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3C chemical shifts for terminal CO’s in transition
metal carbonyls and organometallic complexes have
been studied by several groups [1]. In particular,
Gansow, et al. [la] noted a linear correlation be-
tween 013gg and carbonyl stretching frequencies for
a series of compounds CpFe(CO),X (C, = n°-CsHs;
X = halide, pseudo-halide, alkyl, SiR3, GeR3, SnRj,
acetyl and benzoyl). Their interpretation of these
interesting results in terms of electronic structures
was, however, marred by neglect of a minus sign
[1d]. Whereas the average value of the C=0
stretching frequency in this series spans from 60
cm !, the range of 813 is only some 7 ppm.

We have now investigated the *C nmr spectra of a
series of compounds CpFe(COXL)C(O)R (L = CO,
phosphine, phosphite, CH3NC; R = CHj, p-C¢Hy-
OCH3;). Resonances due both to terminal and to acyl
carbonyls were observed. Remarkably, the acyl
carbonyl chemical shift shows much greater sensitivi-
ty to the nature of L than does the terminal. Over our
series 813¢ for acyl CO’s spans a range of some 25
ppm while for terminal CO’s the range is only ~6
ppm. Table I presents pertinent results.

In the absence of large anisotropic shifts, the
carbonyl chemical shifts are thought to be dominated
by the paramagnetic screening term [2—4] which has
been approximated by Pople as

eZh? (

0= — —— | — <> + 3
p Smic? ) 2p [Qaa - Qasl

AE

where <r"3>2p is the expectation value of the
reciprocal of the 2p orbital, Q5,4 and Qag depend
solely on the charge density and bond order matrices,
respectively, of the ground state molecule and AE is
the average excitation energy between ground state
and the lowest lying paramagnetic state of the
molecule.

We propose that the greatly enhanced sensitivity
of acyl carbon chemical shifts to the nature of L is
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due to contributions of the Q55 = Qrec terms to the
shielding. These terms would be expected to be small
for the cylindrically symmetric iron-terminal car-
bonyl bond just as Qg averages to zero in acetylenes
[1d]. Because the acyl CO is not in a cylindrically
symmetric environment, Qge_c is unlikely to average
to zero. This feature attests to the importance of
resonance structures depicting 7 bonding between Fe
and the acyl carbon. If the effect of replacing CO by
more basic L (thus increasing the negative charge on
Fe) were merely to diminish the strength of the Fe—
C(O)R o bond, Qpe—c would be lowered and upfield
chemical shifts would be anticipated contrary to
observation. Furthermore, we have observed a linear
correlation between (AE)™! and chemical shift for
both terminal and acyl carbonyl §1:c. AE has been
taken as the energy of the lowest uv transition
involving charge transfer from the metal to the w*
carbonyl molecular orbital (intended to approximate
the singlet - triplet excitation energy). Since the 7*
state of CO is stabilized by metal pi backbonding, AE
is expected to decrease as L. becomes more electron-
donating. This would result in a larger negative value
of g, and so a lower chemical shift for C as observed.
Both Sheline, et al. [5] and Braterman, et al [1d]
have observed similar correlations. On the other hand,
Gansow, et gl [la] assumed AE to be constant in
their interpretation of results on similar Fe com-
plexes. Our observations cast doubt on the validity of
this assumption. Although both terminal and acyl
chemical shifts parallel (AE)™!, the greatly enhanced
sensitively of the acyl chemical shift to L is due to
the added contribution of Qpe—¢ (which should also
parallel AE).

That the other terms in the expression for o, do
not dominate can be seen readily from the following
discussion.

Employing the notion that decreasing values of the
infrared carbonyl stretching frequency mean
increasing pi back donation to the remaining carbonyl
[1a], ligand substitution by the less effective pi acids
should result in an increase in the electron density on
carbonyl carbon atoms with a concomitant decrease
in C-O bond order, a decrease in <t~ >>,, and thus
would be predicted to give upfield shifts in disagree-
ment with the downfield shifts that are observed.
Likewise, the more negative Qg accompanying this
effect would be expected to result in upfield shifts
which are not observed. For many compounds, the
Qaa term in thought to remain essentially constant
[6].

It is worth inquiring why the sensitivity of §13¢
for the acyl carbonyl to Lis not correlated with large
changes in acyl stretch frequency. Indeed, the
variation in the stretching frequency is only about
half that for terminal CO over the series. The reason
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is most likely the far superior ability of terminal CO’s
to act as w-acids causing large changes in the iron-
terminal CO bond order which are not reflected in
813¢ because of the cylindrical symmetry. On the
other hand, relatively modest changes in Qp.—¢ for
the acyl carbon contribute their full magnitude to the
shielding parameter.

The chemical shift of the acyl carbon is somewhat
dependent on the nature of R such that vo=¢
decreases in the order CF3; > C¢H4OCH; > CH;. This
is the same order as o effects that Maciel [7] found
in his study on the carbonyl shifts of ketones. The
fact that the iron acyl carbonyl is not as sensitive to
changes in R as are ketones is understandable in view
of the increased number of resonance structures that
can be written involving the iron center.

Compounds of Mn and Mo are currently under
study.

L195

References

1 (a) O. A. Gansow, D. A, Schexnayder and B. Y. Kimura,
J. Am. Chem. Soc., 94, 3406 (1972) and references
therein.

(b) J. A. Connor, E. M. Jones, E. W. Randall and E. Rosen-
berg, J. Chem. Soc. Dalton Trans., 2419 (1972).

(c) G. M. Bodner, S. B. Kahl, K. Bork, B. N. Storhoff and
J. E. Wuller, Inorg. Chem., 12, 1071 (1973).

(d) P. S. Braterman, D. Milne, E. Randall and E. Rosen-
berg, J. Chem. Soc. Dalton Trans., 1027 (1973).

(e) O. A. Ganson and W, Vernon in ‘Topics in Carbon-13
NMR Spectroscopy’, G. Levy, ed., Wiley—Interscience,
New York (1972) p. 270.

2 A. Saika and C. Slichter, J. Chem, Phys., 22, 26 (1954).

3 M. Karplus and J. Pople,J. Chem. Phys., 38, 2803 (1963).

4 A. Jones, D. Grant, J. Russell and G. Fraenkel, J. Phys.
Chem., 73, 1642 (1969).

5 H. Mahnke, R. K. Sheline and H. Spies, J. Chem. Phys., 61,
55 (1974).

6 J. A. Pople, Mol Phys., 7, 301 (1964).

7 G. Maciel, J. Chem. Phys., 42, 2746 (1965).



