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SUMMARY

Studies on the mechanism of the conversion of p-H[Cr(co)sls

to LzCr{C0)4 are reported.

X-ray crystal. structural analysis of EteN+|J.-H[Cr (co)sla [11,
in conjunction with nmr coupling constant studies on cther VIB
metal anions, MM'H(CO):e [2], suggested that the hydride ligand
acts as a linear bridge between the twb octahedral metal centers.
To our knowledge this series contains the only verified examples
of linear H-bridged dinuclear species.‘ This communication reports
on the unexpected lability of the p-H[Cr(CO)sls anion towards
carbonyl substitution reactions.

In refluxing absolute EtOH or dry THF, EtsN p-H[Cr(co)sla”
may be smoothly converted to trans-(PhsP)ZCr (cO), in the presence
of even small excesses of PPhz. With a 10~-fold excess of PPhg,
isolated yields of product from EtOH were on the order of 70%,
wunereas the yields in THF solvent were essencially quantitative;

Only the disubstituted product was observed regardless of ligand

Y,

concentration in the absence of added CO. Purthermore, under the

udies, PhaPCr(CO)s could noi be converted inko

ras

conditions of the s

ck

Dn»P)ZCr(CO)4, neither in the presence of excesses of PPhg nor in
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fhe presende of PPhg and NaBH4. The latter reagent was added to
ascertain producfion of a p-H[Ccr(co).,L]- species, similar to the
preparation of W-H[Cr(CO0)s]>" from NaBH, and Cr(CO)e in THF [2],
from an initial product of PhszPCr(CO)s.

Rate data obtained by following the disappearance of the ir
absorption band due to the most intense CO stretch of p-gicr (co)sla™
are presented in the Table., For both solvents the reaction obeys
first-order kinetics in R-H[Cr(CO0)s]>~ and shows essentially no
dependence on [PPhs] at concentrations of PPhs to m-H[Cr(co)sls
greacer than 10 to 1. AT lower PPhg concentrations, the rate of
disappearance of thé carbonyl anion is depressed such that at 2 1:1
ravio of ligand to anion the:éate is about the same as the decom-
position of the anion in the absence of .L. Initial studies indi~
cate the reaction rate to be independent of ligznd type (expt 12),
and a very slight difference in rate was observed in the absence
of light (expt 8).

Circulation of Ny through the reaciion solution was found to
increase the rate of W-H[Cr(CO)slo decomposition (expt 4), while
CO circulation decreased the rate (expts 5 and 7). A separate ex—
periment with 300 illustrated that labelled CO could be readily
incorporateé into the anion. Although the broad, overlapped bands
prevencved quantitative assessment of thé relative rates of radial

vs. axial CO exchange, the spectra gave clear indication thati the

e

nitial label incorporation was in the position cis to the hydride
bridge [3]. The latter experiment was carried out in the abéence'
of competing PPhg ligand and cr{C0)e was also observed as product.
(At the 1:1 PPhs to w-H[Cr(C0)sls ratio, reaction in the presence
of CO at 1 atm afforded PhsPCr(C0)s as well as trans-(PhszP)2Cr(C0),..)

Several lines of evidence, rate behavior that is first-order
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in’the’hydridb-carbonyl anion, the indeﬁendente of rate on L coﬁ-
ceniration at fL3/[anion] >0, the *3co incorporation, an observed -
rate dep_ressibn in a closed system, and a rate enhancement when an
inert gas swept the syster, all suggest CO dissociation to be in-~
volved in the rate-determining step. Furthermore the general fail-
ure wo observe a PhaPC;(Co)s product (in the zbsence of large con-
cenirations of CO) suggesss that the coordinatively unsaturated
cr(co)s is not produceé as an important intermediate, if at all.
The following set of reactions are formulated so as to be consis-
tent with these points as well as the observed di-substicuted pro-
duct. The positioning of L cis to the hydride bridge is in accor-
dance with the ~°CO lebeling study, however the possibility of dif-
ferent stereochemical pathways for the CO exchange and the T. sub-

gtitution certainly exists.

cr(Co)g + « . .

el

o -
decomposition % c0 ? c
_ 0C —C¥——H— C¥—CO
—co 4L, _ e
-H[Cx —_—
M-H[Cr(CO)s ]2 T =L . o(f/(l; oC cl:
-Co 0] (o)
[{c0).Tcr-H-CrL(C0).1" [zer{co)s] + HCcr(co)s™
_ l—co
-H +L
s
2 [Ler(co)e] +L > TL.Cr(cOo). 4—‘}}? HCr (€O )L~

