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Abstract—Additive shielding increments for the sulphinyl group, RS(0O)-, have been estimated (Znso.gem 127,
Zrs0.0s 0675 Zrsorcans 0-41) and their utility in making NMR and structural assignments in a.8-unsaturated

sulphoxides is presented.

Among the various NMR spectroscopic approaches to
identify the configuration about double bond the additive
shielding increments method”™* has beer: shown to be
general and very useful in practice. This method is based
on the independence and additivity of vinyl substituent
shielding effects. The resonance position of an olefinic
proton can be calculated by the eqn (1)
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where 5-25 represents the chemical shift of ethylene and
Zeems Z.s and Z,.., are the respective increments for
substituents R in the gem, cis and trans relationship to the
protons. Additive shielding parameters for olefinic pro-
tons have been computed’ from the 4298 cases investi-
gated for 43 functional groups covering a large number of
substituted ethylenes. The list of the additive shielding
increments given by Matter ef al.’ in their original work
include also the sulphur containing substituents like RS-
and RSO, as well as SF¢- and CH;COS-. The latter two
are less common groups attached to the ethylene residue.
Until now, however, the shielding increments for the
sulphinyl group, RS(O)-. occupying the middle position
between the mercapto and sulphonyl group, have not been
estimated. In view of the growing interest in the chemistry
and stereochemistry of a,8-unsaturated sulphoxides™® in
the past few years and because of our recent studies'™'" in
this field we decided to calculate the corresponding
shielding increments for the sulphinyl group with the hope
that they may be very useful in structural assignments.

Using the Z values derived by Matter et al.' we
calculated according to the equations given below the
average Z values for the sulphinyl group based on the 64
proton chemical shifts in a,B-unsaturated sulphoxides
drawn from the literature.

Zrsogem =8 = (525 + Zoy, + Lipan) 2
ZRso.cs = 8 = (5254 Zyom + Ziran:) 3
ZRSO-lmns =6- (525 + zcu + fom ) (4)

The chemical shift values of olefinic protons in vinyl
sulphoxides taken for calculations refer to the carbon
tetrachloride and deuterochloroform solutions and TMS
as internal standard. It has been found that the difference

969

(A8) between the experimental and calculated values of
the proton chemical shift in vinyl sulphoxides does not
exceed 0-15ppm for 83% of the examples taken into
account.

Table 1 illustrates the good agreement between the
calculated and observed vinyl proton resonance positions
in some a,B-unsaturated sulphoxides. In this context we
would like to point out that the additive shielding
increments for the RS(O)-group derived here are practi-
cally independent on the nature of the substituent R
bonded to the S atom. As it can be seen from Table 1
excellent results are obtained for aliphatic as well as for
aromatic vinyl sulphoxides (compare the examples 1 and 2
and 3 and 4).

By calculating absolute values of the proton chemical
shift in suitably substituted vinyl sulphoxides it is also
possible to assign configuration to geometrical isomers
providing that the difference between the observed
resonance positions in these isomers is greater than the
uncertainty limit of the method under discussion
(*0-1 ppm). This approach provides a rapid method for
establishing the geometric structures of mono-, di- and
tri-substituted viny! sulphoxides and it is, of course, most
advantageous for such systems in which the stereo-
specific coupling constants (especially ‘Ju_4) are not
available or in case where only one isomer is accessible
and characterized by PMR spectroscopy. Some examples
illustrating this are given in Table 2 and discussed below.

Recently, we have obtained™ both E and Z isomers of
I-methylsulphinyl-2-methyl-2-phenyl-ethylene (6). Their
geometry has unambiguously been established on the
basis of the stereo-specific synthesis. Thus, the isomer
with 8y 6-:54 ppm and *J,y_cu, — 1-0 Hz was assigned the E
configuration whereas the configuration Z was given to
the isomer with 8y 6:30 ppm and “Ju_cy, — 1-5 Hz. Simple
calculations using the additive shielding increments
shown in Table 2 lead to the same conclusion providing an
additional proof of this assignment.

