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Summary 

An X-ray study of the complex (C5H4SMe,)Cr(CO), has shown that the sul- 
phur atom is not coordinated to the metal atom, the non-bonded distance 
S--Cr being 3.478 A. Thus the organic ligand is coordinated in its ylide form. 
The geometries of the ylide ligand in its coordinated and free states are com- 
pared with respect to their behaviour in isotopic exchange reactions. 

Introduction 

Previously we reported that dimethylsulphonium cyclopentadienylide (Z) 
forms complexes with the carbonyls of Group VI metals [I], in which the cy- 
clopentadienyl ring of ylide I manifests the properties of a 6-electron ?r-ligand. 
This led to our investigating the effect of coordination to transition metal 
atoms upon the structure and the reactivity of ylide I. 

This paper presents the results of an X-ray diffraction study of dimethyl- 
. sulphoniurn cyclopentadienylide chromium tricarbonyl (II) and its molyb- 
denum analogue (HI), and these data are compared with the recently obtained 
data on the structure of ylide I [2 3_ 
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The reactivity of ylide I and that of its complexes in isotope exchange of hy- 
drogen (IISH) reaction with deuteroethanol in a neutral medium are also com- 
pared_ 

Results and discussion 

The structure of complex II was proved by comprehensive X-ray diffraction 
analysis_ Its crystals are orthorhombic. e = 12_059(5), b = 13.899(7), c = 13.179- 
(6)W,V=2208.7(1.8)~3,Mol.wt.262.2,D,=1.58(1),D,=1.58g/cm3forZ=8, 
space group Pbca_ The geometry of the molecule is shown in Fig. 1. Tables 1 and 
2 give the coordinates of the atoms, their anisotropic temperature factors, bond 
lengths and angles. The chromium atom is symmetrically coordinated by an octa- 
hedron with the cyclopentadienyl ring (three coordination sites) and three car- 
bony1 groups (Cr-C(C,H,) 2.172(6)-2_246(7), average 2_216(7) A, Cr-CO 
l-820(7)-l-848(7), average l-838(7) A, OC- 0 bond angles 88-O(3), 
89.2(3) and 90.5(3) A) and is situated at a nonbonded distance of 3.478(4) A 
from the suiphur atom, considerably in excess of 2.52 A - the sum of the cova- 
lent radii of chromium (1.48 A [3]) and suiphur (1.04 A [4]). The absence of 
CL----S interaction is also indicated by the deviation of the S atom from the plane 
of the cyclopentadienyl ring by O-110(2) A in the direction opposite to the Cr 
atom- The cyclopentadienyl ring is planar within -+O.OOl A, C-C bond lengths 
amount to 1.418(10)-l-438(9) A, i.e. are practically the same, the average value 
being l-426(10) A, which is normal for cyclopentadienyl complexes of transi- 
tion metals, and, in particular, for the complexes of dichromium cyclopenta- 
dienylhexacarbonyl [ {(WZ,H,)Cr(CO),},J (IV) [5] and fldichlorostannic-bi- 
(tricarbonyl-lr-cyclopentadienylchromium) [ {(7r-C,H,)Cr(CO)3} 2SnC12] (V) 
16% 

The average value of the Cr-C(CSH,) distances in these complexes is only 
slightly smaller than in II (2.195(3) in IV and 2.172(19) A in V), and the Cr-CO 

Fit. 1. GCCUIICCIY of a mcdmtle of fxmW?x ff. 



T
A

B
L

E
 

A
T

O
M

IC
 C

O
O

R
D

IN
A

T
E

S
 (

F
O

R
 c

r 
x 

10
~

. F
O

R
 0

T
lj

~
ri

 
N

~
N

H
Y

D
R

O
Q

E
N

 A
T

O
M

S
 x

 i
o4

, 
P

O
IL

 ~
IY

D
I~

O
(;

E
N

 A
T

O
L

IS
 x

 1
0~

) 
A

N
D

T
~

IE
IR

 7
w

u
ih

w
 

F
A

C
T

O
R

S
 

--
-1

...
. 

._
__

 _ _
__

__
._

 
_.

._
._

_.
_.

._
._

__
._

_,
-_

__
-.

._
.._

._
_-

-~
._

_.
_,

__
__

._
_.

__
__

~
_ 

A
to

m
 

1 
Y

 
2 

“p
I 

or
&

80
 

fi
22

 
n

33
 

n
12

 
n

13
 

02
3 

-_
 

^
.. 

V
W

-s
--

e-
 

..,
...

