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The 13C chemical shifts, the 13C-3’P coupling constants, and some one-bond 
13C-lH coupling constants were measured for the title compounds. For the 
ylides of phosphorus, arsenic and sulfur, the data are consistent with an sp2- 
hybridized ylidic carbon with a strong, localized negative charge, whiie for the 
pyridinium ylide this charge is much more delocalized_ in the homologous series 
of salts the electron-withdrawing ability of the groups studied varies in the 
order: PhJP+ < Ph,As’ << Me2S’ << Me2C5H3N+. The differences in the car- 
bony1 chemical shift between the ylides and the corresponding salts are a measure 
of the resonance stabilization of the negative charge in the form X’-C=C-O-; 
this stabilization varies with the groups studied in the order: Ph,P+ < Ph3Asf = 
Me,S+ << Me,C,H,N’. The ylide-palladium(II) complexes contain a bond 
between the ylidic carbon and the metal: the ylidic carbon is shifted upfield 
in the complex with respect to the free ligand, while the adjacent carbonyl is 
shifted strongly downfield. These data suggest that the Pd-C(l) bond is strongly 
polarized with a high electron density on the C(1) atom which cannot be 
delocalized through resonance as in the free ligands. 

Introduction 

In recent years the behaviour of ylides as ligands has been of much interest, 
particularly for phosphoranes with transition metals. Several complexes with 
various metals or metal carbonyls have been reported by various authors [ 1,2]. 
We have prepared a series of palladium(I1) complexes with sulfur ylides which 
vary in stability [3], as well as with phosphorus arsenic and nitrogen (in pyri- 
dine) ylides 141. The molecular structure of the complex was found to depend 
mainly on the nature of the ylide; complexes between PdC12 and carbonvl 
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stabilized ylides were very regular in structure. With the series of ylides RCOCH-- 
.. X’, in which X = SMe,, PR3; AsRx.and N&H&fe2, the complexes were always 

square planar with the J-wo ylide molecules bound to the metal through the 
ylidic carbon trans to one another. 

The stabiiization of the ylide negative charge by positively charged heteroatoms 
has-been investigated by. X-ray analysis [ 51, photoelectronic spectroscopy [ 61, 
nuclear magnetic resonance studies [ 7-121and theoretical calculations 1131. 
Most of these studies involved phosphonium ylides, and led to the following 
general conclusions: (i) the carbon adjacent to the-heteroatom bears a substan- 
tial negative charge; (ii) the hybridization of this carbon depends on the nature 
of the heteroatom and on the presence or absence of stabilizing groups (C=C, 
COR, COOR, etc.). 

Since the electronic structure of the ylides as free molecules and as ligands 
in metal complexes is still of actual interest we report here the 13C NMR data 
for some phosphorus ylide-palladium(I1) complexes plus the corresponding 
ylides and S&S, and.some more information of the nature of the bonds in the 
free yhdes, mainly on the relative weight on the various resonance structures 
which contribute to the stabilization of the ylides. Further arsenic, sulfur and 
nitrogen eompounds are included. 

Results and discussion 

AlI the compounds studied (salts, ylides and complexes) have been previously 
reported [ 3,4]; they are listed in Tables 1 and 2. Table 1 shows the 13C data 
for all the phosphorus compounds (salts, ylides and palladium chloride com- 
plexes); Table 2 shows those for the arsenic, sulfur and nitrogen compounds. Table 
3 conk& the pertinent data for the aromatic carbons, both in the rings bound 
to the heteroatom and in those bound to carbonyl. The data for the various 
ylides will be discussed first, in comparison with the corresponding salts. A 
discussion of the data for the ylide-palladium chloride complexes will follow. 

The three resonance structures contributing to the noteworthy stability of 
carbonyl-substituted ylides are shown. 
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The charge-separated structure B is that of a carbanion. Structure A in-:alves 
. . the extra stabilization that second and third row elements can provide through 

x-bonding with the d-orbitals or through a different interaction between the 
positive sp3 hybridized heteroatom and the nagative sp* hybridized carbon, as 
reported [ 131. As a first row element, nitrogen has no d-orbit& available and 
resonance structures of type A are not possible; however for the pyridinium 
ylide XI, there are resonance structures in which the negative charge is trans- 
ferred into the pyridine ring. Structure C represents the stabilization provided 
by a carbonyl whenever it is adjacent to a carbanion. 

