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ABSTRACT

Structural and equilibrium studies of Meisenheimer complexes formed
from activated anisoles and from 1-X-3,5-dinitrobenzenes have bcen carried
out. Specific .effects of cations on the stabilities of such G-complexes
were observed and an explanation has been put forward.

The results of 1H n.,m.r, and visible spectroscopy for the interaction
of 1-chloro-2,6-dinitro;4-x-benzenes (X.= C1, COzMe, CFB) with sodium
methoxide in dimethyl sulpﬂoxide solutions show that initially base addition
takes placé at an unsubstituted aromatic carbon, forming a O-complex,
However the faster addition of base at the unsubstituted ripg position is
followed by nucléophilié replaéement of chloride ion forming the corresponding
anisole.

Visible spectroscopy was used for ﬁhe equilibrium and kinetic study of
O-complex formation ffom activated anisoles and méthoxide ion in methanol.
The vaiues of stbichiometric-equilibrium constants so obtained show an
increase with base concentration when sodium, potassium or tetra-n-butyl-
ammonium methoxide is used as the base, while no such increase is observed
with lithium methoxide. It is suggested that the observed increase in
stoichiometric equilibrium constants is due to the s£abilisation of the
complexes by association with the cations present. As a result of this
observation it seems more appropriate t§ use lithium methoxide for the
measurements of thermodynamic eéuilibrium constants, The specific effects
of cations are‘aléo observed with bivalent barium and calcium ions, in whose
presence large increases in the stoichiometric equilibrium constants for
methoxide addition to 2-methoxycarbony1-4,6-dinitroanisole, L-methoxycarbonyl-
2,6-~dinitroanisole aﬁd 2-chloro-k,6-dinitroanisole are found. This effect,

attributed to cation association with the Meisenheimer complexes, is



demonstrated in the case of the methoxide O-complex from 2,4,6-trinitro-
anisolé, by change in visible spectrum in the presence of various catious,
Howéver the O-complex formed from 1,3,5-trinitrobenzene and methoxide ions
shows little tendency to form ion associates with cations, It is therefore
suggested that when ion pairs are formed the cation is held by a cage effect
by the two oxygen atoms of the methoxyl group at the position of addition and
by the electronegative substituent at the ortho-position.

Structurél and equilibrigm studies fo; the formation of Meisenheimer
complexes from some 1-X-3,5-dinitrobenzenes and methoxide ions were also
made. 1H n.m.r; results in conjunction with visible spectroscopy indicate
initial addition of base at an aromatic carbon para to the_substituents X,
however rearrangement occurs so that at eéuilibrium the isomeric‘aaduct formed
from addition of base at a ring carbon para to a nitro-group usually
dominates. The measurements ;f indicator ratiqs in methanol-dimethyl
sulphoxide mixture containing (~ 10-{ﬂ) sodium methoxide allowed the
simultaneous detérmination of the JM acidity funcfion and the thermodynamic
equilibrium'éonstants, K, for complex formation. Similar measurements of
indicator ratios'with the less reactive aniscles in methanol-dimethyl
sulphoxiae mixtures lead to the determination of an alternative J

M acidity

function and the thermodynamic equilibrium constants for the complex formation
from anisoles and methoxide ions. © The two JM scales as well as the stability

constants of the adducts formed.from 1-X-3,5-dinitrobenzenes and similarly

activated anisoles are compared,
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INTRODUCTION

General Introduction

The interactions 6f electron-deficient aromatics with a variety of bases
to gi&e brightly coloured solutions have attracted chemists since before
1900.1 Since then the nature of these interactions and the structure of
the species formed have been the subject of comprehensive investigations.
Jackson and Qazzolo in 1900 described the species produced from the reaction
of picryl efhers with base by the éuinonoid structure (1.1) (R=R'=alkyl) and

later Meisenheimer2 endorsed this structure by isolating the same product

(1.1) . (1.2)

from the reaction of 2,4,6-trinitroanisole with potassium ethoxide and

. 2,4,6trinitrophenetole with potassium methoxide. More reéently spectroscopic

and crystallograbhic studies have provided further .evidence for this structure,
although the modérﬁ representation would be (1.2) when the negative chérge is
delocalised about the nitro-groups and aromatic ring.

A considerable volume éf literature_how exists on these 'Meisenheimer
complexes' as £hey have become known and several reviews have been wir':i.tten.3-7
It is therefore neither necessary nor desirable to give a comprehensive
treatment in this introduction. - Instead some of the more important features
will be brought to attention,

In fact a number of other possibilities apart from Meisenheimer complex

formation are possiblé from the interaction of bases with electron-deficient
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aromatics. A m-complex (1.3) could result from the partial transfer of
electric charge from the base to the aromatic nucleus. This type of

complex is also known as a 'charge-transfer complex'.8 It is also possible

' (1.5) (1.6)

for an electron from the base.to be compietely transferred to the electron
depleted aromatic compound giving a radical anion (1.4). On the other hand
if the unshared electron pair of the base is used in formation of a covalent
bond to an arométi; carbon atom Meisenheimer complex formation will result.
Nﬁcleophilic aromatic substitﬁtion may a[so'oécﬁr if the parény:compound_
'COntqiﬁs a readily'disblaceable group, s;éh as halogen;v Anofhér péééibility
is for proton-abstr#ction to occur yielding an aryl carbanion (1.5). Proton
abstraction from a side chain-in compounds such as 2,4,6-tfinitrbaniline or

2,4,6-trinitrotoluene may also occur giving an anion such as (1.6).



I. Structural Studies of the Complexes Formed

(a) Use of spactroscopic methods

Many spectroscopic and crystallographic techniques have been used to
elucidate the structural and kinetic problems faced in the study of
Meisenheimer complexes.

Foster and Hammick9 studied the infrared absorption of the crystalline
Meisenheimer complex formed from potassium ethoxide and trinitroanisole.

The shift of the N-0O symmetrical stretching frequency from 1343 cm-1 in the
parent anisole to 1291 cm-1 in the adduct and of the N-O asymmetrical
stretching frequency from 1552 to 1492 cm-1 are consistent with the increased
negative charge on the nitro-groups, supporting structure (1.2), (R=Me, R'=Et).
Dyall10 has made a detailed study of infrared spactrum of the adductsﬁformed
by picryl ethers with different alkoxides. .His results show str&ng bands
characteristic of a 'ketal' as would be expected from a fully covalént
structure (1.2) rather thaa a chafge-transfer structure.

Visiﬁle spectroscopy has been a popular tool in the investigation of
structural and kinetic behaviour of Meisenheimer complexes. Foster11
measured the visible spactrum of the product obtained from potassium methoxide
and 2,4,6-~trinitrophenetole and from potassium ethoxide and 2,4,6-trinitro-
anisole. The similarity of the two spectra led Foster to postulate ;hat the
two products contain the same complex with structure (1.2). Howeier further

12,13

studies showed that the visible spectra of a variety of dialkoxy-

Meisenheimer complexes symmetrically (R=R') or unsymmetrically (RZR')
substituted are all very similar and show two maxima in the region 400-800 nm.
. . 14-16
More recently crystallographic studies have shown that the bond
angle between CG-Cl-C2 is 1090 which is very close to the tetrahedral angle
required from sp3 hybridized carbon. The bond between C, and nitrogen atom

L

of the nitro group in para position is significantly shorter than the bond



hetween C2 and nitrogen atom of the ortho nitro groups, indicating that a

iarge prbportion of negative charge is localised on the nitro group in para

position to Cl' This conclusion is in agreement wifh the infra-red results.
More specific and unambiguous results as o the‘structure of

7, through 1H n.m.r,

Meisenheimer cdmplexes was obtained by Crampton and Go_ld1
studies of the adducts formed b& 2,4,6-trinitroanisole and 1,3,5-trinitro-
benzene with potassium methoxide in solutions, As a result of the?r
observations it is now possible to identify the complexes formed by these
substrates with methoxide as Meisenheimer complexes with uqambiguity.

. In n.m,r. spectroscopy positions of the resonance lines are expressed
in p.p.m. and are relativéito tetramethylsilane as internal reference. The
exact location of absorption depends somewhat on the solvent used but does
not usually vary by more than ~ <15 p.p.m. In the following sectiop are
detailed some examples of the uses of spectroscopic methods in structural
studies with a'Qariety of different types of nucleophile. Because of the
large volume of literature on this subject these give examples of complexes
formed with different structure types rather than a comprehensive review of

the literature.

(b) Complexes with alkoxides

The.lH n.m.r. spectrum of 2,4,6-trinitroanisole in dimethyl sulphoxide
shows two bands at & 9:07 and‘4-07 p.p.m., and with relative intensities 2:3
attributed respectively to the ring protons and methoxyl protons.17 The
spectrum of the complex dissolved in dimethyl sulphoxide also shows two bands
which are shifted to_high‘field-relative to the positions in the paren£
" molecule, The new locations are at & 8:64 and 3:03 p.p.m. with relative
intensities 2:6. The single b;nd due to the six methoxyl proton in the
complex show their equivalence and indicates tﬁe structure (1.2) (R=R'=Me)

8
for the complex. If however1 a concentrated solution of methanolic



methoxide is added to a dimethyl sulphoxide solution of 2,4,6~trinitroanisole
the initial spectrum shows two doublets at & 8:4 and 6:2 p.p.m. due to ring

protons of complex (1.7) (R=R'=Me). These bands decrease in intensity with

(1.7)

time as the 1,3-adduct (1.7) rearranges to the thermodynamically more stable
1,1-adduct (1.2) (R=R'=Me).

1 .
7,19 the resonance in dimethyl

In the case of 1,3,5-trinitrobeﬁzene
su_lphoxide solution.. is located at & 92 p.p.m., the addition of methanolic
methoxide results in the appearance of two spin coupled bands at 84 and
6:1 p.p.m. | The resonance at 8+4 p.p.m. appears as a doublet (J = 1.5 Hz)
and is attributed to the two equivalent ¢3 and 05 protons in-the complex (1.8),

while the band at 6:1 p.p.m. appears as a triplet and corresponds to the

MQO H
0
zN //Noz
H H
NOz
(1.8)

proton at the site of addition.
Formation of Meisenheimer complexes of greater than 1:1 stoichiometry
from 2,4,6;trinitroanisole aqd 1,3,5-trinitrobenzene in the presence of high

concentration of base has also been reported{iz’ig'zo



The visible spectra produced by the addition of alkoxides to a number
of 2,4k-dinitro-6-X-anisoles and 2,6-dinitro~4-X-anisoles were reported by
, 2 . o
Pollitt and Saunders. 1 They interpreted their results in terms of the

formation of structures (1.9) and (1.10). In general the band at low energy

RO OR'

(0]
oy, ¢‘N02

X

(1.9) ' -(1.10)

was found’tq undergb a hypsochromic shift as the electronegativity of the
X-substituent increased. The formation of solid complexes of structure (1.9)
22,23

and (1.10) (R=R'=alkyl, X=H) were reported by Gitis et al from the

addition of alkoxides to 2,4-dinitroanisole and 2,6-dinitroanisole. More
recéntly the structures (1.9) and (1,10) have been confirmed by 4 n.m.r.
spectroscopy =, some such cases étudied during fhe present work are also
discussed in Chapter IV. The spiro struqﬁure of glycol=-2,4-dinitrophenyl
o . i ' A 25
ether in basic solution has been shown from n.m.r. measurements. The

methylene protons ine an A2B2 pattern due probably to the hindered rotation

of the spiro group indicating structure (1.11).

