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Abstract-IR fr&luencies and integrated intensities are reported for the vC==C mode of vinyl ethers and 
sulphides and for the 1600 cm-’ ring modes of phenyl ethers and sulphides. The electronic interactions 
between substituents and n-systems are interpreted in terms of conformation and steric hindrance to 
overlap. 

PREVIOUS work has shown that IR intensities of the o16 bands of monosubstituted 
benzenes afford a measure of the resonance interaction between substituent and ring 
(Eq. l).’ IR intensities of the vC=C of monosubstituted ethylenes3 show further that 
the resonance interaction between-substituent and ethylene n-system is of similar 

type (Eq. 2). 

A 
mono 

= 17,6oo(a0,12 + loo (1) 

A 
ethy 

= 27,100(00,)~ + 80 (2) 

Whereas in a monosubstituted benzene only one stable conformation (cf 1) is 
found, monosubstituted ethylenes with unsymmetrical substituents possess s-cb (2) 
and S-~WZ.S conformers (3). 

The question arises whether the conjugation in an ethylene capable of s-cis/s-tram 

rotational isomerism varies from conformation 2 to 3. The previous paper3 indicated 
that this might be so for s-cis and s-trans vinyl ketones, and this is discussed in detail 
in the following paper.’ Such a behaviour for acyl groups is in agreement with the 
large differences in v,~ intensity calculated for s-cis (5) and s-tram conformers (6) of, 
e.g., meta-substituted benzaldehydes.4 The small difference in v,~ intensity calculated 
for the corresponding conformers of meta-substituted anisoles,4 and the small 
asymmetry correction for the OMe group6 indicate that the conjugation between 
C&C and substituent in s-cis and s-trans vinyl ethers should be effectively constant. 
Further, unpublished work indicates that the same is true of the SMe group. 

It follows that any dependence of the interaction of OR or SR groups with z-systems 
on the steric requirements of the alkyl group R should be explicable in terms of steric 
inhibition of resonance, without the added complication of variable conjugation with 
conformation in the ethylenic compounds. This paper records results which suggest 
that this does indeed apply. 
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Phenyi ethers and phenyl s~~~~i~es. IR data are shown in Table 1, For the ethers, 
& is sensibly constant at -0-43 for OMe, OEt, OBu” and OPri, but the value drops 
to -0.34 for OBu’. This is interpreted as indicating that additional steric hindrance 
to planarity for OEt and OPr’ over that for OMe is small and is offset by additional 

R, 
X 

R 
‘X X ,R 

1 2 3 

4 5 6 

electron release. However, for t-butoxybenzene, the additional steric hindrance 
clearly dominates. This conclusion agrees with the earlier work of Baddeley et at,’ 
concerning reactivity and W data and with more recent work on cyclic ethers.9* i* 

For the sulphides, G: is considerably more sensitive to the size of the alkyl group, 
falling steadily from -@25 to -0.07 for SMe to SBu’. The CSC bond angle is sig- 
nificantly, smaller than L COC and despite the greater S-C bond length, steric effects 
should he more important in the sulphides than for the ethers. However, as is shown 
in Figs’ 1 and 2, steric effects should be small for the phenyl and both the s-cis and 
s-trans vinyl derivatives except for R = t-butyl, and another explanation must be 
sought for the large variation in apparent conjugative power of the SR groups. 

lA* 
- 

FIG f. Molecuhtr models of: (a) Planar forms of t-butyl vinyl ether, s-c& and s-tram con- 
formers. Bond lengths and angles are taken from Ref. 11; fb) Planar forms of t-butyl phenyl 
ether. Bond lengths and angle are taken from Ref. 10. The rings in dotted line correspond to 

the methyl derivatives. Interaction radius of hydrogen atom from Ref. 12 



T
A
B
L
E
 

~.
IR

A
N

D
U

V
 

D
A
T
A
O
F
A
L
K
Y
L
P
H
E
N
Y
L
 

E
T
H
E
X
S
A
N
D
S
U
L
P
H
I
D
=
~
 

r 
Ph

O
R

 
- 

--
 

-P
hS

R
 

I 
IR

 
--

7-
-U

V
-7

<~
- 

-t
R

--
--

_ 
--

- 
A

,,-
= 

R
 

uc
m

-’
 

&
.t 

A
”

 
O

b 
C

R
 

i,’
 m

l\
 

cd
 

re
m

-’
 

A
a 

O
b 

,,>
a\

 
E*

 
O

P.
 