The 13C nuclear magnetic resonance spectra of the various ylides may shed 
light on the relative contribution of A, B and C to the actual structure of the 
ylides under study. 

Phosphonium ylides and salts 

As the data in Table 1 show, the one-bond coupling constant ‘J(C(l)-P) 
varies from about 60 to 110 Hz and the direct carbon-hydrogen coupling 
constant ‘J(C(l)-H) from about 130 to 164 Hz in passing from the phosphonium 
salt to the ylide. This large increase in the one-bond coupling constant of the 
ylide carbon indicates a large increase in s-character in the carbon to phosphorus 
and carbon to hydrogen bonds. In fact ‘J(C-P) and ‘J(C-H) have been correlated 
with the s bond orders P&n and P& of the respective bonds [14a]; recent 
quantum mechanical calculations have shown these correlations be valid for 
ylidic carbon to phosphorus bonds as well [ 10,111. 

The chemical shift of the ylide carbon C(1) of the phosphonium compounds 
varies from about 40 ppm in the salts to about 50 ppm in the ylides; this carbon 
is very strongly shielded in the ylides with respect to conjugated carbanions. 
For example, the carbons in phenylcarbanion resonate at 125-170 ppm 
[ 14b]. Therefore, a significant negative charge is localized on the ylide carbon. 

From the one-bond coupling constants and the chemical shift of the ylide 
carbon of keto-stabilized phosphonium ylides, this carbon can be assumed to be 
sp* hybridized with a lone pair of electrons in ap orbital. Resonance structure 
IIb therefore best represents the situation of the ylide carbon, although contri- 
butions from IIA and IIC must also be considered. 

IIA involves tire formation of a dr-p?r bond between an empty d orbital of 
phosphorus and a filled p orbital of carbon, which is difficult to evaluate on the 
basis of 13C NMR data since d orbitals are expected to be diffuse, leaving signif- 
icant e!actron density near the C( 1) carbon [lo]. A comparison between our 
keto-stabilized ylides and other phosphonium ylides in the literature [ 111, how- 
ever, allows a qualitative evaluation of the effect of carbonyl stabilization and 
thus of the contribution of structure IIC. 

The chemical shifts and the C(l)-H coupling constants of the ylide carbon 
vary greatly as the substituents bound to it change. For example, carbon C(1) 
in Ph3P=CHCH3 resonates at 2.7 ppm, in Ph,P=CHPh at 27.0 ppm and in 
Ph3P=CHCOCH3 at 51.3 ppm. And, in non-stabilized ylides, the C(l)-H cou- 
pling constants range from 149 to 154 Hz [ll], while keto-stabilized systems 
reach a value of about 164 Hz, for an increase of 10-15 Hz. These variations 
are too large to be attributed to a steric or inductive effect *. These trends may 

* A carbonyl group desbields an (Y carbon by approximately 15 ppm and increases the coupling 
constant ‘J(C-H) by l-2 Hz C14cl. 

(continued on p. 304) 



T
A

B
L

E
 

1 

13
C

 C
H

E
M

IC
A

L
 

kI
F

T
S

, 
t3

C
--

3’
P

 
C

O
U

P
L

IN
G

 
C

O
N

S
T

A
N

T
S

 
A

N
D

 
‘k

--
‘H

 
O

N
E

 C
O

N
D

 C
O

U
P

L
IN

G
 

C
O

N
S

T
A

N
T

S
 

W
H

 
I’

H
O

S
P

H
O

N
It

iM
 

S
A

L
T

S
 

(I
),

 Y
L

K
D

,E
S

 (
I;

) 
A

N
D

 C
O

M
P

L
E

X
E

S
 

(I
II

) 
a 

‘,“
, 

, 
,’ 

--
--

- 
I-

. 
__

-_
_-

__
. 

__
__

__
_.

__
- 

-.
--

__
_-

*-
-_

--
 

__
--

__
._

...
 

