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AbstractAdditive increments for para and meta substitvents in the aromatic ring were caiculated o the basis of

mmammummmw.mmama
cheemical ahifts of olefinic protops in substituted aromatic olefines by means of the incremests sre givea.

Thcmetbodformlcuht:ucbamuhhtfnofpmtomn
the double bond by means of additive increments'™ is
ofaenvuyuufulmtheduummuonofﬂ:e‘conﬁﬂl-

. H\ /R:!c
Bopm =8.25+ Zgom +Zetst 2 rnn/‘c-c

Ryem Rrrens

ments have been calculated by the least squares method
on the basis of 4298 chemical shifts and in the case of the
remaining 8 groups on the basis of simple additivity.
The parent compound method proposed by Tobey* is a
variant of the additive increments method, in which the
additive increments of the substituent are calculated on
the basis of chemical shifts of compounds having the
structure related as closely as possible to that of the
examined compound. This method makes it poesible to
meadd;avemmmentsahomthemwha'em«

importance. In this case the situation is complicated by
the fact that substitucats can be present also in the
aromatic ring, which has a profound effect on the chem-
ical shifts of olefinic protons. Pascual' gave in his first

'ammﬁcmbsﬁnmuntbem&bmdmdwm‘

work only one increment for all the aromatic sub-
stituents:

z- = 1-35. Z* = 0037’ Zy— = -o.lo-
Forcomﬁmmadhsto’l‘obey‘aphenylm
which is not sterically cxowda&.shows the following
increments:

Z,...-l.43, Zo =039, Z troms = ~0.06.

In their next publication Pascual ¢f al* introduced sub-

groups of aromatic substitueats in order to make the
method more exact and to extend its applicability.

Substitoeat 2 Zew Zoas
Aromatic 138 036 -0.07
Aromatic crowded 1.60 - -0.05
Aromatic ortho-substituted 1.65 0.19 0.09

However, we have found that when a substituent
(pamcdulyawbmmentexuuuamdecmmc
effect) is present in the aromatic ring, the differences
+ between the observed and the calculated chemical shifts

- of olefinic protons are considerable. This is not surpris-

ing, since the aromatic system is very seasitive to the
effect of substituents. The effect of a substituent on the
chemical shift of meta and para protons in substituted
benzese is usually by one order of magnitude stronger
than that on y and 8 protons in aliphatic compounds.®
Several linear relationships between chemical shifts of
oleﬁnnpmmand o Hamemett's constants of sub-
stituents in the aromatic ring have been proposed.’

We have found that (within the accuracy limits of the
Mnmmﬂhod)mbmnummemnc
ring in the meta or para positions exert a comstant
mdmmmechmdm&mw
ing protons at the double bond and that this effect is
wammmmuw
in fmﬁmﬂ)wﬁcﬁmmmmd
the olefinic proton in an aromatic olefine containing
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substituent S in the aromatic ring:
8”--&+Asll (2)

where 8, is the chemical shift of the olefinic proton in the
unsubstituted compound; AS/ is the increment due to
substituent S in the aromatic ring; / is the gem, cis or
tm:ponhonofthesnbﬂﬂnteduomhcmwhhm
pect to the olefinic proton; jnthepamormpoamon
of the substituent in the aromatic ring.
Itwufoundﬂ:atthevaluesofmamnub&’
substituents are perfectly lincar functions of Hammett's
cconmmsofsnbmmentss.UsouSZenmplesof
chemical shifts of protons in olefinic compounds con-

taining phenyl substitueats we have derived eqns (3)-(8)
expressing AS/ as functions of the o value.® The stan-
dard deviation of the chemical shift has been found to be

0.03 ppm.

AS%. =0.162 o, —0.005 ()]
AS% =0252 g,-0.02 @
AS%e, =0321 g, -0.010 ®
ASp. =0.119 o, —0.032 ©
ASZ =0239 0.-0027 ™

ASGms =0.291 .. —0.027 ®)

Table 1 shows the values of AS/ calculated by means
of the above equations for substituents in the aromatic
ring, which were taken into account in the desivation of
eqns (3)-(8). The increments of other substituents can be
cakulated by means of eqns (3)(8) and the correspond-
ing Hammett’s o constants.

'l’bevahmofthe.incnmenuahowninhblelindiute
that only substituents exerting strong electron accepting
or electron donating effects, e.g. NMe,, CN, NO,, etc.
have a significant influence on the olefinic proton shift. It
should be observed that the stromgest vinyl proton
shielding effect have substituents in the aromatic ring in
position trans with respect to the proton. The effect of
substituents in position cis is slightly smaller and that of
submnmtsmpouuonganlseomdenblymllu'l‘he
eﬁectofasubmmentmpoumanpammthemmuc
ring is stronger than the effect of the same substitueat in
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position meta. On the basis of many examples we have
found that deviations from the calculated values AS/ are
most observed in the case of substituents Cl,
Br and CN in the aromatic ring in the gem position with
respect to the olefinic proton.

