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abstract

An explanation of the ^4I directive effect in 
substituted biphenyls and the ortho, para directive 
of 3-substituted styrenes in aromatic substitution, where 
the substituent is normally meta directing is given. On 
the basis of orientation of substitution in sterically 
hindered systems and rate data the orientation is con
cluded to be due to resonance interaction with the 
substituted ring in biphenyls and by andlogy to inter
action with the double bond in (3-substituted styrenes. 
Isomer distributions calculated assuming resonance 
interaction are in agreement with experimentally found 
distributions for the two systems.

vii



DISCUSSION

Relative rates and orientation of aromatic substi
tution are qualitatively predictable by considering the 
mechanism of aromatic substitution and electronic effects 
of ring substituents.

The mechanism for aromatic substitution involves 
attack on a carbon bearing a hydrogen by an electrophile, 
forming an intermediate or transition state. Subsequent 
elimination of a proton from that carbon produces the

isubstituted aromatic.

The directive effect of substituents can usually 
be rationalized by drawing resonance forms for the ground 
state molecule. The site of attack ortho, para or meta

ito the substituent, however, is determined by the 
electronic stabilization of the transition state relative 
to the ground state.

To illustrate this, the transition state resulting 
from electrophilic attack on anisole in the ortho or para 
position is stabilized by four principal resonance forms.
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+

+

On the other hand, if attack occurred at the meta position, 
only three principal resonance forms could be written.

OCH <— > OCH <— > OCH

Therefore, the para or ortho transition state should be
of lower energy relative to the ground state and the
products of electrophilic attack should be predominantly

2the ortho and para isomers. A consideration of the 
electronic distribution in the ground state would lead 
to the same conclusion on orientation.

These suppositions are supported by the fact that on
acetylation or benzoylation anisole yields 66 and 88.6

3per cent of the respective para isomers.
Electrophilic attack on nitrobenzene yields pre

dominantly the meta derivative. Here the nitro group 
deactivates the ring inductively and selectively deactivates 
the para and ortho positions by means of resonance.



If again there is agreement of ground state electronic 
distribution and transition state stability, /then the 
attacking electrophile would be expected to substitute 
in the meta position, for the meta transition state should 
have lowest energy. * In this case, the transition state 
for meta attack is stabilized by three resonance forms 
as is the transition state for para or ortho attack.
However, for para or ortho attack, one resonance form 
places a positive charge next to the nitrogen of the 
nitro group, which has a formal plus one charge, a situa
tion energetically unfavorable.̂  Therefore, meta substi
tution should occur. This is in agreement with the isomer 
distribution found on nitration of nitrobenzene. Nitration 
at 0°C. produces 6.4% ortho, 93.2% meta, and 0.3% para 
dinitrobenzene.̂

Another strongly meta directing group is the
+

quaternary ammonium group [-N(R)g]. Here direct resonance^ 
interactions are not possible so there is little selective 
deactivation in the ground state. Therefore, the directive 
effect must be rationalized primarily on the transition state 
energy. The transition state argument is the same as for 
nitrobenzene. In any position of attack three resonance forms



are possible; however, ortho and para attack places a 
positive charge on the carbon next to the positive 
quaternary ammonium group for one resonance form.

+

3'3 <— > n (ch3)3 <— >
+

n (ch3)3
+

/>” N(CH3)3 <— >
+ -n (ch3)3 <— > N(CH3)3

This resonance for (A) being considered a small contributor 
to the overall resonance energy results in the ortho or 
para transition state being stabilized by two principal 
resonance forms, and therefore is less stabilized. On

reports that 100% meta substitution occurs.
A consideration of the directive effects of 

substituted biphenyls andy# substituted sytrenes is more 
complex and the experimental observations may appear 
anomolous if reasoning is based on the normal directing 
effects of a substituent.

From a survey of reactions of substituted biphenyls
(Table I) undergoing electrophilic attack, two generaliza
tions can be made regarding the position of substitution. 
First of all, biphenyls with strongly activating groups 
undergo attack and substitution in the ortho positions

nitration of the trimethyl phenylammonium ion Ingold6



TABLE I
MONOSUBSTITUTED BIPHENYLS REACTING TO PRODUCE DISUBSTITUTED BIPHENYLS 

Reactions of 4-Substituted Biphenyls

Position of Substitution of Y
Substituent X Reaction 2 3 2' 3* 4' Reference
no2 Nitration - - 37% - 63% 9
no2 Acetylation - - - - 55% 32
CHO Nitration - - 35% - 67% 32
COOH Nitration - - 47% - 53% 32
H Nitration - - 53% - 47% 9
H Sulfonation - - - - 61% 38
ch3 Nitration X ? X ? 40-45% 30
9NHCR
0

Nitration (highly acidic) - - X - X 32

NHCR Chlorosulfonat ion X 330
wNHCR Bromination X 23



TABLE I— Continued _
A. Reactions of 4-Substituted Biphenyls (continued)

Position of Substitution of Y 
Substituent X Reaction 2 3 .2* 38 » 48 .

