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Summary 

The structure of the title compound, (NEt4)2[H4Re4(C0)15], is reported in 
two crystallographic modifications, I and II. Both forms are monoclinic and 
the cell constants are as follows: I, a 11.355(2), b 21.204(4), c 17.416(3) A, 
/3 94.15(2)“, space group P2Jc; II, a 21.831(4), b 17.584(3), c 11.446(2) a, 
p 96.02(2)“, space group P2Jn. Two sets of 3042 (I) and 2870 (II) independent 
diffraction intensities, collected by counter methods, were used for the solution 
and refinement of the two structures. The final conventional R factors have 
values 5.5% (I) and 6.3% (II), respectively. The crystal packings are compared, 
showing different conformations of the (NEta)+ cations. The anions contain a 
tetrametal cluster formed by an isosceles triangle plus an apically bound metal 
atom; the carbonyl groups are all terminally bonded to the rhenium atoms. 
Some differences, present both in the metal atom clusters and in the carbonyl 
dispositions, are discussed and compared with a third, previously reported, 
crystallographic modification of the same compound. 

+ To whom correspondence should be addressed. 
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Introduction 

The synthesis and brief description of the X-ray structure of the salt (NEt4)2- 
[&Rea(CO),,], containing an unusual tetrametal cluster have been recently 
reported [l]. The anion exhibits in soiution interesting fluxional behavior in- 
volving two of the hydridic hydrogens, which has been studied by analysis of the 
PMR spectra at different temperatures [2]. It possesses a high reactivity in 
boiling ethanol, giving rise to various hydridocarbonyl cluster anions such as 
IH3Re3(CO)10]2-, tH3Re&-k~W%12- [31 and P-bRe4Wh12- 141. 

Very recently, two new crystallographic modifications of the same substance 
have been obtained by recrystallization, both monoclinic (forms I and II)_ This 
gave the opportunity of studying the molecular structure of the cluster anion 
in different crystal environments_ Furthermore, the structural data of the pre- 
viously reported modification (form III) were of poor quality because of de- 
composition of the crystals upon X-ray irradiation [l]. For these reasons, and 
also in order to ascertain whether some chemical transformation occurred, we 
have carried out a complete structure analysis on the two new forms. In this 
paper the resulting structures, together with the previous one, are compared and 
discussed. 

Experimental 

The compound, C31E&4NZ015Re4, mol. wt. 1429.6, gives yellow monoclinic 
crystals; the crystal data of the three forms are reported in Table 1. 

Intensity measurements 
Intensity data of forms I and II were collected on a Philips PWllOO four-circle 

automatic diffractometer, using graphite monochromatized MO-K, radiation 
(X 0.7107 A), by the w-scan method, within the limits 3” < 6 < 22”. The crystal 
sample of form I was a multifaced polyhedron of dimensions 0.26 X 0.31 X 
0.34 mm, while that of II was an elongated prism measuring 0.08 X 0.13 X 0.53 
mm_ Since the compound showed a marked decay upon X-ray irradiation [1] 
fast measurements were performed, with scan speeds of O.l”/sec (I) and 0.15”/ 
see (II). The scan widths were 1” and l-4”, respectively, and the total background 

TABLE1 

I II III 

Space group P21lc P211n p21lC 

n 11.355(2) 21_831(4) 11.60(l) 
b 21_204(4) 17_584<3) 20.68(2) 

; 

17_416<3) 11.446<2) 17_97(2) 
94_15(2) S6.02<2) 95_90<10) 

u 4182.3 4369.6 4287.9 

%I 2_23<2) 2.20(2) 2_20(2) 
DC 2.27 2.17 2.21 
Z 4 4 4 
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counting times were equal to the peak scanning times. The total numbers of the 
collected reflections were 5161(I) and 5338(II). At the end of the data measure- 
ments the amounts of decay resulted to be 10% for I and 21% for II. The in- 
tensities were corrrected for Lorentz, polarization, decay and absorption 
effects (E((Mo-K,) equal to 122.7 and 117.3 cm-’ for I and II, respectively). 
After rejection of all data having o(I)/1 > 0.25 two sets of 3042 (I) and 2870 
(II) independent non-zero reflections were used in the solution and refinement 
of the structures. 

Solution and refinement of the structures 
The metal atom positions were obtained through Patterson function analysis_ 

After preliminary refinements of the rhenium parameters successive difference- 
Fourier syntheses revealed all the non-hydrogen atom positions_ The structures 
were refined by the least-squares method in the block-diagonal approximation_ 
Anisotropic temperature factors were assigned to the rhenium atoms only. The 
contribution of the cationic hydrogen atoms was taken into account in the 
structure factors calculations (ideal tetrahedral geometry, C-H 1.08 8, B equal 
to 8 A*)_ 

The final values of the reliability indices R and R’, {R’ = [Cw(F,, - klF,l)*/ 
~wF~]“* 1, were 0.055 and 0.078 (I) and 0.063 and 0.075 (II), respectively. 
The observations were weighted according to the formula w = l/(A + BF, + CF2,); 
in the final cycles A, B and C had values 226.5, -2.4,l.l X lo-’ (I) and 70.0, 
1.0, 3 X lo-’ (II), chosen on the basis of an analysis of ZZwA’. The atomic scatter- 
ing factors were taken from ref. 5 for Re, 0, N and C, and from ref. 6 for hydro- 
gen. The rhenium factor was corrected both for the real and imaginary part of 
the anomalous dispersion [7]_ The final difference-Fourier maps were rather 
flat except for some peaks up to ca. 2 e/a3 in the vicinity of the rhenium atoms. 

The results of the refinements are reported in Table 2 for I and in Table 3 
for II. Lists of observed and computed structure factors moduli and tables of 
coordinates for the cationic hydrogens can be obtained on application to the 
authors. All computations were performed on a UNIVAC 1106 computer. 

