, 1 (42%) and 2
(14%), respectively. 2 was recrystallized from CH,Cl,
containing 10% heptane. The melting point of 2 is
143-145°C (decomp.). Elemental analysis for C,,H,>-
Cr,O,: found (calculated), C 51.69 (51.83), H 2.81
(2.75), Cr 23.69 (23.62)%. IR spectrum: v(C = O) 1961,
1892 cm ™! (in CH,Cl,).

Diphenylmethane nonacarbonyl tetracobalt,
(C¢Hs),CH,Co,(CO), (3) was obtained according to
the usual method [8].

Diphenylmethane octadecacarbonyl octacobalt,
(C¢H;),CH,[Co0,(CO),], (4) was obtained according to
the usual method [8). The X-ray crystal structure of 4
has also been determined [9].

Diphenylmethane tricarbonyl chromium nonacar-
bonyl tetracobalt, (C4H5),CH,Cr(CO),Co(CO), (5)
was obtained according to Ref. [8].

Diphenylmethane carbido tetradecacarbonylhexaru-
thenium, (C¢H;),CH,Ru,C(CO),, (6). A mixture of
300 mg (0.47 mmol) of Ru;(CO),, and 500 mg (2.96
mmol) of Ph,CH, was refluxed in 60 ml of octane for
14 h. After cooling the mixture was chromatographed
on a SiO, column using mixtures of CH,Cl,/ petrol
ether with growing polarity. The third, brown band
gave 16.5 mg (6%) of 6. The product was recrystallized
from CH,Cl,/hexane (v/v, 1/10). The product de-
composed without melting at 160-170°C. Elemental
analysis for 6 (CH;,0,,Ruy): found (calculated), C
28.21 (28.53), H 1.53 (1.03) %. IR spectrum: v(C = 0)
2074m, 2061w, 2038m sh, 2013s, 1994w, 1982w, 1968w,

1827w cm™! (in heptane). Mass spectrum. [m /e]*:
very complex pattern of peaks from 1166 to 1193 (with
intensity > 5% when the greatest peak at 1181 is
100%) characteristic for ruthenium with seven stable
isotopes (calc. 1179), [M — CO]* (weak), [M — 2CO]*
(very weak), [M — 3CO]* (strong) etc. — successive
loss of 14 carbonyl groups up to [M — 14CO]* = 786
were observed.

2.2. Spectroscopy

IR spectra of the products were recorded on a
Specord 75IR spectrometer.

lH-, BC- and YO-NMR spectra were recorded on a
Jeol GSX 270 FT NMR spectrometer at 270.17, 67.94
and 36.63 MHz, respectively.

"H-NMR experiments were performed at 30°C in 5
mm diameter NMR tubes for saturated CDCl; solu-
tions unless otherwise stated. The spectral width in 'H
experiments was 3500 Hz and the number of data
points 32000 giving 0.21 Hz digital resolution. The
acquisition time was 4 s, number of scans 16 and flip
angle 90° (8.4 us). The FIDs were exponentially win-
dowed by digital resolution prior to Fourier transfor-
mation (FT) to improve the signal /noise ratio (S /N) in
the frequency spectra. All '"H-NMR chemical shifts are
internally referenced to tetramethylsilane.

BC-NMR experiments were performed at 30°C in 5
mm diameter NMR tubes for saturated CDCl; solu-
tions using proton broad band decoupling (BBD) pulse
sequence. The spectral width in Be experiments was
15000 Hz and the number of data points 32000 giving
0.92 Hz digital resolution. The acquisition time was 1 s,
pulse delay 3 s, number of scans 100-1000 and flip
angle 90° (7.7 us). The FIDs were exponentially win-
dowed by digital resolution prior to Fourier transfor-
mation (FT) to improve the signal /noise ratio (S/N) in
the frequency spectra. All C-NMR chemical shifts
are internally referenced to TMS.

