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17Q NMR Studies on a Series of Manganese Carbonyl Derivatives
with Sn-Mn Bond(s)?
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170 NMR spectra were measured for a series of manganese carbonyl derivatives, (CH3)xCl3-xSn-Mn-
(CO)s—L, and (CH3)3—Sn[Mn(CO)s—L,}+1(L=P(OPh);). O chemical shifts were correlated with carbonyl
stretching frequencies, 1°Sn-Mdssbauer isomer shifts, and 55Mn NMR chemical shifts. From these correlations,
170 chemical shifts were interpreted in terms of o- and m-electron acceptance of the tin moieties. It was also
clarified that 7O NMR spectroscopy is a direct method to study electronic nature around the oxygen atoms in
metal cluster compounds such as Me;Sn[Mn(CO)s]; and MeSn[Mn(CO);];. 5Mn NMR spectra were also mea-
sured for some of these compounds to corroborate the O NMR results.

The tin atom forms a variety of compounds with
transition metals.? Their chemistry has been developed
actively by Gorsich, Graham, Clark, Nesmeyanov, and
others from the interests to extend the knowledge of
“metal-metal bonds,” and to look for potential models
which emulate metal alloys of relevant metal stoms
and/or to find effective new catalysts.? Some series of
these compounds have been also the targets of many
kinds of spectroscopic studies such as IR, Raman,
Mdssbauer, NMR, and NQR to elucidate the bonding
nature between the tin and transition metal atoms
and/or to explore the influence of ligands which are
coordinated to the tin and transition metal atoms
on the tin-transition metal bonds.4~” We reported
similar spectroscpic studies on a series of R,X3_,Sn-
Mn(CO)s-,L,-type compounds.® In these studies, our
attention was mainly focused on the change of the
Sn-Mn, Sn-X, and Sn-R bondings as functions of R,
X, and L. Variation of electron distribution around
the oxygen and carbon atoms is usually investigated
by normal coordinate analyses. Although we can get
an insight into the bonding nature of the carbonyl
groups in terms of C-O and Mn-C stretching force con-
stants from normal coordinate analyses, the information
obtained therefrom on the electronic nature of CO
groups is somewhat indirect and obscured by intro-
duction of several stretch-stretch interaction force con-
stants to attain better agreement between the observed
and calculated frequencies. However, recent technical
improvement of NMR spectroscopy, that is, the pulsed
FT-NMR technique, has made it possible to obtain
O NMR spectra of the metal carbonyl derivatives at
the naturally abundant 17O-level®:19 together with
IBCNMR spectra. Direct information on the electron
distribution at the oxygen and carbon atoms is avail-
able from 70 and 3CNMR data. We have adopt-
ed a series of tin-manganese bonded compounds,
RxCla_xSn—Mn(CO)s-yLy and R3—xSn[Mn(CO)5—yLy]x+l
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for 170 and 13C NMR studies from our renewed inter-
est in these types of compounds and to deepen our
understanding on 70 and 3C NMR data by correlat-
ing these with other spectroscopic results obtained in
the series of previous studies.® During the course of
this study, we have found that 3C NMR spectra of CO
groups are broad and unresolved for axial and equa-
torial carbonyls because of the nuclear quadrupole
moment of 5Mn, but the 170 NMR spectra are reasonab-
ly sharp and clearly resolved for axial and equatorial
carbonyls in these compounds. This observation prom-
ises that 170 NMR which has recently been expeditious-
ly employed as a structural and bonding prove for
metal carbonyl derivatives,-1V is an eligible alter-
native to 33C NMR for investigating the bonding nature
of CO groups and/or structures of these compounds.
Kump and Todd reported similar observation during
the course of this study.’® We now report 70 NMR
spectra of some tin-manganese bonded compounds
together with %MnNMR data to supplement our
previous spectroscopic studies on these compounds
and to demonstrate how 17O NMR is instrumental for
disclosing the bonding of CO groups in metal carbon-
yl derivatives in which the nuclear quadrupole mo-
ment of the metal atom is greater than 1/2.