Description of the structures and discussion 

The crystal structures consist of discrete [H4Re4(C0)15]2- anions and (NF&)* 
cations in the ratio 1 : 2. The best way to compare the packings is to show the 
projections of the cell contents down the shortest axis. i.e. down a in form I 
(Fig. 1) and down c in form II (Fig. 2). In these two views, although of different 
symmetry, the disposition of the centroids of anions and cations is similar, but 
their relative orientations are unlike. At the molecular level differences are 
present both in the anion geometries and, especially, in the conformations of 
the cations. In form II the two crystallographically independent (NE&)+ have 
essentially the same transoid conformation with approximate Did symmetry. 
In form I one cation, 2 (see Fig. l), maintains this conformation while the 
second, 1, assumes a less usual ‘nordic-cross’ arrangement of S4 symmetry. These 
two kinds of conformation, characterized by N-C torsion angles close to 180" or 
160”, are the only stable ones predictable for (NEt,)+ in the free state and should 
be comparable in energy. The packing of the previous form III resembles that of 

(continued OR p_ 212) 



T
A
D
L
E
2
 

P
O
~
I
T
I
O
N
A
L
A
N
D
T
H
E
R
M
A
L
P
A
R
A
M
E
T
R
I
~
S
I
N
F
O
R
M
I
~
~
~
 

s
;
?
 

0 

--
_-

--
 

__
_.

__
P

_-
--

--
-_

_ 
--

--
-_

., 

A
nl

so
lr

op
lc

 
nt

om
s 

A
to

m
 

x 
Y

 
z 

bJ
l 

b1
2 

bl
3 

b2
2 

--
- 

-.-
--

-_
 

h(
l)

 
3
4
9
7
6
(
1
1
)
 

1
2
1
9
9
(
6
)
 

2
6
0
3
8
(
7
)
 

6
8
0
(
g
)
 

-
3
3
(
1
0
)
 

1
7
(
1
0
)
 

2
1
2
(
3
)
 

9
G
7
(
1
1
)
 

R
c
(
2
)
 

2
6
1
6
9
(
1
2
)
 

2
9
4
1
(
6
)
 

1
2
4
1
6
(
7
)
 

-
-
1
7
(
1
1
)
 

O
(
1
1
)
 

1
9
9
(
a
)
 

R
c
(
3
)
 

1
8
6
9
1
(
1
1
)
 

1
6
6
2
3
(
6
)
 

1
1
4
4
3
(
7
)
 

7
0
G
(
1
0
)
 

O
(
W
 

2
7
(
1
0
)
 

2
1
8
(
a
)
 

W
4
)
 

1
6
8
8
4
(
1
2
)
 

9
6
3
4
(
6
)
 

3
9
0
0
9
(
7
)
 

8
G
8
(
1
1
)
 

9
W
)
 

1
4
1
(
1
1
)
 

2
0
4
(
3
)
 

_
.
 

is
ot

ro
pi

c 
at

om
s 

A
to

m
 

x 
Y

 
z 

M
A

2)
 

A
to

m
 

x 
Y

 
x 

b2
3 

b3
3 

-
G
(
6
)
 

2
4
1
(
4
)
 

-
2
6
(
G
)
 

2
8
3
(
4
)
 

4
6
(
G
)
 

2
6
8
(
4
)
 

2
6
(
6
)
 

2
6
6
(
4
)
 

W
2)

 

cw
 

4
4
3
6
(
2
6
)
 

00
1)

 
4
9
8
8
(
!
2
2
)
 

cm
 

4
8
0
2
(
3
3
)
 

am
 

6
6
6
2
(
2
7
)
 

C
(
1
3
)
 

3
9
1
6
(
2
6
)
 

O
(
1
3
)
 

4
1
6
4
(
2
2
)
 

C
(
2
1
)
 

4
2
4
0
(
8
0
)
 

O
(2

1)
 

6
1
0
1
(
2
1
)
 

C
W

) 
2
0
3
0
(
3
2
)
 

O
R

21
 

1
7
5
6
(
2
6
)
 

C
(2

3)
 

1
0
2
9
(
3
6
)
 

O
(2

3)
 

2
2
(
3
4
)
 

(3
24

) 
2
9
8
2
(
3
6
)
 

O
(2

4)
 

3
0
9
2
(
2
9
)
 

cw
 

9
3
4
(
2
7
)
 

O
(
3
1
)
 

6
0
6
(
2
0
)
 

c(
32

) 
3
2
2
3
(
2
8
)
 

OW
) 

4
1
6
G
(
2
1
)
 

C
(
3
3
)
 

4
0
4
(
2
9
)
 

O
(
3
3
)
 
-
4
1
7
(
2
3
)
 

C
(
3
4
)
 

1
4
4
2
(
2
8
)
 

o
(
w
 

1
1
.
8
7
(
2
1
)
 

C
(
4
1
)
 

3
0
1
9
(
2
8
)
 

O
(
4
1
)
 

3
7
4
7
(
2
6
)
 

6
3
1
(
1
4
)
 

2
7
W
1
2
)
 

1
4
3
0
(
1
8
)
 

1
6
7
4
(
X
6
)
 

1
8
6
6
(
1
4
)
 

2
2
8
0
(
1
2
)
 

4
6
8
(
1
7
)
 

6
6
G
(
1
2
)
 

6
2
(
1
8
)
 

-
8
7
(
l
G
)
 

1
9
2
(
1
9
)
 

1
8
4
(
1
3
)
 

-
G
3
3
(
2
0
)
 

-
l
O
G
O
 

1
3
8
4
(
1
6
)
 

1
2
4
7
(
1
1
)
 

1
8
0
9
(
1
6
)
 

1
8
9
6
(
1
1
)
 

1
6
6
7
(
1
6
)
 

1
6
9
2
(
1
3
)
 

2
4
9
6
(
1
8
)
 

3
0
3
6
(
1
1
)
 

1
0
2
6
(
1
6
)
 

1
0
0
6
(
1
3
)
 

3
2
2
1
(
1
7
)
 

3
6
6
1
(
1
4
)
 

