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UV irradiation of q5-CSHSNb(C0)4 in the presence of the phosphine ligands 
L (L = 2 PEt3, Ph,P(CH,),PPh, (p,(n), n = l--5), cis-Ph,PCH=CHPPhz (c-dpe)), 
and the mixed amine-phosphine ligands PhzAsCHzCHzPPhz (arphos) and 
o-C6J&(AsPb2)(PPh2) fpab) yields the well defined complexes c~s-~~~-C~H~N~- 
(CO),L] l The monosubstituted species $-CSHSNb(C0)3L have been characterized 
spectroscopicaliy, P,Ph, forms mono- and dinuclear, mono- and biligate car- 
bonylniobium complexes.. 

Shielding of the 93Nb nucleus increases in the sequences (i) PhzAs- < Ph2P-, 
(ii) chelate 4-ring < chelate 5-ring and (iii) qs-C5HSNb(C0)2L < $-CSHSN?o- 
(CO)3L < $‘-CSH5Nb(C0)4, and 31P coordination shifts decrease in the order 
e-dpe > pab > arphos > p,(Z) > p*(5) > p*(4) - PEt3 > p*(3) > p,(l). The 
trends generally parallel those for the corresponding NMR parameters of the 
vanadium complexes_ Pammagnetic contributions to the overall shielding are 
smaller for the g3Nb than for the ‘lV nucleus, and this is explained in terms of 
increased eovalency and decreased n-interaction in the niobium complexes. 

Introduction 

While the chemistry of phosphine, amine and stibine derivatives of CpV(CO), 
has been studied extensively [I+], there have been only a few reports on 
phosph~e-niobi~ complexes. *To date, the compounds CpNb(CO)sL (L = 
PCy, [?], PPh3, ‘&Ph3, SbPhs [8 J ), CpNb(C0)2L2 (La = 2 PPhJ, Ph,P(CH,)2- 
PPh,) [8] and Cp,Nb(CH3)L (L = P(OMe)3, PEt3) [9] have been characterized, 
and ElIis et al. have described the preparation of [E&N] [Nb(CO),PPh,] and 
[Et4N] [Nb(CO)4PhzP(CH,),PPh,] [IO]. Carbonylniobium complexes have 
now become more readily available, through a high-yield synthesis of CpN%(CO), 
described recently by Herrmann et al, [II], who also characterized the niobium 
cluster Cp3Nb3(CO), [12,16], 

0022-328X/81/0000--0000/~02.50, @ 1981, Elsevier Sequoia S-A. 



TA
B

LE
 

1 

N
M

R
 D

A
T

A
 

- C
om

yl
ex

 *
 

6(
93

i?
b)

 

@
pm

) 
re

l.
 

N
bC

ls
/M

cC
N

 

6(
Q

3N
b)

 

(p
pm

) 
re

l.
 

N
b

O
C

l3
/M

eC
N

 

S
(5

’V
) 

b 

(p
pm

) 
re

f.
 

V
O

C
l3

 

8(
31

P
) 

w
or

d,
 

’ 

(p
pm

) 
W

P
) 

’ 
(p

pm
t 

6(
31

P
) 

u
n

co
or

d.
 

’ 

(P
P

n
o

 

J(
3’

P
-3

”P
) 

(H
z)

 

C
pM

(C
O

)4
 

1 
C

pM
(C

O
)G

P
E

t3
 2

 
C

pM
(C

O
h

(P
E

t~
)2

 
3 

C
pV

IC
0)

6P
2M

e4
 

4B
 

C
P

M
W

)~
P

~
 

0)
 

6 
{W

W
W

 
,&

4-
u

 W
6A

 

4 
! 

~
~

~
~

~
~

~
~

~
~

~
~

}~
 

8.
4 

C
P

W
W

Z
P

Z
W

 
10

 

C
pN

b(
C

O
)3

p2
(2

) 
Il

A
 

C
sW

C
0)

2~
2(

2)
 

12
 

fW
W

C
%

p$
W

 
18

A
 

-2
01

6 
-1

66
6 

-1
66

6 
-1

41
6 

-1
64

6 
-1

16
6 

-1
36

0 
-9

10
 

--
16

70
 

-1
22

0 

--
x6

32
 

-1
41

0 
-1

16
0 

-1
3B

l(
d)

e 
-1

41
0(

d)
 

f 

-8
70

 

-1
11

0 

...
...

 
.._

 ..“
. 