Nitration (AcgO) - X - — 8
OCHg Bromination - 60 — 30 8

B. Reactions of 3 Substituted Biphenyls
Position of Substitution of Y 

Substituent X Reaction 2 4 28 38 4* _____
N02 Bromination - — — 100% 34
NOg Nitration - — X - , . X 34
GHg • Nitration - X - — • — 31

NhEr Ha logenat ion - X — - 34
NHCR Nitration - X —  - - 34

(low acidity)
NHCR Nitration - - - i; 34

(high acidity) ■



TABLE I--Continued. 
Reactions of 2 Substituted Biphenyls

Substituent X
no2
no2

N02
Cl

13HAc
NHAc

NHAc
EHS02̂ )N02(m)
nhso2̂ ch3(p )

Reaction
Chlorosulfonation
Acetylation
Nitration
Nitration

Chlorosulfonation
Nitration

Bromination
Nitration
Bromination

Position of Substitution of Y

100%
X
100%

2"!

39%

4 1

70%
X
61%
X

X
78%

Reference
35 
32
8
36
37
35
22 
19
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of the substituted ring. Secondly, biphenyls bearing a 
deactivating group, where deactivation results from reson
ance or inductive effects, substitution occurs in the 
unsubstituted ring in the 2* and 4' positions.̂

On bromination of 4-methoxybiphenyl a sixty per cent
gyield of the 3-bromo-4-methoxybiphenyl is obtained; this

illustrates the first generalization. On the other hand,
nitration of 4-nitrobiphenyl occurs in the 21 and 41 

apositions. Since the nitro group is a deactivating 
group, 4-nitrobiphenyl follows the second generalization.

On the basis of resonance forms which can be written 
for 4^nitrobiphenyl the 2* and 41 positions are selectively 
deactivated and are relatively positive compared to the 3* 
positions. Consequently, attack by a positive nitronium 
ion at the 31 position might be expected to give the lowest 
energy transition state.

+



This, however, is not in accord with the observed formation
of the 4,4* and 2,4' dinitrobiphenyIs.

Electrophilie attack at the 2* and 4* positions
offers the advantage that the intermediate or transition
state can be stabilized by resonance interactions with the
second ring.

+
NO £ <-**

-T\ //NO2 <■>

This is impossible with attack at the 3' position. 
+

NOo <—>/AX A u2
However, it is important to stress, that this resonance 
interaction with the second ring removes electrons from 
an already electron deficient aromatic ring.

Since the position of attack resulting in the lowest 
activation energy is the favored one, then resonance stabili
zation of the 2* and 4* intermediate must override the 
positive-positive charge interaction of the second ring 
and produce a lower energy transition state than the 3' 
intermediate where no resonance interaction with the 
second ring can occur.



to

For resonance stabilization to occur in the biphenyls 
it is necessary that the ttfo rings be coplanar. X-ray,

1 I I O  1 3dipole moment, spectra, and Kerr constants, indicate
4-substituted biphenyls are planar in the crystalline
state and planarity being the preferred configuration in
solution. A. Hammett correlation of 4'- substit u#ed^ 4? bipheni c
acids'*'̂  and rate •data*'* on biphenyl substitution shows a
substituent resonance and inductive interaction between
the rings. This rate data, in conjunction with the other
information substahtiates resonance stabilization of the

. transition state by both rings.
The orientation found on nitration of 4,4“-dichlprb-

biphenyl and 2,2'-dichlorobipheny1 is indicative of the type
of stabilization occurring in the transition state (Table
II). Mononitration of 4,4”-dichlorobiphenyl occurs in

16 -the 2 position. Nitration of 2,2”-dichlorobiphenyl 
results in dinitration in the 3,3” positions. Since 
the coplanar 4,4”-dichlorobiphenyl allows resonance inter
action between the two rings, the transition state at the 
two position gains additional stabilization from the 
second ring; this results in 2 substitution. However,
in 2,2”-dichlorobiphenyl the rings are at an angle of 74°

18to one another and, therefore, little or no resonance 
interaction will occur between the rings. Orientation 
will now be directed by the stabilizing influence of the



TABLE II
REACTIONS OF SUBSTITUTED BIPHENYLS WITH CONTRASTED STERIC EFFECTS

Reference



TABLE II— Continued

Reference

Br Br
BroNHTs -- > Br s, Br- NHTs 8

Br

BrDO Br.