2
1
0
7
(
2
2
)
 

1
8
1
6
(
1
6
)
 

3
2
9
7
(
1
6
)
 

3
7
1
O
(
l
G
)
 

8
6
6
(
2
0
)
 

G
6
1
(
1
4
)
 

2
2
0
(
2
1
)
 

4
0
6
(
1
7
)
 

1
6
7
1
(
2
3
)
 

1
7
9
5
(
1
6
)
 

1
6
8
8
(
2
3
)
 

1
7
1
7
(
1
9
)
 

2
4
2
(
1
7
)
 

-
3
3
6
(
1
3
)
 

6
2
6
(
1
8
)
 

3
2
9
(
1
3
)
 

1
7
1
4
(
1
9
)
 

2
0
2
4
(
1
6
)
 

9
4
G
(
1
8
)
 

7
9
3
(
1
4
)
 

4
6
9
1
(
1
8
)
 

G
O
G
B
(
1
6
)
 

3
$
X
6
)
 

6
.
3
(
8
)
 

G
.
9
(
3
)
 

8
,
4
(
7
)
 

3
,
9
(
6
)
 

6
.
6
(
6
)
 

6
.
2
(
7
)
 

6
,
0
(
G
)
 

6
,
9
(
8
)
 

8
,
3
(
7
)
 

6
.
8
0
)
 

7
,
3
(
6
)
 

6
.
8
(
O
)
 

9
,
0
(
8
)
 

4
,
8
(
G
)
 

G
.
7
(
6
)
 

4
,
6
(
6
)
 

6
,
9
(
G
)
 

4
,
9
(
7
)
 

6
.
8
(
G
)
 

4
.
6
(
6
)
 

6
,
0
(
G
)
 

4
.
G
(
6
)
 

7
,
6
(
6
)
 

C
(W

 
O

W
 

C
(
4
3
)
 

O
(
4
3
)
 

C
(
4
4
)
 

O
(
4
4
)
 

N
(
1
)
 

C
T
(
1
1
)
 

C
T
(
1
2
)
 

C
T
(
1
3
)
 

C
T
(
1
4
)
 

C
T
(
1
6
)
 

C
T
(
1
6
)
 

C
T
(
1
7
)
 

C
T
(
1
8
)
 

N
(
2
)
 

C
T
(
2
1
)
 

C
T
(
2
2
)
 

C
T
(
2
3
)
 

C
T
(
2
4
.
)
 

C
T
(
2
6
)
 

C
T
(
2
6
)
 

C
T
(
2
7
)
 

C
T
(
2
8
)
 

6
2
1
(
2
7
)
 

6
3
(
2
1
)
 

1
7
4
6
(
2
8
)
 

l
G
7
1
(
2
7
)
 

1
2
4
3
(
4
1
)
 

1
1
0
4
(
2
7
)
 

2
G
7
3
(
2
4
)
 

3
1
7
4
(
3
4
)
 

1
7
9
7
(
3
1
)
 

1
7
0
2
(
4
1
)
 

3
G
9
4
(
3
8
)
 

2
4
7
4
(
3
G
)
 

2
3
6
4
(
4
1
)
 

2
2
1
G
(
G
G
)
 

3
9
7
5
(
6
1
)
 

2
7
6
1
(
2
0
)
 

3
2
0
3
(
2
9
)
 

8
6
0
3
(
3
G
)
 

2
G
G
G
(
4
0
)
 

1
6
3
6
(
3
8
)
 

4
2
9
9
(
4
6
)
 

4
0
8
9
(
3
9
)
 

2
0
6
7
(
4
8
)
 

G
2
6
(
6
0
)
 

7
8
6
(
1
6
)
 

7
1
3
(
1
1
)
 

9
4
(
1
6
)
 

-
4
3
3
(
1
4
)
 

l
S
G
2
(
2
2
)
 

2
4
0
2
(
1
4
)
 

-
2
1
7
8
(
1
3
)
 

-
2
7
8
4
(
1
8
)
 

-
2
0
6
4
(
1
6
)
 

-
2
1
8
4
(
2
2
)
 

-
d
6
6
4
(
2
1
)
 

-
3
3
8
6
(
2
0
)
 

-
2
0
6
2
(
2
3
)
 

-
2
2
8
2
(
3
2
)
 

-
-
x
O
2
G
(
2
7
)
 

4
0
2
4
(
1
1
)
 

3
3
7
4
(
1
6
)
 

4
3
7
6
(
2
0
)
 

4
4
1
1
(
2
3
)
 

3
9
4
0
(
2
0
)
 

3
3
2
o
q
2
6
)
 

4
0
1
0
(
2
1
)
 

5
0
6
1
(
2
7
)
 

3
6
6
1
(
2
8
)
 

4
6
9
1
(
1
8
)
 

4
,
6
(
6
)
 

6
2
2
2
0
8
)
 

6
.
8
(
G
)
 

3
6
2
6
(
1
9
)
 

4
.
7
(
6
)
 

3
3
9
3
(
1
8
)
 

6
.
4
(
7
)
 

3
9
2
2
(
2
7
)
 

8
.
0
(
1
1
)
 

3
8
8
9
0
7
)
 

8
.
2
(
7
)
 

4
9
7
0
(
1
G
)
 

6
.
0
(
G
)
 

4
9
2
G
(
2
2
)
 

&
l
(
8
)
 

4
2
3
2
(
2
0
)
 

6
,
3
(
7
)
 

G
6
4
4
(
2
6
)
 

7
.
9
(
U
)
 

G
O
l
G
(
2
6
)
 

7
.
4
(
1
0
)
 

4
7
0
1
(
2
4
)
 

6
.
7
(
D
)
 

3
4
7
6
(
2
7
)
 

8
.
2
(
1
1
)
 

6
8
0
6
(
3
8
)
 

1
2
.
2
(
1
8
)
 

6
0
9
2
(
8
4
)
 

1
0
.
3
(
3
6
)
 

