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Until recently only carbon-metal bonding was known for metal carbonyls However, 
wlthm the last few years the mteractlon of various Lewis acids mth the oxygen end of 

the coordmated 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 [(rr-cp)Fe(CO)2 ] z -2AlEt, (cp = cyclopentadtenyl) This structure tnvolves coordl- 

nation of AlEt, to both bridgmg Ldrbonyl groups (Fig l), mdlcatmg that the bndgmg 
carbonyls are more basic than the terminal carbonyls m these compounds It was later 
shown’ that this difference m basiclty may be used as a drlvmg force to induce a termmal- 
to-bridge carbony 1 sluft m [ncp)Ru(CO),] 2, v1z 
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Ftg 1 The structure of [ncpTe(CO) (COAlEt3)j 2 Ethyl proups and h~drogcn atoms hdvr bcon omltted 
for clartts. (See rcf 1 ) 
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TABLE 1 

IntcrJc non ot polynucledr carbon) 1% \+ nh alummum i11Lg I\ 

Compound 

- 

Ratio of metal compound 
to AIR3 (R = Et, i-Bu) 

[n-cpNfO] z I 1.’ 

(YT-~~)~N~~(CO)~ 1 I”, 1 2a 

[rr-cpraco)z I z 1 I”, 1 2J>b 

[ s-cpl-eco ] 4 1 4avb 

[n-cpRu(CO)z I2 1 I” 1 7” 

[n-cpXlo(C0)3 ) * Adducr 

CH3CCo3(PPh~K0)8 Decomposed 

COl(CO)B Decomposed 

Co4(Co),2 Decompoed 

a Chxxter~zed b\ solution mtrxcd rpcctra 
b Chxxtcrlzcd .I> .I \ohd for 1% h1ch good analytical data were obtained 

The Lewts baslclty of bndgmg carbonyls has been demonstrated for about half a dozen 

polynuclear carbonyl derlvatlves (Table 1 13. mdlcatmg that the phenomenon of brldgmg 

CO baslcIty IS general 

B BASICITY OF TERMAL co 
A report by Kotz and Turnipseed’ marked the first example of Lewis baslclty of a 

terminal cdrbonyl Reasomng from the observed lowermg of a CO stretchmg frequency and 

appearance of two higher frequency CO stretches, these authors assigned structure I to then 

compound. 

A variant of the above system was soon reported’ mvolvmg the 1 1 mteractton of the 

sunple amon (7rcp)Mo(CO); and AlPha An interesting new member of the series IS the 

aluminum salt Al [(rr--LP)W(CO)~ J 3 -3THF which was shown by an X-ray single crystal 

structure determtnatlon to contain three (sr-~p)W(C0)~- amons, each coordmated through 

one carbonyl oxygen to the A13+ catlon” (Flu 9 _ _) In a clever approach to CO bridge forma- 

tion, Brown and Brown found that upon formmg a Co I1 salt the carbonyl of Fe(CN),(C0)3- 

IS forced mto a bridging envlromnent’ At the tnne of its discovery, this represented the 
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1-1~ 2 T11e structure of Al[n-~p\V(C0)~] B’3THl- CsH 5, non-brldgmg CO group\, and mcth) lcne groups 
have been omttted tor clartty 04-06 belong to the three tetrahydroturm molecules (ReproduLed by 
perrnlaston of the copyrIght o\\ncr The American Chemlcsl Society see rci 6 ) 

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

other than alummum 

It IS well known that the substitution of donor hgands for CO leads to a large reduction 

m the remaining CO frequencies of a metal carbony18 _ This decrease m frequency nnphes 

an Increase m electron density on the carbonyl ligdnds Furthermore, the range of vco for 
sultably substituted Larbonyls falls wlthm that of aniomc Larbonyl derivatives, suzestmg 
thdt donor-substituted metal Larbonyls mdy exhlblt Lewis baslclty. Thl$expeLtatlon hds 

been realized for the deep blue MOM derivative, Mo(phen)(PPhS)z (CO)2 (ref 9) which 

reacts with AlEt, in hydrocarbon solution to form d briLk-red 1 2 adduct, the composltlon 

of which IS established by C, H, N, Al md C2 Hs (by hydrolysis) analyses With few dlf- 

ferenccs the Infrared spectrum resembles that of the parent The two mfrdred vCo bands, 

whrLh are characteristic of Lzs CO groups. are shifted from 1800s and 1719s cm-’ m the 

parent to 173 1 s and 1633s cm-’ in the ddduct In addition. two, or possibly three, new 

frequencies are evident m the spectra taken on NUJO~ mulls (635s, 683?m, 1183~ cm-‘) 

The decrease m pco IS characteristic of adduct formatlon on the oxygen of a coordinated 

carbonyi’* , and the new features m the low frequency region are characteristic of Loor- 

dmated tr~alkylalummum4 _ Water, air, or trlethylamme bring about d rapid regeneration of 
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the parent, Mo(phen)(PPh3)z(CO)z, presumably via reaction with, or si1npie dlspldLement 

of, the trialkylalum1num moiety These chemical properties indicate that no drastic changes 

tn the molybdenum complex have occurred upon adduct formation Therefore, both phys- 

real and Lhem1cal evidence support structure II 

phen 

Phz ,AlEt, 
P CO 
1 / 

=y\ 

Fh3 CO 
'AlEt 

This represents the first terminal CO adduLt m which more than one lew1s acid 1s bound 

per molecule and the first example 1n which the termmal carbonyl m a neutral compound 

serves as a base ((lr-Ph3 PC5 H4 )Mo(CO)x . which 1s form&y neutral, IS best considered as 

d zwltterlon ) 