Br

[Ts

Br,
> Gum + o D

NHTs

Br

Br
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Cl group in the ring being substituted; this results in
3,3* disubstitution.

The same effect of resonance stabilisation of the
transition state is shown by the. rates of chlorination of
2,2 s-dimethylbiphenyl, 4,4 e -dimethylbiphenyl and 3 3 31 -
dimethyIbiphenyl. The rate of chlorination of 2,2?
dimethylbiphenyl is comparable to toluene; 4,4*  ̂apd
3,3*-'dlmethyIbiphenyIs chlorinate 20 and 500 times faster
than toluene, respectively.

These exastples show that the transition state in
biphenyls with deactivating groups, strongly interacts
with the opposite ring unless this is prevented by steric
effects. For a deactivating, normally meta directing
group like nitro, this interaction with the second ring
overrides normal effects and results in ̂ ’ substitution.

it has long been knogm,̂  that strong electron
interactions occur in certain reactions when applying
Hammett correlations. This resulted in the formulation
of the Brown treatment and the use of constants for

20electrophilic aromatic substitution reactions.
By the use of the Hammett plot of the ionization 

constants of biphenic acids^a(see Graph I) it is possible 
to obtain the a values of the substituted phenyl group by 
considering the biphenic acids to be substituted benzoic 
acids (Table IV). Using these o yalues and Brown’s 
conversion formula, the corresponding c* values were



obtained and used to calculate isomer distributions and 
relative rates for electrophilic attack in substituted 
biphenyls.

In the case of 4-nitrobiphenyl the o' value as a
substituted benzoic acid can be determined by finding the
pKa of 4*nitrobiphenic acid corresponding to o para riitro
and reading the o value for benzoic acids corresponding
to that pKa. However, in this case the pKa was expert^
mentally determined and that value was- used to determine
the o value as a substitute4 benzoic acid. Experimentally
determined values were used in all caseavhen available.

The o'5’ values for the 4' and 3' positions were
calculated using the relation given by Brown for aryl 

onsubstituents.
a ‘ CTp * 'ap ” -'*•13 1. (74« ^ a4 ’’ *13
be am = a m a3 « = :03
The values for the 2 and 3 positions were cal

culated assuming the effect of multiple substituents on
the reactivity can be expressed by the Hammett equation 

21in the form,
lOg =̂9? r= P ECJ

and that the to a relation of Brown still holds. There
fore it follows:

3- ct2 - <  * 4(H)
4. 4  = ap 93(h )
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No steric correction was introduced for the 2 and 3 posi
tions in calculating per cent substitution in these posi
tions except for 4 - me thy Ibipheny 1. For dead #lwat ing 
groups the per cent substitution in the substituted ring 
was low without the introduction of a steric factor. In 
the cases of OCH^ and NH?, these groups are activating to 
such an extent that a steric factor would have made no 
significant difference in the isomer distribution. The 
per cent substitution in the 2 " position is5 however, 
experimentally about one-haIf the 4' value.^ The cal
culated values were therefore set to preserve the 2 * to
4’ ratio of one-half.

The isomer distributions are given for benzene
O  rx -

derivatives by the relatiop:
c. log -B = pea* - a*) - log 2

Modification of the expression to accommodate the biphenyl
system gives the following relation.

5. log x  = 9 (o* - ■<?+) - log 2 a = 3', 3, 2

To illustrate the use of these relations the 
expected isomer distribution on nitration of 4-methy1- 
biphenyl will be calculated.
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31 2' 2 3/: \ r--v
Sigma values for 4' Z X - Z  X-GH3 Source

g4« = -.07 Graph I

031 = -.05 Graph I

a41 - -.20 Equation 11
, = -.05 Equation 2

a2 = -.25 Equation 3

am(CH3) = --066 Table IV

°4'(CH3) = "•L79 Table IV

0 j = -.21 Equation 4

ap(CH3) = •3il Table IV

^31 (h) = • 103 Table IV

ct2» = a4«

These are all the necessary a+ values for
4-methyIbiphenyl to calculate the isomer distribution
from equation 5. The only necessary information needed is the
p value for nitration. For aromatic nitration at 0°C. in

2 20acetic anhydride p is -6.5. * The ratio of 4' to 3' nitro
derivative from equation 5 is 4.0.

l°g TfT = P (CT41 - 031) - log 2

log 7p* = -6.5(-. 20 + .05) - . 301

i



The ratio of 2' to 4' nitro derivative is set at 2 on steric 
considerations.