.l-
l 

_-
l._

 ...
...

.. . 
...

. 
_ 

“.
, 

i2
4.

3 
47

 
+

G
2,

6 
76

 
+

37
(d

) 
e 

66
 

-W
d)

 
27

6 
+

%
25

(d
) 

60
 

--
2B

,O
(d

) 
21

7 
la

.7
 

64
 

+
G

3,
4(

d)
 

71
 

-3
.4

(d
) 

32
6 

+
80

,8
 

99
 

+
&

1,
1(

d)
 

82
 

-2
7.

9(
d)

 
94

 
+

27
 

62
 

+
b2

 
78

 
W

7,
6 

93
 

-1
6.

9 
+

04
.7

 
11

0 
C

l1
2 

12
7 

+
31

 
61

 
-2

0 



-1
33

0 
-8

80
 

-1
66

0 
-1

20
0 

-1
68

0 
-1

08
0 

-1
61

0 
-1

lG
O

 

C
pN

b(
C

O
)z

p2
(3

) 
g 

14
A

 
C

pN
b(

C
O

)j
p2

(4
) 

16
A

 
C

PM
(C

O
)z

P2
(4

) 
16

 

C
pN

b(
C

O
)2

p2
(S

) 
29

A
 

C
pN

b(
C

O
)g

c-
dp

e 
21

A
 

C
pM

(C
O

)2
cd

pe
 

22
 

C
pN

b(
C

O
)y

-t
rp

bo
e 

28
A

 
C

pM
(C

O
)+

ph
os

 
24

 

C
pN

b(
C

O
)j

pn
b 

2S
A

 
C

pM
(C

O
@

b 
26

 

-1
38

0 

-1
36

7 

-1
14

0 

-1
14

3 

-1
03

0 

-9
96

 

+
44

 
64

 
c3

0 
48

 
-1

7.
7 

+
66

.9
 

74
 

+
72

 
90

 
+

74
 

02
 

G
4.

8 
73

 
-1

8.
9 

t8
6 

10
6 

t7
6.

2 
93

 
+

62
,6

(d
) 

16
 

-3
1.

1 
22

 
t1

06
.8

 
13

1 
+

12
0 

14
3 

t2
B

.4
 

44
 

t1
01

.1
 

11
6 

t1
17

 
13

3 
t6

6.
G

 
81

 
+

11
0.

2 
12

4 
t1

26
 

14
0 

a 
A

br
cv

in
tl

on
s 

fo
r 

U
ga

nd
a:

 p
2(

n)
 =

 P
h2

P(
C

&
)n

PP
h2

 
01

 =
 O

-6
),

 
nr

ph
os

 =
 P

h&
s(

C
H

2)
$‘

Ph
2,

 
po

b 
=

 o
-C

gM
4(

A
sP

)1
2)

(P
Ph

2)
, c

-d
pe

 =
 c

L
+

Ph
3P

C
H

=
C

H
PP

h2
. 

A
 r

el
at

es
 

to
 

ni
ob

iu
m

, 
B

 t
o 

vn
nn

di
um

 c
on

yl
ex

es
. 

’ 
P

ro
m

 r
ef

. 2
3,

 i
f 

no
t 

in
di

ca
te

d 
ot

he
rw

is
e.

 
’ 

A
t 

21
0 

K
; 

d 
=

 d
ou

bl
et

, 
3*

P 
N

M
R

 d
at

n 
sr

e 
fo

r 
th

e 
ni

ob
iu

m
 

co
m

pl
ex

es
, 

da
ta

 f
or

 t
he

 
vn

nn
dl

um
 c

om
pl

ex
es

 
nr

e g
iv

en
 in

 s
qu

nr
o 

br
nc

ltc
ts

 
(f

ro
m

 
re

f. 
23

 i
f 

no
t 

in
dl

cn
te

d 
ot

he
rw

is
e)

. 
’ 

31
P

 c
oo

xd
in

nt
io

n 
sh

if
t 

A
(8

P)
 =

 6
(3

1P
)[

co
or

di
nn

tc
d 

llg
nn

d]
 

- 
6(

31
P

) 
[f

re
e 

lig
an

dl
. 

@
 R

ef
. 