N
o
 

C
om

po
u

n
d 

--
 

--
-.

_.
 

C
(l)

 
C

(2
) 

C
(3

) 
C

(1
’) 

IJ
(C

(l
)-

II
) 

--
- 

-.
__

--
_-

- 
-_

I-
 

-.
. 

‘J
(C

(B
)-

H
) 

).
 

$C
(l

’)j
k

j, 
/, 

:,“
’ 

-.
 

Ill
 

P
h

(C
H

3)
2P

C
H

Z
C

O
P

b+
B

r-
 

37
.2

 

*h
, 

: 
(6

0.
6)

 
P

h
2C

H
3P

C
M

2C
O

P
h

tB
r-

 
37

.3
 

(6
1.

0)
 

XC
 

P
h

3P
C

H
2C

O
P

h
tB

r-
 

38
.8

 

19
38

0 

(6
.6

) 
19

2.
2 

(6
.6

) 
19

1.
4 

(7
.0

) 
20

1.
7 

(7
.0

) 
20

1.
4 

(7
.0

) 
20

1.
4 

(3
.0

) 
18

6.
5 

C 

9.
4 

/ 1
’. 

.‘.
 

(6
6,

6)
 

: 
,, 

I,
 

,,.
 

10
,2

 
,‘,

 
’ 

(6
7.

6)
 

Id
 

Ie
 

P
~

~
C

H
~

P
C

H
Z

C
O

C
H

~
+

B
~

- 

If
 

~
h

3P
C

H
@

O
C

H
$B

r-
 

b 

H
i 

P
h

(C
H

&
P

C
H

C
O

P
h

 

II
b 

‘P
h

2C
H

3P
C

H
C

O
P

h
 

IL
? 

P
h

aP
C

H
C

O
P

h
 b

 

II
d 

P
h

(C
H

#‘
C

H
C

O
C

H
3 

,, 
‘. 

II
d 

P
h

2C
H

3P
O

H
C

O
C

H
3 

II
f 

P
h

3P
C

H
C

O
C

H
3 

b 

(6
2.

6)
 

39
,G

 
(6

9.
0)

 
39

.1
 

(6
9.

6j
 

40
.1

 

(6
8.

8)
 

61
.2

 

(1
11

.6
) 

60
.7

 

(1
12

.G
) 

60
,4

 

(1
11

.7
) 

62
.2

 

(1
08

.0
) 

61
.2

 
(1

08
.6

) 
61

.3
 

(1
08

.0
) 

‘I
II

a 
[i

’h
(C

H
3)

2P
C

H
C

O
P

h
l2

 
* P

dC
12

’ 
27

.3
 

(6
6.

0)
 

II
Id

 
[P

h
(C

H
3)

2P
C

H
C

O
C

H
31

2 
l
 
Pd

C
l2

’ 
30

.4
 

II
10

 
‘[P

h
$H

jP
C

H
C

O
C

H
31

2 
* P

ri
C

12
 ’ 

(6
3.

0)
 

28
.0

 
(6

1 
.O

) 

18
6.

0 

(2
.6

) 
18

4.
9 

(3
.0

) 
19

1.
1 

C 19
0.

2 
C 19

0.
6 

(2
.4

) 
19

6.
3 

C 20
6.

0 
c 20

4.
1 

c 

31
.9

 

(6
.6

) 
32

.0
 

(6
.6

) 
32

.4
 

(7
.6

) 

28
.2

 

(1
6.

0)
 

28
.3

 
(1

5.
0)

 
28

.4
 

(1
6.

6)
 

31
.4

 

‘. 
1

 

8.
6 

13
0.

6 
12

9.
0 

13
d.

0.
 

‘, 
: 

(6
6.

6)
 

8.
6 

13
0.

0 
12

9.
0 

13
6.

0 
(6

6.
0)

 

,”
 

12
.3

 
‘,.

’ 
(6

2.
6)

 
/I 

11
.4

 
I ,

“I
 

: 

(6
3.