2
6
7
9
(
1
3
)
 

3
.
7
(
4
)
 

2
4
1
6
(
1
9
)
 

4
,
8
(
7
)
 

3
0
7
4
(
2
8
)
 

6
.
0
(
9
)
 

1
8
4
6
(
2
7
)
 

8
.
2
(
U
)
 

2
9
7
0
(
2
6
)
 

7
.
0
(
1
0
)
 

1
9
9
1
(
3
0
)
 

9
.
1
(
1
2
)
 

3
8
2
2
(
2
6
)
 

7
.
6
(
1
0
)
 

l
S
D
O
(
3
1
)
 

l
O
.
O
(
l
4
)
 

2
6
7
0
(
3
3
)
 

1
0
.
3
(
1
6
)
 

!
 T
h
e
 R
e
 p
a
r
a
m
e
t
e
r
s
 

X
 1
0
s
;
 t
h
e
 o
t
h
e
r
 

on
es

 
X 
1
0
4
,
 ex
ce

pt
 

fo
r 

th
e 

is
ot

ro
pi

c 
n 

fn
ct

or
s.

 
b 
T
h
e
 b
i
j
 
v
d
u
e
s
n
r
c
t
h
e
 

c
o
c
f
f
l
c
l
c
n
t
s
 

o
f
e
x
p
-
(
h
~
b
~
~
+
k
2
6
~
2
+
 

12
bj

s-
t 

M
b1

2 
+

 h
lb

1g
 
t 

Ir
Ib

&
 



T
A
B
L
E
3
 

P
O
S
I
T
I
O
N
A
L
A
N
D
T
H
E
R
M
A
L
P
A
R
A
M
E
T
E
R
S
I
N
F
O
R
M
I
I
a
 

A
ni

so
tr

op
ic

 
at

om
8 

A
t
o
m
 

x
 

h
(
l
)
 

3
6
4
8
9
(
6
)
 

R
W
)
 

4
6
3
6
5
(
6
)
 

R
d
3
)
 

3
4
2
7
2
(
6
)
 

R
W
 

4
0
2
8
4
(
7
)
 

Y
 

L
 

b
l
l
 

b
l
2
 

b
1
3
 

b
2
2
 

b
2
3
 

b
3
3
 

_
-
-
 

2
4
3
8
2
(
7
)
 

6
5
4
2
0
(
1
0
)
 

1
6
9
(
3
)
 

3
5
(
6
)
 

-
1
0
7
(
E
)
 

2
5
6
(
4
)
 

-
l
b
(
l
l
)
 

5
0
6
(
g
)
 

1
1
2
1
2
(
7
)
 

7
1
3
9
8
(
1
1
)
 

1
7
7
(
3
)
 

8
5
(
G
)
 

-
1
2
0
(
9
)
 

2
8
0
(
4
)
 

-
1
0
5
(
1
2
)
 

6
9
5
(
1
0
)
 

1
0
1
4
4
(
7
)
 

8
2
0
1
1
(
1
1
)
 

l
E
O
(
3
)
 

-
5
0
(
6
)
 

-
1
3
8
(
g
)
 

2
7
5
(
4
)
 

6
1
(
1
2
)
 

6
3
7
(
1
0
)
 

3
7
4
0
8
(
7
)
 

6
5
4
7
7
(
1
2
)
 

2
3
0
(
3
)
 

O
(
7
)
 

-
8
1
(
1
0
)
 

2
6
4
(
4
)
 

-
1
6
5
(
1
3
)
 

7
6
1
(
1
1
)
 

Ia
ot

ro
pi

c 
at

om
8 

A
t
o
m
 

x
 

a
l
l
)
 

4
0
1
0
(
1
3
)
 

W
1
1
)
 

4
2
3
3
(
1
2
)
 

C
(
1
2
)
 
3
3
3
7
(
1
4
)
 

0
0
2
)
 

3
0
8
0
(
1
1
)
 

C
(
1
3
)
 
2
9
1
1
(
1
7
)
 

W
3
)
 

2
4
6
0
(
1
2
)
 

C
W
)
 

4
2
3
6
(
1
7
)
 

O
(
2
1
)
 
4
0
0
7
(
1
6
)
 

C
(
2
2
)
 
4
8
9
0
(
1
7
)
 

W
2
2
)
 

6
0
9
1
(
1
4
)
 

C
(
2
3
)
 
4
9
8
9
(
1
3
)
 

C
(
2
3
)
 

6
2
4
6
(
1
2
)
 

C
(
2
4
)
 
5
3
6
1
(
2
0
)
 

C
(
2
4
)
 
G
7
9
1
(
1
3
)
 

C
(
3
1
)
 
3
6
b
l
(
l
G
)
 

O
(
3
1
)
 
3
7
8
2
(
1
1
)
 

C
(
3
2
)
 
3
0
3
6
(
1
6
)
 

O
(
3
2
)
 
2
7
8
5
(
1
4
)
 

C
(
3
3
)
 
3
8
4
4
(
1
4
)
 

O
(
3
3
)
 
4
0
6
6
(
1
2
)
 

C
(
3
4
)
 
2
6
7
6
(
1
5
)
 

(
x
3
4
)
 
2
2
4
S
(
l
l
)
 

C
(
4
1
)
 
3
7
0
5
(
1
7
)
 

(
x
4
1
)
 
3
B
0
4
(
1
4
)
 

Y 
z 

3
1
5
5
(
1
7
)
 

5
6
1
3
(
2
6
)
 

3
6
0
0
(
1
6
)
 

4
9
6
9
(
2
4
)
 

1
6
8
7
(
1
8
)
 

6
2
3
6
(
2
8
)
 

1
5
7
6
(
1
5
)
 

4
3
5
4
(
2
3
)
 

2
9
7
1
(
2
1
)
 

6
4
8
8
(
3
2
)
 

3
3
6
3
(
1
6
)
 

6
3
5
9
(
2
2
)
 

5
9
5
(
2
2
)
 