6;
 l~

(s
lV

-3
1~

) 
=

 1
6B

 H
z.

 f
rJ

(s
rV

A
*P

) 
=

 1
66

 H
z 

(f
ro

m
 r

ef
, 

[G
l)

. 
‘r

 C
llc

e 
th

e 
co

rr
es

po
nd

in
g 

va
no

di
um

 c
om

po
un

d 
[Z

I,
 t

he
 c

om
pl

ex
 I

s o
nl

y 
sp

a
ri

n
g

ly
 s

o
lu

b
le

. 
h

 F
ro

m
 

re
f. 

[3
0]

. 
’ T

he
 n

ct
un

l 
co

m
po

si
tio

n 
of

 t
he

 c
om

pl
ex

 
is

 C
PV

(C
O

)~
C

~.
P$

S)
C

PV
(C

O
)~

P~
(~

).
 

_.
” 

.._
 

“.
, 

_.
 “

. 
.l-

l 
.”

 
__

 __
~

__
_-

--
--

--
 

~
-=

~
__

__
 

“_
_.

_ 11
~

1”
” 

- 



308 

Extension of carbonylphosphineniobium chemistry is of interest in the light 
of the potential catalytic behaviour of these complexes in homogeneous H- 
and CO-transfer reactions. Additionally, comparison of the kinetics of forma- 
tion, stability, chemical and electrochemical behaviour and spectroscopic param- 
eters of carbonylphosphine-niobium and -vanadium complexes may provide 
further insight into the chemistry, structural features, and the nature of the 
bonding in these compounds_ 

One of the problems encountered with NMR. studies on heavier nuclei is the 
extent to which local dia- and par-a-magnetic terms contribute to variations in 
the overall shielding of the nucleus. Both vanadium and its heavier homologue, 
niobium, have nuclei accessible to NMR (the natural abundance of the magnetic 
nuclei is almost 100%; the relative receptivities are 0.38 and 0.48, and the nuclea 
spin quantum numbers 7/Z and 9/2, respectively), and a comparison of data in 
which all variables but the nucleusin question are kept constant should help to 
solve this problem. Various 51V NMR studies on vanadium complexes of the 
type CPV(CO)+, n L have already been carried out [2-5,13,14]. In the present 
work, in addition to preparative and IR and 31P NMR spectroscopic aspects, 
g3Nb NMR data of several phosphine-substituted CpNb(CO), complexes are 
presented. Except for two recent investigations concerned with EE&N] [ NbLs] 
(L = CO, PFs) [15], CpNb(CO), and Cp,Nh,(CO), [ 161, g3Nb measurements 
until now have been restricted to niobium(V) complexes containing halogen 
and pseudo-halogen ligands [ l?,lS]_ 

Results and discussion 

NMR and IR spectral data are listed in Tables 1 and 2. For comparison, data 
for the analogous vanadium compounds are included. 

Prepamtion and IR spectra 

The complexes CpNb(C0)2L (L = Ph,P(CH,),PPh, = p*(n), n = l-5, cis- 
Ph,PCH=CHPPh, (cdpe), Ph,As(CHZ),PPhZ (arphos), a-CbH4(AsPh,)(PPh,) 
(pab) and 2 PEt3; for discussion of the P2Ph4 complexes vide infra) are prepared 
by UV irradiation (Duran filter) of THF solutions containing equimolar amounts 
of CpNb(CO)4 and L. Isolation from the red-brown solutions by heptane 
precipitation affords ochre, orange or red microcrystalline, air-sensitive powders 
of the disubstifuted products_ The reaction proceeds in two steps via the mono- 
substituted species, and probably follows a &l mechanism analogous to photo- 
induced CO substitution in CpV(CO)+ II]_ Monosubstitution products could 
not be isolated pure, but were characterized by their CO stretching frequencies 
and 31P hWR spectra. 

The IR patterns for CPN~(CO)~L and CpNb(CO)*L are consistent with the 
local C, symmetry (i.e. cis configuration in the case of disubstitution). The 
monosubstituted compounds sometimes exhibit only two absorptions in the 
v(C0) region because of accidential degeneracy of the A’(l) and A” modes. The 
same accidential coincidence of band positions has been reported for CE>V(CO)~L 
complexes (where L is, e.g. PPh3 and AsPh3) [ 31. The IR results for the niobium 
complexes are in accord with those reported by Nesmeyanov et al. [7] and by. 
Lokshin et al. [ 8] for CpNb(C0)3PPh3 and CpNb(CO)2p2(2). 