...
.-

. . .
.-

.. 
I.

_,
.. .

,._
__

_.
._

,_
,l

_.
.l

 
_,

_,
. ,

._
,..

_.
,..

...
. __
.. . .

,_
._

.. 
I_

 .,.
.. ,.

I. “
.._

 .,.
_.

 ” . .
._

_.
.-

...
...

...
_.

_.
 

-_
._

,..
_,

_.
._

_.
__

._
 

-,
...

. _
 ._
.. __

._
.-

 
C

r S O
(I

) 
O

(2
) 

O
(8

) 
C

(l)
 

C
(2

) 
c(

a)
 

C
M

) 
C

(b
) 

C
(G

) 
C

(7
) 

C
(G

) 
C

(9
) 

C
W

N
 

H
(2

) *
 

H
(S

) 
H

(4
) 

H
(b

) 
H

(D
,l

) 
Ic

@
,2

) 
H

&
3)

 
W

O
J)

 
H

(1
0,

2)
 

tw
o,

a)
 

24
17

0(
G

) 
23

16
6(

7)
 

13
81

(l
) 

66
4(

l)
 

32
13

(b
) 

39
76

(4
) 

lO
O

l(
4)

 
16

21
(4

) 
L

IG
O

(4
) 

B
bO

D
(4

) 
25

14
(b

) 
11

85
(4

) 
ao

77
(6

) 
84

7(
b)

 
39

05
(5

) 
14

78
(G

) 
40

03
(b

) 
21

82
(b

) 
30

64
(G

) 
20

05
(b

) 
2D

lO
(b

) 
33

1G
(b

) 
15

41
(6

) 
19

86
(b

) 
12

66
(O

) 
B

O
D

G
(5

) 
18

6(
3(

G
) 

-4
63

(G
) 

42
5(

7)
 

31
4(

G
) 

28
4(

b)
 

27
(4

) 
46

6(
G

) 
13

6(
b)

 
47

7(
b)

 
28

0(
b)

 
28

6(
4)

 
23

9(
4)

 
20

3(
b)

 
-7

8(
4)

 
10

4(
b)

 
-9

1(
b)

 
23

5(
b)

 
-3

8(
4)

 
lW

4
) 

8G
(4

) 
G

4e
3)

 
-a

(b
) 

-W
) 

-1
3(

b)
 

8D
O

D
(7

) 
26

51
’(l

) 
-3

37
(4

) 
-f

J2
8(

4)
 

1 
bG

O
(4

) 
20

23
(4

) 
11

30
(b

) 
09

1(
G

) 
17

74
(G

) 
24

19
(G

) 
12

4(
b)

 
-1

71
(G

) 
13

16
(b

) 
30

89
(7

) 
10

28
(G

) 
G

7(
4)

 
aO

(5
) 

19
2(

4)
 

30
5(

4)
 

26
8(

b)
 

33
0(

b)
 

36
0(

4)
 

13
6(

4)
 

10
3(

b)
 

18
4(

b)
 

Ib
b(

4)
 

17
8(

7)
 

bl
l(

31
) 

42
G

(%
D

) 
32

5(
2(

i)
 

14
0(

25
) 

2G
ti

(3
2)

 
14

8(
30

) 
22

5(
32

) 
26

8(
32

) 
22

4(
34

) 
25

1(
3/

j)
 

24
0(

33
) 

41
7(

49
) 

25
1(

40
) 

2A
(l

,G
) 

6.
0(

2.
0)

 
b.

0(
1,

7)
 

l.
H

(1
,4

) 
3.

2(
1.

7)
 

7.
7(

1,
6)

 
3J

(1
,7

) 
l.

l(
l.

b)
 

4.
R

2.
0)

 
5.

7(
2,

4)
 

21
2(

b)
 

24
G

(G
) 

34
5(

20
) 

G
B

G
(3

6)
 

57
O

(B
G

) 
22

3(
32

) 
23

8(
3G

) 
B

G
G

(4
0)

 
B

B
O

(4
2)

 
21

G
(B

B
) 

37
0(

41
) 

23
7(

3G
) 

33
6(

30
) 

27
0(

43
) 

49
2(

57
) 

17
8(

4)
 

26
3(

D
) 

B
O

b(
27

) 
42

4(
32

) 
60

2(
34

) 
21

G
t2

9)
 

21
G

(B
G

) 
B

lO
(4

0)
 

32
0(

3D
) 

2:
2(

23
) 

lG
4(

34
) 

B
O

D
(4

0)
 

lD
D

(B
b)