(1.11)



Fendler et alzg.have prepared and isolated potassium-i,1-dimethoxy-2-
cyano-4,6-dinitrocyclohexadienate and potassium-1,1-dimethoxy-4-cyano-2,6-
dinitrocyclohexadienate. Their results confirm the earlier findings of
Dyall et al2 , ;he replacement of a nitro groun by a cyano group decreases
the stability of the complexes.26 The initial formation of the 1,3-adduct

. . ' 2 .
(1.12) is also confirmed by 1H n.m.r, spectrum, 4 This, however, transfers

OMe
OZN » 'Noz
H
H OMe
CN
(1.12)

to thermodynamically more stable 1,1-adduct (1.10) (R:R':Me, X=CN) with time.
- . . . 27,28
In the case of 2-X-4,6-dinitroanisoles, Terrier and his co-workers
have evidence using 1H n.m.r, spectroscopy and stopped-flow kinetic techniques
for the formation of two transient adducts prbduced by alkoxide additioﬁ at

the 03 and C5 positions followed by eventual formation of the stable C1 adduct,

They suggested the following scheme:

OMe

OMe
02N ! X

"+ OMe

NO.




The addition of methariolic sodium methoxide to 1,3-dinitrobenzene in

dimethyl sulphoxide produces a red solution ()max = 520 nm) which has been

0
attributed29’3 to the adduct (1.13). Pollitt and Saunders31 have also
H OMe

H No2

H H
¥
[
No2
(1.13)

reported nuclear proton exchange of 1,3-dinitrobenzene using isotopic exchange-
although it has been shown that the carbanion formed by proton loss is not
responsible for the colour in the solutiouns. Recently the structure (1.13)

. 1 32
has been confirmed by H n.m.r. results.”™
Substituted multi-ring aromatics are also reported to form Meisenheimer

type adducts, Foster et a.l33

observed the deep red colour (Amax = 505 nm)
solution by the addition of methoxide to a dimethyl sulphoxide-sblution of

9-nitroanthracene, and described it as due to complex (1.14) on the evidence

MeO OEt

. NOy

(1.14) : (1.15)

of 1H n.m.r. spectrum which shows an upfield shift of the resonance of C10
proton from 8:9 p,p.m. in the parent compound to ~ 49 p.p.m..in the
coloured species formed, this being consistent with base addition at this

position, Similar;y alkyl ethers of 2,4-dinitronaphthalenes are reported to

to give complexes such as (1.15), with alkoxides, the structure has been



confirmed by 1H n.m.r, spectroscopy.34

The reaction of nitroaromatic amines in basic media could result either

18,35-37

in the abstraction of an amino proton or the addition of base.

38,39

Early workers suggested formula (1.16) (R=H,alkyl,phenyl; R'=H,alkyl;

. : 0
R"=H) for the addition product. Deprotonation of amine was also suggested4

R'O ‘NRR" _ NR

NO
OZN - 2
02

(1.16) ' (1.17) ' (1.18)

to give anion of the type (1.17). More recently Gold and Roc:_hester[t1

suggested that either base addition or proton loss occurred, but that the
adduct formed was in fact of structure (1.18) where alkoxide adds to a ring
poéition carrying hydrogen, 1:2 Interactions resulting in the formation of

adducts (1.19) or (1.20) were also postulated.

NRR"

(1.19) : (1.20)

30

Crampton and Gold studied the reactioﬁs of a number of nitroaromatic
~amines with base, using 1y n.m.r. as the main source of information; their
results show that for anilines containing two nitro groups proton loss in the

basic medium is predominant reaction. However, for anilines containing three

nitro groups ionisation by proton loss and addition of base, are both important.



- 10 -

! n.m.r. spectrum measured by Serviszo of solutions of N-methy1-2,4,6_
trinitroaniline and sodium methoxide resulté.from a mixture of the anion
(1.18) (R=H; R'=R"=Me) and anion (1.17) (R:CH3) resulting from proton
abstraction. The former adduct gives spin coupled bands at 85 and 6-2
'p.p.ﬁ. resulting from C

and C_ protons respectively. Servis found that in

5 3 _
the anion (1.17) (R=Me) the two ring protons are non-equivalent and gave

spin coupled bands. He argued that this was due to restricted rotation about

the nitrogen ring carbon bond giving a struéture (1.17a). At higher methoxide

(2.17a) '

concentration a dianion of the type (1.20) was formed  (R=R'=Me).
There have been a number of studies of the interactions of heterocyclic
: ) 2 .
aromatics with bases. Mariella et alh observed the formation of highly
coloured solutions from substituted pyridines in basic solutions. More
. 26,43-47 . . . .
recently different workers. have confirmed the formation of
Meisenheimer type complexes from substituted pyridines and pyrimidines.
Apparently the role of the aza group as an activating function is similar to

that of the nitro group..48 Fyfe43

studied the visible and 1H n.m.r. spectra
of the dimethyl suiphoxide solution of 3,5-dinitropyridine with sodium
methoxide. The bright red coloured solution produced has an absorption
maxima at 487 nm, the 1H n.m.r, spectrum shows thg presence of new bands of

- equal intensity at 8-62, 8-3 and 6:08 p.p.m. while the bands in the parent

molecule are at 9+73 and 9+14 p.p.m. This pattern is consistent with compléx



(1.21).  Although Fyfe43 could not detect the formation of C, adduct (1.22),

L

(1.21)

(1.23) ' :  (1.284)

Biffin et al49 have reported the initial addition of base at C[t to give (1.22),

which then decays to give more s-table'C2 adduct (1.21). The same a.uthor'sl*9

have ‘also confirmed the initial formation of c, adduct (1.23) from L-methoxy-

3,5=-dinitropyridine with methoxide, which then transforms to the more stable

C, adduct (1.;4). Fyfe43

b

also reported the formation of a spiro complex (1.25)
from the addition of sodium methoxide to a dimethyl sulphoxide solution of

2-(2'-hydroxyethoxy)-3,5-dinitropyridine.

H (Cr——ee
ZT ?HZ
0

(1.25) ' .o (1.26)
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4y n.m.r., visible and I.R. spectra are consistent for a Meisenheimer

structure (1.26) for the product of high stability obtained from 2-methoxy-
50 51

j,S-diﬂitrothiophene and sodium methoxide. Biffin et al also reported
the formation of adducts (1.27) and (1.28) from 2-methoxy-5-nitropyrimidine

and's-nitropyrimidine, while 4-methoxy-5-nitropyrimidine gave the adduct (1.29).

OMe

(1.27) (1.28)

(¢c) Adducts with carbon bases

19

Foster and Fyfe °, observed an alteration with time in the Ty n.m,r.
spectrum of the potassium methoxide adducts of 1;3;5-trinitrobehzene dissolved

in acetone. The change indicates the transformation from (1.8) to (1.30).

CH200CH

NO 3

CH_COCH,

—d

+ CH_OH
3

(1.8) | (1.30)

The resonance of the proton at C2 in (1.30) is at 5+70 p.p.m. and is split
into a triplet (J ~ 9 Hz) through coupling with the adjacent methylene protons.
Similar products can be obtained by the addition of base to solutions of

47,52,53

i,3,5-trinitrobenzene in a variety of ketones. Acetonate ion is

slowly generated by the loss of proton from ketone to amine:

+ -—
NEt + CH_COCH —_— NHEt (



Thus 2,4,6-trinitrophenetole and 2,4,6-trinitrodiphenyl ether suffer acetonate

attack at C3 to give (1.31)33, when triethylamine is added to a solution of

the aromatic ether in acetone. The structure (1.31) is substantiated by 1y

33

n.m.r, spectrum,

3

(1.31)

Carbanions can also give adducts with dinitrobenzenes. Thus Janovsky

54

and Erb” °, reported the formation of intense purple colour when a solution

of m-dinitrobenzene in acetone is treated with alkali. This reaction now
more commonly known as 'Janovsky reaction' has been reviewed by Canbackss,

who suggested structure (1.32) for the complex formed. Pollitt and

Saunders56 supported structure (1.32) by chemical and spectroscopic evidence.

. OCH H
H cuzc 3

.5NO_
02

CHZNO2
-NO2

2 O,
(1.32) S (1.33)
- 1 . ) 36,‘*7 P . .
Recently the "H n.m.r. spectrum has been measured and is consistent with

structure (1.32).

Structure (1.33) is also reported to have been formed, when sodium
methoxide is added to a soiutiop of 1,3-dinitrobenzene in 60% dimethyl
sulphoxide and 40% nitromethane. The 1H n.m,r. and u.v. spectré bear close

resemblance to that of (1.32).47



(d) Adducts with amines

-~ N0z

+
NH_R
NH Ry

Y
}

NO,

(1.34)

Structure (1.34) (R=H=alkyl) has been-suggested57

for the product of
the reaction of 1,3,5-trini£robenzené with primary and secondafi amines,

on the eviéeﬁcé-of Qisible and 1H n.m.rl spectra. The specfrgi
characiéristics of this adduct are similar to those of the 1,3,5-trinitro-
henzene-methoxide adducts. The 2:1-stoichio¢etry for amine:1,3,5-trinitro-

57

benzene is substantiated by conductance measurements” ' which show a linear
increase in the conductancé of solution of 1,3,5=-trinitrobenzene in dimethyl
sulphoxide with the increasing concentration of primary or secondary amine,
up fo a mole ratio of 2:1. Further in¢rease in amine cohcentratipn results
in little increase in conductance.

Picryl ethers form few Meisenheimer adducts with amines and usually

dealkylation reactions occur with the formation of picfic aciad. An earlier

report of the 1H n.m.r., spectrum of Zwitterion (1;35) generated in dimethyl

R(CoHs) 4
NOg

CH4Q
- OoN

NO2

(1.35)

. . : .. . . .20
sulphoxide solution from 2,4,6-trinitroanisole and trlethylamnxe2 was later



corrected; the spectrum was shown to result from methyltriethyiammonium
. 58,59 . . . 1
picrate (1.36). With diethylamine the "H n.m.r. spectrum of 1,3,5-
trinitroanisole in dimethyl sulphoxide solution has been attributed to C1
20 .
adduct of structure (1.37) (R=C2H5) , but Strauss7 argued that the ring

. 0 . .
proton resonance at 8:65 p.p.m.2 could be that of. the methyldiethylammonium

o-
OZN O2
+ +
, MeNEt , RZNHZ
02
(1.36) (1.37) .

, +
(1.36a, MeNHEtz)

(1.38)

picrate (1.36a). This would then explain the reported difficulty in
equiliﬁraiing ?he pradqct with its isomer.k1.38) (R=Et), which can be
prepared from sodium methoxide and N,N-diethylpicramide.

Clapp et al60 reported the formatioﬁ and characterisatiqn of neutral
complexes of the type (1.39) at lbw temperatures. . Complex (1-390), which
is formed at -57o gives a deep red colour which changes to the bright yellow
of a substituted picramide as the sélution in tetrahydrofuran warms to room

temperature. Complex (1.39a), in tetrahydrofﬁran solution gives a single 1H



NHC(CHB)ZCHzR
>°2N 0,
NO,H . o NO,,
(1.39) ' (1.40)

(1.39a, R=H; R'=06H5)
(1.39b, R=H; R'=CH3)
.(1.39c, R=H; 3{=c6H2(CH3)3)

(1.39d, R=OH; R-=CH3)

(In these complexes protonation of the L-nitro group occurs)

n.m.r. peak for the two equivalent ring pr&tons at C3 and 05 (6 = 8:4 p.p.m.)
the_NOzH_proton'resonafe at 119 .p.p.m., and tbe NH proton at 01 giQes ﬁ peak
- at 6+06 p.p.m. Tﬁe low field peak at 11°9 p.p.m. disappears as the solution
changes from red tg yellow at room temperature, this being associated as the
formation of picramide (1.40). When 2 moles of amine was used the low field
peak at.11-9.p.p.m. due to NOZH protoh was not observed, instead a broad
signal at 4:06 p.p.m. appeared, this_is interpreted as being tﬁe sélt.of

(1.39a), .i.e. (1741) (R=H, R‘=c6H5).

