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SuEntlp.RY 

Studies on the mechanism of the conversion of p-H[Cr(C0)5]a- 

to LaCr(C0) 4 are reported. 

X-ray crystal'structural analysis of Et4N+p-H[Cr(CO)s]e- cl], 

in conjunction with nmr coupling constant studies on other VIB 

metal anions, MM'H(CO)lo c21, suggested that the hydride ligand 

acts as a linear bridge between the two 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)s]a anion towards 

carbonyl substitution reactions_ 

In refluxing absolute EtOH or dry TXF, Zt4N+pH[Cr(CO)s]a- 

may be snloothlg converted to trans-(PiisP)aCr(C0)4 in the presence 

of even small excesses of PPha. With a IO-fold excess of PFns, 

isolated yields of product from EtOH were on the order of 705, 

whe‘Feas the yields in T:Xf? solvent were essentially quantitative. 

Only the disubstituted product was observed regardless of ligand 

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

conditions or’ t’ne studies, Ph3PCr(C0)5 could not be converted into 

(PhsP)2Cr(CO)4. neither in the presence of excesses of PPh, nor ia 
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the presence of PPhs and NaBHa. The latter reagent was added to 

ascertain production of a p-H[Cr(CO)&]a- species. similar to the 

preparatFon of ~-HECr(C0)5]2- from NaBH4 and Cr(CO)s in THF [21, 

from an initial product of PhsPCr(CO)s. 

Rate data obtained by follouzing the disappearance of the ir 

absorption band due to the most intense CO stretch of WH[Cr(CO)s]e- 

are presented in the Table. For both solvents the reaction obeys 

first-order kinetics in p-H[Cr(CO)s]s- and shows essentially no 

dependence on [PPhsj at concentrations of PPhs to p-H[Cr(CO)s]e- 

greater than 10 to 1. At lower PPh3 concentrations, the rate of 

disappearance of the carbonyl anion is depressed such that at a 1:l 

ra-lio of ligand to anion the rate is about the same as the decom- 

posrtion of the anion in th’k absence 0f.L. Initial studies indi-r' 

cate the reaction rate to be independent of ligand type (expt 121, 

and a very slight drfference in rate was observed in the absence 

of IF&It (expt 81, 

CFrculation of Na through the reaction solution was found to 

increase the rate of CL-H[Cr(CO)s]a- decomposition (expt 4), while 

CO circulation decreased the rate (expts 5 and 7). A separate ex- 

periment with 13C0 illustrated that labelled Cd could be readily 

incorporated into the anion. Although the broad, overlapped bands 

prevented quantitative assessment of the relative rates of radial 

vs. axial CO exchange, the spectra gave clear indzication that the 

initLa1 label incorporation was in the position cis to the hydride 

bridge [3]. The latter experiment was carrred out in the absence. 

of competing PPh= ligand and Cr(CO)e was also observed as product. 

(At the I:1 PPh3 to lL-H[Cr(C0)s12- ratio; reaction in the presence 

of CO at 1 atm afforded PhsPCr(C0)5 as well as trans-(PhsP)zCr(CO),.) 

Several lines of evidence, rate behavior that is first-order 



; 
‘,

. 
T

A
B

L
E

 
s”

 

K
IN

E
T

IC
 D

A
T

A
 FO

R
 ,T

H
E

 R
E

A
C

T
IO

N
 O
F 

T
R

IP
H

E
N

Y
L

PH
O

SP
H

IN
 

W
IT

H
 E

t4
N

’ 
p-

H
[C

r 
(C

O
)s

 ]e
-.

 
,’ 

,o
 

: 

m
p*

t 
* a

 
[P

hs
P]

/[
&

-H
[C

r 
(C

O
)s

]c
-]

 
So

lv
en

t 
T

em
p (

“C
) 

1 2 3 4.
 

5 6 7 8 9 

10
 

11
 

12
 

50
 

25
 

11
.5

 

O
C

 

0 
. 