Utilising the determined additive incremeats of shield-
ing AS/ of substituents in the aromatic ring we can ex-
press the equation determining the chemical shift of
the olefinic proton in an unsaturated compound contain-
ing substituent S in the aromatic ring in the form of eqn
..

Bype = 525+ 3.2, + ZAS/. ®

Examples of calculations of chemical shifts of vinyl
protons by means of eqn (9) arc given in Table 2.
Examples 1-14 illustrate the possibilities of assigning
signals in the ABC and AB systems to the corresponding
protons in substitnted aromatic olefines, whereas exam-
ples 18-17 illustrate the assignment of configuration
around the double bond on the basis of vinyl proton
chemical shift. It is of interest that the additivity rule is
also valid in the case when both aromatic rings contain a
substituent (examples 9-12).

The increments of substituents in the aromatic ring
AS/ determined by us can be used also in the case when
the additive increments method fails but the chemical
shift of the olefinic proton in the unsubstituted compound
is known. In this case the procedure is based on the
parent compound principle. Inasermofmnlo.om
compounds it gives a better agreement between
alcuhtedmdtheobmedvalwofchemmlsmfu

Examples of calculations of chemical shifts of vinyl
protons by means of eqn (2) are shown in Table 3. The
vinyl proton in compound 18 shows the difference be-
tween the calculated and the observed values of chem-
ical shift equal to 0.26 ppm, but the application of the

discussed above makes it possible to calculate
with good accuracy the chemical shifts of vinyl protons
in the substituted analogues 19-21. Similarly in the case
of 1,1-diphenylethylene (22) the difference between the
observed and the calculated values of the chemical shift
is 0.15 ppm, which makes it impossible to carry out the
calculations for substituted derivatives. The parent
compound method can be used for calculating with good
accuracy the chemical shifts in examples 21-25 and for
assigning the resonance signals in the AB system to the
corresponding protons in examples 26 and 27.

Table 1. Additive shielding incremeants for pars and meta substituests in the aromatic ring

Substitusat S wP'_ A,

o

as® a8 as"

trane

trans oom ois
b, .14 -0.23 -0.27 -0.06 -0.08 -0.09
™, om0 -0.22  -0.05 -0.07 -0.07
™ ©€.06 -012 -0.13 0.2 .0 0.02
004y -0.05 -0.00 -0.00 -0.022 O 0.01
ol ©0.03 -0.06 -0.06  -0.04 -0.04 . -0.08
Br 003 004 006 001 007 0.0
a 0.03 0.0¢  0.06 0.01 008 0.8
00R 0.07 0.0 0.13 0.01 005 008
o 0.0 0.4 020 00¢ 0.10 0.
o, 012 017 0.2 005 0.4 01




Calculation of chemical shift of olefinic protoas in aromatic olefines

Table2. Assignments of proton resonance position in ABC and AB systems and structural assignments

to geometrical isomers in aromatic olefines using-shielding increments

Structure and observed chemical
No. Ref. shifts

Calculated chemical shifts

5.18; 5.50; 6.66

3 9 cu,o—<(:)>\c_c/n.
w

3.03; 5.50; 6.55

Cem /H.
N S

5.37,582; 6.69

Hy

s 10 W PlOEN,

A
Il
0
5.90;7.40

%_@\c_ — "
1 we sch,

6.20; 6.62

6B

TETRA Vel 3, No. 5—H

Hy: 525
1.38 (sromatic gem)
0.12 (A% NOY)
T8 (A=-0.03)
Hy: 525
0.36 (aromatic cis)
0.17 (4%, NO)
5.78 (A=0.09)
He: 528
—0.07 (aromatic trans)
023 (A%ee; NOY)
541 (A=0.03)
HAI 5.2
1.38 (aromatic gem)
=003 (A% CHy)
6.60 (A = 0.06)

‘Hp: 52§

0.36 (sromatic cis)
-0.06 (A%, CH3)
555 (A=-0.0%)
He: 525
—=0.07 (sromatic trans)
=0.06 (A%, CHy)
5.12 (A = -0.06)
Hy: 528
1.38 (aromatic gem)
—0.05 (A% OCH;)
~6.58(A=—0.03)
Hy: 525
036 (aromatic cis)
=0.09 (A% OCH,)
2= -0.02)
He: 328
~0.07 (aromatic trans)
((AAL.. _g%h)
Ha 525 '
1.38 (aromatic gem)
0.05 (Ajw NO2)
T (4=001)
H.i 525
0.36 (aromatic cis)
014 (AZ, NO)
5.5 (A=0.07)
He: 525
—0.07 (aromatic trans)
0.18 (ASw NOY)
. ‘igm';am)
* 138 (aromatic gem)
~0.14 (45., NMey)
0.88 (PO(OE); cis)
T (A=0.0)
Hy: 525
0.36 (sromatic cis)
=023 (A%, NMey)
@ -0-1'4‘).)
Ha: 5.25
1.38 (aromatic gem)
o
1 (A=-0.11)
Hy: 528
* 0.36 (aromatic cis)
-0.06 (A%, CHy)
1.11 (SR gem)
T& (A=-0.04

1021
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No.