The vlvld color change upon adduct formation 1s assoctated with a blue shift 1n the lowest 

ener,T electromc transltlon from 693 nm (E = 7,600) to 499 nm (E = 4,320) Slmllar shifts 

have been observed upon the addltlon of tr1ethylalummum to Mo(5,6-dlmethylphenanthrolme) 

(PPh3 )z (CO), and to Mo(phen)* (CO)* We asslgn this low frequemy band to a MO(~) + 

phen(n*) transition, based on Its high intensity. as well as analogy with assignments” for 

Mo(phen)(C0)4, and the absence of a slm1lar band m compounds lacking a conjugated 

amine, e g Mo(NCCHJ)2 (PPh3)2 (CO)* As Illustrated m Fig 3, the shift 1n this charge 

transfer band may be explamed by a large decrease 1n d-orbital ener,7, arls1ng from much 

greater metal-carbonyl back-n-bondmg m the adduct than m the parent Thrs explanation 

IS similar to one which has been applied to the charge transfer spectra of some cyanide com- 

plexes which undergo a drdmatic blue shift on adduct formation1 ’ _ 

Evidence for d trlmethylgall1um adduct of Mo(phen)(PPh3)2(CO)z IS obtamed from 

vls1ble spectroscopy of solutions of the molybdenum complex to which incremental ad- 
dltlons of the acid have been made (F1g.4) The appearance of clear tsosbestlc points (F1g_4), 

ds well as the posltlon of the low frequency charge transfer absorption maximum, 623 nm 

(which is close to that of a 1 1 EtJAl adduct), is consistent with 1 1 adduct formatIon* 

phenn* _ _-- ____ ___- ____ __- 
* 4 

T 
14 400 cm-1 

I 
I 

'Ho(d)-__ 20.000 cm-l 

E --__ 
--__ 

I ---- 

I IF 3_ Ong~n ot the sh~tt m charge trmbter bmd The addltlon ot an electron acceptor to the oxygen 
of CO mcred\eh MO-CO back-sr-bonding lov.ermg the highest fdled J orbltal energlcr relntwc to the 
plml n* level 

* I or footnote see next page 
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Interest m this adduct stems from the fact that simple molecular adducts wnh the metal 

coordmated carbonyl have been demonstrated m the past only for alummum acceptors’-6 
in a recent NMR study of various organometalhc and coordmdtlon compounds’ ’ evl- 

dense was obtained for the mtelactlon of [(n--ip)-Fe(CO)2] 2 and of Mo(phen)(PPh3)2(CO)z 
with the paramagnetlc NMR shift reagent, Eu(fod)J (ref.l3), where fod IS a fluormated 
fi-dlketone The prmclple mvolved IS that a paramagnetlc dlpolar shift IS Induced m the 
proton NMR of Any molecule coordmated to the shift reagent” ” This phenomenon 
provides a convenient method for probing the Lewis baslclty of metal complexes It IS 

found that [(n-cp)Fe(CC))2] 2 and Mo(phen)(PPh3)2(C0)2 are basic toward Eu(fod)3, 
while a carbonyl compound Lvlth higher v co. (n-~p)Fe(C0)~ CI-13. IS not Presumably, 

carbonyl oxygen IS the basic site ln the two former compounds 
- To summarize, brldgmg carbonyls and termmal carbonyls with low vCo exhlblt slgmfi- 

c 
I T Waveleiigth (lOz”nm) ’ 

1‘1~ 4 Specrrophotometrlc tltratmn 01 8 15 x 16’ M ~lo~pl~cn~~l’l13~~~co)2 111 bcnrcnc I\ Iti1 GaXlc3 
Ga\lc3 conccntrdtlon (a) 0, (b) 2 77 X lo-‘nl (c) 5 46 X lo-’ M,(d) 9 31 X lo-,-’ icJ (c) I 45 Y IO-’ II 

--- -- 
* Footnote trom prucrdmg page in all case\ studled In dct.ul 10 date, the 11x1~1 dccrLa\c m SUCC~~WC’ 
cqulllbrmm constants nppc~rs 10 bc tollowed It ttwrctorr appex\ unhhcl) ihdt tlw Iso\bc\ttc pomtb 
can be mterprcred m terms of tormatlon of tlw 1 2 adduct dmxtly Judsmg tram Lolor cllJngc\ J 1 7, 
adduct probably forms at low tcmpcraturcb 
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cant Lewis bdslclty toward certain hard Al t*I, GaIlI and EulIr Lewis acids The hard (but 

weak) Lewis base character of the oxygen end of carbon monoxide contrasts with the soft 

x-acid character of the carbon end Therefore, II-I conventlonai carbonyl chemistry, which 

mvolves the soft low oxldatlon state transition metals, one finds carbon bondmg excluswely 
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