' _ :
R NHC(CH3)2CH2R
OoN_ NO,
. .
, _RCHz(CHB)ZCNHB.
NO

(1.41)
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(e) Complexes with other ﬁucleophiles

Foster aﬁd Fyfe61 isolated red crystals from the reaction of 1,3,5-
trinitrobenzene with hydroxide ahd assigned structure (1-42) to this complex.
The visible and 1H n.m.r. spectra are similar to those of the alkoxide

analogue (1.8). Crampton62 studied the visible and 1y n.m,r, spectrum

H_ OH

(1.42)

of 1,3,5-trinitrobenzene with sodium sulphite; the visible spectrum in
aqueous solution shows a shift of absorption maximum from 462 nm to 490 nm
with increased sulphite concentration; this change is attributed to the
. formation of a 1:2 stoichiometry adduct at higher nﬁcleophile concentrations.
The 1H n.m,r, spectrum taken in water-dimethyl sulphoxide mixture also
substantiated the visible results. | |

| The M n.m.r. spectra of 2,4,6-tripitroanisole with sodium sulphite62
also indicates the formation of 1:1 and 1:2 adduéts,'(i.hz) and (1.43)

respectively.

(1.42) (1.43)



o

II. Relative Stabilities of-Meisenheimer.Comple;es

(a) Variation with nature of parent molecule

The points which are demonstrated from the previous discussion are (i)
the greater thermodynamic stability of adducts formed by alkoxide additions
to a ring carbon already carrying an alkoxy group than those formed by
addition at a riqg carbon carrying hydrogen, and (iij the kinetic preference
for addition at an unsubstituted carbon.atom. These two phenomena have been

¥plained mainly in terms of steric'arguments.63-65 The greater stability

.of the adducts from alkoxy substituted substrates such as 2,4,6-trinitro-

anisole and 2,4-dinitroanisole over those from 1,5,5-trinitrobenzene'and 1,3-

dinitrobenzene is attributed to the steric rélief experienced in the formation
of 1,1-dimetho¥ypolynitrocyclohexadienate type compiexes, It is argued that

in compounds like 2,4,6-trinitroanisole the methoxyl group is subject to

considerable strain by the flanking orthe nitro groubs, but on complexation

~the two alkoxyl groups are no longer in the ring plane hence relieving

steric strain, In the case of 1,3,5-trinitrobenzene and 1,3-dinitrobenzene
there is no such driving force for the complexation. The cry;tallographic
studies of Destro et a114 and Ueda et a116 substantiate the reiief of steric
strain on complex formation from 2,4 ,6-trinitrophenetol.

The kinetic preference for the formation of the thermodynamicall& less
stable C3 adduct in the case of 2,4,6-tf;nitroan;sole and similar compounds
has also been expiained in terms of steric effects._ It is argued30 that
although the C1 coﬁplex is less strained than methyl picgate, nevertheless

the transition state (1.44) leading to the formation of C adduct is more

1

strained than the transition state (1.45) leading to 03 adduct. This

rationalisation based on steric effects has been criticizedzh, on the grounds

that C3 adducts were not observed with 1-methoxy-2,6-dinitrobenzene and -



NO2

(1.44) (1.45)

1-methoxy-2,é-dinitronaphthaiene. The transition state leading to the 03_
adduct in the case of 1-methoxy-2,6-dinitrobenzene would be expected to be
quite strong;y favoured py steric factors, at the expense of the transition
state leading‘to the 01 complex. Be,r'r'ta.sc.cmié6 argued that the greater
.staﬁility of the-c1 Qdduct compared to 03 adduct is due to Fhe fagt that multi;

3 substitiuted

alkoxy substitution has a large stabilising effect on an sp
carbon atom relative to a-non-substitutéd or little substituted carbon_étqm.

‘as well as relatiye to an equall& substituted sp2 carbon, This explgins the
higher stability of the C1 complex df-z,h,e-frinitrodn;soie gé@pa?ed tq C3
éomplex or £he i,j,s-trinitrobenzene complex. He further'éxbraiqea»thé'.‘

faster formation of the C3 complex relative to C1 complei in terms of the

'ground state stabilisation of the parent anisole of the form:

+

The above stabilisation féctor still exists in a C_, complex:

3
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+ +
OMe . OMe
o ‘ o "
2N 2
—— OMe
H
NO2

but fails to oberate in an C1 adduct. Thus reducing thg rate of. formation
of 01 complex, as this affects the ground state stabilisation of the parent
compound.

Anothér important feature in the stabilisatiog of Meisenheimer complexes
is the presence of a'étroﬁgly electron withdrawing group para to the position
of aéditién. Thus the equilibrium constant for the formation of (1.2)
(R=R'=CH3) is 500 times greater than that of (1.46) but 1700 times greater
than (1.47). In general the stabi;ity of the_Meisenheiher complexes inqreasés

with more effiéient delocalisation of the negative charge{7

CHBQ OCH3

CN

(1.46) ' (1.47)

(b) Variations with attacking nuclegphile

The subject was reviewed by Crampton.3 Table 1.1 shows the equilibrium
cdnstants for the formation of 1:1 adducts .from 1,3,5-trinitr§benzene with
difference nUcleophiles; However difference solvents have been used in
obtaining these results so that it makes the comparison unrealistic as the

stability of a given adduct depends considerably on the solvent used.



"TABLE 1.1

Equilibrium Constants for Formation of Adducts from

. 1,3,5-Trinitrobenzene with Different Nucleophiles

K, (l.moleii)

Nucleophi;e Solvent Reference
OMe™ Methanol 1;54 x ‘101 63
SEtj Methanol 3-5- x 163 81
SPh™ Methanol 1:95 81
qph' Methanol <2x 1073 81

OH™ Water 2.7 41
OEt™ Ethanol 1.8 x 10° 3
503= Water 2.5 x 102 62
CN-. Acetone _1{4 :;_105 82
CN~ cn1or6for@. 3.5 x 10° 82
OMe™ D.M.S.0. c.10° 81
SPh~ D.M;S.O; 8 x 10* 51
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Measurements made .in methanol for different sulphur bases7 giQe a’
decreasing order of affinity for 1,3,5-trinitrobenzene of EtS” > OMe > PhS~ S
PhO~ which is not the same as the affinity of these nucleophiles towards
protons OMe~ > EtS~ > PhO~ > PhS~, These orders are dependent on the solvent
used and are liable to change in different solvents. The equilibrium
constants given in Table 1,1 measure the thermodynamic affinity of the
nucleophiles towards an aromatic carbon atom, this affinity termed as
'carbon basicity', of the nucleophile differs from the 'Bronsted basicity',
which measures the thermodynamic éffinity for hydrogen, of the nucleophilei

It is also apparent from structural studies of Meisenheimer complexes,
that the mode of interaction may also vary with the nature of the nucleophiles.

Thus 2,4,5=-trinitroanisole forms thermodynamically stable adducts with OMe-,

NB' or NEtz" by addition at C ,» while with s03= or CHBCOCHZ; stable adducts
result from attack at'unsubstitutéd ring carbon, This has been attributed
to steric requirements, Similarly with nitroanilines where the nucleophile
could either abstract an amino proton.or.form an addition cémplei, the
ultimate product depends upon the base; thus while oxygen bases (OMe )

abstract an amino proton, sulphur bases like SEt~ or SPh™ form addition

complexes at an unsubstituted ring carbon.

(c) Solvent effects

The choice of solvént has a large effect on the stabilities of
Meisenheimer complexes. This variation is partly due to the different
solvating capacities of different solvents; for example the solvation of

. . | o o . . 6769
anions changes considerably between protic and dipolar aprotic solvents.
Protic solvents such as water formamide and methanol have 'strong' structures
involving hydrogen bonds and are good hydrogen bond donors. ' Thus small
, CH3CO2 )

are better solvated by protic solvents. In contrast dipolér aprotic solvents

anions which are strong hydrogen bond acceptbrs (e.g. OH-, c1”



- 23 -

have 'weaker' structures and high dipole moments, and are very polarisable;
thus large anions, which are polarisable but are poor hydrogen bond acceptors
and fit poorly into the hydrogen bonded solvent structure (e.g. PhS-, picrate’)
are better solvated by dipolar aprotic solvents such as dimethyl sulﬁhoxide.

In general polarisable large solutes whether anions, catiops or polar
molecules (e.g. nitroaromatics) are bettef solvated by dipolar aprotic solvents
than by ﬁrotic solvents like water or formamide in which uSQally only stfong
hydrogen bond acceptors (like small anions) are well solvated. The result

is that the bimolecular reactions of anions are more accélerate and reactions

- of large polarisable anions are least accelerate, in the change from protic to
"dipolar aprotic solvent.

Fendler et ai7o have shown that tﬁe increase in the equilibrium constant
for the formation of sodium-i,1-dimethoxy-2,4-dicyano—6-nitrocyclohexadien;te
and sodium-i,1-dimethoxy-2)6-dicyano-h-nitrocyclohexadienate with dimethyl
sulphoxide concentration in the dimeth&l'squhoxide-methahol'solvent-mixture
is due to an increasg in the rate constant for complex formation k1, and a
decrease in the rate constant for the decomposition of thé complex k_1. These
results are rationalised as better solvation of methoxide ion in methanol
through hydrogen bonding but gradual desolvation of this anion as the dimethyl
sulphoxide concentration is increased, hence making methoxide ion more
available for attack in higher dimethyl sulphoxide concentrations and thus
increasing k1. Similarly a decrease in the value of k_1‘with increasing
dimethyl sglphoxide conéentration is associated with the better splvation of

20,30

.the highly polarisable Meisenheimer complex. It is now known that in

higher dimethyl sulphoxide concentrations the initial complex formed -from

2,4,6-trinitroanisole and sodium methoxide is the C, adduct (1.7) (R=R'=Me).

3

It seems that the formation of 1,1-adduct is catalysed by the increasing

concentration of methanol in dimethyl sulphoxide-methanol solvent system.



It looks more prbbable that instead of changing the basic mode of interaction,
dimethyl sulphoxide increases the efficiency of the intéraction between base
and the nitro compound. The arguments given so far are qualitative in
nature and oversimplification of a much more complex phenomena. However
the knowledge of relative enthalpies and entropies of reactants and transition
states will provide with more quantitative insight.of this problem, one
should also counsider the changes in the activity coefficients of the reactants
and of the transition states as a function of solvent system.'.

Recently Larsen and Fen@ler e£ a17‘1-73 have measured the enthglpy
changes for the reaction of 2,4,6-trinitroanis§1e with sodium methoxide.
The heat of-fofmafién'of'the 1,1-Meisenheimer complex from sodium thiophenoxide
and-1,3,S-trinitrobenzene have élso been megsured across the dime£hy1
sulphoxide-methanol solvenﬁ system, .Thé enthalpies of transfer of the
reactants and the products have also been measured.in dimethyl sulphoxiée-
methanol solvent system. It is interesting to compare the heat of transfer‘
from methanol to methanolic dimethyl sulphoxide. For sodium methoxide the
enthalpy of transfer from pure methanol to 95% dimethyl sulphoxide-methanol (V/V)
mi#ture is positive with AH ‘f10 kcal/mole, while the AH value for sodium
thiophenoxide for a similar solvent change is negative (AH a =0:94 kcal/mole).
The heat of transfer of the complex (1.2) (R=R'=Me) is negative AH w -7 kcal/mole
on going from pure methanol to a 95% dimethyl sulphoxide-methanol (V/V) mixture.
A similar change is observéd for the.complex of 1,3,5-trinitrobenzene with
sodium thiophenoxide. Comparison of the enthalpies of solution indicates as
expected68, that for the small less polarisable methoxide anion the AH value
is positive in aprotic dimethyl sulphoxide compared with pure methanol |
indicating the dest;bilisation>of methoxide ion in the aprotic medium,
- probably by the loss of solvation ?njoyed in methanol through hydrqgen bonding.