 
34

6(
4G

) 
44

2(
53

) 

lD
(4

) 
-7

M
) 

13
(4

) 
-7

(7
) 

42
(7

) 
IO

(G
) 

-5
6(

24
) 

52
(2

4)
 

12
7(

23
) 

12
4(

25
) 

-2
G

G
(2

G
) 

. -2
01

(2
0)

 
!2

53
(2

6)
 

12
5(

2b
) 

-5
2(

20
) 

-1
0(

2G
) 

17
(2

9)
 

6 
b(

2G
) 

79
(2

0)
 

42
(2

G
) 

12
(3

0)
 

G
O

(2
D

) 
18

(3
0)

 
82

(3
0)

 
-2

9(
30

) 
-8

6(
29

) 
14

1(
3b

) 
-9

(2
7)

 
-3

8(
30

) 
2R

(3
1)

 
G

O
(2

9)
 

-1
0(

2b
) 

-9
(B

l)
 

11
9(

2H
) 

43
(3

1)
 

ll
(3

1)
 

-5
9(

31
) 

-1
2(

29
) 

21
(3

O
) 

B
l(

37
) 

-2
G

(4
4)

 
A

D
(3

7)
 

-1
23

(4
1)

 
-1

G
2(

3t
l)

 
40

(4
G

) 

--
--

-.
-_

.-
--

-_
_.

_.
__

_ 
_.

_.
_ 

_.
_-

I_
,_

.,_
._

._
_.

_ 
_.

.. 
“_

._
__

 
aA

n
la

ot
ro

pl
c 

th
er

m
al

 fa
ct

or
s:

 T
 =

‘c
xp

 [
-l

/4
 

X
 1

0’
2(

~
11

/~
2~

*2
 t

 ,
,, 

+
 2

1t
12

h
it

a*
b

* 
t 

h
ea

vi
er

 at
o

m
s.

 
.,.

)I
. 

* 
N

u
m

b
s 

o
f 

h
yd

ra
g

cn
 a

to
m

s 
u

rc
 lh

c 
sn

n
ru

 u
s 

n
u

m
b

er
s 

o
f 

co
rr

es
p

o
n

d
in

g
 



TA
BL
E 

2 

B
O

N
D

 L
O

N
G

T
dS

 d
 (

A
) 

A
N

D
 

B
O

N
D

 A
N

G
L

E
S

 w
 t

’, 

B
on

d 
d 

B
on

d 
d 

A
llP

ll!
 

w
 

A
n&

 
w

 
. 

C
r-

al
) 

2,
17

2(
O

) 
@

-C
(2

) 
2,

21
5(

7)
 

C
x-

C
(S

) 
2,

23
5(

7)
 

a-
c(

4)
 

2,
46

(7
) 

C
P

-C
W

 
2,

21
1(

7)
 

A
v,

 C
T

-C
 

2,
21

0(
7)

 

C
r-

w
x 

1,
82

0(
7)

 

C
P

a7
) 

lJ
m

(7
) 

C
r-

C
W

 
X

&
47

(7
) 

A
v,

 Q
-C

 
1,

83
8(

7)
 

W
V

-0
0 

1 
1,

10
0(

9)
 

C
U

W
X

2)
 

l,
I6

0(
9)

 
C

(8
) 

l.
l4

8(
9)

 

A
v,

 C
-O

 
1*

15
3(

9)
 

C
(l

k
-C

(2
) 

1,
43

R
(D

) 
C

(2
P

W
0 

L
rz

so
o)

 
W

k
C

(4
) 

( 
1,

42
1(

11
) 

C
(4

k
-w

) 
1,

41
8(

10
) 

C
(G

bC
(l

) 
1,

43
0(

9)
 

A
v,

 C
-C

 
1,

42
0(

10
) 

S
-w

) 
1,

74
3(

6)
 

c(
o)

-C
I-

C
(7

) 
cX

6b
-C

r-
C

(8
) 

C
(7

k
C

r-
aB

) 

A
v,

 C
-0

-C
 

C
r-

C
(G

)-
O

(l
) 

C
r-

C
(7

)-
O

(2
) 

C
r-

C
(B

)-
O

(3
) 

S
-w

) 
1,

79
6(

D
) 

A
v,

 C
r-

C
-0

 

S
-a

lO
) 

1.
70

l?
(1

0)
 

C
(6

)-
C

(l
)-

C
f2

) 

C
fl

 W
(2

W
W

 

C
(2

)-
-c

(3
W

(4
) 

