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Until recently only carbon—metal bonding was known for metal carbonyls However,
within the last few years the interaction of vanous Lewis acids wath the oxygen end of
the coordinated CO ligands has been clearly demonstrated

A BASICITY OF BRIDGING CO

The first report! of C- and O-bonded carbon monoxide presented the synthesis and struc-
ture of [(m-cp)Fe(CO), ]2 -2AlEt; (cp = cyclopentadienyl) This structure involves coordi-
nation of AlEt; to both bridging carbonyl groups (Fig 1), indicating that the bridging
carbonyls are more basic than the terminal carbonyls in these compounds It was later
shown? that this difference 1n basicity may be used as a driving force to induce a terminal-
to-bridge carbonyl shuft 1n [7-cp)Ru(CO), ]2, viz

R3Al\
- - A—cp C TT-Cp AIR
PN pur? :—-—’AlRa SRo—Ru? —3= 12 (
ARUTRY - SN~ N TAIR
< I N AlR3 ¢’ ¢ C 3
o- € ¢C O (e) [e] o

Fig 1 The structure of [w-cpI'e(CO) (COAIEt3)}2 Ethyl groups and hydrogen atoms have been omitted
for clarity. (See ref 1)
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TABLE 1
Interac ion ot polynuclear carbonyIs with aluminum alhyls

Compound Ratio of metal compound
to AlIR3 (R = Et, i-Bu)

[m-cpNiCO] 2 119
{mr-cp)3N13(C0O); 113,122
{r-cpTe(CO)2 | 2 114, 1240
[m-cpleCO| 4 1 43b
[m-pRU(CO); 13 118 1 2¢
[m-cpMoO(CO)3 )2 Adduct
CH3CCo3(PPh3)}(CO)g Decomposed
Coa(CO)g Decomposed
Coz(CO) 2 Decomposed

4 Characterized by solution intrared spectra
b Characterized as a solid tor which good analytical data were obtained

The Lewis basicity of bridging carbonyls has been demonstrated for about half a dozen
polynuclear carbonyl derivatives (Table 1)?. indicating that the phenomenon of bridging
CO basicity 1s general

B BASICITY OF TERMAL CO
A report by Kotz and Turmpseed® marked the first example of Lewis basicity of a

terimmnal carbonyl Reasoning from the observed lowering of a CO stretching frequency and
appearance of two higher frequency CO stretches, these authors assigned structure [ to thenr
compound,

PPhy

c ~O
O “AiMey

A vaniant of the above system was soon reported® mvolving the 1 1 interaction of the
simple anion (m-cp)Mo(CO);~ and AlPh; An interesting new member of the series s the
aluminum salt Al{(7-cp)W(CO);] 5 -3THF which was shown by an X-ray single crystal
structure determination to contain three (m-cp)W(CO)3™ anions, each coordinated through
one carbonyl oxygen to the AI3* cation® (Fig 2) In a clever approach to CO bridge forma-
tion, Brown and Brown found that upon forming a Col! salt the carbonyl of Fe(CN);(CO)3~
1s forced into a bridging environment’ At the time of its discovery, this represented the
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Fig 2 The structure ot Al[m-cpW(CO)3] 3°3THE CsHs, non-bridging CO groups, and methy lene groups
have been omitted tor clanty O4—Og belong to the three tetrahydroturan molecules (Reproduced by
permission of the copyright owner The American Chemical Society sceret 6 )

the only recogmzed example of the oxygen end of carbon monoxide associated with a metal
other than aluminum

It 1s well known that the substitution of donor ligands for CO leads to a large reduction
in the rematning CO frequencies of a metal carbonyl®. This decrease 1n frequency unplies
an increase 1n electron density on the carbonyl ligands Furthermore, the range of v-g for
suttably substituted carbonyls falls within that of anionic carbony! derivatives, suggesting
that donor-substituted metal carbonyls may exhibit Lewis basicity. Thxs(‘expec.tatnon has
been realized for the deep blue Mo(CO)e dervative, Mo(phen)(PPh3),(CO), (ref 9) which
reacts with AlEt3 in hydrocarbon solution to form a brnick-red 1 2 adduct, the composition
of which 1s established by C, H, N, Al and C, Hs (by hydrolysis) analyses With few dif-
ferences the infrared spectrum resembles that of the parent The two infrared v bands,
which are charactenstic of ¢is CO groups. are shifted from 1800s and 1729s cm™ 1n the
parent to 1731sand 1633s um™ 1n the adduct In addition. two, or possibly three, new
frequencies are evident in the spectra taken on Nujol mulls (635s, 683?m, 1183w cm™)
The decrease 1n v 1s characteristic of adduct formation on the oxygen of a coordinated
carbonyl’™, and the new features in the low frequency region are characteristic of coor-
dinated trialkylalumimum®. Water, air, or triethylamine bring about a rapid regeneration of
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the parent, Mo(phen){PPh3),(CO),, presumably via reaction with, or simple displacement
of, the trialkylaluminum motety These chemical properties indicate that no drastic changes
in the molybdenum complex have occurred upon adduct formation Therefore, both phys-
ical and chemical evidence support structure H