6)
 

,,,
 

; 
” 

,’ 
: 

,y
. 

‘, 
,; 

12
.2

 
16

3.
0 

12
6.

0 
ig

l;o
 

1 

(6
1.

0)
 

,’ 
10

.0
 

16
4.

6 
12

6.
0 

(6
3.

0)
 

13
1.

0’
 

;, 
: ,, 

‘, 
11

.1
-1

3.
4 

,’ 

(6
2;

0-
64

.0
) 

/.:
 

,’ 
11

.2
-1

3.
6 

.,’
 

(7
.0

) 
(6

0.
0-

63
.0

) 
.,’

 
31

.6
 

10
.6

-1
1.

0 

(9
.6

) 
(6

0.
0-

61
.0

) 
.’ 

‘, 
,‘.

 
‘I

 
.I

~
- 

--
_

_
- 

‘a
 C

h
em

Ic
al

~
sh

l~
ts

,a
re

 in
 i

pm
 

fr
om

 i
n

te
m

aj
 

T
M

S
 a

n
d 

13
C

d1
P

 
co

u
pl

in
g 

co
n

st
an

ts
 

(H
z)

 
ar

e 
li

st
ed

 w
lt

h
ln

 t
h

e 
pa

re
n

th
es

es
. 

b 
V

al
u

es
 t

ak
en

 f
ro

m
 r

ef
. 

10
. 

c 
U

n
re

so
lv

ed
 

si
g

na
l, 

d
 O

ne
 I

so
m

er
 I

n
 s

ol
u

ti
on

. 
T

h
e 

m
et

h
yl

 
gr

ou
ps

 a
re

 d
la

st
cr

co
to

pi
c 

an
d 

di
sp

la
y 

tw
o 

di
st

in
ct

 
re

so
n

n
n

ce
s.

 e
 T

w
o 

is
om

er
s 

ln
 s

ol
u

ti
on

. 

_ 
- 

._
 

- 
- 

._
 

- 
_.

 
_ 

-.
 

--
 

-.
 

._
 

._
 



I 
, 

T
A

B
L

E
 

2 

13
k

 C
H

E
M

IC
A

L
 

S
H

IF
T

S
 

A
N

D
 

‘3
G

-‘K
 

O
N

E
 R

O
N

D
 C

O
U

P
L

IN
G

 C
O

N
S

T
A

N
T

S
 

F
O

R
 S

O
M

E
 A

R
S

O
N

IU
M

, 
S

U
L

P
H

O
N

lU
M

 
A

N
D

 P
Y

R
ID

IN
Z

U
M

 
S

A
L

T
S

, 
Y

L
ID

ii
S

 

A
N

D
 C

O
M

P
L

E
X

E
S

 
’ 

_I
_ 

” 
” 

3 
._

” 

N
O

. 
C

om
po

u
n

d 
&

-X
--

61
~

0-
cH

~
 

-.
..-

- 
-*

 

C
(l

) 
C

(2
) 

C
(3

) 
W

’) 
‘J

(W
)_

-H
) 

‘J
W

U
-H

) 
‘J

W
~‘

k-
H

) 
--

-.
...

- 

IV
R

 
IV

b 

V
a 

V
b 

V
Ib

 

V
II

 
V

IH
 

IX
 

X
 

H
 

P
h

jA
sC

H
$O

P
h

+
B

r-
 

P
h

~
A

sC
H

~
C

O
C

H
3+

B
r-

 
P

h
gA

sC
H

C
O

P
h

 
Ir

 
P

h
3A

sC
H

C
O

C
H

3 

[P
~I

~A
sC

H
C

Q
C

H
~~

~ 
* 

P
dC

l2
’ 

(C
H

3)
2S

C
H

$O
P

h
+

B
r-

 
(C

H
&

S
C

H
C

O
P

h
 

[(
C

H
$$

C
H

C
O

P
h

l2
 

l
 
P

dC
l2

’ 

w
3c

 

42
.6

 
44

.2
 

67
.1

 
B

G
.9

 
41

.6
 

41
.1

 
62

.7
 

G
G

.0
 

49
.4

 
48

.8
 

66
.9

 
19

0.
2 

18
.3

 ’
 

99
.0

 

19
2.