309 

TABLE2 

IRDATA= 

Complex v(C0) (A) (cm-‘) ~(C0)(B)(cm-')~ 

1 2032 1918 

2 1954 (1850) (1850) 1947 1844 1858 
9A 1957 1867 1843 

11A 1957 1847 (1847) 
13A (1960) (1847) 
15A 1956 (1862) 1845 
18A 1955 1862 1844 
2lA 1957 1847 (1847) 
23A 1960 1866 1856 

25A 1958 1866 1852 
3 (1850) 1757 (1734) (1851) 1772 

10 z_889 1810 1871 1809 

12 1875 1800 1870 1799 
14 1833 1154 

16 1861 1779 1860 1774 
20A 1864 1771 

24 1874 1795 1867 1796 
26 1884 1812 1871 1802 

22 1882 1810 1874 1806 

5 1992 1921 1908 1958 1865 1858= 
6A 1960 1869 1855 
?A. 8A 1823 1783 

a In THF except for 14 (N&G)_ A refers to Nb. B to V complexes. Bands in brackets are shoulder or 
estimated positions. b From ref. 23 if not indicated otherwise. c Ref. 5. 

CO stretching frequencies of the CpNb(CO),L complexes are consistently 
higher than those of the corresponding vanadium compounds. The shift of 
v(C0) towards higher wave numbers as going down a group has been established, 
e.g., for the Group VI pentacarbonylphosphine complexes [19,20], and is 
accounted for in terms of a more efficient n-interaction between the phosphine 
and the heavier metal, or of a diminished tendency .of the heavier metal to 
delocalize electron density into the ligand system. In this context, Lokshin’s 
observation concerning the basicities of CpM(CO)sL (V < Nb) [8] is of interest. 

Strained ring systems (pz(l), c-dpe, pab) give rise to an increase of v(C0) 
with respect to the chelate 5ring formed with p&Z), while large ring systems 
(p,(4), p,(5)) exhibit the opposite tendency_ These trends are more pronounced 
in the Nb than in the V complexes. Similar observations were made with 
M(CO)4pz(n) complexes (M = Cr, MO, W; n = 1-3) [ZO]. 

3 ‘P NMR spectra 
In contrast to the 31P NMR spectra of phosphinevanadium complexes, which 

show very broad absorptions (if any), 31P signals of the niobium complexes are, 
sharp at 200 K. This difference in behaviour is apparently due to the greater 
electric nuclear quadrupole moment of the niobium (-0.2 1181) than of the 
vanadium nucleus (0.05 X lo-‘* m* *). which (in association with a considerable 

* Thereissomedisagreementintheliterature overthevalueofthequadn~polemomentofvanadium. 

Thereportedvahwsvaxy from0.05to0.5X lo- 281x12 [211_Wehavearguedonthebasisofa 
comparativestud~of~~Mn.~~Vand 3lP NMR parameters fortheisoelectronic and isostructural 
complexes [Mn(CO)~PX~]+and[V(C0)5PR3]-thatvanadium fallsintothelow quadrupole 
category [221. 
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increase in the molecular correlation time at low temperatures) results in relaxa- 
tion rates sufficiently high to cause complete decoupling of the 31P and g3Nb 
nuclei. 

The signals for the coordinated PPhz groups usually appear as singlets, except 
for the monosubstitution products formed with c-dpe, p,(l) and p2(0), where, 
due to the inequivalence of the two PPh*, doublets are seen both for the coor- 
dinated and the uncoordinated phosphorus. The coupling constants are 22,94 
and 217 Hz, respectively, for the three-bond (c-dpe), two-bond (p,(l)) and 
one-bond (~~(0)) phosphorus couplings. Since the other diphosphines do not 
give split signals, coupling apparently occurs via the bonds within the ligand 
itself and not via the niobium centre. One-bond P-P coupling of this order of 
magnitude has also been observed for monosubstituted CpV(CO),p,(O) com- 
plexes ([ 51 and Table 2). 

_4l.l the 31P signals for coordinated phosphorus ligands are shifted to low 
field with respect to the uncoordinated ligand. 3 ‘P coordination shifts A(6p) = 
S(31P) [coordinated PPhJ - 8(31P.) [free ligand] for the CpNb(C0)3L complexes 
cover a range of ca. 50 ppm. With the exception of arphos, ligands with a 5- and 
6-membered backbone produce a smaller down-field shift than p*(O) and p2( 1). 
This may reflect steric influences from the part of the non-coordinated PPh, in 
the case of the latter. 