O-NMR experiments were performed at 30°C in
10 mm diameter NMR tubes for saturated CD-
Cl,:CHCl, (1:3) solutions using proton broad band
decoupling (BBD) pulse sequence. The spectral width
in '"O experiments was 36000 Hz and the number of
data points 8000 giving 9 Hz digital resolution. The
acquisition time was 0.1 s without any pulse delay,
number of scans 20 000-100 000 and flip angle 90° (20.0
us). The FIDs were exponentially windowed by digital
resolution prior to Fourier transformation (FT) to im-
prove the ratio signal/noise (S/N) in the frequency
spectra. All "O-NMR chemical shifts are referenced to
the signal of an external H,O tube inserted coaxially
inside the NMR tube.

The mass spectrum of 6 was obtained with a VG
AutoSpec mass spectrometer using direct inlet and 35
eV ionization potential.



E. Kolehmainen et al. / Journal of Organometallic Chemistry 485 (1995) 109-114 111

Table 1
'H- and "0-NMR data of chromium, cobalt and ruthenium carbonyl complexes and clusters with diphenylmethane (L) at 30°C in CDCl,
Compound 8(*H), @ ppm 8(170), ® ppm
Noncoordinated ring m-coordinated ring CH, CO
H-2/6 H-3/5 H-4 H-2/6 H-3/5 H-4
L 7.17 7.24 7.16 - - - 395 -
| 7.00 7.06 7.00 - - - 3.71 -
1 LCr(CO), 7.23 7.30 7.22 5.16 5.33 5.16 3.70 373.6
LCK(CO); © 7.0 ¢ 7.0¢ 7.0¢ 444 444 444 322 not obs
2 LICr(CO),], - - - 5.26 5.35 5.3 3.44 3735
3 LCo (CO)y 7.00 7.21 724 6.17 6.07 6.14 424 not obs
LCo4(CO), © 7.01 7.21 724 6.21 6.11 6.14 425 not obs
LCo,(CO)y © 7.1-6.6 7.1-6.6 7.1-6.6 5.55 532 5.43 3.97 not obs
LCo,(CO), * 7249 724 724 6.54 6.37 6.46 434 not obs
4 L[Co (CO)q}, - - - 5.96 6.04 6.14 453 not obs
5 LCr(CO);Co,(CO)y - - - 4.94 5.20 5.17 3.98 3773 ¢
- - - 6.20 6.15 6.28 not obs "
6 LRu,C(CO),, 71 734 734 5.6 5.6 5.24 3.49 3941

* From internal TMS.

® From external H,O.

¢ Measured in toluene-dg.

d Strongly overlapping signals.
¢ Measured in CD,Cl,.

! Measured in acetone-d,.

£ Cr-coordinated ring.

f' Co-coordinated ring.

' Broad signal.

3. Results and discussion

The structures of the compounds 1-6 are described
in Fig. 1 and their 'H-, ’O- and C-NMR chemical
shifts are collected in Tables 1 and 2.

The 'H- and "C-NMR chemical shifts of -coordi-
nated rings in chromium compound 1, cobalt cluster 3
and ruthenium cluster 6 are easily separated from
those of the noncoordinated ring via strong shielding
effects allied with the coordination and caused by the

diamagnetic screening of the metal valence electrons
[1,2,10]. These effects are useful for assigning the 'H-
and PC-NMR spectra of the compounds studied.

3.1. '"H-NMR

The 'H-NMR chemical shifts of the aromatic pro-
tons of the non-coordinated ring are only slightly influ-
enced by the m-coordinated neighbouring ring. For
example, in 1 the proton shifts are deshielded by only