As expected the AH values for the complexes is negative in dimethyl sulphoxide



compared with methanol indicating thé better solvation of such highly
’polaris;ble species with greatly delocalised m system in aprotic solvent.
Phenoxide ion which is much less polarisable with lesser delocalised system
than Meisenheimér complex but.more-polarisable and much bigger than methoxide
.ion is stabilised in dimethyl sulphoxide but to a very much smaller extent than
the complek. Similarly polarisable molecules 2,4,6-tfinitroanisole and
1,3,5-trinitrpbenzene also have a more negative enthalpy of solution in
dimethyl sulphoxide fhan in methanol with AH w -1:8 kcal/mole and ~0:91
kcal/ﬁole respectively in 95% dimethyl sulphoxide-methanol (V/V) solvent
system compared to pure methanol.

The change in the heat of reaction between sodium méthoxide and.2,4,6-
trinitroanisolg és the solvent is changed from pure methanol to dimethyl
sulphoxide-methanol 95:5 (V/V) mixture is AH as =15 kcal/mole; while the AH
value for the reaction of 1,3,5-trinitrobenzene and sodium thiophenoxide
chaﬁges fromew -3+7 kcal/mole in 10% dimethy} sulphoxide-methanol mixture to
AHe =99 kcal/mole in 100% dimethyl Sl;llphoxide. The greater cha_ngé in AH-_
for fhe former.reaction is due to the fact that methoxide ion is déstabilised
as the corncentration of dimethyl sulphoxide is increased, while the stability
of thiophenoxide ion i; greater in dimethyl sulphoxide, compared with pure
methanol, however.in both cases the compiex fofmed is better solvated in
dimethyl sulphoxide.. |

Fendler and L;arsen72 also measured the free energy changes for the
reaction of sodium methoxide with 2,4,6-trinitroanisole, and the free energy
and entropy of transfer of 2,4,6-trinitroanisole and complex from pure methanol
to methanolic dimethyl sulphoxide solutibn. These results show that the
largest change due to solvent variation is the increase inthe free enefgy of.
sodium methoxide AG ~ 0:91 in 16% dimethyl sulphoxide-methanol (V/V) mixture

to AG ~ 1°93 kcal/mole in 30% dimethyl sulphoxide-methanol mixture. This then

I



substantiates the argument that the destabilisation of ﬁethdkide ion in
dimethyl sulphoxide plays an important roie in the ease of formation pf
Meisenheimer comhlexes in this media. The reaction between 1,3,5-trinitroa
benzene and sodium thiophenoxide is isoéntropic up to 95% dimethyl
sulphoxide~methanol mixture (AS ~ 9 e.u.), in contrast the change in entropy
for the reaction of sodium methoxide with 2,4,6~trinitroanisole is from
3:05 e.u, in methanol to -2:45 e.u. in 30% diﬁethyl sulphoxide-methanol_(V/V)
mixture, |

Buncel et g17h investigated the effect of different alcoholic solvents
on the equilibrium constant for the formation of the 1,3,5-trinitrcobenzene
adduct with cyanide ion, The large increase in the value of K in t-butanol
(5 x 105 1/mole) compéred with that in methanol (40'1/mole) is associated
with a large enthalpy of reaction (-15 kcal/mole) and & large negative
entropy_change (=25 e.u.) in t-butanol while in methanol the enthalpy change
is approximately zgfo and the entropy is sﬁall aﬁd positive. These results
could be r;tionalised in terms of desolvation of cyanide ion in t-butanol

compared to methanol which is a better hydrogen bond donor.

(@) Use of acidity functions

Hammett and Deyrup75 described the acidity of concentrated -solutions
.of strong acids as the ability of the acid solution to protonate a neutral solute

species (also termed as indicator). Thus for the equilibrium of the type:

: ' B + H ==

an acidity function was defined by equation 1.1

+
Ho = pKBH+ - Log10 (L%gjl) . 1.1

Where pKBH+ is the acid dissociation constant for BH' which is ‘the conjugated"




~)] .

acid of B, and ([BH"1/[B]) is the directly observable concentration ratio
of the indicator in its two different forms.
In equation 1.1 the evaluation of H0 requires’ the knowiedge of the
ionisation ratios ([BH+]/[B]) of the 'indicator' and the dissociation constant
of their conjugate acids. Tﬁe spectrophotometric methods provide a
dependgble means for the purpdse. But to achieve reliahle results from
this method it-is required that the inﬁicator base should have an electronic
absorption spectrum measureably different from that of its conjugate acid.
Also the extinétion coefficien£ of either B or BH+ at the.wavelength selected
for study‘must bé such ‘that the concentration of indicator necessary for
'ﬁeasureable absorption changes has negligible.effect'on the overall acidity
of the-mediuﬁ.
; fhe evaluation Qf pKBH; fpllows direc£1y from knoﬁledge oI ([3H+]/[?])
as a function of acid concentration. Frbm the definition of pK£H+ in
equation 1.2 it follows for infinite dilution when all activity coefficients

equal to unity that equation 1.3 is valid.

(B] .

=Log (———————
10 ray*] £t

Pkgyt . . a.H+) 1,2

w1 13

PRyt

Log,, ([BH'1/[B]) - Log_,

The knowledge of pK

BH+ provides the correct thermodynamic dissociation

constant KBH+ referred to pure solvent as standard state. For wehkef bases
direct determination of pKBH+ is not feasible and therefore a stepwise

75

comparison technique is used. The subject has been reviewed by Paul and
L0n97 s which relates mostly to acid solutioms, However more-recently

Rochester?7 reviewed the acidity function concept related to strongly basic

media, the general rules and behaviour are essentially similar to those for
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strong acid solutions, and the H acidity fuaction measures the ability of
the strongly basic solution to abstract a proton from the weakly acidic

neutral solute SH. Tt is defined by equation 1.4 0?77

SH + OH e 74 H,0

H_ = pKg + Log . ([s71/[sHD) | 1.k

The J_ acidity function applies for equilibria where instead of proton
abstraction an addiﬁion of base takes place to a neutral indicator molecule R,
The H__acidity function and J_ function would not be expected to behave
identically.' .in aqueous solutions the J_ functioﬁ measures the ability of

an aqueous base solution to add hydroxide ions to a neutral indicator molecule

80

RI

R + OH =————3 ROH~
quantitatively J is defined by eéuation 1.5,
J_ = plRK) + Loglo (CROH™]/CR]) 1.5

where X denotes the formation of addition complex ROH , Similarly Rochestef77
defined a JM acidity function for methanolic sodium methoxide referred to

pure methanol és standard state, (e.g. equation 1.65._

Iy = KK )+ Log, (CrOMe~1/[R]) | 1.6

Where pKMeOH is the autoprotolysis constant of methanol and K is the
thgrmodynaﬁiq equilibrium constant for methoxide addition to the neutral

indicator molecule R,




CHAPTER 2
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EXPERIMENTAL

I. Solvents

Methanol: A.R. methyl alcohol was used either as such or was boiled to
remove carbon dioxide and subsequently protected from air with a soda-lime

guard tube.

Dimethylsulphoxide: The commercial material was purified by standing

over calcium hydride and subsequent distillation under reduced pressure.
The middle fraction was collected and stored in a desiccator containing silica

gél.

' Acétone: A.R. acetone was used without purification.

II. Solution of Bases

Sodium Hydfoxideﬁ The solutions were prepared from A.R. sodium

hydroxide. First'the pellets were washed with distilled water and the
washing discarded; the remaining solid, sodium hydroxide, was then dissolved
in distilled water and standardised by titration with standard hydrochloric

acid.

Sodium Methoxide: was prepared by dissolving sodium metal in A.R.

.methanol. The freshly cut pieces of the metal were first washed with methanol
and then dissolved in methanol-in a nitrogen atmosphere.  The §olutions of

the alkali metal methoxide so obtainea were clear, but more concentrated
solutions were sometimes_clou&y, such solutions were centrifuged to obtain
clear solutionsqu alkali. Thg concentrations ‘were determined by ti£ration

with standard hydrochloric acid.



Potassium Methoxide: The freshly cut pieces of potassium metal were
dissolved in A.R. methanol téking the precautions as above with sodium

methoxide.

Lithium Methoxide: The solution was prepared by dissolving lithium

.metal in A.R. methanol. The procedure being the same as with sodium

methoxide preparation.

III. Nitro Compounds

1,3,5-Trinitrobenzene: Commerical 1,3,5-trinitrobenzene was

" recrystallised from methanol to constant m.p. 121°C (1it. 122-5°c).83

. 2,4-Dinitroanisole: was a recrystallised commercial_éémple m.p. 95°C

(1it. 95°c).%3

2,4,6=Trinitroanisole: M.,p. 67°C (lit._68°C)83-and32,6£dinitroanisole

‘m.p. 118°C (lit.'118°.C)83 were sﬁmples prepared by Dr. M.A, El Ghariani.

1=Jodo-3,5-dinitrobenzene: Commercial specimen was used without

\

purificafion.

1-Cyano=3,5~-dinitrobenzene: Commeréial specimen was used without

purification.

-1;3-Dimethoxy-4,6—dinitrobeﬁzené:. was preba?ed b& thé method of
-Holléman.eh .‘10 g of 4,6;dinitro-1,3-dich10robenzene was dissolQed in
abﬁut 200 mls, of hot methanol, qnd 2 equifalénts of cbnc. @ethanolic s;dium
methoxide (ew 5'Qﬂ) was added with stirring. The reaction mixture was
rgfluxed for one -hour, The solution was allowed to cool and the solid
product was filterea and_purified through2recry$£a11isation ffom methanol,

1

M p. 152°-154°C (1it. 154°-157°).8%  The MM n.m.r. spectrum of the purified

sample in dimethylsulphoxidé showed two bands of equal intensity at & 8:66



and 7°06 p.p.m. due to the two ring protons and a more intense band at

412 p.p.m. due to the two equivalent methoxyl groups.

2-Chloro-4,6-dinitroanisole: was prepared by the method of Ulman ahd

85

Sane in two stages.

-OH . Cl
O_N 13 I _ O_N X C1

NO ~ NO

OMe
ON ; c1

NO2 o _ ) . NO2

(a) Chlorination of 2-chlof0-4,6-dinitrophenol: | The substr;te (22 g.)

was warmed with 20 g, of toluene sulphonyl chloride and 30 g. of diethyl-
aniline for five hours on a water bath at 100°C.. The dark brown fused

mass was treated with dilﬁfe hydrochloric acid when fhe requifed product is
left as a gréy crystalline mass., This was triturated with dilute hydrochloric
acid several times and the solid was filtered off. The resulting solid mass
was'warmed with conc. éulphuric acid (d = 1:84) on a water bath-for three
'houfs and then poured onto crushed icé. The resulting sélid wﬁs filtéred
off and washeé with water. Yieldl26 g 'ihe crude product was deﬁolourised
with animal charcoal in ethanol and recrystallised from ethanol giving pale

yellow'crystals, m.p. 56°C.

+ NaOMe —_— + NaCl -
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(b) The AichlorO'compohnd obtained as above Qas dissolved in hot methanol
and 1 eéuivalent of sodium metho*ide was added with stirring. The reaction
mixture was heated on a water bath for two hours, allowed to cool then
acidified with dilute hydrochloric acid when the required anisole separates
as a pale grey oil. This was separated and solidified by addition of solid
CQZ, then recrystallised from methanol to give light yellow plates, m.p.