Pha ~AlEt,

PO

1 7
phenCMo\

{
P CO\
Phy AlEty
84

Thus represents the first termunal CO adduct in which more than one Lewis acid 1s bound
per molecule and the first example 1n which the terminal carbonyl 1n a neutral compound
serves as a base ((7-Ph;PC;sH,; )Mo(CO)s. which 1s formally neutral, 1s best considered as
da Zwitterion )

The vivid color change upon adduct formation 1s associated with a blue shift in the lowest
energy electronic transition from 693 nm (e = 7,600) to 499 nm (€ = 4,320) Simular shafts
have been observed upon the addition of triethylaluminum to Mo(5,6-dimethylphenanthroline)
(PPh3);(CO); and to Mo(phen),(CO),; We assign this low frequency band to a Mo(d) —
phen(m*) transition, based on 1ts high intensity, as well as analogy with assignments'® for
Mo(phen)(CO),, and the absence of a similar band 1n compounds lacking a conjugated
amine, e g Mo(NCCH3),(PPh3),(CO), As illustrated in Fig 3, the shuft in this charge
transfer band may be explamned by a large decrease in d-orbital energy, arising from much
greater metal—carbonyl back-w-bonding 1n the adduct than in the parent This explanation
1s simular to one which has been applied to the charge transfer spectra of some cyanide com-
plexes which undergo a dramatic blue shift on adduct formation'!.

Evidence for a tnmethylgallium adduct of Mo(phen)(PPh;),(CO), 1s obtained from
visible spectroscopy of solutions of the molybdenum complex to which incremental ad-
ditions of the acid have been made (Fi1g.4) The appearance of clear 1sosbestic points (Fig.4),
as well as the posttion of the low frequency charge transfer absorption maximum, 623 nm
(which 1s close to that of a 1 1 Et3 Al adduct), 1s consistent with 1 1 adduct formaton®

Mo(phen) (PPh3)o(CO)2 Mo (phen)(PPh3)2(GOAIR3)2

phen o*

14 2400 cm~1
Mo (d) I 20,000 cm-1

-

P 3. Ongin ot the shitt in charge transter band The addition of an electron acceptor to the oxygen
of Z0 mcreases Mo—CO back-m-bonding lowering the highest filled 4 orbital energies relative to the
phen n¥ level

* | or tootnote sce next page
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Interest in this adduct stems from the fact that simple molecular adducts with the metal
coordinated carbonyl have been demonstrated m the past only for alurmnum acceptors!™®
In a recent NMR study of various organometallic and coordination compounds'? evi-
dence was obtamned for the inteiaction of [(w-cp)-Fe(CO)» ]2 and of Mo(phen)(PPhj). (CO),
with the paramagnetic NMR shift reagent, Eu(fod); (ref.13), where fod 1s a fluorninated
8-diketone The principle involved 1s that a paramagnetic dipolar shift 1s induced 1n the
proton NMR of any molecule coordinated to the shift reagent'* '* This phenomenon
provides a convenient method for probing the Lewis basicity of metal complexes It 1s
found that [(m-cp)Fe(C0). ], and Mo(phen)(PPh3),(CO), are basic toward Eu(fod)s,
while a carbonyl compound with higher vcq . (r-cp)Fe(CO)2 CHj. 1s not Presumably,
carbonyl oxygen 1s the basic site in the two forimer compounds
- To summanze, bridging carbonyls and terminal carbonyls with low vcq exhibit signifi-
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Fig 4 Spectrophotometrnic titratton of 8 15‘x 10° M \1o(plmx3‘)(l’h3)z(C0)2 m benzene with GaMes
GaMej concentration (a) 0,(b) 277 X 10°M (0) 546 X 10 "M (D) 934X 10° M () 145% 107" o

Waveleggth (1026nm)

* I'ootnote trom precedimy page In all cases studied m detanl to date, the usual doecrease m successive
cquilibrium constants appears to be tollowed 1t theretore appears uniithely that the sosbestic pomnts
can be nterpreted n terms of tormation of the 1 2 adduct directly Judeing trom color changes a1 2
adduct probably forms at low tanperatures
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cant Lews basicity toward certain hard AIM, Gallt and EuM Lews acids The hard (but
weak) Lew:s base character of the oxygen end of carbon monoxide contrasts with the soft

m-acid character of the carbon end Therefore, 1n conventional carbonyl chemistry, which
nvolves the soft low oxidation state transition metals, one finds carbon bonding exclusively
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