The E and Z geometry has also been assigned to the
isomers of sulphoxide (7) on the basis of the allylic
coupling observed in one isomer the olefinic proton of
which absorbs at § 6-32 ppm. The resonance signal of the
vinyl proton in the second isomer appears at § 6-46 ppm
as a singlet. This observation led Russell and Oc-
hrymowycz" to suggest the E configuration for the
former isomer. However, they have neglected the sign of
the allylic coupling constant which is known to be
negative. Accordig to Barfield" the trans *Jy;_cu, should be
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Table 1. Chemical shifts of olefinic protons in a,8-unsaturated
sulphoxides

Table 2. Structural assignments to geometrical isomers in
«,B-unsaturated sulphoxides using additive shielding increments

Structure and observed Calculated chemical

Structure and observed Calculated chemical

No. Ref. chemical shifts shifts No. Ref. chemical shifts shifts
| 5-25 ﬁ 5-25
1-27 (RSO gem 1-27 (RSO gem
1 10 CH:—S_ 036 Earom:tic l.-s) CH—S___CH: _on Ealkil 5anx))
/C=C\ —0-07 (aromatic trans) C=C__ 0-36 (aromatic cis)
H Ph 6E 10 v Ph  —
6-81 681 (4=0) 660 (A=-0-06)
6-54 . .
0 Reversing assignment
Il 623 (A=031)
2 6 Ph—S Ph  asforl
C= 6-81 (A =—0-03) (ﬁ 5.25
H Ph 1:27 (RSO gem
678 CH—S_~ _Ph  _op Ealkil cgis) )
L=C -0-07 (aromatic trans)
525 62 10 H CH: 55 @a=007)
CH—S 127 (RSQ gem).
o0 ERTI :g:gg g}tﬂ ring f:ls")u) 630 Reversing assignment
e - £ 6-60 (A = —0-30)
6-01 59 (A=0:02) o
Il as for 6-E
ﬁ 7E 12CH—S_ _CH,—CH; 660 (4=-014)
4 6 Ph—S as for 3 /C=C\ Reversing assignment
\C:O 5-99 (A = —0-04) H Ph 6-23 (A =0-23)
H” 646
5-95
o g as for 6-Z
i 72 12CH—S____Ph 623 (A =0-09)
s 10 CH;—S\ as for 3 /C: ~ Reversing assignment
/c=<] 599 (A=0-13) H CH,—CH, 660 (A=-0-28)
H 6-32
6-12
0 for isomer E
All chemical shifts are in ppm ex TMS. Il H 5.25
A denotes experimental value—calculated value. 8 12 CH, S\C=C < 0-67 (RSO cis)
~ . i
greater, i.e. less negative than the cis “Iu_cu, which means CH; Ph _(l);g E:]rf:;] ?:,c,,sg )e ™)
that the trans-allylic coupling should be less visible than 710 -_—
the cis one. Therefore, one may expect that the reversed 702 (4=0-08)
assignments should be correct. In full agreement with this for isomer Z
reasoning are the calculations with the aid of the additive 5.25
increments given in Table 2. 0-41 (RSO trans)
In the case of sulphoxide (8) only one isomer has been 1-38 (aromatic gem)
isolated. The comparison of the calculated and the ~0-22 (alkil cis)
observed resonance positions indicate that it should have 682 (A=028)
the configuration E. Similarly, from the predicted
resonance positions the Z configuration can confidently be )
assigned to the isomer of sulphoxide (9) reported. It is ﬁ for isomer E
interesting to note that in the latter case there is no other CH,—S ql 5.25
possibility of configurational assignments. 9 12 ~ = 1-27 (RSO gem)
From the point of view of the proton NMR spectros- o’ Ph 0-18 (CI cis)
copy it is of great importance to know the proton -0-07 (aromatic trans)
resonance positions in AB systems. Usually, this problem 689 -

can be solved with the help of the specifically deuterated
compounds. Here we wish to demonstrate that simple
application of the additive shielding increments permits
rapid and reliable assigning the chemical shifts to H, and
Hj protons in various «,8-unsaturated sulphoxides (Table
3).