37° (11¢. 37°%).%%

L4-Chloro-2,6-dinitroanisole: was prepared in two stages by the method
. g L
of Holleman and Hollander. 4 First the nitration of 1,4k-dichloro-2«

nitrobenzene, (100 g.) was carried out ‘by placing a nitrating mixture of

" 85°mls. of (70%) nitric acid and 183 mls. of oleum in a two litre round

bottomed flask, Aﬁd heated tO'GOOC. 100 g. of crude 1,4-dichloro-2-nitro-
benzene was added gradually in the course of twenty minute;, with constant
stirring and the'tehperature was kept below'75o by water cooling, The
mixture was then heated at 75-85°.for forty minutes, after which the
temperature was raised to 120° in fifteen minutes and maintained for another
eighty minutes. The temperature was allowed to fall to 800, after which

200 mls, of water was slowly run in with stirring. The mixture was allowed

to settle and the molten product separated. This was washed ﬁith-boiling

water until the washed watef.was no longer acidic. It was then_alloﬁed to
sélidify and the soliq cake wiped dry from adhering moisturé,'then-dried.in
the molten state ét 100°C for a few hours, |

The product so obtained is a mixture of two isomers, 2,6; and 2,3-dinitro-
p-dichlorobeniene.ah The sepération of thése two isomers was achieved by
dissolving the reaction product in benzene so as to form a concentrated
solution. Suffiéient light petroleum (60-40) was added to precipitate about
half of the dissolved substance, which was filtered_off. Tﬁe material in

the mother liquor was recovered. Each of the two fractions was then separately
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dissolved in benzene and precipitated-wifh light petroleum as before, The
process was repeated twice and thus a less soluble and a more soluble
fraction was obtained. The two fractioné were separately recrystallised
ffom carbon tetrachloride. The recrystallised product obtained from the
less soluble fraction gives a melting point of 105-106°C and_is 1,4~dichloro-
2,6-dinitrobenzene. The other fraction haé a m.p. of 101-16200. The
two isomers were isolated in similar quantities.
l1,q-Dichlofo-z,6-dinitrobenzene obtained as above was dissolved in hot
methanol, and a little over one equivalept.of conc. solution of methanolic
sodium methoxide was addéd gradually with stirring. The reaction mixture
was heated on a water bath for about an hour and allowed to c&ol; then
ﬁcidified with dilute HC1l when anisolé separates. It was pufified_by

recrystallisation from methanol, m.p. 65.5°C (1it. 660).84

2-Methoxycarbony1-4,6-dinitroanisole:. was prepafed from 2-chlorobenzoic

acid in three stages.

(a) 62 g. of 2-chlorobenzoic acid and 300 mls, of conc. sulphuric acid

(da = 1-84) were placed in a two litre round bottomed flask and warmed 6n an
electrical mantle with mechanical stirring until the benzoic acid-dissblved.
100 mls. of fuminé nitric acid (sp, gr. 1:54) was added with stirring.and the
‘mixture was allowed to stand for about an hou;, when a solid maés accumﬁlated )
on the surface. The mixture w;s heated at 90-100°C for_threg-hours,-aliowed
to cool aown and then 75 mls. of more fuming nitric acid (sp. gr. i-54) was
added with stirring and the reaction mixture was then heated at 100-110°C for
a fufther_three hours. The mixtﬁré was.allowed to stand overnight aﬁd was
then poured onto crushed ice. The resulting solid was filtered off and

8-
pump washed with water and dried, m.p. 199°C (1it. 199°c). 3



(b) 20 g. of the resulting 3,5-dinitro-2~chlorobenzoic acid obtained as
above was dissolved in about 150 mls, of Analar methanol and 10 mls. of conc.
sulphuric aéid (d = 1+84) was added. The mixture was thén heated on a water
bath for an hour and then allowed to cool, when the methyl ester of the acid
séparated as ‘a crystalline solid. Thi; was filtered and washed with aqueous
sodium bicarbonaté,.then water, and recrystallised from methanol, m.p. 87°C
(1it. 87°c).%3

(¢) The methyl ester of 2-chloro-3,5-dinitrobenzoic acid obtained as above .
was subje;ted to qucleophilic replacement of chlorine by pethanolic sodium

methoxide and the resulting anisole was crystallised from methanbl, m.p. 68°c

(1it. 69°c).86

4-Methoxycarbonyl-2,6~-dinitroanisole: .was prepared by the

esterification of h-chloro-j,S-dinitrobenzbié acid obtained commercially,
followed by nucleophilic substitution of chlorine by methoxide. The
resulting anisole was purified through recrystallisation from methanol, m.p.
o . 0..87 .
45°C (1it, 54 C) (Found: C, 42:0; H, 2-9; N, 10-7%. Required: C, 42+1;

H, 3-1; N, 10:9%).

4-Trifluorqmethyl1g16-dinitroanisole: was prepared from éommercial
hk-trifluoromethyl-2,6-dinitrochlorobenzene. The substrate was dissolved iﬂ
hot mefhanol and a little over one equivalént of conc., methanolic sodium
methoxide was adde& with stir;ing. 'The reactién mixture was refluxed for an
hour aﬁd allowed to cool, then neutraiised,ﬁith diluté hydrochlbric'acid when
anisole sgparates'as solid. The producf was purified by recry?tallisation

from methanol, m.p. 60°c (1it. 6000).88

2=~Fluoro-4,6-dinitroanisole: was prepared as a yellow oil by the method

of S_chiemann.89 The clear mixture from 31¢5 g. of o-fluoroanisole and
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IN] mls.Aof conc. sulphuric acid was added dropwise with stirring to a
nitrating mixture of 30 mls. conc. sulphuric acid and 27 mls. of conc. nitric
acid (d = 1:51) at =5 to 0.’ After four-hours standing, the mixture was
poured onto ice, when an oil séparated. This was extracted with ether, then
washed with ice cold solution of sodium bicarbonate. The ethereal soiution
was dried with calcium chloride, and the ether was evaporated off, The
resulting oil was purified by distilling under reduced pressure.

- 3,5=-Dinitroaniline: was prepared by the method of Banksma and Verber990

in two stages.

.(a) 20 g. of 3,5-dini£robenzoy1 chloride was suspended in 60vm1s.>of

glacial acetic acid and 6 g. of sodium azide was added in small portions with
shaking. The mixture was allowed to stand for half an hour, then water was
added when 3,5-dinitrobenzazide sepatated-as white needles, m.p. 107°C.

Yield 70%.

(b) 10 g. of 3,5-dinitrobenzazide was introduced into 4O mls. of conc.
sulphuric acid and the mixture was gently warmed on a water bath; thé solid
dissolved with evolution of gas. Graduall&.the water bath was heated up to
5oiling point, = The reaction mixture w;s then allowed to cool and poured 'into
water, then Aeutraiized with ammonié when 3,5-dinitroaniline separated as a

bright yellow solid, m.p. 163°C (1it..163°c).83

coC1 NH

0N NO

0 NNO
N 7 N




3,5-Dinitrothiocyanobenzene: was prepared by the method of Gatterman

and Hausnecht.91 30 g.. of 3,5-dinitroaniline was dissolved in a mixture
of 1:2 prbportion concentrated suiphuric acid and water, and diazotised with
12 g. of sodium nitrite at SOC. To the diazofised soiution was added
(at Ooé) a concentrated aqueous solution of 18 g. KSCN hpd then gradually a
paste of cuprous thiocyanate prepa;ed thus:. a miﬁture of 4O g. copper
sulphate and 75 g. ferrous sulphated was dissolvéd in water, then 18 g. KSCN
was added and the precipitate was filtered off. |

The reaction mixture was stirred for three hours to complete the‘reaction,
it wa$ then neutralised with éoﬁiuﬁ carbonate and filtered. The solid mass
which contains the desired product was washed with water and extracted with
benzene several times. All the benzene extracts were mixed and dried over
anhydrous sodium sulphate. The solvent was then distilled off usihg a
rotary pump. The residue, which consists of 3,5~dinitrothiocyanobenzene
together-with some impurities, was dissolved in hot methanol when the desired
component dissolves while the impurity remains insoluble. After filtrationA
the metﬁanol was distilled off and the residue recrystallised from methanol,

m.p. 100-105°C (1it. 102°c).%2

315-Dihitrothioanisole:

SCN ' SMe

{Me0) _P

—

ON NO,, ‘ OpN7 ~\NO

was prepared by the method of Pilgram and Korte;92 in a round bdttomed‘flask'
fitted with reflux condenser, dropping funnel and a stirrer; was placed 0:1 mole

of 3,5-dinitrothiocyanobenzene and 0:2 moles of trimethylphosphate was added




dropwise with stirring, the temperature being kept down by keeping the
flask in crushed ice. The reaction mixture was allowed to stand for one

) ‘ o
hour and then methanol was added and the thio ether crystallised, m.p. 121 C

(1it. 121°%¢).%%"

1-Methylsulphonyl-3,5-dinitrobenzene: was prepéred by dissolving

3,5-dinitrothioanisole in the minimum quantity of acetic acid and adding a
slight excess of peracetic acid. The resulting mixture was evaporated until
about one fifth of the reaction mixture was left. On cooling the desired

product crystallised out, ﬁ.p, 238°C (1it. 24000).92

1-Trif1uoromethyi-3,5-dinitrobenzene:93 was prepared by the

nitration of 3-nitrobenzotrifluoride, To a stirredvmixturé of 450 g. of
fuming nitric acid (d = 1:50) and 900 g. ofvfuming gulphuric acid (20% SOB)'
was addéd slowly.57 g. of 3-nitrobenzotrif1uoride; The temperature was
controlled so as not to exceed 100°C for the first ﬂinety minutes. After
this period: the teﬁperature was raised and maintained at 115°C for the next
four to five hours. The reaction mixture was then poufed §nto crushed ice
and the crude pro&uct separated as a white solid.

fhe product was filtered at a watef.pump, washed with water, and dried.
Yield 43 g. (50%), recf&étallised twice from methanol, m.p. SOOC (1it.
49-50°¢). 23

N,N-diethyl-j,5-dinitrobenzamide:94

COoC1

was prepared from 3,5-dinitrobenzoylchloride. To 25 mls, ofﬂdiéthylamine
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(excess) in 100 mls. of heated benzene was slowly Added 23 g. of 3,5~
dinitrobenzoylchloride. The resulting mixture was poured into water. .The )
benzene layer was separated and washed thrice with water. The solvent was
then distilled off and a solid precipitated on addition of petroleum ether.
This was recrystallised from ethanol-petroleﬁm ether to give wbite crystals,
m.p. 92°C (1it. 92°¢).%%

95

3,5~Dinitrobenzenesulphoni¢ acid: This was prepafed by the direct

sulphdnation of m=dinitrobenzene. A mixfure of 50 g. of midinitrobenzene
and 150 mls. of 18% oléum was heaied with 45 g. of mercury at 150-16000 for
eight té nine hours. Reaction mixture was allowed t; cool and then poured
onto ice and neutralized with milk of lime (calcium carbonate). The deep
purple coloured'fiitrate turned 6range as the liquid evaporated. The
potassium salf was obtained by adding the célculated éuaﬁtity of KZCO and

3
evapbrating the solution until crystallisation begins. Yield 35% (40 g.).

In all cases the 1H n.m.r. spectra of these nitro-compounds in dimethyl
sulphoxide as solvent, gave bands consistent with the required structures

and showed that the products were >95% pure.

IV. Spectroscopic Measurements

Visible Spectra: Visible spectrbscopy has been found very useful_in

the kinetic and equilibrium studies of Meisenheimer complexes. Thus this
technique was used in the present work for this purpose. . The genefal Shape
of the visible sbec¥ra-ﬁere recorded on Unicam SP800 and-SPSOOO.instruments
at room temperature ZOiZOC. However for quantitative purposes the accurate
values of the optical density at suitable :wavelengths were measured on an

SP500 spectrophotometer, fitted with a thermostatted cell compartment (ZSOC).
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Stock solutions were prepared as near the time of use as possible and
the test solutions were made up from stock solutions immediately before the
measurements were made., In some cases complete conversion of the p;rent
substrate to complex could be achieved in the basic media used. In these

cases the extinction coefficient €, of the complex M could be found directly

M
using Beer's law.