5
8
3
9
(
3
2
)
 

2
5
3
(
2
0
)
 

4
9
5
0
(
3
0
)
 

1
9
4
(
2
1
)
 

7
7
8
1
(
3
3
)
 

-
3
8
4
(
1
8
)
 

8
2
X
1
(
2
7
)
 

1
6
2
6
(
1
7
)
 

8
6
0
9
(
2
6
)
 

1
9
3
6
(
1
G
)
 

9
3
7
6
(
2
3
)
 

1
2
9
4
(
2
G
)
 

6
4
0
3
(
3
9
)
 

1
4
1
8
(
X
)
 

5
9
3
5
(
2
5
)
 

6
3
(
2
0
)
 

8
8
B
0
(
3
0
)
 

-
-
6
3
7
(
1
4
)
 

9
3
4
6
(
2
2
)
 

6
2
6
(
2
0
)
 

6
8
4
9
(
3
1
)
 

2
0
3
(
1
7
)
 

S
O
O
O
(
2
6
)
 

l
j
l
O
(
l
8
)
 

9
5
3
8
(
2
8
)
 

1
7
6
3
(
1
6
)
 

1
0
4
5
9
(
2
4
)
 

1
0
9
9
(
1
9
)
 

8
8
7
9
(
3
0
)
 

1
1
8
7
(
1
3
)
 

9
4
0
8
(
2
1
)
 

4
3
9
4
(
2
2
)
 

7
2
5
3
(
3
2
)
 

4
8
1
5
(
1
9
)
 

6
4
8
2
(
2
7
)
 

B
(R

22
) 

A
t
o
m
 

3
.
5
(
G
)
 

6
,
6
(
6
)
 

4
.
0
(
G
)
 

6
.
0
(
6
)
 

5
.
3
(
E
)
 

6
.
1
(
6
)
 

5
.
3
(
E
)
 

9
,
3
(
9
)
 

6
,
4
(
E
)
 

8
.
1
(
7
)
 

3
,
5
(
6
)
 

G
,
G
(
B
)
 

7
,
0
(
1
0
)
 

7
,
0
(
6
)
 

4
.
8
(
7
)
 

5
.
8
(
b
)
 

4
,
8
(
7
)
 

7
.
6
(
7
)
 

3
,
9
(
6
)
 

6
.
8
(
6
)
 

4
.
6
(
7
)
 

5
,
4
(
6
)
 

6
.
3
(
8
)
 

8
,
2
0
3
)
 

C
(
4
2
)
 

w
4
2
)
 

C
(
4
3
)
 

O
(
4
3
)
 

C
(
4
4
)
 

O
(
4
4
)
 

N
W
 

C
T
(
1
1
)
 

C
T
(
1
2
)
 

C
T
(
1
3
)
 

C
T
(
1
4
)
 

C
T
(
1
5
)
 

C
T
(
X
)
 

C
T
(
1
7
)
 

C
T
(
1
8
)
 

N
(
2
)
 

C
T
(
2
1
)
 

C
T
(
2
2
)
 

C
T
(
2
3
)
 

C
T
(
2
4
)
 

C
T
(
2
b
)
 

C
T
(
2
G
)
 

C
T
(
2
7
)
 

C
T
(
2
8
)
 

x 4
1
7
4
(
1
G
)
 

4
2
2
6
(
1
4
)
 

4
8
4
1
(
1
9
)
 

5
3
3
0
(
1
5
)
 

3
2
4
9
(
1
7
)
 

2
7
9
9
(
1
3
)
 

7
1
6
(
1
1
)
 

1
1
6
2
(
1
G
)
 

1
3
3
(
1
G
)
 

5
6
2
(
1
6
)
 

l
O
O
l
(
1
7
)
 

1
3
0
1
(
1
7
)
 

-
2
1
2
(
1
9
)
 

1
3
8
(
2
4
)
 

1
5
7
1
0
9
)
 

2
5
2
8
(
1
3
)
 

2
3
4
1
(
2
2
)
 

2
7
5
7
(
2
6
)
 

3
0
2
5
(
2
5
)
 

1
9
6
9
(
1
9
)
 

1
8
5
4
(
3
1
)
 

3
3
0
1
(
2
5
)
 

3
1
9
3
(
3
7
)
 

l
G
7
1
(
2
1
)
 

Y 
.z

 

4
5
3
6
(
2
1
)
 

5
0
3
8
(
1
8
)
 

3
7
5
9
(
2
4
)
 

3
7
5
4
(
1
9
)
 

3
4
5
3
(
2
1
)
 

3
2
5
7
(
1
6
)
 

2
2
3
7
(
1
4
)
 

2
6
7
8
(
2
0
)
 

2
7
5
7
(
2
0
)
 

l
b
l
O
(
1
9
)
 

2
1
6
1
(
2
1
)
 

3
4
6
6
(
2
2
)
 

2
9
4
9
(
2
G
)
 

9
6
6
(
3
0
)
 

l
G
1
8
(
2
6
)
 

4
4
2
0
(
1
7
)
 

3
9
4
9
(
2
8
)
 

3
9
7
1
(
3
3
)
 

4
9
4
1
(
3
2
)
 

4
P
9
6
(
2
5
)
 8
 

3
2
5
0
(
3
9
)
 

3
3
6
1
(
3
3
)
 

5
5
4
5
(
4
7
)
 

5
4
1
3
(
2
7
)
 

96
03

(3
2)

 
1
0
2
8
6
(
2
8
)
 

8
1
9
4
(
3
7
)
 

7
8
1
3
(
2
9
)
 

9
0
5
1
(
3
2
)
 

9
3
4
7
(
2
5
)
 

7
6
1
6
(
2
2
)
 

8
5
6
7
(
3
2
)
 

7
2
9
1
(
3
0
)
 

8
1
9
9
(
2
9
)
 

6
4
4
7
(
3
2
)
 

8
2
2
4
(
3
3
)
 

8
3
6
9
(
3
7
)
 