Experimental

Materials. All the syntheses were made under a purified
nitrogen atmosphere. The series of (CH3)xCls—.Sn-Mn(CO)s
compounds, that is Cls$Sn-Mn(CO)s (1), Clz(CH3)Sn-Mn-
(CO)s (2), C1(CH3)2Sn-Mn(CO)s (3), and (CH3)aSn-Mn(CO)s
(4) were prepared according to the previous paper.®® Litera-
ture methods were employed to obtain (CH3)2Sn[Mn(CO)s]2
(5)*® and CH3Sn[Mn(CO)s]s (6)."®® The syntheses of
(CHs3)3Sn-Mn(CO)4 L(7),1® (CH3)2Sn[Mn(CO)4L]z (8),'® and
(CH3)3Sn-Mn(CO)sLz (9)®™ are described elsewhere.

NMR Measurements. !0 and %Mn NMR spectra were
measured for ca. 1 mol dm~3 toluene solutions at ca. 80°C (5
and 6), benzene-ds solutions (4, 7, 8, and 9) and chloroform-
d solutions at 30°C (1, 2, and 3) on a Varian FT-80A spec-
trometer operated at 10.782 and 19.708 MHz respectively
with Fourier transform mode for naturally abundant levels
(0.037 and 100% for 1O and 5Mn nuclei, respectively). The
spectra were recorded using a 10mm o.d. sample tube.



Satoru Onaka, Tadashi Sucawara, Yuzo Kawapa, Yukihiro Yokovama, and Hiizu Iwamura [Vol. 59, No. 10

3080
Table 1. 'O and 5Mn NMR Chemical Shifts and Relevant Carbonyl Stretching Frequencies
. 8(170)/ppm” 9 -1
)
Compound equatorial  axial 6(5*Mn)/ ppm »(CO)/cm

Cl3Sn-Mn(CO)s (1) 390 383 —2024% 2126(A2) 2046(E) 2040(A{)::
Clz(CH3)Sn-Mn(CO)s (2) 386 380 —2312% 2114(A?%) 2032(E) 2020(A})d)
CI(CH3)2Sn-Mn(CO)s (3) 384 373 —2520:’ 2102(A?%) 2008(E) 2016(A})d)
(CH3)3Sn-Mn(CO)s (4) 382 369 —26609 2090(A%) 1994(E) 2002(A})
(CH3)2Sn[Mn(CO)s]z (5) 387 372 —2559 2102(w) 2089(w) 2077(s) 2005(vs) 1980(s, sh)®
CHsSn[Mn(CO)s]s (6) 391 376 —2558 2109(w) 2075(s) 20012(5) 1995(vs)®
(CH3)sSn-Mn(CO)4L (7) 377 —2869% 2050(A2%) 1956(E)
(CH3)2Sn[Mn(CO)4L]2 (8) 380 not observed  2065(vw) 2039(w) 19?)5(sh) 1075(vs) 1995(sh)?
(CH3)3Sn-Mn(CO)sL2 (9) 367 372 —3458 2019(A%) 1952(E, A})

a) L denotes triphenyl phosphite, P(OC¢Hs)s. b) Chemical shifts from Hz!7O. c) Chemical shifts from K5MnOy. d) Data
from Ref. 8b. e) Data from Ref. 8o. f) CsHe solution; g: doublet with the spacing of 782.2 Hz.
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spectra  of (CHa)sSn-Mn(CO)s

in CDCIl;s and

(CH3)3Sn-Mn(CO)4sP(OPh); in CgDe.

Accumulated transients were ca. 5X105 (0.02 s acquisition
time) for 17O and ca. 108 (0.05s) for 55Mn with 90° pulses.
The spectral widths were 8000 Hz both for 70O and 5Mn
nuclei and available data points were 323 and 807 for 70
and ®Mn in the time-domain spectra by keeping the
Fourier number at 16384. Chemical shifts were measured
in parts per million as frequency shifts from synthesizer
frequencies, 8.532 and 17.385 MHz respectively for 170 and
%Mn and they were recalculated in the sense that a positive
chemical shift designates a resonance to a lower field than
that of water oxygen (10.78317 MHz) for 170, while a posi-
tive chemical shift for %Mn designates a resonance to a
higher field than that of potassium permanganate (19.70807
MHz). The YONMR spectra of these compounds were

reasonably sharp (half band widths of 20—30 Hz). The 55Mn »

NMR spectra were also sharp for a series of (CH3),Cls—,Sn-
Mn(CO)s, (CHs)zsn[Mn(CO)s]z, and CHsSn[Mn(CO)s]s,
but the spectra were broad for 7 and 9. The NMR data are
collated in Table 1 together with »(CO) frequencies.