Table 2
3C.NMR chemical shifts of chromium, cobalt and ruthenium carbonyl complexes and clusters with diphenylmethane (L) at 30°C in CDCl,
Compound 8(13Q), 2 ppm
Noncoordinated ring m-coordinated ring
C-1 C-2/6 C-3/5 C-4 C-1 C-2/6 C-3/5 C4 CH, CcO
L® 141.3 129.0 128.5 126.2 - - - - 42.1 -
L 141.10 128.93 128.43 126.04 - - - - 41.94 -
Le¢ 141.39 129.21 128.60 126.23 - - - ~ 42.13 -
1 LCr(CO), 138.25 128.82 128.82 127.10 112.43 93.51 93.04 90.78 40.75 233.0
LCHCO), © 138.83 128.9 128.9 127.43 112.39 93.41 92.75 90.30 40.83 not obs
2 LICH(CO),], - - - - 108.50 92.92 92.60 91.59 39.51 232.4
3 LCo,(CO), 138.86 128.89 128.41 127.11 112.14 94.82 93.93 93.93 40.44 not obs
4 L{Co(CO)], - - - - 109.07 94.36 93.94 not obs 38.38 not obs
5 LCr(CO);Co 4(CO), - - - - 108.50 92.74 91.73 94.70 38.69 232.0 ¢
108.79 94.82 94.00 not obs not obs ¢
6 LRu C(CO),, 138.76 129.22 128.25 127.64 107.20 90.80 87.33 86.32 42.01 202 f

* From internal TMS.

® Values taken from Ref. 12, p. 256.
 Measured in toluene-dg.

4 Cr-coordinated ring.

¢ Co-coordinated ring.

" Broad signal W, ,, > 200 Hz.
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0.06 ppm in CDCl; and shielded by 0.06 ppm (H-3/5)
in toluene-dy, consistent with the r-coordination of
chromium tricarbonyl at the neighbouring ring. The
corresponding effects observed in the "H-NMR chemi-
cal shifts of the noncoordinated ring in the compounds
3 and 6 are also small. Consequently, the transmission
of electronic effects between the rings caused by the
mr-coordination is not significant. From the synthetic
point of view this means that the formation of a bicoor-
dinated derivative from the monocoordinated complex
is not strongly inhibited by any unfavourable change in
the 7-system of the noncoordinated ring.

The 'H-NMR chemical shifts of the methylene pro-
tons are sensitive to the solvent, the s-coordinated
metal and the degree of coordination. For example, the
methylene protons are shielded 0.25 ppm in 1 and 0.51
ppm in 2 but deshielded 0.29 ppm in 3 and 0.58 ppm in
4, respectively. Further, toluene induces an enhanced
shielding effect of 0.48 ppm (or 0.73 ppm from the
value of the ligand) on the methylene protons of 1 and
0.27 ppm on those of 3.

In order to clarify the origin of these effects, they
have been measured in different solvents for the
monometallic derivatives 1 and 3. As stated above,
toluene exhibits extra-ordinary properties in compari-
son with all other solvents in that it clearly shields the
protons of the w-coordinated ring. This can be ex-
plained by the aromatic solvent induced shift (ASIS) of
the stacked solvent molecule(s) with diphenylmethane
ligand. Acetone exhibited for 3 an opposite (deshield-
ing) and smaller effect than toluene which can also be

Cr(CO) Cr(COx Cr(COY;
1 2
@0 @@
Co,4(CO)qg Co,(COXg Coy(CO)g
3 4
@ @O
Cr(CO)3 Co4(CO)9 Ru6C(C0)14
5 6

Fig. 1. Structures of compounds 1-6.

‘g Co4CO)
H

Coy(CO)q

S-TRANS, S-TRANS

H,H
P
“H
H
Co4(COXg Coy(CO)g
S-TRANS S-CIS
Scheme 1.

explained by the anisotropy of the carbonyl group of
the solvent.

Generally, the influence of the tricarbonyl chromium
in 1, nonacarbonyl tetracobalt 3 and tetradecacarbonyl
carbido hexaruthenium in 6 on the aromatic protons is
shielding (diamagnetic) as expected based on the gen-
eral influence of metal valence electrons [10]. The
metals differ only by the extent of the effect, the order
being Co,(CO), < Cr(CO),; < Ru(CO),,. Based on
these data alone one would expect that the methylene
protons would follow the same shift order particularly
because the inter-ring effects are negligible. As stated
above, the methylene protons, however, show more
complex behaviour than the aromatic ones. Therefore,
it is reasonable to correlate the different behaviours of
the methylene protons with some flexible parameter
such as the conformational state of the ligand.