I’m
, 

fm
,, 

M
e 

16
03

 
20

8 
33

30
 

- 
15

90
 

96
 

@
42

8’
 

27
1 

15
79

 
15

85
 

62
 

11
90

 
- 

@
24

91
 

25
4 

10
10

0 

16
03

 
23

3 

15
98

 
12

4 
35

00
 

-0
44

0 
27

1 
19

38
 

15
87

 
46

 
75

0 
-0

.1
92

 
25

6 
77

50
 

B
U

” 
16

02
 

19
0 

- 
- 

- 
- 

- 
- 

15
88

 
97

 
32

80
 

-Q
42

5 

C
yc

lo
he

xy
l 

15
82

 
45

 
- 

- 
- 

- 
15

72
 

17
 

65
0 

-0
.1

77
 

- 

Pr
’ 

16
06

 
17

4 

15
89

 
16

9 
33

30
 

- 
0.

42
8 

27
3 

19
20

 
15

84
 

49
 

15
73

 
14

 
57

0 
-0

.1
63

 
25

7 
57

70
 

Ph
 

15
92

 
11

4 
24

20
 

-0
.3

63
 

- 
- 

- 
- 

15
96

 
16

8 

B
U

’ 
15

93
 

14
1 

15
86

 
69

 
21

60
 

-0
.3

42
 

27
0 

45
4 

15
82

 
12

 

15
72

 
9 

20
0 

- 
0.

07
5 

26
8 

12
90

 

* 
Va

lu
e 

m
ea

su
re

d 
in

 C
cl

,. 
’ 

V
al

ue
 

ca
lc

ul
at

ed
 

fr
om

 
eq

. 
[(

A
 

10
0)

/1
76

00
3~

. 
’ 

j.,
_i

n 
nm

. 
’ 

V
al

ue
s 

ta
ke

n 
fro

m
 

R
ef

. 
7
 
'
 \
'
.
~
l
u
m
 1
.
1
l
c
n
 fr
om

 
R

iT
 

8.
 

J 
A

lth
ou

gh
 

a;
 

va
lu

es
 

ar
e 

qu
ot

ed
 

to
 

th
re

e 
de

ci
m

al
 

pl
ac

es
, 

un
ce

rt
ai

nt
y 

re
ga

rd
in

g 
th

e 
ov

er
to

ne
 

co
rr

ec
tio

n 
in

 e
qu

at
io

n 
(1

) 
le

ad
s 

to
 

er
ro

r 
of

 0
00

2 
fo

r 
a 

ci
 

of
 @

4,
 a

nd
 

an
 

er
ro

r 
of

 O
G

O
8 

fo
r 

a 
u;

 
of

 0
2.

 

.-
 

--
 

.-
-.

.-
 

_.
 

- 
--

 
-_

--
 

-.
. 

_ 
_ 

_ 
._

 
--

 
- 

- 
..-

 
-.

-.
- 



3444 A. R, KATRITZKY, R. F. PINZBLLI and R. D. TOFSOM 

Frc; 2. Moiecular models of: (a) Planar forms of t-butyf vinyl sulphide, s-cis and s-truns 
conformers. Bond lengths and angles are taken from Ref. 13; (b) Planar forms of t-butyl 
phenyt sulphide. The rinps in dotted line correspond to the methyl derivatives. Interaction 

radius of hydrogen atom from Ref. 12 

Whereas for the ethers the only mesomeric interaction from the subst~tuent is 
electron donation by the oxygen p-orbitals, for the su~phid~ electron acceptance 
also occurs into the sulphur d-orbitals and the observed eg is the algebraic sum of 
these two electron displacements. As the SR group is twisted out of the plane of the 
ring, the 7~ p-overlap is rapidly diminished, but the IC d-overlap is unaffected because 
the overlap of the d(xz} orbital with the p-orbital of the ring is replaced progressively 
by the overlap of the d(yz) orbital, as shown in Fig 3, NMR studies14* l5 have shown 

Fro 3. d-n Overlap in atkyl pbenyl suiphides 

that there is no, or littlefangle dependence for the d-orbital acceptor effect of the sulphur 
atom. As a consequence, the energy loss on twisting an SR group is expected to be 
much less that that for. twisting an OR group. Hence increasing the size of R in SR 
ii accompanied by more twisting than occurs for QR and this explains the greater 
sensitivity of the observed crp for SR to the size of R, The value of $ correlates well 
with reported* E maxfor the UV spectra of phenyl sulphides (Fig 4). 

.ViplyE alders. Owen and Sheppard have showu that methyl vinyl ether-l6 and ethyl 
vinyl ether” exist ,as mixtures of two conformers of which the planar cis forms 2 
are the more stable with AH” l-15 k O-25 kcal mole” (vapour) or @66 + 0.2 
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(1,1,2+iohloroethane solvent) for the methyl and O-8 + 0.2 kcal mole-’ (1,1,2- 
trichloroethene solvent) for the ethyl ether. The minor conformer was tentatively 
assigned the non-planar gauche (4) rather than the the trans-configuration (3). The 
micro-wave spectrum confirms the planar cis form” but was inconclusive regarding 
the other conformer. NMR evidence which is stated’* to exclude the planar trance 
form is equivocal because it assumes no difference in anisotropic shielding between 

I I I 
-0 I5 -020 -025 

%R, 

FIG 4. Plots of UV extinction coeficients against oi(SR) for alkyl phenyl sulphides 

the cis and (gauche or tram) forms: a treatment” in terms of dipole moment and 
Kerr constants (cf also Ref 20) is inconclusive because the mesomeric moment is 
assumed to be equal in the two conformers and yet the non& conformer is concluded 
to be considerably twisted. In the absence of clear evidence to the contrary, we believe 
the trans conformation to be more likely than the gauche. 