6 

20
1.

9 
18

1.
8 

18
7.

0 
2O

G
.6

 

20
4.

9 
19

1.
6 

17
9.

0 

d 17
0.

0 
18

.6
 e

 

31
.6

 
13

5.
0 

X
29

.6
 

26
.3

 
17

3.
6 

12
6.

0 

29
.8

 

24
.4

 
14

4.
0 

14
6.

6 

28
.6

 
17

8.
0 

14
2.

0 

27
.2

-2
6.

6 
27

.2
-2

6.
9 

a 
C

h
cm

lc
al

 s
h

if
ts

 a
re

 i
n

 p
pm

 f
ro

m
 l

n
te

n
n

i 
T

M
S

. 
b 

V
al

u
es

 t
ak

en
 f

ro
m

 r
ef

. 
I8

b.
 

c 
T

w
o 

is
om

er
s 

In
 s

ol
u

ti
on

. 
T

h
e 

m
et

h
yl

 
gr

ou
ps

 o
f 

IX
 a

re
 d

fa
st

cr
co

to
pi

c 
an

d 
di

gl
ay

 

tw
o 

di
st

in
ct

 r
e~

on
~

n
c~

~
, d

 I
n

su
ff

ic
ie

n
t 

si
gn

al
-t

o-
n

oi
se

 
r&

o,
 

’ 
M

et
by

l 
ch

em
lc

n
l 

sh
if

t,
 

--
 

- 
._

 



304 

be rationalized in terms of an increasing contribution of resonance structure 
UC, so as to approach an sp2 hybridization for the C(1) carbon atom, and a 
strong drift of electrons from C(1) toward oxygen. These cause, respectively, 
an increase in s character of- the C-H bond, with the consequent increase in 
C-H coupling constant, and a low field shift in the resonance of C( 1), as 
observed. 

Further.evidence for this electron drift from C(1) to carbonyl is provided by 
the large upfield shift (7-11 ppm) induced by going from the salt to the ylide 
and by the effects on the groups attached to the carbonyl. For instance, for 
CH&=O vs. CH&-O-, the methyl is shifted upfield by approximately 3 ppm 
and the ‘J(C(3)-H) (see Table 1) decreases from 129 to about 126 Hz as the 
car-bony1 becomes less electron withdrawing *. For a phenyl substituent, part 
of the charge is transferred to the phenyl, partictllarly to the para carbon, which 
is shifted approximately 5 ppm upfield. 

Groups-attached to phosphorus are also affected by going from salt to ylide: 
for the methyls bound to phosphorus in Ia, IIa; Ib, IIb; Id, IId and Ie, IIe, 
‘J( C( l’)-P) increases by -7 Hz while ‘J(C( 1’)~H) decreases by -4 Hz. These 
effects may be rationalized by assuming that the phosphorus gains electron 
density, becoming less electron withdrawing in the ylides. It is known that for 
the same reason the 31P resonances are shifted upfield in going from the salt-s 
to the ylides ilO]; The downfield shift of the methyl carbons on going from the 
salts to-the ylides, by approximately 3 ppm, can be attributed to an electric 
field effect of the negatively charged ylidic carbon, which polarizes the C-H 
bonds, resulting in decreased electron density at the carbon nucleus ** [ 151. 

Further, the aromatic carbons of the phenyl groups attached to phosphorus 
show a re-distribution of charge: carbon C(l’), directly attached to phosphorus, 
is shifted downfield 7-8 ppm, while the para and ortho carbons are shifted 
upfield 2-3 and -1 ppm, respectively. The meta carbon is less affected. Since 
the para carbons are shifted more than the ortho, the shifts are probably caused 
more by a polarization effect of the x electron cloud due to the negative charge 
on C(1) than by a conjugative effect through the phosphorus [17,18]. 