I

o
—_ = € .,C..
I C..1l

Optical density = Log M S

10

where CM_is-the concentration of complex-and 1 the pathlength of the ceil
used (1 cm. in this work)., "The concentration of complex in less basic media
could then be determined.

If however fhe-extinctioﬁ coefficient of. the complex qbuld,ndt be

directly determined theu the Bensi-Hildebrand96 expression:

was used, where a is the stoichiometric concentration of the parent compound.
Thus from a linear plot of 6%5 versus ﬁ%-, the extinction coefficient €M and

equilibrium constant K could be determined.

Proton Nuclear Magnetic Resonance Spgctroscépy:

A Varian A60 spectrometer was used for this purpose. Measurements
were usually made at ambient probe temperature. Test solutions were of
concentration from 0.2 to O0+5 mole 1-1 and tetramethylsilane was used as

internal reference.



CHAPTER 3
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A SPECTROSCOPIC STUDY OF THE INTERACTION .OF 2,6-DINITRO-4;X;

CHLOROBENZENES AND RELATED ANISOLES WITH'NUCLEDPﬁILES

Introduction

The initial formation of a 1,3-Meisenheimer complex by methoxide ion
addition at an unsubstituted carbon atom in 2,4,6-trinitroanis61e, was
observed by Service.zp However this species although kinetically favoured
is not stable and isomerises to the thermodynamically more stable classical

.y . 18,20 . ' .
1,1-Meisenheimer complex where addition occurs at a ring carbon
‘carrying methoxyl group. Sinqelthen similar results have been'obtained with
a variety of substituted anisoles including k-cyano-2,6-dinitroanisole and

3,5-dinitro;h-methoprridine;4'24’30'33;&§’97

The initial addition at an
unsubstituted carbon hasvbeen rationalised in terms of steric factors.Bo In
the present work compléx formation from 1-chlor072,6-dinitro-4-x-bqnzenes has
been investigated. Iﬁ this case because of the established SN2 mechanism

one would expect the nucleophilic substitution of halide ion by incoming

nucleophile to occur through Scheme 3.1.

SCHEME 3.1
' ~ 1- ¢
c1 — ' OR
o, NO, o= |ON No,, | 0N NO,,
— ——
<~ §S— + Cl
| J
X o, o,

And indeed ﬁethyl picrate can be produced from picryl chloride and methanolic

sodium methoxide in quantitative yields.



Very recently Syper .and Barqui98 (1972) reported to have isolated
coloured.solids by reacting picryl chloride and 2-chloro-3,5-dinitropyridine
with various potassium aleoholates in hydrocarbon solvents. The reaction is
reported to have been reversible and the pareﬁt substrates can be obtained
by treating the solid adduct with trifluoroacetic acid. Structure (3.1)>
has been suggested for the complex formed, similarly by analogy structure (3.2)

is given to the adduct of 2-chloro-3,5-dinitropyridine with alkoxides.

K
(3.2)
The authors while-not discarding the possibility of the formation of
Meisenheimer type adducts (3.3) and {3.4) argued that becaiuse of the
K¥ 1y
(3.3) . (3.4)

substantial differences between'polynitroaromatic ethers and polynitroaromatic-
halidés, analogies in reaction mechanism of the two types of polynitro-
aromatics with nucleophiles have limited application. It is further

argued that because of the difference inductive effects of chlorine and an



alkoxy group, 6ne would expect a greatef difference in electron density at
P

C1 and C_, in picryl chloride than in picryl ether, This decreased electron

3
density at C1 compared with 03 in picryl chloride coupled with the smaller
steric requirements of chlorine atom than that of alkoxyl group, can favour
kinetically and thermodynamically the addition to the 1-position of picryl
chloride and to the 2-position of z-chloro-j,5-dinitfopyridine.comparéa to
picryl ether. These observati&ns are contrary to the results which will be

99,100 which show

presented here, and some of the results published earlier
that in dimethyl sulphoxide (3.4) is more appropriate for the brightly
coloured spacies formed from picryl chloride aﬁd methanolic sodiﬁm methoxide.
Due to the instability with respect to the loss of chloride ion of adducts
of the type (3.1) rearrangement will lead to nucleéphilic substitution rather
than a stable adduct. |

For the sake of completion some spectroscopic results with correspdnding

2,6-dinitro-4-X-anisoles have also been included and are compafed with thoﬁe

of the corresponding substituted chlorobenzenes.

E;pefimental

Proton Magnetic Resonance Measurements

1H n.m,r. specfra-wére obtained with a Varian A56/60 instrument either
at probe temperature ( ~ 3700) ﬁr in some cases in order to study moré.easily
the initial interactions, soidtions were cooled to 10°C. T.M.S; was used
as an internal standard. Solufions of substrate (0:5 - O-%ﬂ) were maae just
before recording spectra and complexes were generated in situ-by”the addition
of methanolic éodium methoxide ( ~ S-Qﬂ)'with a syringe so aé to give a,molgf
ratio of substrate to base of about 1:0-5. The spectrum was recorded as

rapidly as possible after mixing the solutions,
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Visible Measurements

. Visible spectra were recorded with a Unicam SP800 instrunmient on samples

with concentrations of 1O-lt - 10-5M.

Structural Studies

1-Chloro-2,6-dinitro-4-methoxycarbonylbenzene: The 1'H n.m.r, spectrum

of the parent chlorobenzene in dimethyl sulphoxide gives a single resonance
at 8:83 p.p.m. (relative to internal T.M.S.) due to the two equivalent ring

' prot&ns at C3 and CS. The protons of the methoxycarbqnyl group resonate at
3:96 p.p.m. and give a single band. On addition of a copcentrated'solution
of methanolic sodium methoxide the 1H n.ﬁ.r. spectrum shows in addition to'-
solvent bands, an AX ﬁ#ftern for the two ring protons of the coloured species
obtained. Thus two spin- coupled doublets of equal intensity are.observed
at 5-87 and 8:15 p.p.m. A singlet (relative intensity three) at 3:07 p.p.m.
is attributed to the methoxyl protons in the adduct while the protons of
ﬁethoxycarbonyl group gave a sharp single band at 3¢70 p.p.m. The large
upfield shift of Qne fing,proton relative to. parent molecule is_consistent

with the covalent addition of nucleophile at this position, to form complex

of structure (3.5) (X = COOMe, Nu = OMe). The assignments of observed 1y

(3.5) _ (3.6) - (3.7)

n.m.r, bands are made on the basis of the chemical shifts previously reported

' . 20
by Servis , for the analogous 1,3 complex of 2,4,6-trinitroanisole and methoxide
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ion, However with time-the doublets at 5+87 and 8-15 p.p.m. décrease in
intensity and a new band emerges at 871 p.p.m. This is at the position
expected for the ring protons of 4-methoxycarbony1-2!G;dinitroanisole
indicating the eventual nucleophilic displacement of chlorine by methoxide.
In addition a small band appears at 8:42 p.p.m. which is probably due to
formation of small amount of (3,6) (Nu = OMe,.X = COOMe). No bands were
observed which could be assigned to the éddﬁct'of structure (3.7) (Nu ='0Me,
X = CQOMe)._

Attempts were also made ta'observe the analogous behaviﬁur with sulphite
ion, using aquéous sodium sﬁlphite, but due to the poor solubility of this
base in dimethyl sulphoxide, the solvent used, the spectrum observed were not
very conclusive.

The visible spectra were fecorded in more dilute solutions. Thus
addition of methanolic sodium methoxide to a dimethyl sulphoxide solution of
the papeﬁt compound, c&used an initial yellow colour which changed to red.
The initial spectrum showed bands with absorption maximum at 485 nm. Howe@er
~the spectrum changed rapidly with time to give new bands witﬁ maximum at
' 533 nm, this no doubt is the spectrum of complex (3.6) (Nu = OMe, X = COOMe)
which will be formed in the presence of excess of sodium methoxide. |

The shift to longer-wavelength is due to the fact that the group para
to the position of addition is less electron-withdrawing in the adduct of
_structure (3.6) (X = COOMe, Nu = OMe) than of structure‘(3.5) (Nu = OMe,

X = COOMe).

j-Methoxycarbonyl-2,6-dinitroanisole: The parent anisole in dimethyl

sulphoxide gives a resonance due to ring protons at 8:72 p.p.m. The methoxyl
group gives a band at 4-03 and the methoxycarbonyl group a band at 3:95 p.p.m.
On the addition of a concentrated solution of methanolic sodium methoxide a

deep red colour.is produced and the 1H n.m.r, spectrum shows the emergence of
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two spin coupled doublets at 8:07 and 5:80 p.p.m. depicting the attack of
nucleophile at unsubstituted ring. carbon forming the complex of structure (3.8)
(X = COOMe). However as expected these bands fade away with time giving way

to single sharp band at 8:43 p.p.m. due to ring protoné of 1,1-complex of

" structure (3.9) (X = COOMe). In addition two bands also emerge at 2:98

p.p.m. ascribed to methoxyl group protouns and at 3-70 p;p.ﬁ. due to the

methoxy carbonyl group in the complex,

OMe
OZN \ O2
H
OMe
X
(3.8) (3.9)

The visible spectrum taken with dilute solutions of substrate ‘in dimethyl
sulphoxide rich media shows a colour change from yellow to pink. The
initial spectrum due to yellow species gives an absorption maximum at 470 nm

which decreases rapidly with time to give new bands with maximum at 533 nm.

. This change is attributed to the initial formation of kinetically favoured

Cc éomplex (3.8) (X = COOMe) which rearranges to thermodynamically more

3
stable 1,1-complex (3.9) (X = COOMe).

1,4=-Dichloro~2,6-dinitrobenzene: The parent dichlorobenzene gives a

sharp resonance at 8:65 p.p.m. in dimethyl sulphoxide. The single band
indicates the similar environment of the two ring protons in the molecule,
Addition of less than one equivalent of a concentrated solution of methanolic
sodium methoxide gives a deep red solution which starts turﬁing blue then
finishes orange. The initial spectrum of the red coloured solution shows

in addition to solvent bands, and a band for parent molecule at 8:65 p.p.m.,
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tﬁo doublets of equal intensit& situated at 7-22 and 5;52 pP.p.-m., due to ring
protons and a band at 3-11 p.p.m. assigned to the methoxyl pfotons of the
adduct formed. The large shift to high field of one ring proton resonance
can be explained by the change in hybridisation at this position from sp2 to
spj, indicating the covalent'addition at this position forming a C3 adduct
of structure (3,5) (Nu = OMe, X = Cl1). However with time the two doublets
fade away and a new band develops at 8:53 p.p.m. ascribed to the ring protons
of Eubstitution product, anisole. A band is observed at 3:98 p.p.m. due to
the methoxyl protons of anisole. In addition a small band appears with time
at 79 p.p.m. due to the ring protons of the corresponding phenol probably
" formed by the nucleophilic substitution of chlorine in the parent dichloro-
benzene by hydroxide ions present as traces of water molecules in ;he solvent_
used. There was no indication of the formation of adduct of the type (3.7’
(Nu = OMe, X = Cl)i

The visible spectrum sﬁpports the 1H n.m.r, conciusion, thus in much -
more dilute éolutions than used for 'H n.m.r. studies, the addition of sodium
methoxide to a solution of substrate in dimethyl sulphoxide produces an
intense red colour whiéh turns blue. The initial spectrum shows bands with
absorption maximum at 504 nm, changing rapidly with time to baqu with
maximum at 610 nm the former being assigned to complex (3.5) (Nu = OMe, X - C1)
and the latter to adduct (3.6) (Nu = OMe, X = Cl) formed by an excess of

methoxide and product anisole.