=0.5

The ratio of 41 to 2 nitro -41 methyIbipheny1 is 2.4 x 10^. 

log -y- = p(ô , - a*) - log 2 

log y  = -6.5(-.20 + .25) - .301 = -.626

y  = 10*374 x 10”1 = 2.4 x 10'1

If the same steric factor for 41 to 21 substitution is 
introduced the ratio becomes 9.6 x 10^.

y  = 2.4 x 10  ̂x 4 = 9.6 x 10^

The ratio of 4' to. 3 substitution is 4.2 x 10""*.

log ty = p(o+ - a*) - log 2

log = -6.5(-.20 + .21) - .301 = -.366

4y = 10-634 x 10'1 = 4.3 x 10'1

The same steric factor found on nitration of toluene can 
be introduced here for the effect on the 41 to 3 ratio 
since the steric conditions are similar. The ortho to

2para ratio on nitration of toluene was found to be 1.57.
With no steric effect the value for the ortho para ratio 
would be 2. The steric factor S is therefore given by 
the following relation.
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P theoretical Q _ P actual
0 theoretical " 0 actual
S _ _ 1_  '
S " 1,57 
S = 1.27

Introducing this steric effect the ratio of 4* to 31
X.nitration becomes 5.5 k 10”

= 4.3 x 10™^ x 1.27 = 5.5 x 10”^

This isomer distribution for -substitution in the various 
positions can now be determined by solving the above ratios 
for per cent of 4 ' and calculating the others from that.
The isomer distribution neglecting all steric effects is: 
per cent 4' = X 1.00 X 10% - 4*

3' = .25(4') :tr'x
2 ' = 2(4') 2.00 X
2 = 4.16(4') 4.16 X
3 = 2.32(4') 2.32 X

21%  - 2'
43% - 2

9.73 X = 100 101%
X = 10.3

The isomer distribution correcting for all steric effects
is:

4' = X
3« = .25(4'y 
2 ' = .5(4')
 ̂ = 1.04(4')

1.00 X 22% - 4«
,25 X
50 X

1.04 X 23% - 2
3 = 1.82(4') 1.82 X

4.61 X = 100
X = 21.7

39% - 3 
10 0%
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The data for calculated isomer distribution is
contrasted to experimental findings in Table III. The 
general agreement of the data further substantiates that the 
strong electron interaction in normal aromatic substitution 
occurs in both rings of the biphenyls and is responsible 
for the position of attack.

predicts 4-nitrobiphenyl should undergo electrophilic 
attack in the 4' position. By applying these calculations

phenyl and the group X, direction will be ortho, para in 
the unsubstituted ring. This is the result for deactivating 
groups.

the substituted ring. This occurs when X is a strong 
electron donating group. This is the observed result for 
electron donating groups with the exception of -NH^R under 
highly acidic conditions (Table I).

place in the 41 position under highly acidic conditions 
and in the 3 position under weakly acidic or neutral

The Brown equation applied to biphenyls actually

it can be said generally - if the a+ value of the X 
group of biphenyl is more negative than Z a+ values of

and phenyl becomes
more positive than a+ for group X, attack takes place in

In the case of the -NHCOR group substitution takes

22 23conditions. 9 This is best rationalized by considering
attack taking place on the NHCR molecule under



TABLE III
COMPARISON OF CALCULATED AND EXPERIMENTAL ISOMER DISTRIBUTIONS 

FOR NITRATION OF SUBSTITUTED BIPHENYLS

3 2
X

2' 3
HNO.