In cobalt clusters 3 and 4 the methylene protons
show exceptional deshielded values when compared
with all the other organometallics and with the ligand
itself. According to the X-ray diffraction analysis [9], 4
has in the crystalline state a s-trans-s-trans conforma-
tion (see Scheme 1). In that structure the methylene
protons are spatially close to both the cobalt carbonyl
moieties. Because both of the clusters 3 and 4 show
qualitatively similar behaviour differing only in the
extent of the shift, one would suggest that the confor-
mational state of 3 is also s-frans (see Scheme 1).
Therefore, one would hypothesize that the conforma-
tional state of 1 and 6 is different, viz. s-cis, where the
methylene protons are located at the same site as
aromatic protons of the w-coordinated ring, conse-
quent on the metal being thus shielded. It is not,
however, totally excluded that this effect could be
caused by the magnetic anisotropies differing between
the different metal-carbonyl moieties (Cr(CO); and
Co,(CO),), which are both in the s-trans conforma-
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tional state. Owing to the small amounts of some
samples and their slow decomposition at higher tem-
peratures in solution, we did not manage to study
systematically the temperature dependencies of their
NMR spectra.

The clear shielding in 'H-NMR chemical shifts ob-
served in both 1 and 3, induced by the aromatic solvent
can be explained by the conformational state adopted
by 1 and 3 in toluene being the same. This means that
in toluene 3 should be transformed in the s-cis confor-
mation in which there is no steric hindrance for the
influence of the solvent molecules at the site of the
methylene protons as there is in the s-trans form, due
to the bulky cluster moiety.

The heterobimetallic derivative 5 represents in many
respects an average of the homobimetallic derivatives 2
and 4. For example, the 'H-NMR chemical shift
8(CH,) = 3.98 ppm is exactly the mean value of those
of 2 and 4. This suggests that in 5 the conformational
state of the methylene protons are the same in respect
of both metal carbonyls as in 2 and 4.

3.2. BC-NMR

As in the case of 'H-NMR, the *C-NMR chemical
shifts of aromatic carbons are strongly shielded at the
m-coordinated ring owing to the diamagnetic effect of
the metal valence electrons [10]. This finding can be
utilized in the assignment of the chemical shifts. Dou-
ble mr-coordination generally still enhances the shield-
ing, the influence of the second coordination step
being much less than that of the first one. The small
deshielding effects observed in 'H-NMR for the non-
coordinated rings of monometallic derivatives are visi-
ble only for carbons 3/5 and 4 of complex 1, 4 of
complex 3 and 2 /6 and 4 of complex 6. The ipso-carbon
1 of the noncoordinated ring is shielded 2.25-2.85 ppm
consistent with the m-coordination at the neighbouring
ring, the other carbons remaining almost unchanged.

The methylene carbons of the cobalt clusters 3 and
4 as observed in "H-NMR do not show such an excep-
tional behaviour. This fact supports the conclusion
drawn above concerning the conformational differ-
ences between the compounds studied—the conforma-
tional changes do not change the position of the exo-
cyclic carbon unlike what is observed with the methy-
lene protons.

As in 'H-NMR, in "C-NMR the heterobimetallic
derivative 5 also represents an average of 2 and 4. The
BC-NMR chemical shift of 38.69 ppm of the methylene
carbon of 5 is very close to the average of 38.95 ppm of
the methylenes of 2 and 4. Because the 'H-NMR
chemical shifts of the methylene protons of 5 also show
a value intermediate between those of 2 and 4, the
positions of the metal carbonyl moieties in respect of
the ligand of 5 are probably the same as in pure

homobimetallic compounds, being s-trans for the
nonacarbonyl tetracobalt moiety.