7
3
7
6
(
4
6
)
 

6
5
1
6
(
3
7
)
 

2
7
6
0
(
2
5
)
 

3
7
9
7
(
4
3
)
 

1
8
2
2
(
5
0
)
 

3
4
0
6
(
4
8
)
 

2
1
1
0
(
2
7
)
 

3
3
4
7
(
5
8
)
 

2
2
8
5
(
4
8
)
 

2
3
6
4
(
7
0
)
 

3
0
1
3
(
4
1
)
 

IN
A

21
 

5
,
1
(
E
)
 

8
,
4
(
E
)
 

6
.
3
(
9
)
 

9
.
0
(
E
)
 

5
.
0
(
7
)
 

6
,
9
(
6
)
 

4
,
0
(
b
)
 

5
,
0
(
S
)
 

4
.
7
(
7
)
 

4
,
2
(
6
)
 

5
,
3
(
E
)
 

5
,
3
(
E
)
 

&
4
(
9
)
 

8
,
8
(
1
3
)
 

G
.
6
(
1
0
)
 

4
,
9
(
G
)
 

7
.
9
(
1
1
)
 

9
,
8
(
1
4
)
 

9
.
4
(
1
4
)
 

6
.
5
(
9
)
 

1
1
.
8
(
1
8
)
 

9
.
4
(
1
4
)
 

*
 1
5
,
9
(
2
3
)
 

7
,
6
(
1
1
)
 

’ 
SW

 f
oo

tn
ot

es
 

on
 T
o
b
l
o
 
2
.
 



242 

Fig_ l_ Projection of form I down the a axis 

I; one cation is very similar to 2 while the other, lying at the position of 1, is 
disordered. 

The surprising ability of this salt to give various crystallographic modifications 
can probably be ascribed, not only to the different cationic conformations, but 
also to the flexibility of the open-cluster anion (see below). The packing effi- 
ciency, on the basis of the computed density, is I > III > II. A view of the anion 
I~R%(COM2-, with the atomic numbering, is depicted in Fig_ 3. It contains 
a tetrametal array, consisting of an isosceles triangle [Re(l)Re(B)Re(3)] plus an 
apical metal atom, Re(4), bound to Re(l)_ All the fifteen carbonyl groups are 
terminally bonded to the rhenium atoms, occupying octahedral coordination 
sites. Tables 4 and 5 give a comparison of the bond lengths and bond angles in 
the different forms.- 

The three metal atom clusters are very similar; however, minor but signifi- 
cant differences are present. The most symmetric one is that of form I, in which 
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Fig. 2. Projection of form II down the c axis. 

the two long trianglular edges, Re(l)-Re(2) and Re(l)-Re(3), and the angles 
Re(4)-Re(l)-Re(2) and Re(4)-Re(l)-Re(3) are nearly equal, thus almost 
exactly conforming to ideal C, symmetry_ In form III the two long triangular 
edges become somewhat different (ca. 0.02 A) and in form II also the two above 
angles show a certain difference (ca. 4”). It is noteworthy that packing factors 
may have some influence not only on the bond angles but even on the metal- 
metal distances. 

The Re-Re bond lengths and the positions of the hydridic atoms (not direct- 
ly located) have already been discussed [l]. The short Re(2)-Re(3) edge, 3.03 
A, has a typical value for a normal single bond. The other three Re-Re bonds 
are lengthened by the presence of edge-bridging hydrido ligands, as found in many 
similar situations [ES]. The fourth hydrido ligand must, on the basis of steric considera- 
tions, be terminally bound to Re(4), trans to CO(41) (see Fig. 3). These hydrides 
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te2 

0032 

Fig_ 3. View of the anion fH&Re4(C0)151 *- (in form I) with the postulated hydridic atoms positions. 

belong, therefore, to three classes, as shown by PMR spectra at temperatures 
lower than 0°C i.e. H(1) and H(2) (7 26.93), which are equivalent, H(3) (7 
25.95) and H(4) (T 15.04); at higher temperatures the latter two are fluxional, 
giving only one signal (T 20.5’7 ppm) [2]_ In order to attain the EAN for the 
metals the two net negative charges of the anion must be equally shared by the 
four rhenium atoms. 

The Be-C and C-O distances show more regular values in form II, while in I 
they are rather scattered_ The overall mean values are 1.91 and 1.16 a (I) and 
1.38 and 1.20 A (II), respectively_ However the carbonyl groups are of four 
kinds: CO trans to CO (6), CO trans to hydrogen-bridged Re-Re bonds (6), 
CO tram to Be-Re bonds (2) and CO trans to a hydrido ligand (1). The Re-C 
distances correspondingtothefirstclasshave,onaverage,highervaluesthan 
those belonging to the second (overall mean values on the two structures 1.92 
vs. 1.87 A). A possible explanation is that mutually tram carbonyl groups are in 
competition between themselves for the metal-to-ligand back-donated ‘IT elec- 
trons_ 

The corresponding Re-Re-C and C-Re-C angles show large differences in 
the three forms, up to 13”. The anion possesses a certain flexibility since some 
torsion of the Re(4)H(C0)4 group is possible about the Re(l)-Re(4) bond. In 
form II the overall anion geometry conforms well to C, symmetry since the above 
torsion angle is very small, ca 4” (see Fig_ 4 above). In form I a deviation of 
about 15O occurs and owing to the dissymmetric intramolecular non-bonded 
contacts the disposition of the carbonyl groups becomes highly unsymmetrical. 
In all cases the basal triangular moiety exhibits large differences between 
Re-Re-C (equatorial) angles involving hydrogen-bridged and non hydrogen- 
bridged Re-Re bonds (see Fig_ 4 below)_ The former are enlarged in order to -. 
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TABLE4 

BONDDISTANCES (~)IN<NEt~)~[HqRe~(CO)~~]<msquarebracketsthemetai-metaldistancesoffo~ 

III) 