NO

Calculated 7» Nitration in Position Experimental % Nitrate: in position
Substituent X 4' 3' 2' 2 3 4' 3' 2' 2 3 Ref,

CM
8 53 20 27 <. 1 <.1 65 .3 34.5 - - 39

CHO 61 8 31 < 1 < 1 67(57) - 35(27) - - 32
COOH 60 11 29 < 1 < 1 53(49) - 47(43) - - 32
Cl 61 8 30 <  1 <  1
H 66 2 33 47 53 - - 9
ch3
Steric

10
22

3
5

21
11

43
23

23
40

(40-45) + + 40
30

och3
Chlorination
Bromination

<  1 
< 1

< 1 
< 1

< 1 
< 1

< 1 
< 1

100
100

30 60
38

nh2 < 1 < 1 < 1 < 1 100
Chlorination

ioo



TABLE IV
SLGMA ANE: SIGMA PLUS VALUES USED IN CALCULATING ISOMER DISTRIBUTIONS

====-============ ,--CT,------- '-r ,----- T—  ------------ ' -n - ■■ -

Group
Sigma and Sigma Plus Values 
in Benzene Derivatives

Sigma and Sigma Plus Values 
in Biphenyl Derivatives

0 a 
? P ° p C

a
0m amb m V ct3 9 d  'a4,e

+  - e  ^  ^  

'0-3«' ct2 a3 :

'
2 \

.778 .65” .79 .710 .71 .674 .24 . 2 2 . 1 1 . 2 2 .50 .89
\ '

CEO .216 .09 - — : .355 .36 - .05 . 1 0 . 0 8 .ID .30 .19
COOH .265 . 13 .421 .355 .36 .322 .07 e 10 -.06 .10 .14 .52
H . 0 0 0 . 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .08

(.0 6 )̂  (.io3f(-
.05 
. 179) (.iof^li^Cw'lo)c

Cl .227 . 10 . 114 .373 .37 .399 .09 o 105 .04 .105 . 2#  ,22 '̂
Br .232 . 1 0 .150 .391 .391 .405 . 09 o 11 ".04 . 1 1

ch3 -.170 -.30 -.311 - .069 069 -.066 -.07 - e 05 ”, 2 0 -.05 -.24% 2#:'
och3 -.268 - .40 -.778 .115 . 1 2 .047 - . 1 1 o 04 -.24 - o 04 © 132 -o 68

f  - -.179 .103

aSee Ref. .21. Values given by Jaffe. ^Determined from Graph 1.
^Calculated from equations a and b. •̂ Determined by equations 1 and 2.

£ . . . ■ ‘"Values given by Brown, Ref. 20. Determined by equations 3 and 4.
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GRAPH I
HAMMETT CORRELATION FOR BENZOIC 

AND BIPHENIC ACIDS^a

Biphenic Acids p = +.49

Benzoic Acids 
P = +1.32

f.8 +.7 +.6 +.5 +.4 +.3 +.2 +.1 0 -.1 -.2 -.3 -.4 -.5 -.6 -.7
a
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weakly acidic conditions. The group being activating directs 
attack to the 3 position in,the substituted ring. Under
highly acidic conditions the protonated
molecule is probably attacked. The protonated species being
less activating directs to the unsubstituted ring.

A similar case for the nitration of acetanilide under
acidic conditions might be shown as,

OH

3 <— > NXNHCCHo - — > ( \  / / — NHCCH8

since acetanilide is almost completely protonated under
24highly acidic conditions.

This reaction sequence necessitates placing adjacent 
positive charges on the resonance stabilized intermediate A. 
This is analogous to the situation arising in order to 
explain why styrenes with deactivating groups in the 
3 position undergo nitration in the ortho and para posi- 
tions. 2 5 , 2 6 , 2 7

For the beta substituted styrenes whose substituent 
is normally meta directing the resonance considerations are 
analogous to the biphenyls. In this system, however, only 
one additional resonance form contributes to the



stabilization in the ortho and para positions and that 
resonance form involves having positive charges on adjacent 
atoms.

Although resonance forms having adjacent positive 
charges are generally considered high energy forms and 
small contributors to the overall stabilization of the 
molecule, this in no way means this type contribution is 
impossible. In the molecule two bonded nitrogen
atoms each having a formal plus-one charge exist in a 
relatively stable molecule.

Similar calculations to those of biphenyl orienta
tion using o+ values (Table VI) indicate the position of 
attack to be ortho and para in the 3 substituted styrene.
As in the biphenyls, in this system interaction with the 
double bond of styrene stabilizes the intermediate in 
electrophilic aromatic substitution.

For the 3 substituted styrenes the values of a were
calculated from the ionization constants of appropriate

28trans-3-substituted acrylic acids. The p value was 
calculated for the acids in Table V by the least squares 
method. The assumption made is that the p value of the 
3 substituted styrenes, the value of which has not been
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determined , is equal to the p value of the t cans?3- substi-
21tuted aery lie acids. Therefore, the o values f qr the 

acrylic acids'can be used to determine thd difference in
-o* values for the para and meta dos^t -̂ons in the p substi
tuted styrenes. The -(c4* - d£.) values are listed in Table■ ]( .. - P 9
VI. Other o and values are not given since they are 
likely to-be in error by some constant, dif ference due to 
the effect of the environmental difference of the carboxyl 
group in the acrylic acid derivatives compared to the hengeie 
acid derivatives.