10
9,

7(
O

) 
C

(3
F

C
(4

k
-w

5)
 

IU
B

,l
(G

) 
C

(4
w

(~
F

-C
fl

) 
10

7,
2(

6)
 

A
S

, c
-c

-c
 

90
&

3)
 

C
(1

 )-
S

-C
@

) 
8R

,O
(S

f 
C

(l
E

_s
-C

(l
o)

 
tl

O
,2

(3
) 

C
(9

)-
S

-C
W

) 

R
fL

2(
3)

 
h

v,
 C

-S
-C

 

17
7*

0(
e)

 
S

-c
(lw

x2
~

 

17
9,

0~
63

 
S

-C
~

lk
C

(W
 

17
8,

1(
O

) 

17
8,

2(
G

) 

10
9,

3(
G

) 

la
m

(o
) 

10
4,

0(
4)

 
lO

G
,2

(4
rl

) 
10

0,
7(

4)
 

10
3,

8(
4)

 

12
9,

0(
G

) 

12
1,

6(
2)

 

_r
--

_,
__

“_
.-

.l_
“I

__
,_

~
” 

_.
.. 

,m
...

.-
-.

.,_
-.

_“
._

” 
_.

...
,. 

_ 
_.

__
,_

..
_.

 
_-

1.
,_

-.
-.

“.
_-

-~
_“

_-
I 



173 

bond lengths are practicaIly the same (l-861(3) in IV and 1.848115) A in V)_ 
It shouid be noted that the cyclopentaclienyl ring in structure I is also planar, 

however, in contrast to If, the S atom is coplanar with the ring, and the C-C 
bond lengths are somewhat more spread (1.353-1.394 A) and their average 
value (1.375 A) is smaller by ca. 0.05 A than in II. 

It is also to be noted that the carbon atoms of the methyl groups in I are 
located at almost the same distance from the cyclopentadienyl ring plane on 
each side of it (1,41(Z) and l-39(3) A), i.e., molecule I has C, symmetry (with 
the exception of the hydrogen atoms of the methyl groups), whereas in II this 
symmetry of the ligand is no longer observed (the corresponding deviations of 
the carbon atoms of the methyl groups are 1.73(l) and 0.96(l) A). The devia- 
tion of the ligand from C, symmetry in II may be due to the short intermolecu- 
lar contacts O(Z)---H(92) (2.0 A) between the 0 atoms of the CO groups and 
the Me groups. 

The sulphonium atom, -&, in II has a pyramidal configuration: the bond 
angles C(l)-S-C(9), C(l)-S--C(lO) and C(9)-S-C(lO) are equal to 104.5(4), 
106-S(4) and 100.7(4)0, respectively, the S-C(l) bond in the cyclopentadienyl 
ring (l-743(6) A) being appreciably shorter than the other two bonds, S-C(9) and 
and S-C(lO), in the methyl groups (1.795(S) and l-796(10) A, respectively). In 
the known sulphonium salts I-acetonyl-1-thionia-5-thiacyclooctane perchlorate 
[7 1, phenylsulphonium iodide 181 and 2,3~imethyl-2-butenyl-l,~,2-trimethyl- 
methylsulphonium 2,4,6trinitrobenzenesulphonate [9], the limits of the S-G 
bond variations are rather wide (1.78-1.88 A), and the bond angles at the S 
atom are within lOO-108”, the values of individual angles, as in II, differing 
appreciably from the average_ The analysis of the geometry of the sulphur co- 
ordination environment in complex II and-9 sulphuric ylides I [Z] and Z-di- 
~ethylsulphu~ilidenem~onit~le (CH&SC(CN)2 [lOI shows that the 
S-(CsH4}- and S<(CN), bond lengths are shorter, as compared with the &Me 
bonds, by 0.05,0.07 and 0.09 A, respectively; at the same time, the S-C- 
(C$L) bond in II proves to be 0.031 A longer than in I, which seems to be the 
result of the coordination of the ylide ligand with the metal atoms. 

The above data allow us to conclude that the structure of complex 11 is de- 
scribed with sufficient accuracy by the structural formula given above. Com- 
parison of complex If with its Mo-analogue (IIf) (cell parameters: a = 13_538(6), 
b = 12_167(5), c = 14.175(6) A, V = 2335(2) A3, Mol. wt. 306_2,D, = 1.79, 
D, = 1.742 g/cm3 for 2 = 8, space group Pbca), and results of a preliminary 
X-my study (No---S distance 3.67 A) are indicative of the isostructurality and 
the similar electronic structure of these complexes. 