WV 

-12oc 

-1100 

-1000 

-900 

-1700 
j-1360 

I 

+50- 

‘60- 

o pab -+lLO 
0 c-dpe 

h&ate-rinq size 
I I I I I 
L 5 6 7 8 

Fig. 1. Chelate-ring size <abscissa) of the complexes CpM<C0)2~2(n) vs. 6t31P) (right ordinate circles) and 
6(M) (left ordinate squares) for M = g3Nb <solid.lines and full symbols) and M = slV <broken line=. and 
open symbols). Shielding of the 31P, SIVand g3Nb nuclei increases from bottom to top. 
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A(6p) values for the disubstituted chelate complexes show a maximum value 
(minimum 31P shielding) o f r the chelate king, and a minimum value (maximum 
31P shielding) o f r the chelate 4-ring, paralleling an analogous trend of the A(6p) 
values of various carbonylphosphinevanadium and other transition metal diphos- 
phine complexes ([23] and refs. cited herein). The shielding of the metal nuclei 
(vide infra) shows the opposite trend. The situation is illustrated graphically in 
Figure 1, which also shows that within the 5-ring systems A(6p) decreases in the 
sequence c-dpe > pab > arphos > p*(B). 

g3N~ NMR spectra 
To a close approximation, the paramagnetic contribution cpara to the overall 

shielding c = (Sdia + (Spara (the diamagnetic term (idi= is practically constant for a 
given nucleus [ 241) is expressed by 

~PTLEl = - const. AK-’ < rm3 > ndk’2 (1) 

where rnd is the distance of the valance-d electrons from the nucleus ((rm3) is the 
quantum mechanical expectation value of f3), k’ the orbital reduction factor, 
and hE the mean excitation energy for electronic singlet transitions from the 
ground state to symmetry-allowed excited states. A?Z correlates with the integral 
ligand strength (o-donor + r-acceptor power in this case), (r-3>,d with the 
nephelauxetic effect, and k’* with the covalency of the metal-ligand bond 
[ 3,23,24]. High second-order paramagnetic contributions lead to low overall 
shielding, hence a decrease of 161, where 6 is the chemical shift and quoted 
negative for signals upfield of the standard_ 

In Table 1, S(‘“Nb) values are listed relative to a standard of NbCIS in CH,CN; 
NbCIS is readily available and gives a sharp g3Nb signal at extreme low field 
(high frequency), and so is a suitable standard. For direct comparison with the 
6(‘lV) values, which are quoted relative to VOC13, Table 1 also contains the 
S(g3Nb) relative to NbOC13 in CH3CN (G(NbOC1,) = ca. -450 ppm rel. NbClJ 
CH,CN Cl81 )_ 

Except for the parent compound CpNb(C0)4 itself, all the niobium signals 
are very broad (half widths Az+,~ are around 6000 Hz) and thus clearly differ 
in appearance from the “V NMR signals of the vanadium compounds, the line 
widths of which are one order of magnitude less, presumably because of the 
smaller nuclear electric quadrupole moment of vanadium. Comparison of the 
shift values 6(g3Nb) and 6(‘*V) relative to MOC13 shows that within the limits 
of error there are no distinct differences. Since the diamagnetic contribution 
(T&i=, which depends chiefly upon the terms Pi( (Pi = electron population of 
the i-th orbital) of the core electrons, aquires a greater value for the heavier 
Nb *, the pammagnetic contribution to (T is smaller in the h% than irz the V com- 
plexes. This could be due to smaller values of k’ and W3> in eq. 1 (increase of the 
covalency and of r) in the case of the niobium complexes, and to an increase of 
A-F, caused by stabilisation of the Nb 4d relative to the V 3d orbit&, and 
relative to the interacting acceptor system of the ligands. We have shown by 

* Freeatomvaes forqiaare:.u&a(g3Nb) = 387O.~~,(~~v)=1727 ppm [25]:&cdtedv&ues 

foru&dsl) inSe~e~~v~diumcompoundsare1708 to 1718 ppm [24,26]. 
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MO calculations of the SCCC type that the acceptor systems of the ligands are 
destabilized with respect to the V 3d orbitals in CpV(CO), and [CpV(CO),CNI- 
[24]. Thus, stabilization of the Nb 4d orbitals leads to diminished r-interaction 
which, for the interaction with the CO ligands, is manifested by an increase of 
v(C0) for Nb complexes. 