Spectral Results, Assignment, and Trends

10 NMR Spectra. The compounds 1—4 which pos-
sess four equatorial and one axial carbonyls show two
peaks with relative intensity of 4:1, whereas the com-
pounds 7 and 8 which contain only equatorial carbon-
yls display one peak (Fig. 1). The stronger peaks of
1—4 are assigned to the equatorial carbonyls and the
weaker peaks to axial carbonyls. For 5 and 6 which
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Fig. 2. Plots of 170 chemical shifts vs. the number of
thechlorineatoms for (CHs),Cls—Sn-Mn(CO)s.

possess two kinds of carbonyl groups, that is, four cis
carbonyls and one trans carbonyl for each Mn(CO)s
group with respect to each Sn-Mn bond, we observe
two peaks with relative intensity of 4:1; a similar
assignment as above is applicable. All the 70 NMR
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signals are reasonably sharp (half-band width=20—
40 Hz under these conditions). The spectrum of com-
pound 9 which has two peaks with a relative inten-
sity of 2:1 are overlapped and broad (half-band
width=120 Hz), suggesting the presence of a number
of conformers and the exchange process thereof. The
spectral results is a good example to demonstrate that
"ONMR is superior to IR spectroscopy for poly-
nuclear metal carbonyl derivatives such as 5 and 6 to
assess the electron distribution and/or bond order of
CO groups; in IR spectra of 5 and 6, several CO
stretching peaks are observed. We are forced to carry
out rather a laborious normal coordinate analysis in
order to cull information on the electronic nature of
CO groups. Attempts were also made to get 13C NMR
spectra of CO groups for the present compounds.
However, unresolved broad peaks were observed for
some of these compounds. For series of (CH3)xCla—xSn-
Mn(CO)s compounds, the resonances due to axial
carbonyl oxygen show monotonous up-field shifts as
large as 14 ppm, whereas those of equatorial carbon-
yls shift 8ppm to up-field as we replace a chlorine
atom with a methyl group (Fig. 2). The observation
indicates that the axial carbonyl is more strongly in-
fluenced than equatorial carbonyls by this substitution.
For a series of (CH3)3—.Sn[Mn(CO)s]x+1 compounds,
4, 5, and 6, the resonances of the equatorial carbonyl
oxygen shifts to downfield quite similarly to those
of axial carbonyls with the increase of the number
of the manganese carbonyl moiety. For the substitu-
tion of carbonyls with triphenyl phosphite(s), the
equatorial carbonyls resonate at a higher field with
the increase of the triphenyl phosphite ligand(s),
while the axial carbonyls are less influenced by this
substitution.

5%Mn NMR Spectra. In a series of (CH3)3—.Sn[Mn-
(CO)s]x4+1 compounds, 55Mn chemical shift moves only
slightly to lower field and the line width remains al-
most constant at 27 Hz with the increase of x from 0
to 2. The one-bond Sn-Mn coupling cannot be ob-
served. In contrast, 35Mn NMR spectra exhibit a drastic
change as we replace CO with triphenyl phosphite in

55Mn NMR spectra of (CHs)sSn-Mn(CO)s—,Lx in toluene.

(CH3)3Sn-Mn(CO)s_yL,; (7) shows a doublet signal
with the separation of 782.2 Hz and the center of this
split peaks is at ca. 210 ppm up-field compared with
the resonance position of 4 (Fig. 3). For x=2, the
signal is very broad (Av»12=1340 Hz) and the center
is further in the up-field. The observed splitting and
broadening are probably due to spin-spin coupling with
the phosphorus nucleus, although the 3P NMR of 9
shows a slightly broadened singlet (Avy2=31Hz). Itis
very often the case that the nucleus with I=1/2 may
not show splitting due to coupling but just broaden-
ing when coupled with a quadrupolar nucleus which
relaxes with fast to intermediate rates.’¥ An alterna-
tive possibility that this splitting could be derived
from the presence of a stereoisomer of 7 where the tri-
phenyl phosphite group occupies a cis position with
respecpt to the Sn-Mn bond is rather unlikely, since
170 NMR spectrum of 7 exhibits only one peak. The
5%Mn NMR spectra of a series of (CHs)xCls-xSn-
Mn(CO)s are reported in the previous paper.ab)