One CEA observe also from the data reported in Tables 1 and 3 that within 
a series of compounds, some NMR parameters vary systematically as the substi- 
tuents change. For instance, when a phenyl is substituted for a methyl bound 
to phosphorus: the ortho (72’) carbon shifts downfield l-l.5 ppm for both 
the salts and the ylides, although the other chemical shifts and the C-P cou- 
pling constants are unchanged. Also, in addition to the expected downfield shift 
of the carbonyl, the substitution of a COMe for a COPh shifts the ylide carbon 
about 1 ppm downfield in the ylides and about 2 ppm in the salts; ‘J(C(l)-P) 
decreases approximately 3 Hz for the ylides and 2 Hz for the salts. 

* Direct carbon-hydrogen coupling constants in compounds X-13C-H increase with increasing 
ekctronegativity of X. The cause of this increase is generally held to be the increased s chamcter 
of the G-H bond, due to the increased p character of the C-X bond ClS]. 

=* Since a phosphorus less electron with&wing in the ylides with respect to the salts was expected 
to shield the methyl carbons. probably this shielding is overcome by the de&i&Zing due to the 
electric field effect. 
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Arsonium and sulfonium yiides and salts 
The keto-stabilized derivatives of arcenic and sulfur behave in a manner con- 

sistent with the corresponding phosphorus compounds. The ylide carbon reso- 
nates at 57 ppm for arsenic ylides Va and Vb and at 56 ppm for sulfur ylide 
VIII; the one-bond C(l)-H coupling constants are 173.5 Hz for Vb and 178 Hz 
for VIII. As for the phosphoranes, these values show the ylidic carbon in these 

compounds is planar sp’ hybridized with a lone pair in a p orbital_ 
The sizeable increase in the C(l)-H coupling constant in going from phos- 

phorus (164.5 Hz for IIe) to arsenic (173.5 Hz for Vb) to sulfur ylides (178.0 
Hz for VIII) shows that the s character of the C(l)-H bond increases in the 
series. Furthermore the corresponding salts follow the same trend: 130.0 Hz 
for IIe, 135.0 Hz for IVb, and 144.0 Hz for VII. Since the C(l)-H coupling 
constants vary in the same way for the two series of ylides and salts, these 
variations presumably arise. more from the different electronegativities [ 161 
of the onium.groups (Ph,CH,P+ < Ph,As+ < MezS’) than from the changes in 
geometry of the ylide carbon. 

The C(l)-H coupling constant in triphenylphenacylarsonane (Vb) is 173.5 
Hz, 43.5 Hz larger than in trimethylmethylenearsonane (MesAs=CH?); this 
large increase is due partly to carbonyl stabilization, but probably even more 
to the change in C(1) hybridization from sp3 to sp*. In fact it is known that the 
ylide carbon in non-stabilized arsonium ylides is non-planar, as reported by 

Schmidbaur et al. [12] (The C(l)-H coupling constant in Me3AsCH2 is 130 
Hz, a typical value for a tetrahedral carbon atom)_ 

In keto-stabilized arsonanes Va and Vb, the carbon C(1) chemical shift in 
the ylide is 14.5 and 12.7 ppm downfield from that in the salt; the ylide carbonyl 
is 11 ppm upfield in Va and 15.1 ppm upfield in Vb. These shifts in the arsonanes 
are greater by approximately one third than those in the corresponding phos- 
phoranes. For sulfur ylide VIII, the C(1) chemical shift in the ylide is only 3.3 
ppm downfield from that in the salt VII, whereas the carbonyl is shifted upfield 
11.5 ppm as for the arsenic derivatives_ We will discuss these data later, when 
comparing the behaviour of all the different classes of ylides. 

Finally, as seen from Tables 2 and 3, the variations in the NMR parameters 
of the groups bonded to the heteroatoms and to the carbonyl are similar to 
those seen for the phosphorus derivatives. : 

Pyridinium ylide and salt 
The pyridinium ylide is different from the other ylides discussed so far. As a 

first row element, nitrogen has no d orbitals available for bond formation; also 
the number of its substituents and the nature of their bonds to it are different. 