Distance Form1 Form11 

Re(l)-Re(2) 
ReW-Re<3) 
Re(l)-Re(4) 

Re(2)-Re<3) 

ReW-C(ll) 
Re(l)-W12) 

Re(lPC(13) 
==(2)--C<21) 
Re(2)-C(22) 
Re(2WX23) 
Re(2vX24) 
Re(3wX31) 

Re(3)--C(W 
Re(3PC<33) 

Re<3)-C<34) 
Re<4)--C(41) 
Re(4)-Cc42) 
Re(4PC(43) 
Re(4)--C(44) 
c<ll)-o(11) 
c(12)--0(12) 
C(l3)-0(13) 
C(21)-O(21) 
C(22)--0(22) 
C(23)-0(23) 
C(24)--0(24) 

C(31)--w31) 
C(32)-0<32) 

C(33)--0<33) 

C(34)--0(34) 
C<41)-w41) 
C(42)-0(42) 

C(43)--0(43) 
C(44)-0<44) 

N(l)--CT<ll) 

N(U-CT(12) 

N(lt--CT<13) 
N(l)--CT(14) 
CT(ll)-CT(15) 

C<12)-CT(16) 
CT(13)--CT(17) 
CT<14)-CT<lS) 

N(2)-CT(21) 
N(2PCT(22) 
N(2)--CT(23) 
N(2)-CT(24) 
CT<21)--CT<25) 
CT(22)-CT(26) 
CT(23)--CT<27) 
CT<24)--CT<28) 

3.184(2) 
3.181<2) 
3.287<2) 

3.026(2) 
l-92(3) 
l-82(4) 

l-87(3) 
2.04(4) 
1.92(4) 

l-94(4) 
1.87(4) 
1.92(3) 
1.87(3) 
2.00(3) 
1.86(3) 
l-96(3) 

l-86(3) 
1.93(5) 
l-92(3) 

l-13(4) 
l-16(5) 
l-16(4) 
l.O8(4) 
l-16(5) 
l-23(5) 
l-17(5) 
l-12(4) 
1.24<4) 
1.11<4) 
l-21(4) 
l-12(4) 

l.l7(4) 
l-18(6) 

l-19(5) 
l-47(5) 

l-52(4) 
1.46(6) 

l-58(5) 
l-51(6) 
l-50(6) 
l-44(8) 
l-49(7) 
l-50(4) 
1.45(5) 
l-52(5) 
l-51(5) 
l-50(6) 
1.58<6) 
l-52(8) 
X43(7) 

3.192(2) [3.192(8)'1 
3.2X0(2) [3.211<8)] 
3.287<2)[3.288(9)] 

3.029(2) [3.023(8)1 
l.88(3) 
l-85(3) 

l.86(4) 
1.89<4) 
1.85(4) 

l-89(3) 
l-89(5) 
l.87(4) 
l-89(3) 
1.91<3) 
l-89(4) 
1.94<4) 

l-85(4) 
l-86(4) 

l-92(4) 
l-21(4) 
l-23(4) 
l-19(5) 
1.24(5) 
1.20(5) 
l-22(5) 
l-15(5) 
X22(4) 
l-21(5) 
l-19(4) 
l-17(4) 
l-20(5) 

1.18(5) 
l-20(6) 

l-13(5) 
l-58(4) 

1.58(4) 
l-50(4) 

l-54(5) 
1.48(5) 

l-55(6) 
1.58t6) 
1.56(6) 
1.54(6) 
l-46(7) 

1.55(6) 
l-60(5) 
1.67(8) 
l-64(8) 
l-66(10) 
l-57(7) 

lower the H--C non-bonded contacts, with a mean value (on the three forms) 
of 111” vs. 91” for the *others. A similar situation was found in the correspond- 
ing moiety of [H2Re3(C0)12]- 191. 

The coordination around Re(4) is similar in forms I and II. The C(43)-Re(4) 
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TABLES. 

BONDANGLES<DEG.)FORTHEANION CH~Re&ZO)&-INTHX~TI~REEF'ORMS ._ ~. 

An&Z Form1 Form11 &-m III" 

Re<2)_Re<lPReQ) 

Re(l)_Re(PPRe(3) 
Re<l)_Re<3)_Re<2) 
Re(2)-_Re(l)-Re~4> 
Re<3)_Re(l.~Re<4) 
Re(2)-Re(l)-C(l1) 
Ra(2)-_Re<lW(12) 
Re(2)-_Re(l~(l3) 
Re<3)-_Re(l)-_C(11) 

Re(3)_ReW-C(12) 
Re(3)_Re<lW<13) 
Re<4)_Re(l)--C(ll) 
Re(4)-Re(l)-_C(lB) 
Re(4)-Re(l)--C(13) 
C(ll)_Re<l)--C(12) 
C(ll)-Re<lW<13) 
C<12)-Re<lW<13) 
Re<l)-Re<2)-_C<21) 
Re<lt_Re<2)-_C(22) 
Re<l~Re~2+CX23~ 
Re(lf--Re(2)-Ct24) 
Re(3jRe<2j-C<21) 
Re(3)_Re(2)--C(22) 
Re<3P_Re<2)--C<23) 
Re(3j-Re(2)-C(24) 
C(2l)_Re(2)-C(22) 
C(21)_Re(2)--C(23) 
C<21)-Re(2jC(24) 
C(22)-Re(2j-C(23) 
C<22)-Re(S)-C(24) 

C<23)_Re<2)-_C(24) 
Re~l)_Re(3)-C~31) 

Re(l)_Re(3~C<32) 
Re(l)-Re(3)-C(33) 
Re(l)-Re(3)-C<34) 
Re(2)_Re(3)-C<31) 

Re(2)_Re(3J-C(32) 
Re(2)_Re(3-(33) 
Re<2)-Re(3)-C(34) 
C(31pRe(3fl(32) 

C<31)-Re(3j-C(33) 