Evidence that the proportion of s-truns conformer increases markedly for the 
i-propyl and becomes dominant for the t-butyl vinyl ethers comes from equilibrium 
data for propenyl ethers.2’ The effectively constant cr: value for OR in vinyl ethers 
(Table 2) confirms the previously discussed concept of equal conjugation in s-cis 
and S-truns forms. This would not hold for the s-cis t-butyl ether (cf Fig. l), however 
this conformer is probably present in only minor amounts in the equilibrium. 
Ledwith and W’~ods~~ have recently concluded that variation in steric effects deter- 
mines the reactivity sequence of alkyl vinyl ethers. 

Vinyl sulphides (Table 3). Temperature dependence of IR absorption has shown13 
that methyl vinyl sulphide exists in two rotational isomers. The s-cis isomer is found 
to be the more stable, with AH” = 1.4 kcal mole-’ (in gas phase). The complete 
NMR analysis of alkyl vinyl sulphides has been reported recently,23 and results are 
interpreted in terms of mesomeric interaction. The ug value for SR in the vinyl 
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TABLE 2.IR DATAOFALKYLVINYLETHPBS (CH,:CHOR) 

OMe’ 1652 
1639 
1616 

OEt 1652 
1638” 
1612 

OBu” 1652 
1636b 
1612 

OPr’ 1652 
1636b 
1612 

OBu’ 163gb 

- - - - 0.428 

159 
8gb 5150 - 0.433’ -0Ql40 
55 

159 
89 5260 - 0.437 -0.425 
57 
54 

145b 5130 - 0.432 - 0.428 
84 

169 5150 -@433 -0342 

D Compound of low boiling point (12°C). * Data for s-tram form (cf Refs. 11 and 16). c Value 
measured in Ccl,. ’ Value from [(A-80)/27100] 4. ’ Value from [(A-100)/17600]*. 1 Although ni 
values are quoted to three decimal places, uncertainty regarding the overtone correction in equi- 
tion (2) leads to an error of OGOl for u; of Q4. 

TABLE 3.IR DATAOFALKYLV~NYLSULPHIDES (CH,:CH-SR) 

SMe 1584 147 1675 -0-243’ -@249 
SEt 1585 106 1430 - @223 -@192 

1582 116 
SPr’ 1585 123 1270 -0.210 -0163 

1583 107 
SBu’ 1584 130 1090 -0193 -0.075 

o Value measured in Ccl,. b Values from [(A - 80)/27100]*. ’ Values from [(A - lOOK 
17600]*. d Although u; values are quoted to three decimal places, uncertainty regarding 
the overtone correction in equation (2) leads to an error of OW4 for a 0;; of 0.2 

sulphides shows a decrease with increasing size of R parallel to, but much smaller 
than. that found in the phenyl sulphides. We expect that for the s-cis conformers of 
the vinyl sulphides approximately the same interaction between substituent and 
n-system as for the phenyl sulphides (cf Fig 2). However, steric hindrance will be 
considerably less in the s-trum conformer, and hence the existence of a considerable 
proportion in the s-mm form will tend to keep variations of 0: as measured for SR 
in the vinyl sulphides to a much lower value than that for the phenyl sulphides. Such 
behaviour is indeed found. 

EXPERIMENTAL 

The IR spectra have been recorded on a Perkin-Elmer spectrometer 125. The method used for calcula- 
tions of infrared intensities is the same as described m previous papers on this topic. 

The compounds commercially available have been purified by standard procedures. The following 
compounds were prepared by the literature methods indicated: t-butoxybenzene, b.p. 52”/6 mm (lit’ 
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60’/8 mm). Alkyl phtnyl sulphides: isopropyl, b.p. 81”/4.5 mm (Iit24 207.5”/750 mm); cyclohexyl, b.p. 
118”/0.5 mm (lit 2J 108/0.1 mm); t-butyl, b.p. 67”/1.5 mm (lit 2* 73”/5 mm). Isopropyl vinyl ether,26 b.p. 
56” (lit2’ 55.5-56.5”), t-butyl vinyl ether,x6 b.p. 82” (lit 27 80.5-81”). Alkyl vinyl sulphides: methyl, b.p. 7w 
(lit2 69-70”); ethyl, b.p. 92” (lit29 92”); isopropyl,2g b.p. 44”/50 mm (lit3’ 107”); t-butyl,29 b.p. 46”/90 mm 
(lit23 41”/120 mm). 

’ 
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