The C(1) chemical shift at 99.0 ppm is more than 40 ppm downfield fi-om 
the other ylides studied and 33.1 ppm downfield from the corresponding salt. 
Therefore, the negative charge in IX is not concentrated on the ylidic carbon, 
but rather is strongly delocalized both to the carbonyl and to the pyridine ring, 
as shown also by the upfield shift of C(2) (20.1 ppm) and of the o&ho and para 

carbons C(2’) and C(4’) (12.4 and 14.0 ppm) as compared to the salt. Ylide 
carbon C(1) is thus sp* hybridized: it is part of a 7r system represented mainly 
by resonance structures A and C, with structure B of lower importance. Since 
this ylide is insoluble in benzene, no C(l)-H coupling constants are available. 

fcontinued on p_ 308) 
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The aromatic phenylcarbons suffer the same changes upon ylide formation as 
those of:preeeding series (see Table 3). 

Ctimparistin between the. different classes of ylides and salts 
From the C(l) carbon chemical shifts in the series of the salts Ic, IVa, VII and 

X, one~may construct an electronegativity scale for the onium groups as follows: 
Fh,P+ < Ph&s’ << M&S’ << lMe2C5HJN’. The chemical shift of the carbonyl 
C(2) remain-;: basically unchanged through- the series of the same salts. 

In the corresponding ylides IIc, Va, VIII and XI, the mesomeric effects of struc- 
tures A, B, and C add to the inductive effects. of the onium groups. Ylide carbon 
C(_l) is deshielded with respect to the salt while carbonyl carbon C(2) is shielded 
in all the series by a different extent in each series considered (for example, C(1): 
IIc-Ic, A = +11.6; Va-IVa, A = t14.5; VIII--VII, A = +3.3; XI-X, A = +33.1 
ppm. C(2); IIc-Ic; A = -6.5; Va-IVa, A = -11.0; VIII-VII, A = -11.5; XI-X, 
A = -20.2 ppm). The different deshielding of the .ylide carbon C( 1) with res- 
pect to the corresponding salt of two series of ylides can be considered as a 
measure of the different delocalization of the negative charge from C( 1) to the 
rest of the-molecule in the two series. Values reported above show that this 
delocalization increases in the order: Me2S’ << Ph,P’ < Ph&s+ << Me2C5H3N+ *. 

The carbonyl C(2) shift difference between ylide and salt can be taken as a 
measure of the stabilization of the ylide negative charge due to resonance struc- 
ture C, X’-C=C-O-; the values reported above show that this stabilization is 
dependent on the different onium groups, increasing in the order: Ph,P+ < 
Ph3As+ = Mets+ < Me2C5H3N+. 

&omplexes 
As previously reported [3,4], these complexes exist in solution as two 

isomeric species in equilibrium, probably the meso and d,l forms of the Pans 
structure; complexes IIIe, VIb and IX do show double signals. However, the 

CL 

(meso) Cd0 

~ma,md,.X=Ph(CH3)2P;me,X=Ph2CyP;~b,X =Ph,As; 

IX, X =iCH3 12S ; RI, X = (CH3J2C5H3N 1 

spectra of phosphonium ylide complexes IIIa and IIId show one isomer only, 
evident& the more abundant of the two. In these last two complexes and in 
sulfur derivative IX, the methyls bonded to the heteroatom show two chemical 
shifts since they are diastereotopic because of the asymmetric C(1) carbon. The 
extremely low solubility of some complexes made it impossible to record their 

* Other factors which could affect this deshielding as changes in the molecule geometry or long-range 
effects of the CZYOUPS linked to the heteroatom should be negligible. 
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spectra. The spectrum of the pyridinium ylide complex XII is also unavailable 
because of its slow decomposition in solution. 

Formally, these complexes arise from two salt molecules by substituting a 
palladium atom for one of the methylene hydrogens in each molecule. A com- 
parison of the complexes with the salts is thus of interest. First, there is a large 
upfield shift for carbon C(1) bonded to the metal in the phosphonium com- 
plexes (approximately 10 ppm) and a smaller one in the sulfonium and arso- 
nium derivatives (approximately 3 ppm). In addition, the direct coupling con- 
stant C(l)-P in phosphorus complexes is 4-S Hz less than that in the salt. 
These observations are consistent with the fact that palladium, as an electron 
donor, has the effect of localizing a partial negative charge on C(1) and so 
decreasing the s character of the C(l)-P bond. 