OQ
 

13
d 

li
e 

12
 

12
 

12
 

3o
h 

E
tO

H
 

E
tO

H
 

Et
01

3 

E
tO

H
 

E
tO

H
 

E
tO

H
 

E
tO

Ii
 

E
I;

O
H

 

T
H

F 

T
H

F/
di

Sl
ym

ef
 

T
H

F/
H

C
lS

 

E
tO

H
 

78
 

78
 

78
 

78
 

78
 

78
 

78
 

78
 

66
 

80
 

1 
66

 

78
 

2.
43

 
(k

 
.;i

) 
“Y

 
2.

43
 

(2
 

,O
l)

 

2.
50

 
.(

* 
.O

l)
, 

2.
11

 
(5

 
.O

l>
,; 

1.
72

 
(*

 
.O

l)
 

1.
25

 
(*

 
00

1)
 

2.
09

 
(k

’.
 *

02
) 

2.
33

 
(”

 
,O

l)
 

0.
31

 
(”

 
.0

2)
 

1.
3j

. 
p 

.0
2)

, 
.’ 

3.
66

 
(2

 
80

1)
 

, 

2.
41

. 
(k

.,.
O

l)
, 

:,’
 

,’
 

a,
 

R
ea

ct
io

ns
, 

ru
n_

un
de

r 
co

ns
ta

r;
 

1 
at

m
 

pr
es

su
re

 
of

 
N

a 
ov

er
 

2 
ha

lf
-l

iv
es

; 
[I

.L
-H

[C
~(

C
O

)&
 

] 
=

 3
.9

 
x 

10
 

M
. 

b 
. 

T
he

 
er

ro
rs

 
re

pr
es

en
t 

st
an

da
rd

 
de

vi
at

io
ns

 
at

 
th

e 
95

$ 
co

nf
ld

en
ce

’l
ev

el
; 

re
pr

od
uc

ib
ili

ty
 

w
as

 w
ith

in
 

77
:. 

c.
 

T
he

 
so

lu
tio

n 
w

as
 

sw
ep

t 
w

ith
 

N
a 

du
ri

ng
 

re
fI

.u
x.

 
d’

. 
C

ar
bo

n 
m

on
ox

id
e 

w
as

 
ci

rc
ul

at
ed

 
th

ro
ug

h 
th

e 
so

lu
tio

n 
du

ri
ng

 
re

fl
ux

. 
e 

. 
D

ar
k 

re
ac

tio
n.

 
f.

 
E

ig
ht

 
m

l 
di

gl
ym

e 
(b

is
 

(2
-m

et
ho

xy
et

hy
l)

et
he

r)
 

an
d 

15
 m

l 
T

H
F.

 
n.

 
T

he
 

so
lu

tio
n 

w
as

 
0.

5 
M

 in
 

an
hy

dr
ou

s 
H

C
l. 

;. 
T

he
 

lig
an

d 
w

as
 

P 
(0

Ph
)e

. 



in the hydrido-carbonyl anion, the independence of rate on L con- 

centrati& at [L]/[anionJ>lO, the r3C0 incorporation, an observed - 

rate depression in a closed system, and a rate enhancement when an 

inert gas swept the syster5, all suggest CO dissociation to be in- 

volved in the rate-deternTnfng step. Furthermore the general fall- 

ure -Lo observe a Ph3PCr(CO)5 product (in the absence of large con- 

centrakions of CO) suggests that the coordinatively unsaturated 

Cr(CO)s is not produced as an important intermediate, if at all. -- 

The following set of reactions are formulated so as to be consis- 

';ent with these points as well as the observed di-substituted QFO- 

duct. The positioning of L cis to the hydride bridge is in accor- 

dance with the I3 CO labeling study, however the possibility of dif- 

ferent stereochemical pathways for the CO exchange and the L sub- 

stitution certainly exists. 

Cr(CO)s t . . . 