4-Chloro-2,6-dinitroanisole: The parent k-chloro-2,6-dinitroanisole in

dimethyl sulphoxide gives a single sharp resonance at 8-53 p.p.m. due to two
symmetrical ring protons. While methoxyl protons resonate at 3:98 p.p.m.
on the addition of concentrated solution of methanolic sodium methoxide a red

colour is produced and the initial 1H n.m.r. spectrum shows two doublets at
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5:45 and 717 p.p.m. due to the ring protons of C3 complex of stfucture (3.8
(X = Cl). While two singlets of equal intensity at 3-10 and 3:81 p.p.m. are
assigned to the two methoxyl group protons in the adduct, With time the
bands due to C3 adduct fade away and new bands appear, at 785 and 3-00 p.p.m.
the former being attributed to the ring protons of 1,i-complex and the latter
band which is.twice the intensity compared with intensity of methoxyl proton
resonance in C3 adduct is due to the two equivalent methoxyl group protons
in the 1,1-adduct (3.9) (X = Cl1),

The visible spectrﬁm observed in dilute solutions then used in 1H n.m.r.
studies gives an initial absorption maximum at 480 nm. With time this band
shifts to longer wavelength with maximum at 610 nm, indicating the initial

formation of the C3 adduct rearranging to thermodynémically more stable 1,1-

adduct (3.9) (X = Cl).

1-Chloro-2,6-dinitro-4-trifluofomethylbenzene: The 1H n.m,r. spectrum

of the parent compound in dimethyl sulphoxide gives a single band due to ring
protons at 8:90 p.p.m. On the addition of concentrated solution of
methanolic sodium methoxide two spin coupled doublets of equal intensity
appear at 577 and 778 p.p.m. with the subsequent decrease in the intensity
of parent molecule band at 8-90, This pattern is consistent with the

expected spectrum of the C_ adduct formation, the methoxyl protons of the

3
complex resonate at 3:07 p.p.m. - Thus stfucture (3.5) (Nu = OMe, X = CF3)
can be assigned to the kinetically favoured complex. With time the spectrum
changes with the fading of the two doublets and development of a new band

at 8:75 p.p.m. indicating the eventual replacement of chlorine by methoxide
idn, forming the corresponding anisole. A single band at 4+05 p.p.m. is

assigned to the methoxyl protons of the product anisole. In addition a

singlet appears at 8¢1 p.p.m. and is assigned to the formation of phenol
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through the replacement of chlorine by hydroxide ions present as an impurity.
This observation is consistent with the results obtained by picryl chloride

00
when similar formation of phenol is observed.gc)'1

Again no bands were
observed which could be attributed to the adduct of structure (3.7) (Nu = OMe,
x = CFB).
The visible spectfum observed with dilute solufions show the initial
formation of an orange coloured species with absorption maximum at 460 nm.
The spectrum thanges rapidly with time to give new bands with maximum at
545 nm, and a red colour to the solution. This can he rationalisgd ;s the
initial formation of C3 adduct of structure (3.5), changing to a 1,i-complex
of the prodgct anisole (3.9) (X = CFB) formed due to the excess of methoxide
ions present in the reacting mixture.
Attempts to observe analogous behaviour with sulphite ions using

aqueous sodium sulphite failed to give any conclusive results due to the poor

solubility of sulphite in dimethyl sulphoxidg.

L-Trifluoromethyl-2,6-dinitroanisole: The parent L4-trifluoromethyl-

2,6-dinitroanisole gives a single sharp band in dimethyl sulphoxide due to
ring protons,'at 8:75 p.p.m. and a band at 405 p.p.m. due to methoxyl grbup
protons. On addition of concentration solution of methanolic'sodium
methoxide the initial spectrum gives an AX pattern for the ring protons-with
two doublets of equal intensity at 7:65 and 5-64 'p.p.m. indicating the
covalent addition at an unsupstituted carbon and thus giving it an sp3
character, this could be rationalised iﬁ terms of structure (3.8) (x = CFB).
However with time new bands develop, on the éxpense of the initial bands,
giving rise to a single sharp resonance at 8:07 p.p.m., assigned to ring

protons in structure (3.9) (X = CF3). The methoxyl group protons of (3.9)

give a single peak at 3°02 p.p.m.




The visible spectrum of the substrate with sodium methoxide in dimethyl
sulphoxide rich media also shows the initial absorption at a maximum of
465 nin, shifting with time to longer wavelength at 545 nm. Thus depicting

the initial formation of the kinetically favoured C compiex'(3.8);

3

rearranging to thermodynamically more stable 1;1-comp1ex (3.9).

L,5-Dinitro-2-substituted anisoles: The substituted anisoles discussed

so far in fhis chapter included molecules where 2 and 6 positions of the
‘aromatic ring were occupied by nitro groups thus making the unsubétituted-j
and 5 ring carbon atoms equivalent as far as the nucleophilic attack to give
Gscomplex'is.concérned. On the other hand in 2-X-4,6-dinitroanisoleé tHe
2-substituent rénders uhe molecule unsymmetrical with respect.to nucleophilic
attack at unsubstituted 3 and 5 ring pusitions. " Thus guch anisoies could

form three isomeric adducts, of structures (3.10), (3;11) and (3.12).

2

(3.10) . (3.11) | (3.12)

Millot uhd Terr'ier'io1 reported the visible spectral evideuce for the
formation of all three isomers from 4,6-dinitro-2-X-anisoles (X = CN, Cl;
Nu = OMe), - The isomers (3.11) and (3.12i being formed as kinetically
favoured adducts but rearranging to adduct of structure (3.10). However
visible specurum canﬂot provide conclusive evidenée for the structural
pattern of Meisenheimer complexes, thus Fendler et a124 studied the 1H n.m.r.
spectrum of 4,6-dinitro-2-cyano anisole with methoxide ion. They found tuat

the initial spectrum shows bands due to adduct of structure (3.11), however
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this rearranges to give thermodynamically more stable 1,1-adduct of structure
(3.10). There was no indication for the formation of (3.12) (X = CN,

Nu = OMe), which although is expected to have very similar spectrum as (3.11) .
but because of the less deshielding effect of cyano group than nitro group
would be expected to give bands at higher field than were observed and
assigned to structure (3.11). This tﬁen again stresses the importance of
strongly electronegative group as a stabilising factor in Meisenheimer
complexes, when present para t& the site of addition. This factor has been

26

. X 02
discussed by many workers including Zollinger et al1 and Dyall et al.

2-Methoxycarbonyl-4,5-dinitroanisole: The 1H n.m.r. spectfum of the

parent compound -in dimethyl sulphoxide shows an AB pattern, with ring protons
giving two spin coupled bands of equal intensity at 8:76 and 906 p.p.m.
(J = 3 Hz). The methoxyl.and methoxycarbonyl group protons resouate at
4+02 and 3-98 p-p.m. respectively, On the addition of methanolic sodium
methoxide a deep red colour is produced and the spectrum shows two spin
coupled doublets at 8-32 and 8:71 p.p.m. These are aécribed to the ring
protons of the 1,1-adduct of structure (3.10) (Nu = OMe, X = COzMe). The
methoxyl protons of the adduct regonate at 293 p.p.m. ;nd the band is
doubled in intensity compa?ed to the parent anisole, the methoxyca;boﬁyl
protons gives a veak at 3-07 p.p.m. No bands were observed which could be
assigned to the adduct of the type (3.11) or (3.12). (These assignments are
made on the basis of the chemical shifts previously reported by Fendyer
et a.].zLt for the analogues 1,1-complex (3.10), X = CN).

The visible spectrum of the substrate with methanolic sodium.methoxide
gave absorption with two maxima at 384 nm and 472 nm, this being.ascriged
as due to 1,1-comp1e¥ of structure (3.10) (X = COzMe, Nu = OMe).

On the timescale of these experiments the C3 complex which will probably
be initiélly formed rearranges quiékly to the thermodynamically more stable

1,1-complex.
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2-Chloro-4,5-dinitroanisole: The ring protons of the parent in dimethyl

sulphoxide gives an Aé duartet with chemical shift of 8:74 p.p.m. and 8-80
p.o.m. (J = 3 ﬁz), the methoxyl protons résonate at 4-08 p.p.m. On the
addition of concentrated solution of,methanolic sodium methoxide two doublets
of equal intensity emerged at 7:50 and 8-73 p.p.m., (J = 3 Hz).ascribed to
the two ring protonslof the 1,1-adduct (3.10) (X = Cl, Nu = OMe), A single
band at 2-95 p.p.m. is due to methoxyl profons in the 1,1 adduct, with an
intensity of twice that compared to the parent_molecule. No bands were
observed which céuld be assigned to the complex formed by addition at either
unsubstituted 3 or 5 ring positions of the parent molecule. - |

The visible spectrum shows bands with ab;orption maximum at 352, 36L

and 492 nn ascribed to the 1,1-coniplex.

Conclusion-

The results presented show that in dimetliyl sulphoxide addition of
nucleophiles to unsubstituted ring carbgn of the parent chloro compounds is
kinetically favoured relative ta addition at the éhloro substituted position.
In this respect the chloro compodnds are similar to substituted anisbles,zo'zh’io3

1,2,3,5—tetr‘anitrobenzene101t and Z,Q,S-trinitroanilineSBO where in each case
" addition occurs first at a ring carbon carrying hydrogen. The faster
addition at the unsubstituted positions in fhese compounds have been

30

rationalised in terms of steric factors which inhibit addition at the
substituted ring position. Spectral data-are_summarised in Table 3.1 - 3.3.
The 1H n.m.r. shifts for the‘ring protons of adducts produced by methoxide
addition at C3 to the parent chloro compounds are in similar position but at
slightly lower field than the analogéus bands from thé methoxide adducts of
similarly substituted ;nisbles. To make absolutely sure that, the doublets

observed from the chloro compounds do not result from prior formation of

anisole and subsequent reaction of anisole with methoxide an experiment has
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TABLE 3.1

Chemical shifts (downfield from internal tetramethylsilane)

for parent compounds in dimethyl sulphoxide

Ring Protons Methoxyl Methoxycarbonyl

(p.p.m.)

1-Chloro-2,6-dinitro-4-X-benzenes

X =-NO2 9.25

X = Cone 8.83 396

X = CF. 8.90

3 )

X=2Cl 8.65
1-Methoxy-2,6-dinitro-4-X~benzenes

X = CO,Me - 872 403 3-95

X = Cl 8.53 3.98
1-Methoxy-4,6~dinitro-2-X-benzenes

X = CO_Me B:.76 9:06 .02 3.98

X = Cl 8-7% 880 408

*
Ring proton give an AB quartet, J = 3Hz,




TABLE 3,2

Spectral Data for Complexesa

" Chemical Shifts (6)

Ring Protonsb Methoxyl Protons Visible Spectrum

A (nm)
_max
X = CEB, Nu = OMe 577, 7+78 3-07 460
X = COMe, Nu = OMe 5-87, 8-15 3-07° 485
X=Cl, Nus= OMe 5:52, 722 3-11 504
X =NO,, Nu=OMe  6-27, 857" 3-12 S w2
X =NO,, Nu-=OH 6.2, 8.4 d
X =NO,. Nu-= 503- 6.1, 8.45% : 470
a

The solvent is dimethyl sulphoxide, containing a little methanol

when Nu = OMe, or a little water when Nu = OH or SO_",

b The ring prbtons in complexes formed by addition at C3 give
spin-coupled bands, J ~ 2 Hz.