Thus the results of the X-ray study make it possible to conclude that the 
coordination of d~e~yls~phoni~ cyclopen~dienylide to the Cr(COj3 group 
is not accompanied by a sharp change in the structure of this ylide but results 
in increasing the contribution of the ylide structure in the s-bonded ligand, as 
compared with the non-coordinated ylide. 

It was considered essential to compare the conclusions drawn from the X-ray 
study of I, II and HI with the results of studying these systems by other meth- 
ods. The previous study by i3C NMR spectra of cyclopen~dieny~des and their 
Ir-complexes with the carbonyls of Group VI metals showed coordination to the 
metal to result in a noticeable equaliaaton of electron density in the n-cyclopen- 



TABLE 3 

ACCUMULATION OF DEUTERIUM IN THE u- AND &7-POSITiONS OF CP RINGS I AND III IN THE 
PROCESS OF IEIi = 

Deutcrium content In the Cp ring Mmnic %) 

Calculated for fsotopic Found h in the process of IEH for the protons with them. 
eqoilibrium shift 6 

6 = 5.89 ppm 6 - 6.23 wm 

I 83-9 22.0 
83.9 X6.0 
838 26.0 

6 = 5_37m¶m 

In= 94.9 234 24.6 
S&S 30.1 30.1 
94.9 19-7 19.8 
91.3 233 23.2 

35.0 
21.5 
39.5 

d = 6.09 ppm 

OIEH is conducted in C2H2ODlacetone mixture. molar ratio of substance: C;?HsOD: acetone = 1: 200 : 600. 
at 30* for I. at 50°C for III. b Determined by PhlR from the intepal Intensity of the sigmds of correspond- 

ing proton% = 1121. 

tadienyl groups of coordinated yiides, concurrent with an overall increase in 
the screening of the carbon nuclei in this group [ 113. 

ft was also very important to ascertain the changes in the reactivity of an 
yIide as a result of coordination to transition metals. It has been recently estab- 
lished that hydrogen atoms of the cyclopentadienyl ring in ylide f and in its 
complexes II and iII are capable of entering the IEXS reaction with deutero- 
ethano1 in neutraI media 112 1. On the basis of this reaction and PMR data, ac- 
cording to which the hydrogen atoms in the a- and &positions of the cyclopen- 
tadienyl ring differ appreciably in their chemical shifts, we could determine the 
deuterium content in the a- and @positions of the compounds studied at differ- 
ent stages of deuterium enrichment. 

As a result, it was found that in the ylide 1. two protons of the cyclopenta- 
dienyf ring with the chemical shift 6 = 6.23 ppm enter the fEH reaction with a 
rate which is --X.6 times higher than that of the two protons wiih the chemical 
shift 6 = 592 ppm, whereas in the case of compkx IIX the hydrogen exchange 
in the Q- and @positions of the cyclopentadienyl ligand proceeds at the same 
rate (Table 3). 

The results obtained show that, when ylide I is coordinated to a transition 
metal, the differences in the reactivity of nonequivalent positions in the ?r-cydo- 
pentadienyl group are completely levelled off, although, even in the initial 
ylide, these differences are only slight. 

The overall data obtained by X-ray diffractiori analysis, 13C NMR spectra and 
investigation of the IEH reaction, show that, when ylide I is coordinated to a 
transition metal, the degree of equalization of the C-C bonds and electron den- 
sity in the Ircyclopentadienyl ring f increased and the differences in the reactiti- 
ty of its Q- and #3-positions are level&d off, 
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Experimental 

Cyclopentadienylide I, and complexes II and III were obtained by literature 
methods 113, lb and la, respectiveljr]. 

The X-ray study of II was carried out with the “Synt&-P2,” automatic dif- 
fractometer (X MO-&, graphite monochromator e/20 scan, 1172 reflections). 
The structure was solved by the heavy atom method and refined by the least 
squares method in full-matrix anisotropic (isotropic for H) approximation, 
R = 0.046. 

Experiments on IEH of I and III were conducted in a deuteroethanol/acetone 
mixture under argon. After the experiment, I was purified by crystallization 
from benzene, and II by chromatography on aluminium oxide_ The deuterium 
content of I and II was determined from the excess density of the incineration 
water using the droplet method and the deuterium distribution from the inte- 
gral intensity of the signals of the a- and P-protons of the cyclopentadienyl ring 
in the PMR spectra. The PMR spectra were taken on Perkin-Elmer apparatus, 
R = 20 (60 MHz), solvent (CD&SO_ 
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