Discussion

Correlation of "ONMR Chemical Shifts with
Other Spectroscopic Data. A first attempt was made
to correlate the 7O NMR chemical shift values with
previously obtained spectral data for 1—4, 7, and 9.
In Fig. 4 is given the relationship between 7O chem-
ical shifts of axial and equatorial carbonyls and CO
stretching frequencies of the carbonyl groups, where
A% mode denotes the symmetric stretching essentially
due to equatorial carbonyls and Al mode denotes the
symmetric stretching essentially due to axial carbonyl.
It is generally understood that the electron taken up
in the part of CO is situated in the antibonding orbit-
al and therefore leads to lowering of the stretching
frequencies. Good linear relationship holds for 7O
chemical shifts and CO stretching frequencies of
A2 mode. For axial carbonyl, however, the plot for
9 deviates conspicuously from the line. Figure 5
shows relationships between O chemical shifts and
55Mn chemical shifts for a series of (CHzs)xCl3—xSn-
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Fig. 4. Correlations of O chemical shifts with
carbonyl stretching frequencies for (CH3)xCls—xSn-
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Fig. 5. Relationships between 70 and %Mn NMR
chemical shifts for (CHs)xCls-xSn-Mn(CO)s—,L,; @
and A represent chemical shifts for the equatorial

and axial carbonyls, respectively.

Mn(CO)s—, L, compound. Good linear relationship
is observed for equatorial carbonyls, but the plot for
axial carbonyl of 9 is far from the line drawn for plots
of 1—4. Significant deviation of O chemical shift
for axial carbonyl of 9 against »(CO) and 55Mn NMR
chemical shift observed in Figs. 4 and 5 leads us to as-
sume that a certain factor other than electronic origin
might provoke anomaly of 7O chemical shift of the
axial carbonyl in 9. In Fig. 6, correlation between 7O
chemical shifts and 119Sn-Md&ssbauer isomer shifts is
examined for a series of (CH3)xCls—.Sn-Mn(CO)s and a
series of (CH3)3—.Sn[Mn(CO)s]x+1. 7O chemical shifts
move to lower field with the increase of 119Sn isomer
shift. Since the increase of 119Sn-Mdssbauer isomer
shift means s-electron deposit on the tin nucleus,®®
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Fig. 6(a): Relationships between 17O NMR chemical
shifts and !19Sn-Md&ssbauer isomer shifts for
(CH3)xCl3—xSn-Mn(CO)s. (b): Relationships between
YONMR chemical shifts and 19Sn-Md&ssbauer
isomer shifts for (CHs)s-xSn[Mn(CO)s]s+1; @
represents data for equatorial carbonyls and A for

axial carbonyls.

the correlation indicates so-electron transfer from the
manganese carbonyl moiety to the tin atom.
Interpretation of 70 Chemical Shifts. The chemical
shifts of 7O NMR are dominantly determined by the
local paramagnetic contribution to the total screen-
ing constant 0.15:1® The paramagnetic screening op is

expressed by Pople in the form

g, = — const <AE>-I{<¢53>(Q‘. + Q‘b)p}

where AE is a mean excitation energy,<ry3> is the
mean inverse cube radius of the valence p-electron,
and (QutQam)p terms are dependent on the charge
imbalance in the ground state valence p-orbitals of
the atom a and the bond order between the atom a
and the adjacent atom b, respectively. In the previous
report from this laboratory,® it was demonstrated
that 170 chemical shift is dominantly determined
by the change of electron density through o-donating
and m-accepting ability of the group R for RMn(CO)s-
type compounds, that is, Q. term is operative for

1)
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Fig. 7. Coordinate axes for (CHs)xClz-xSn-Mn(CO)s-,-
L,