C(31)_Re(3)--C(34) 
C(32)_Re(3)-C(33) 
C(32)_Re(3-(34) 
C(33)-Re(3)--C(34) 
Re(l)_Re(4K(41) 
Re(l)_Re<4)--C~42) 
Re(l)_Re(4)-C(43) 
Re<ljRe<d)-C<44) 
C(41)_Re(4)-_C(42) 
C(41)_Re(4)-_C(43) 
C(41jRe(4j-C(44j 
C<42t_Re<4)-_C(43) 
C(42jRe(4W(44) 
C(43)-_Re(4)-C(44) 

56.8(l) 

61.5(l) 
61_7<1) 

102.9(l) 
102.8<1~ 

98(l) 
91(l) 

171<1) 
155(l) 

99(l) 
114<1) 

83(l) 
165(X) 

80(l) 
89(l) 
90(l) 
87<1) 
84<1) 

157(l) 

950) 
109(l) 

94<1) 
97(l) 
S2<1> 

167(l) 
90(l) 

175(2) 
94<2) 
89(2j 
94<2) 

90<2) 
145(l) 

89(l) 
92(l) 

124(l) 

340) 
87(l) 
97(l) 

172(l) 

95(l) 
87(l) 

9x11 
176(l) 

88(l) 
89(l) 

81<1j 
175(l) 

85(l) 
90(l) 
94(l) 
97(l) 

95(Z) 
94<1) 

9x21 
166<2) 

56.5<1) 

62.0(l) 
61.5(l) 

103.9(l) 
lOO.O<l) 

107(l) 
89(l) 

160(l) 
163(l) 

90(l) 
103(l) 

81<1) 
167(l) 

80(l) 
92(l) 
93(l) 
90(l) 
86(l) 

153(l) 

920) 
lll<l) 

86(l) 
91(l) 
89(l) 

173(l) 

89(2) 
176(l) 
94(2) 
90(l) 
95<2) 

91<2) 
1520) 

87(l) 
92(l) 

112<1) 

91(l) 
92(l) 
86(l) 

172(l) 

90(l) 
90(l) 
96(l) 

178(l) 

920) 
90(l) 
81(l) 

174(l) 

92(l) 
820) 
94(2j 
96(2) 

97(2) 
91<2) 

96(Z) 
165<2) 

56.5<2) 

62-O(2) 
61.4(2) 

103.6(2) 
103.5<3) 

103(3) 
90(2) 

171(2) 
159(3) 

88(2) 
116<2) 
80x3) 

166(2) 

81(2) 
92(4) 
86(3) 
86<3) 
89(2) 

158(2) 

91<2> 
lll<l) 

91<2) 
96(2) 
86<2) 

173(l) 

87(3) 
177(3) 
91(2) 

92(3j 
91<3) 
92<2) 

149<2) 

88(2) 
92(3) 

122<2) 

87(2) 
86(2) 
97(2) 

174(2) 

85(3) 
97(4) 

89(3) 
177<3) 

90(3) 
88(3) 
82<3) 

173(2) 

87(2) 
92<2) 
91(4) 

105(3) 
lOl(3) 

95<3) 

90(3j 
154(3) 
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TABLE 5 [continued) 

Angle 
-. 

Re(l)--C(11)-O~ll) 
Re<l)-C(12)-O(l2) 

Re(lHX13k-O(13) 
Re(2)-C(21)--O(21) 
Re(2)-C<22)-0<22)- 

Re(2)--C<23)--0(23) 
ReW--C(24)-0<24) 
Re(3tC<3l)-W31) 
Re<3t_C(32)-0(32) 

Re(3)-C(33)--0(33) 
Re(3)--C(34PO(34) 

Re(4)--C(41)-0~41) 
ReW-C<42)-0(42) 
ReW-C<43)--0(43) 
Re(4)-C(44~0(44) 

Form1 Form11 Form III= 

178(3) 177(3) 

177<3) 173(3) 
178(3) 173(3) 
179C3) 176(3) 
175(3) 176(3) 
174<3) 176<3) 
173(4) 178<4) 
171(3) 175(3) c 180 
176<3) 179(3) 
171(3) 171(3) 
178(3) 173(3) 

169(3) 178(3) 
175(3) 175<3) 
170(3) 171<4) 
174(4) 177(3) 

e In the refinement of form III the Re-C-0 interactions were constrained to linearity with a fixed C-O 
distance of 1.16 k 

C(44) angle (166” and 165”, respectively) shows a bending of these CO groups 
toward the terminal hydrido ligand, H(4), due to its low steric requirement_ The 
amount of bending in form III is larger (154”) but the value is probably unaccu- 

Fig. 4. View of two moieties of the anioninforms I and 1I;aprojectiondownthe Re(4)-Re(l)bond 
(A)andtbebasaltrianglewithtbe equatorialcarbonylgroups <B). 
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rate because of the linearity imposed on the Re-C-0 interactions in that case 
113. 

It has been pointed out (see, for instance, ref. .8 and refs. therein) that the 
tendency of metal atoms, at least in three- and tetra-metal clusters, to achieve 
a complete 18 electron shell enables us to make forecasts of the geometry and 
bonding in such arrays on the basis of a simple electron count. The EAN rule 
requires a total number of 60 valency electrons for a tetrahedral cluster. A 
lower number leads to electron deficient species with metal-metal double 
bonds (possibly delocalized), while a larger number gives electron rich compounds, 
with a deficiency of one metal-metal bond for each supplementary electron 
pair_ The present anion possesses 64 valency electrons, thus requiring the break- 
ing of two of the six tetrahedral edges (Re---Re of ca. 5 A). More electrons 
imply the absence of surplus metal-metal bonds so that such structures cannot 
be held together without the presence of bridging ligands, as in the cases of 
[Re(SCH3)<C0)3]4 [lo], [OSO(CO)~]~ [ll] and [HW(OH)(CO)J4 1121, which 
are all 72 electrons species with no metal-metal bonds- From this point of view 
[H4Rea(CO),,j2- is the most electron rich tetrametal cluster ever found. 
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