With the exception of the ~~(4) complexes, the trends in metal chemical 
shift are similar for the Nb and V complexes (see also Fig. 1): shielding increases 
in the several series: 

CpM( CO)2L < CpM( CO),L < CpM( CO), 

Ph&s- < Ph2P- 

chelate d-ring < chelate Eking 

The decrease of shielding on introducing a CO in place of a phosphine ligand 
has been explained in terms of an increase of the energy of the relevant transi- 
tions in complexes of low point symmetry, plus destabilization of ?r- and o-type 
molecular orbitals as M-PR3 interaction becomes increasingly important rela- 
tive to M-CO interactions [24]. Anisotropy effects may also contribute to the 
lower shielding in C, complexes [27]. The higher shielding of the metal nucleus 
in phosphorus compared with arsenic complexes is in accord with the greater 
ligand strength of phosphines (increase of AX in eq. 1) [3,4,13]. The low 
shielding in the ~~(1) complexes reflects ring strains and angle deformations in 
the chelate 4-ring structures, which hinder the metal phosphorus overlap [23]. 
As a result, AE decreases and the metal-d character of the orbitals involved in 
the electronic transitions increases (k’ increases), and hence there is an increase 
in apara and a decrease in (T (and 161). 

At the same time, deviation from the tetrahedral bond angles at the phos- 
phorus leads to an increase in the s-contribution to the phosphorus donor func- 
tion and thus to an increase in 31P shielding (decrease of ACap)) of p,(l) 
relative to ~~(2) complexes (Fig. 1). Restricted o-overlap between Nb and the 
phosphorus functions in CpNb(CO)zpZ(l) should result in diminished electron 
density at the niobium centre and thus may release the n* acceptor orbit& 
located on the CO ligands; hence the higher Y(CO) value (cf. Table 2). 

The reaction between CPN~(CO)~ and Ph2PPPh2 
Figure 2 illustrates the 31P NMR spectrum of the products present after 

20 minutes irradiation_ The relevant data are listed in Table l. and 2. 
The first product, which can be identified after brief irradiation times (ea. 

5 min), is apparently the mononuclear, monoligate species CpNb(C0)3P2Ph4 
(5A), characterized by two dqublets (1J(31P-31P) = 217 Hz) at +32.5 (coor- 
dinated PPh,) and -28.0 ppm (uncoordinated PPh*; free ligand: -17-8 ppm). 
The second step may be either displacement of a second CO and formation of 
a mononuclear, biligate species CpNb(CO),(P,Ph,), (7A), or reaction of 5A 
with a second CPN~(CO)~ to yield the dinuclear, monoligate complex 
{CpNb(C0)3}2p-PzPh4 (6A). Both complexes were identified by their IR and 
31P NMR spectroscopic characteristics. Thus, 6A exhibits a singlet due to the 
equivalency of the P atoms, while 7A is characterized by two doublets (+53.4 
and -3.4 ppm, 1J(31P- 31P) = 325 Hz): The Y(CO) absorptions for 5A are at 
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Fig. 2. 36.44 MHz 31P(1H}-NMR spectrum of the reaction between CpNb(CO)4 and P2Ph4 after 20 
min of irradiation time. 

markedly higher wave numbers than those for 6A, and this can be attributed to 
enhanced p-delocalization with participation of the unligated PPh2 group in the 
former. Further reaction of 7A with CpNb(C0)4 then affords {CpNb(CO),},- 
(p-P,Ph4j2 (SA), which again gives rise to a singlet with a 31P coordination shift 
similar to that of CpNb(CO),p2(2). All the assignments were carried out on the 
basis of similar results for the reaction between CpV(CO),, and diphosphanes 
P,R, 15]- 

Experimental 

General method and materials 
All operations were carried out under nitrogen in Schlenk-tubes and in 

anhydrous, oxygen-free solvents. The irradiation apparatus was a Duran tube of 
ca. 50 ml capacity, and irradiation was carried out with a high-pressure mercury 
lamp (Philips HPK 125, Mangels, Bonn), fitted into a quartz cooling mantle and 
placed very close to the Duran vessel. During irradiation the solution was 
agitated by passing a weak NZ stream through the reaction mixture by means of 
a gas inlet tube fitted with a Gl filter plate. NZ and CO were released through a 
10 mm mercury valve. The reactions were monitored by IR spectroscopy. 

CpNb(CO), was prepared from Cp2NbC12 [28] by the method reported by 
Herrmann et al. [ll], but using a magnetically stirred high pressure device and 
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during the concentration of the THF solution. 14A separated during irradiation, 
and is an almost insoluble compound. Yields are around 40%. 
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