Finally, in Table 4 we have summarized the examples of
a,B-unsaturated sulphoxides where the chemical shifts of
olefinic proton show considerable deviations from the
values calculated by means of the additive shielding

663 (A=0-26)

for isomer Z

525

1:27 (RSO gem)
0-13 (Cl trans)
0-36 (aromatic cis)

701 (A=-012)
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Table 3. Assignments of proton resonance position in AB systems in a,8-unsaturated

sulphoxides
No. Ref. Structure and observed Calculated chemical
chemical shifts shifts
o) Ha: 525
] 1-27 (RSO gem)
WE 10 CHx—S\C_C/Hn 0_33 (aromatic cis)
HA/ ‘\Ph 688 (A=0)
6-88;7-23 Hy: 525
0-67 (RSO cis)
1-38 (aromatic gem)
730 (A=-007)
(l)l H.,: 525
127 (RSO gem)
0z 10 CH-‘—S\C_ /Ph -0-07 (aromatic trans)
H.”  H, 645 (A=-001)
644702 He: 325
0-41 (RSO trans)
1-38 (aromatic gent)
74  (A=-002)
ﬁ H,: 525
1-27 (RSO gem)
— H
0 s Et S\C=C/ » 1-0] (COOR conjugated cis)
) - o
H. CO,CH, 753 (4=0:09)
6-46; 7-62 Hg: 5:25
0-41 (RSO cis)
0-78 (COOR conjugated gem)
644 (A=0-02)
ﬁ H,: as for 11
, 753 (A=0-02)
Pr —S\C AHe Hy: as for I1
= 6:44 (A =0-03
12 7 HA/ ~CO,CH. (A )
6-47,7-55
ﬂ H.: as for 11
13 8 \C=C/ ? Hy: as for 11
~ . = (-
H,\/ CO.CH, 644 (A=-0:11)
6-33,7-43
(ﬁ H.: 525
_ 0-67 (RSO cis)
Bt=S__ M ~0-28 (alkil trans)
14 7 /C=C\ —
n-CH, H, 564 (A=0-08)
5.56:5-72 Hg: 5-25
0-41 (RSO trans)
-0-22 (alkil cis)
544 (A=012)
ﬁ Ha: 528
1:27 O
15 14 Se=cZ 652 (4=008)
H, He Hg: 525
_0~_6_Z (RSO cis)
5:72;:5:97.6:60 592 (4=005)
Hc: 525

0-41 (RSO trans)
566 (A =0-06)

m
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Table 4. Examples of a,8-unsaturated sulphoxides with discrepancies between the
experimental and calculated values of chemical shifts
No. Ref. Structure and observed Calculated chemical
chemical shifts shifts
ﬁ H,: 5:25
1-27 (RSO gem)
Ph—S_~ _Hs 0-98 (COOH conjugated cis)
16E 15 C=C__ e
HJ COOH 7-50  (A=0-25)
6:55.7-75 Ha: 525
0-67 (RSO cis)
0-80 (COOH conjugated gem)
672 (A=0-17)
(ﬁ H,: 525
1-27 (RSO gem)
162 15 Ph—S\C c /COOH Oﬁ (COOH conjugated trans)
A/ RS . 684 (A=0-03)
6-38; 6-87 Ha: 525
0-41 (RSO trans)
0-98 (COOH conjugated cis)
6-64 (A=026)
(ﬁ Ha: as for 11
7-53 (A=0-29)
i7 R e e (8 0.0
H,”  CO.CH, B
6-47,7-24
CH,0,C H,H. CO,CH: H,: as for 11
18 Se=cZ " Sc=c 7-53 (A = —0-49)
Ha ﬁ H, Hp: as for 11
o 6-44 (A=0-15)
6:59;7-04
i
H.: as for 10-E
CH—S_ _He 688 (A= -023)
I9E 10 H =C Hjx: as for 10-E
A NMe, 7-30 (A =-0-26)
665,714
i
NMe H,: as for 10-Z
CH.—S__ @_ ’ 645 (& =~0-25)
192 10 /C=C\ Hg: as for 10-Z
H. Hs 7-02 (A=-0-15)
6-20;6-87
parameters. In the case of cis and trans B- REFERENCES

phenylsulphinyl acrylic acid (16) it may be due to ability
of this compound to hydrogen bond formation. In
sulphoxides 17 and 18 these discrepancies may be related
to the nature of the substituent attached to the sulphiny! S
atom (long aliphatic chain, unsaturated residue) as a cause
of lower chemical shifts of protons H, in these systems.
In the last case (19) the differences between the calculated
and experimental values of H, and H, protons are
undoubtedly caused by the electronic effect of the
p -dimethylamino group present in aromatic ring. Asitis a
general problem we defer the discussion of such cases to a
separate communication.
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