7 0 _ 
decomposition 

/ 

/wqCr(CO)s]a- -co +L 
oc 

slow * 0 
0 0 

-OR- 

[(CO),LCr-H-CrL(CO),]- [LCr(CO)c] + ECr(CO)a- 

-H- 

2 CLCr(CO),3 iL 

I -co 

+L 
1 

L2cr(CO)L 4-f; HCr(CO)c;L- 

F_he 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: 2.) re- 

moval of H* thus producing reactive-radical species [4]; ii) car- 

i 
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boryl insertlon into the: ?&bond tb give-.a.rkactive.formylinter- 
: 

mediate [51; iii) ground state destabi-lization of M-CC -by- -H- via 

the dfrect donation process [6]; and-iv) tran&.itio~:&tate stabi-.. 

lization according to -Br&n's Site Preference model [i']. Due to 

the ease of data reproducibility both in the absence and presence 

of light and Oa, the possibility of radLca1 intermediates seem 

doubtful. DFrect donation from the already electromdeficient 

bridge H- into the fl orbitals of the CO also seems unlikely. We 

are presently attempting to reckon with the remaining possibilitLes. 

The Cotton-Kraihanzel [8] equatorial CO-force constant of 

~-H[Cr(C0)~la- was computed to be 15.64 mdynes/A wh%le the axial 

CO force constant had the extremely low value of 14.32 mdynes/?. 

Since lower CO force constants signify smaller CO and greater KC 

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 cLs carbonyl group 

and we propose it to also be consistent with the observed solvent 7 

effect. -(See for exmple expt 10; the reaction is slower in an 

apr0ti.c solvent.) 

Specific interaction of alkali metal ions (M' +I with metal car- 

bony1 anions has beer; observed fF,lO] and a general polarization of 

the anion towards the positive charge results in decreased carbon 

to oxygen bond order for the carbonyl group 0-complexed to the al- 

+ 
iizlF metal ion, e.g., MX-Oi "-!.I' - In concordance, those carbonyl 

f 
groups not complexed to MI show an Increased carbonyl force con- 

s-ban'; [$I. The transi%iorr metal-- -arbon bond strengths are ex- 

pected to be in the reverse order, i.e., a lowering of the metal- 

carboll bond order is expected for those groups which do.not i-nter- 

a.2-L with the alkali-netal ion. This 15ne of reasoning is appro- 
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priate to the aci-d catalysis observed here. The acid proton of 

HCl (n T_EF (expt 11) or of EtOH could very reasonably prOmOte CO 

dissociation by specifically rillteractin g with the more negative 

carbonyl oxygen, M~CXII---Ii+, t'nus enharxing the dissociation of the 

non-interacting CO groups.'" The two effects, hydride labilization 

of CO’S cis to the brZ$ge, and positive charge stabilization of 

the M-C trans to the brFdge thus complement each other in pro- 

moting cis CO dissociation. 

FFnally there-is an obvious similarfty between the k~-H[Sr(C0)s]a- 

behavior towards ligand substitution and the Chatt, et al. syn- 

thesis of LeM(CO)c and LzL.I(CO)e using Isi(CO)e and L with NaBHa as 

catalyst or facilitatorE12]. Both reagents, EtcNf V-H[Cr(CO)z]e- 

and Sr(CO)s/NaB& (1:lO ratio) react ~5th PPhe to produce only 

trans-(PhsP)2Cr(C0)4 at essentially equal rates. The Na+CL-H[Cr(CO)s]e- 

salt Fs however not readily formed in EtOU, and if indeed it is the 

inter-mediate in Chattls synthesis, small steady-state concentrations 

only are present. There exists the possibility that the 15gand labi- 

lizlnz effect oc!curs by an initially formed R-!!-Cr(CO)s- anion, or 

via E -&B-H-Cr':O)s- electron deficient bridge system rather than 

-Lhe analogous Cr-H-Cr bridge. Several tetrabydroborato comp?_e::es 

have been reported, for example RuX(BBs)(PPIne)z [13-j, RuH(BI&)CO- 

(PP&i)e 03 I, as well as XL(BH4)(h5-C5H5)z (L = H- or B&-; 

b1 = Zr or Hf) [lb], however such labilizing ability has not been 

explored. We have initiated studies in tini-s area. 

"Acid caealysis has previously been reported for the carbonyl 
exchange reaction of Fe(C0)5 [ll]. The proposed scheme for the 
increased CO lability involved the raprd, reversible formati-on of 
the S-coordinate PIFe(CO whFch then lost CO in the rate- 
determining step. &ansi& of the coordinatFon sphere is how- 
ever unlikely in the Cr complex discussed in this report. 
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