The electronic mechanism of the initial CO labilization by the
hydride bridge is subject to conjecture. Several modes of reaction
are available to M-H bonds and these include the following: i) re-
moval of H+ thus producing reactive- radical specles 43; ii) car-
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bonyl insertion into the M—H bond to give a reactive formyl 1nter-

mediate [51; i:L:L) ground state destabillza.tion of M—Co by- -H- via
the direct donation process [6]; and-iv) ransition-state stabi—;_
lization according to -Brown's Site Preference model [7] Due to
the ease of data reproducibility both in uhe absence and presence
of light and Oz, the possibility of radical 1ntermed1ates seem
doubtful. Direct donafion from the alfeady electroaneficient
bridge H™ into the 7 orbitals of the CO also seems unlikely. We
are presently attempting to reckon with the remaining pqssibiiities.

The Cotton-Kraihanzel [8] equatorial CO force constant of
p-Hler(co)slo™ was computed to be 15.64 mdynes/R while the axial
CO force constant had the extremely low value of 14.32 mdynes/&.
Since lower CO force constants signify smaller CO and greater MC
bond orders, the axial CO is expected to be more tightly bound to
the Cr as well as to carry more negative charge. This data is con-
sistent with preferential dissociation of the cis carbonyl group
anq we propose it to also be:consistent with the observed solvent
effect.'»(See for example expt 10; the reaction is slower in an
aprotic solvent.)

Specificeinteraetion of alkali metal ions (M'+) with metal car-
bonyl anions has hee& observed [{2,10} and a general pelarization of
The anion towards the positive charge results in decreased carbon
to oxygen bond order for the carbonyl group O-complexed to the al-
kali metal ion,ke.g., M=CEOI'°-M'+. In concordance; those carbonyl

groups not complexed to M' show an increased carbonyl force con-
stanv [9]. The transition metal-carbon bond strengtﬁs are ex-

pected to be in the reverse order, i.e., a lowering of the metal-
carbon bond order is expezted for teose groups which do not inter-

azt with the alkali-metal ion. This line of reasoning is appro-
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priéte.to the acid catalysis observed here. The acid proton of

€l in THF (expt 11) or of EtOH couldAvery reasonably promote CO
dissociation by specifically interacting with the more negative
carbonyl oxygen, M=CEOP--H+, thus enhancing the dissociation of the
nonéinteracting Cco groups.* The two effects, hydride labilizacion
of CO's cis to the bridge, and positive charge stabilizafion of
the M-C trans to the bridge thus complement each other in pro-
moving cis CO dissociation.

Finally there.is an obvious similarity between the p-H[Cr(co)slz

behavior towards ligand substitution and the Chatt, et al. syn-
thesis of LoM(CO). and LgH(CO)s using ¥M(CO)s and L with NaBH. as
catalyst or facilitator[12]. Both reagents, Ef.N' p-H[Cr(co)slz"
and Cr(CO)e/NaBH4 (1:10 ratio) react with PPhg to proﬁuce only
trans-~ (PhaP)oCr(C0). at essentially equal rates. The Naw-mlcr(co)sla
salt is however notv readily formed in EIOH, and if indeed it is <he
intermediate in Chatt's synthesis, small steady-state concentrations
only are present. There existis the possibility that the ligand labi-
lizinz effect occurs by an initially formed H—g—Cr(CO)s' anion, or

via

2]

“HaB-H-Cr.0)s eleciron deficient bridge system rather then
the analogous Cr-H-Cr bridge. Several Ttetranydroborato cémplexes
have been reporied, for example RuH(BH.) (PPhs)s [13], RuH(BH.)CO-
(PPns)s [13], a2s well as ML(BH4)(h5~CSHS)2 (I = 4~ or B, ;

M = Z» or Hf) [14], however such labilizing ability has not been

explored. We have initiated studies in this area.

*pcid catalysis has previously been reported for the carbonyl
exchange reaction of Fe(CO)s [11]. The vroposed scheme for the
increased CO lability involved the rapid, reversible formation of
the 5-coordinate HFe(CO)s¥, which then lost CO in the rate-
determining step. Expansion of the coordination sphere is how-
ever unlikely in the Cr complex discussed in this report.
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