Ail the complexes show the carbonyl shifted downfield about 3 ppm from 
the salt, end 11-15 ppm from the ylide. In the complexes, the carbonyl is 
adjacent to negatively charged carbon C(1); in contrast to the situation in the 
ylide, this electron density is localized in the palladium-carbon bond and thus 
resonance structures like C do not participate. This localized high electron 
density induces a positive charge’on the adjacent carbonyl carbon which is also 
deshielded with respect to the salt *_ 

The methyl groups linked to carbonyl in IIId, IIIe and VIb are not much 
affected by complexation. The phenyl group of complexes IIIa and IX shows 
the C(3) carbon bonded to the carbonyl shifted upfield by 4 and 7 ppm and 
para carbon C(6) shifted downfield by about 3 ppm, whereas the ortho and 
metu carbons C(4) and C(5) are less affected. This pattern is consistent with a 
YT polarization effect in which the phenyl r electrons are polarized away from 
the C(1) [17]. 

The chemical shifts and the C-P coupling constants of the CH3 and C6HS 
groups bonded to heteroatoms P, As and S are basically the same for the ylides 
and the complexes, both different from that of the salts. This behaviour suggests 
that the free charge of the ylide C( 1) and the high electron density induced by 
the palladium on the C(1) of the complexes polarize the groups bonded to the 
heteroatom in the same way. 

Conclusions 

The chemical shifts and the one-bond coupling constants for the ylidic carbon 
C(1) in keto-stabilized phosphonium, arsonium and sulfonium ylides show that 
C(l) has an sp2 hybridized carbanionic structure with a strong electron drift to 
the carbonyl. In the pyridinium ylide also, there is a drift of electrons into the 
pyridine ring through a C(l)-nitrogen bond of partial double bond character_ 
Carbonyl stabilization of the negative charge on C(1) depends in the onium 
group in the order: Ph,P’ < Ph,As+ % Me,S+ << Me2C5HJN+. In the ylide, - 
PdClz complexes the 13C chemical shifts of C(1) confirm that the ylidic carbon 
is bonded to the metal, and show that the C(1) has a higher electron density 
than the C(1) carbon in the free ligand. 

* Such effect has been already found. for example in piperidinium chloride. where the Positive 
nitrogen causes an upfield shift by 2.5 ppm on the carbon C14dl. 
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The~compounds studied were prepared as described in ref. 3 and 4, or by 
other literature methods. When possible, 13C NMR spectra- were obtained in 
CDC13; because of their low solubility, the sulfur complexes were studied in 
DMSO-d6. A ligand exchange reaction-precluded the use of pyridine-ds and. 
DMSO-d6 for the other compounds 131. For the measurement of-the one bond 
coupling. constants tJ(C-H), benzene-& over NaH was used. This approach kept 
the system anhydrous and stopped chemical exchange reactions. Under these 
conditions, the NaH does not form metal complexes, ion pairs or bisanions, as 
shown by the invariance of the *&P-C) upon changing solvent from CDC13 to 
C.&D6 plus NaH 1193. However, since the solubility was limited, all the com- 
pounds could not be examined. 

Nuclear magnetic resonance spectra were taken at 25.2 MHz with a Varian 
XL-15 at 35°C. Broad-band ‘H noise decoupling was used for the carbon chemical 

shifts, with internal TMS as standard. For the carbon-hydrogen coupling con- 
stants, broad-band ‘H gated noise decoupling was used. Uncoupled spectra of 
ylides and salts were taken with approximately 0.02 M samples, while coupled 
ones were approximately 0.2 M. Chemical shifts were measured with an accuracy 
of 0.05 ppm, and C-P and C-H coupling constants with an accuracy of 1 Hz. 

Assignments of peaks was based on the muitiplicity and intensity of the 
signals, on the long-range P-C couplings and on the comparison with other 
reported ylides [ lci,lS]. 
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