Calculated chemical shifts

6z

172

&E

8Z

3 H

6.57:6.T7

NO;

O NMe,

C=C

| c-c/"
12 H Vv \@—no.
730

HA: 5.”

1.38 (aromatic gem)
-0.03 (Al CH))
=0.13 (SR trans)

64T (A=-0.02)

H.: 5.2
—0.07 (aromatic trans)
-0.06 (éﬁ.. CHy)

1.11 (SR gem)

6B (A=-0.10)
HA: 525

1.38 (aromatic gem)

—0.14 (Al NMey)

0.14 (A% CN)
713 (A=0.09)
Ha: 525
1.38 (sromatic gem)
~0.07 (aromatic frans)
0.10 (A%, CN)
S (A=-0.09
H.: 52
1.38 (aromatic gem)
~0.07 (aromatic trans)
(A% CN)
525 (A=Q01)
138 (aromatic gem)
0.36 (aromatic cis)
0.12 (AL, NOY
Fusie)
HA: 528

138 (aromatic gem)
—0.07 (aromatic trans)
0.05 (A2, NO)
(A% NMe?)
(A=-0.10)
H.: 525
1.38 (aromatic gem)
—0.07 (sromatic trens)
—0.06 (A NMe)
8 (AR NOD)
(& = -0.06)



Caicuintios of chemsical shilt of olefimic protoss i aromstic olefiacs

Table 2. {Conid)

Structare sad obesrved chemical
No. Ref. shifts Calcuinted chemical shifty

Ha 523
138 (sromatic gem)
0.36 {(aromatic cis)
017 (A NOy o)
~t 082 (A2, OCHy

1 12 Cunul TH A=009
u/ \©—~o. He: 328
‘l’z (aromatic ::n)
. (sromatic cis)
11510 012 (4* NO, gem)
711 (A=001)
K‘: v
1.8 {(aromatic gaw)

0.3 (aromatic cis)
no—<(:)>\ A 0.17 (A,%cls NOY
ComC ~8.8% (A%, OH)

12 12 n,/ NO, T (a=0i1D)
Hy: 325
1.8 (aromatic pam)
;121 0.36 (arcamatic cis)
0.12 (A% NOY
~8.12 (A% OH)
A=-000)
R‘I 523

1.38 (srometic peu)
&0 (AL, CD
B °_@\c—c/m“ mif&é;;em trems)
" 3/ \“. He GS.B

CaC
Hou ™ Hy: 528

16 ]
W NcoooH, ~J4L{CO0R conjngund c)
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Table 2. (Contd)

Structure and obsorved chemyical
Red. shifts

Caicuisted chamical shifts

17

for isomer B

N
C

-=C

528

1.38 (aromatic gem)
-088 (A%, OCHy

055 (CN trans)

191 (COOR conjugated cis)
TR (A=000)

for isomer Z

2

1.38 (sromatic pew)
-0.85 (A%, OCH)

0.75 (CN cls)

0.46 (COOR conjugated trems)
TR @a=037

All chemical chifts are in ppm ex TMS.
A deactos cxperimental valuo—calcuinted value.

Tabie 3. Calculation of chessical shifts of olefimic protons i aromatic olefiacs based ou the pareat

compound method

No.

Structure sad obesrved chemical

Ref.

Chomical chemical shifts

!

shifts
17
O
/ \C"

mm
¢ O

17

. O

“P"@\
18 ==CHy

s
1.38 (aromatic gem)
Q.75 (CN cbs)
S (CN trams)
A=-028

747 (3 mosbuaet)
012 (A% NOy
TH (4= 008

@2 )
THA=00)

767 (3 wasubetituted)
(8% NMoy)
a=-a1)

.28

0.36 (aromstic cis)
(sromatic trens)
A=-019)

5.39 (8 omeubetitated)

Fur,

: S
(A=-400



Caiculation of chemical shift of olefimic protoas is aromatic olsfecs s
Table 3. (Conid)
Strectwre and observed chemical
No.  Re. shifts Caiculated chemical shifts
M, $39 (3 wmacbeticsed)
» Gmcry  AXWRCH
cs,—@/ @=0m
%)
N
gf’: 2 CN)
mn
8 C = CHy .14 (A2, CON)
T A=-003)
.60
Ha 599 (3 waswbetituted)
010 (A% CN)
A TH a=-000
2% 1 Coum ¢ Hy: 539 (8 easubstituted)
Sty L4 a2 0
s3Y (4= -001)
$.46; 551
Ha 599 (§ wasabstituted)
NOy @ M 817 (4% NOY
7 s - 556 (A= 000
Sy Hy: 539 {# unsubetitated)
%(“w NOy)
(A= -0.00
354,358
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