paramagnetic shift of 7O resonance. The series of
(CH3)xCl3-xSn-Mn(CO)s type compounds, 1—4, are
appropriate to see the electronic effect of the tin
moiety on the 7O chemical shift. As is shown in
Figs. 2 and 6(a), 170 resonances of carbonyl groups
are shifted to a lower field by replacing the methyl
group with more electronegative chlorine atom
and the trend of the shift is more pronounced for axial
carbonyl than for equatorial carbonyls. If we choose
coordinate axes as is shown in Fig. 7, the axial carbon-
yl can exploit two m-orbitals (d., and d,;) which
interact with the m-orbitals of the tin atom, whereas
the equatorial carbonyl can utilize one m-orbital (d.
or d,;) for m bondings between carbonyls and man-
ganese atom. From this symmetry consideration, we
find that the increase of m-electron withdrawal by the
more electronegative tin moiety reduces mr-interactions
between manganese and equatorial and axial carbon-
yls and the reduction of this m-interaction should be
enhanced for axial carbonyl and g-electron-withdraw-
ing by the tin moiety reduces electron density of only
axial carbonyl. Thus, the change of o- and m-electron-
withdrawing ability of the tin moiety should be more
strongly reflected on the change of charge density
around the oxygen atom of axial carbonyl than that
of equatorial carbonyls. The observed trend of en-
hanced deshielding of 17O nuclei for axial carbonyl
than that for equatorial carbonyls is interpreted in
terms of increased o- and m-electron acceptance of the
tin moiety with the increase of the number of chlorine
atoms. Similar conclusion was obtained in the previ-
ous spectroscopic studies for this series of compounds,®*=9
but the effect of the substitution is more adequately
reflected on the 7O chemical shift than, for instance,
on a set of force constants of carbonyl groups; in the
previous normal coordinate analyses, the effect of this
substitution was enhanced for equatorial carbonyls than
for axial carbonyls when the Mn-C and C-O stretching
force constants of equatorial and axial carbonyls were
compared for 1 and 4.59

The substitution of CO group(s) with triphenyl
phosphite(s) which is a weaker w-accepting ligand
than CO affects m-interactions between the tin and
manganese atoms and between the remaining CO
groups and the manganese atom in a similar manner.
When the axial carbonyl is replaced with triphenyl
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phosphite, the m-interaction between the tin and
manganese atoms and between the manganese atom
and equatorial carbonyls should be enhanced. When
equatorial carbonyls are replaced with triphenyl
phosphites, the m-interactions between the manga-
nese atom and axial carbonyl and between the man-
ganese atom and the remaining equatorial carbonyls
are increased. However, the = bond order between
carbon and oxygen atoms is decreased by synergetic
effect for -both types of substitution. The change of
the m-interaction between the tin and manganese atoms
was already discussed in the previous 119Sn-Md&ssbauer
studysd'sl’ and the attention is now focused on the 170
chemical shift. By replacing axial and/or equatorial
carbonyls with triphenyl phosphite as in the case of 7
and 9, 170 resonance of equatorial carbonyl shifts to a
higher field. This observation is in agreement with
our expectation that the 7 bond order between the
carbon and oxygen atoms of the remaining carbonyls
is reduced by this substitution and reduction of 7
bond order should lead to a higher field shift of 7O
resonance of equatorial carbonyls in 8 by substitut-
ing the triphenyl phosphite for axial carbonyl in 7.
However, 70 chemical shift of the axial carbonyl in 9
shifts slightly to a lower field by this substitution. A
plausible explanation of this anomaly is that deshield-
ing effect due to diamagnetic phenyl groups which are
arranged just in the position to deshield the axial car-
bonyl might contribute to a lower field shift to some
extent, although exact discussion must wait for fur-
ther study on 70O chemical shift of similar metal car-
bonyl derivatives.

For a series of Mes-,Sn[Mn(CO)s)s+1 compounds,
170 resonances of both equatorial and axial carbonyls
shift monotonously to a lower field with the increase of
manganese carbonyl moiety. A heuristic treatment of
170 chemical shifts is shown in Fig. 6(b), that is, a plot
of 170 chemical shifts versus 119Sn-Md&ssbauer isomer
shifts shows that 170 chemical shift moves to a lower
field with the number of the Mn(CO)s group and/or
with the increase of 119Sn-Md&ssbauer isomer shift. The
result indicates that the more electronegnative tin atom
accepts more so-electron from the manganese carbonyl
moieties with the increase of Mn(CO)s groups!? and o-
electron term in Eq. 1 is operative for 170 chemical shift
for this series of compounds.

The crux of the matter clarified in this study is that
7O NMR spectroscopy is very convenient and useful
technique to investigate the change of electron distribu-
tion of the carbonyl groups in metal cluster compounds
such as 5 and 6, and YO chemical shifts reflect o-
and m-electron acceptance of the tin moiety.
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