The c values to be used ip order to get the value
of •■(e* -a*i) for the -p substituted styryl group can be r

^ 19from graph II or given by the relation
K

log ̂  = c iC. = benzoic acid
u

These 0 values can then be used in equations a and fe to 
calculate the -0  ̂values for the -par a and/ met a positions. 
Of course these values are •inaccurate -without the environ
mental ,factor. The difference of the o* and 0^ is taken. 
The environmental factor eliminated, this difference can 
be used in equation c to determine the expected isomer 
distribution.

As for the biphenyls the per cent substitution 
in the ortho position was set at one-half the para value 
to agree with the experimental steric factor. The values 
calculated contrasted with experimental values are given 
in Table V.



GRAPH II
HAMMETT CORRELATION OF TRANS-3-SUBSTITUTED ACRYLIC 

ACIDS3 AND BENZOIC ACIDS28

OpOCH

© H
pCl ©

4.4

mCM

Benzoic AcidsAcrylic Acids 
p = .486

mNO

© pNO

4.C-

+ . 8 +.7 + . 6 +.5 +.4 +.3+.2 +. 1 0 -. 1 -.2 -.3 -.4a
aThe trans-3-substituted acrylic acids chosen are 

better named substituted cinnamic acids.
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TABLE V
DISSOCIATION-CONSTANTS AND pKa'S OF THE SUBSTITUTED

2R' : • CINNAMIC ACIDS OF GRAPH II

Dissociation ConstantGroup

4.0488.99
7.58in- NO 4.120

p-Cl 3.86
3.65 4.438
2.73 4.564

TABLE. VI
:COMPARISON OF CALCULATED AND EXPERIMENTAL 

.ISOMER DISTRIBUTIONS FOR NITRATION 
OF (3 SUBSTITUTED STYRENES

3-substituent 0*' - 0 * p m

Per cent 
Nitration 
Calculated

iIsomer 
Distribution 

Found Ref.
0 m P 0 m p

NO^ - . 0 6 22 35 43 31 - 2 67 25
N ( CH3 ) y -T . 15 30 12 59 34 3 61 26
COOH -.18 31 8 61 only 0 9 p 27



In most cases the calculated isomer distributions
show an acceptable relation to the experimentally found
results. This agreement seems to show a relative accuracy 

. ■ . ■ '
of to -O" values calculate^. This agreement also indi- P m JL „ ’'cates the -.13 factor used in calculating o values is 
operative in electrophilic attack in biphenyls and a 
strong interaction with the second ring is responsible 
for the observed orientation in biphenyls and interaction 
with the double bond in -0 substituted styrenes responsible 
for ortho para substitution in that system?

- •One -way to prove that resonance with "the 'second ' 
ring in biphenyls and with the double bond in 0 substituted 
styrenes is responsible for the ortho para orientation is 
to remove the two rings from conjugation in the biphenyls 
and to remove the double bond from resonance in the 0 

substituted styrenes and determine the effect on rate of 
electrophilic attack and the position of attack.

For biphenyl this is an easy procedure, for
2-trimethylarsonium^3 ® -bromobiphenyl iodide has been

• 29 - "prepared and resolved. Therefore, preparing the
completely hindered 2-trimethylarsoniumbiphenyl Iodide 
and the unhindered 4-1 rimethylarsoniumbipheny1 iodide, 
measuring their relative rat es of nit ration and deter
mining the position of nitration would contrast the rate 
and orientation effects in a non-conjugated and conjugated
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biphenyl with a normally deactivating meta directing group. 
The expected result would be for 2-trimethylarsdniumbiphenyl 
to nitrate slower than the 4' derivative and to be attacked 
and substitute in the 3* position while for 4-trimethyl- 
arsoniumbiphenyl to substitute in the,4' and 2’ positions.

A similar set of experiments for the two compounds 
below should demonstrate the effect of the double bond 
in the orientation of styrenes with a deactivating group 
in the (3 position.

As(CHo)

1

B

1

X is a deactivating meta 
directing group.

The expected result for electrophilic attack on 
A would be substitution ortho and para in ring one at a 
rate faster than B. For B substitution should occur in 
the meta position of ring 2.
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