The order of the shielding effects for the aromatic
carbons of monometallic compounds 1, 3 and 6 is
Co,(CO), < Cr(CO); < RucC(CO),, while for the
methylene carbons the order Ru,C(CO),, < Cr(CO),
< Co(CO), is observed. Because of the weak trans-
mission of the shielding effects via the CH,-group, the
carbon signals of the arene rings coordinated with
different metals can be easily assigned. Thus, the reso-
nance lines of the complex 5 (108.50, 92.74, 91.73 and
94.70 ppm) belong to the Cr(CO), coordinated ring
whereas the signals 108.79 94.82 and 94.00 ppm belong
to the ring coordinated with the Co(CO), cluster
moiety.

All chromium tricarbonyl derivatives 1, 2 and § gave
clear carbonyl signals at 6(!*C = O) = 232.0-233.0 ppm.
These values are close to those of mesitylene tricar-
bonyl chromium [1]. In cobalt derivatives 3 and 4 no
carbonyl signal was observed probably owing to the
dynamic exchange reaction under the intermediate rate
regime. Therefore the carbonyl signal observed for 5 is
most probably caused by the tricarbonyl chromium
moiety. In the ruthenium cluster 6 only one broad
signal at 202 ppm was observed representing the statis-
tical mean of all different carbonyls, which can be
resolved at lower temperatures in related structures
[11]. Although it has been argued that the *C-NMR
chemical shifts of CO groups in metal carbonyls be-
come more shielded with increasing nuclear size of the
metal [4], a direct comparison of 1 and 6 could be
misleading owing to the very different structures of the
metal carbonyl moieties.

3.3. YO-NMR

Compounds 1, 2 and 5 containing tricarbonyl
chromium moieties show very sharp (W, , =50 Hz)
O.NMR lines as reported for the corresponding
mesitylene complex [1]. In cobalt derivatives no signals
were observed at 30°C. In 6 only one broad signal was
found as in “"C-NMR. A comparison of compounds 1
and 6 reveals that the *C- and '"O-NMR chemical
shifts of their carbonyl groups are inversely propor-
tional probably because of the backdonation of metal
d-orbital to the w*-orbital of CO [4].

4. Conclusions

Diphenylmethane exhibits excellent synthetic prop-
erties for the preparation of transition metal carbonyl
m-complexes and clusters. The presence of the two
arene rings allows preparation of both mono- and
homo /heterobimetallic derivatives. In this study
diphenylmethane tricarbonyl chromium, Ph,CH,Cr-
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(CO), (1), diphenylmethane hexacarbonyl dichromium,
Ph,CH ,[Cr(CO),], (2), diphenylmethane nonacarbonyl
tetracobalt, Ph,CH,Co,(CQO), (3), diphenylmethane
octadecacarbonyl octacobalt, Ph,CH,[Co,(CO),], (4),
diphenylmethane tricarbonyl chromium nonacarbonyl
tetracobalt, Ph,CH,Cr(CO),Co,(CO), (5) and di-
phenylmethane carbido tetradecacarbonyl hexaruthe-
nium, Ph,CH,Ru,C(CO),, (6) have been synthesized.

Generally, the 'H- and >C-NMR chemical shifts of
the aromatic nuclei of diphenylmethane in mononu-
clear and cluster wr-complexes, are characterized by
increased shielding caused by diamagnetic screening of
the metal valence electrons. In addition, the '"H-NMR
chemical shifts of the protons of the w-coordinated
ring as well as of the exocyclic methylene protons
depend clearly on the solvent. These findings can be
understood by varying conformational state of the li-
gand controlled by w-coordinated metal and the sol-
vent used.

The opposite trends in C- vs. O-NMR chemical
shifts of the carbonyl groups can be explained by the
m-back donation properties of the metal d-electrons.
The "O-NMR experiments at natural abundance
proved in the case of tricarbonyl chromium derivatives
to be of special sensitivity, comparable with that of
BC-NMR. This property could be very useful for char-
acterizing the structures of polycyclic aromatic m7-com-
plexes and clusters to be prepared in the future.
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