¢ COzMe protons give a singlet at 3:70 p.p.m.

d

Reference 99.
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TABLE 3.3
Spectral Data for Complexesa
OMe
| 0N ZNO,
_ Nu
| H H Chemical Shifts (6)
Ring Protonsb Methoxyl Protons Visible Spectrum
A (nm)
max
X = CF,, Nu= OMe 5:6L, 7:65 . ' 465
X = C02Me, Nu = OMe | 5-80, 8.07 470
X = Cl, Nu = OMe 5.45, 7-17 3.10, 3-81 : 480
X = NO,, Nu= OMe 615, 8-48° 3-17, 3-83 418
X = NO2 8.70 3:02 - 422
X = CF, 8-07 ' 3.02 545
X = CO,Me 843 2.98¢ 533
X = Cl 7.85 ©3.00 610
MeO OMe
O,N X
]
NO,
X = CO_Me - B-32, 8.71° 2:93 L72
X = Cl 7.50, B.73° 2:95 492

The solvent is dimethyl sulphoxide, containing a little methanol when Nu = OMe

The ring proton in complex formed by addition at 03 give spin-coupled bands
J = 2 Hz. '

€ Reference 100. d COzMe protons give a singlet at 370 p.p.m.

Ring protons give an Ab quartet J = 3 Hz,
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been carried out in which sodium methoxide was added to a mixture of

picryl chloride and 2,4,6-trinitroanisole, The resultant spectrum showed

four doublets at the positions expected for the ring prbtons of the adducts

from both the chléro compound and the anisole, The argument put forward by

Sypar and Barycki in their recent publication98 that the coloured solids

gbtained by them froﬁ reacting picryl chloride and 2-chloro-3,5-dinitro

pyridine with different alkoxides are adducts of structure (3.1) and (3.2)

(R = Et) on the grounds.that the solids obtained . give back.parent substrate
R _on treating with acid is very doubtful as the adduct of structure (3.4) and
(3.3) (R = Et) would also be expected to yield parent substrate by treating
with acid. Moreover their argument tﬁat_because of the difference between
polynitroaromatic ethers and polynitroaromatic halides, analogies in reaction
mechanism of the two.types of polynitroaromatics with nucleophiles ha#e
liﬁited application, is not supported by quantitative proof. On the other
hand the_spegtro;copic evidenceé in favour of analogous behaviour of
polynitro-chlorobenzenes and corresponding aromatic ethers is sﬁbstantial.

The results presented here were obtained in media rich in dimethyl

sulphoxide, In hydroxylic.media transient colours have sometimes been
observed during nucleophilic substitutions. Thus Gaboriauel and Schaa1105
described the‘coloured species observed by the reaction of picryl chloride
with aqueous stium hydroxide as having structure (3.75 (Nu = OH, X = NOZ).
It looks now more probable that here too the coloufed species results from
hydroiide_addition at an unsubstituted position to give (3.5) (Nﬁ'= OH, X = NOZ)'
Similarly Bowden and Cook106 in a kinetic study of the reactions of 1-
substituted 2,4-dinitrobenzénes with base in aqueous dimethyl sulphoxide have
observed coloured species which were thought to result from hyéroxide

addition at a ring-carbon carrying hydrogen. The results of this work add

to the likelihood of this possibility.




CHAPTER 4
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EQUILIBRIUM AND KINETICS FOR REACTION OF REACTIVE

ANISOLES WITH SODIUM METHOXIDE IN - METHANOL

Introduction

Kinetic and equilibrium studies of Meisenheimer complexes have been the
subject of investigatiom in many laboratories around the world.B’7 .One
aspect of this interest is in the relative stabilities of these adducts.
Although some measurements have been made with other nucleophiles (e.g.
sulphite,62 cyanide74) the bulk of the data now available relates to reaction
with sodium methoxide in methanol and equilibrium constants for the formation
of some twenty compounds have been reported. In tﬁe present work which
extends these measurements, equilibria of the following type has been

studied:-

OMe
Z X k,
+ OMe~ mm——
k
-1
Y

(4.1)

where methoxide addition occurs at the methoxyl substituted position.
However as shown in the preceding chapter there is considerable evidedce,3’20
particularly for the reaction in dimethyl sulphoxide, that the formation of
stable adducts of structure (L4.1) is préced:d by addition at unsubstituted
-ring positions. In this chapter however these transient adducts will not
be the prime concern.

The best known example of a reaction of the type shown is that of
2,4,6-trinitroanisole and the equilibrium constant for methoxide addition
12,284,146

has been determined in several laboratories. In addition Fendler and

'Y -
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2"‘:' 70, 107

aad co-workers have made careful studies of a number of compounds

in which the nitro-groups have been variously replaceq by cyano-groups.
Terriér88 has made measurements on a number of dinitro compoundé containing
chloro~, fluoro- or trifluoro-methyl substituents. In favourable cases the
approach to equilibrium is sufficiently slow to enable its rate to be
measured which leads to values for the individual rate constants k1 and k__.

88

Surprisingly some reportsas’ have indicated variations in values of-the
equilibrium-constént with sodium methoxide concentration even in dilute
solutions where ideal behaviour would bYe expected.

This chapter includgs values of quilibrium constant, Kl' and in three
cases rate constants, k1 and k_i, for four relatively reactive compounds
whose. complex formation occurs in dilute sodium methoxide solutions: 2-
methoxycarbonyl-4,6-dinitroanisole, Ai-methoxycarbonyl-2,6-dinitroanisole,
2-chloro-4,67dinitroanisole and Q-trifluorométhyl-z,6-dinitroanisole. . In

addition the variation of these parameters with sodium methoxide concentration

is confirmed by this work and an explanation.has been given.

Experimental

| Visible spectral measurements were made at 2500 using a Unicam SP500
instrument fitted'with & thermostatted cell compartment. Solutions
containing the required concent;ations of reagents were prepared immediately
before measurements by suitable dilution of stock solutionsf It was found
convenient to make kinetic measurements by the addition from a syringe of a
sﬁall quantity of a concentrated solution of parent anisole to a solqtion of
methanolic sodium methoxide which had previously been brought to 25°C in the
measuring cell, Measurement of opticai densities was begun 10 secs. after
mixing and continued until completion of reaction. A typical déta set with

calculated first order rate constant for the reaction of 2-methoxycarbonyl-
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4,6-dinitroanisole (3-84 x 10-22) with sodium methoxide (0-O4M) is given

in Table L4.1. Rate constants were in all cases reproducible within 5%.

TABLE 4.1

Time Optical Density . 162 K s
(seconds) (472 nm) (sec~1)
19 0-140 1:95
25 0.177 o 1-94
32 ' 0.211 1-95
46 0.270 1-95
63 0.320 1-96
% 0-350 1-96
91 0376 1j97
100 0.387 1495
127 0:413 . . . 1:96
o0 0-450

Results

Spectral and Structural Studies

Solutions in methanol of each of the four compounds under investigation
are colourless. In dilute methanolic sodium methoxide colours are produced.
In each case, increasing the concentration of sodium methoxide caused an
increase in visible ansorption without however changing the shape of the
spectrum or positions of the absorption maxima. Eventually at sodium methoxide
concentrations neaf 1-Qﬂ (the exact value depending upon the compound)

complete conversion to complex was achieved so that further increase in base
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concentration caused no further spzctral change. The spectra at much higher
base concentrations were not examined when higher complexes may be formed.

Spectral details are in Table 4.2 and are in good agreement with previous

8
reports.21’8
IABLE L,2
Visible Spectral Data for Complex (4,1) in Methanol
' -l -4
Structure (4.1) A 10 ~ € 10 © €
max | 1 -1 max T -4
(nm) l.mol “cm (nm) l.mol “cm
X=CO_Me, Y=Z=NO, 384 2.1 172 1:9
X=Cl, Y=2=NO, 352,364 1.6. 492 2.3
Y=CO Me, X=2=NO, 361 1-3 525 2.1
Y=CF,, X=Z=NO, 540 2.5

The results of the 1H n.m.r, spectra given in the preceding chapter
confirm that the ionisation studies given in this chapter involve methoxide.
addition at the methoxyl substituted ring position to give adducts of
structure {(4.1). These spectfa were recorded_in dimethyl sulphoxide whefe
the visible spectra are similar but shifted slightly to longer wavelength to

those recorded in methanol.

Kinetics and Equilibria

The rate of attainment of gduilibrium for the formation of complex (4.1)
was sufficiently slow in the case of 2-methoxycarbonyl-4,6-dinitroanisole,

4-methoxycarbony1-2,6—dinitroanisole and 2—chloro-4,6—dinitroanisole at low
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3

methoxide ion concentration (10 ° - 10-?ﬂ). Thus measurements of optical
density at the absorption maxima in solutions where the sodium methoxide

concentration was in considerable excess (> 100) yielded first order rate

constants expressed by equation 4.1

= kl[NaOMe] + k L.1

kobs -1

where_k1 is the second-order rate constant for the formation of complex (4.1)
and k_1 is the first-order rate constant for its decomposition. The
equilibrium optical densities were used in conjunction with the knownm
exéinction coefficient of the complex to obtain values of the stoichiometric
equilibrium constant KC (= ki/k- ). Individual values.for the rate constants

1

k1 and k 1 were then calculated. Measurements were made in solutions
containing various concentrations of sodium methoxide some of which contained

added electrolyte (sodium perchlorate, sodium chloride or lithium chloride).

The results are given in Tables 4.3 - 4,6,

Discussion

H n.m.r. spectral measurements show clearly that for each of the four
compounds studied base addition occurs at substituted ring carbon to give an
adduct of structure (4.1). Higher complexes were not formed in the sodium
methoxidé concentration range used here, In each case the results show tﬁat
the values of the stoichiometric equilibrium constant KC (=[complex]/[Parent]-
[NaOMel) increase-with increasing sodium methoxide concentration.
Thermodynamic equilibriuﬁ constants are.féund by e#trapolation to zero hase
concentration and are collected in Table 4.7 together with some félevant data
from the literature.

As expeacted the substitution of a methoxycarbonyl group for the more

strongly electron withdrawing nitro group causes a considerable decrease in
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complex stability, In general it has been found that substitution of a
nitro group by a less strongly electron withdrawing group para to the
position of addition reduces complex stability considerably more than
equivalent substitution.in the ortho position, Thus the equilibrium
constant for 1,1-dimethoxy-2,4,6-trinitrocyclohexadienate is 500 times
greater than that of 1,1-dimethoxy-2,6~dicyano-4-nitrocyclohexadienate and
1700 times greater than 1,1-dimethoxy-4,6-dicyano-z-nitrocyclohexadienate.
Héwever the effects of methoxycarbonyllsubstitution are fairly similar at
these two positions. It may well be that the stability of the complex from
2-methoxycarbonyl-4,6-dinitroanisole is reduced by steric interactions in the
complex. It is seen from Table 4.7 that overall change in.complex stability
results from changes both in the values of kl-and k

-1"

The large variations of KC values with sodium methoxide concentration
even in very dilute solutions (<110-%£) is surprising. This effect has been
noted previously by Terrier88 and also, though in more concentrated sodium
ﬁethoxide-solutions, by Bernas‘cohiio8 using 2,4-dinitroanisole. Calculation
of the individual rate constants (Tables 4.3 - 4.5) indicates that the
overall variations in KC vaiues are due m;inly to large decreases in the
apparent values of k_1 and much smaller increases in the corresponding k1
values. It is noteworthy that the variations of the equilibrium constants
with sodium methoxide concentration are not identical for the four compounds
studied. Thus for 2-methox&carbony1-4,6-dinitroanisole the value of the
equilibrium constant at 0-052 sodium methoxide is 4+5 times gréater than

the thermodynamic value while the corresponding ;atios for 4=methoxycarbonyl-
2,6-dinitroanisole, 2-chloro-4,6-dinitroanisole and L-trifluoromethyl-2,6-

dinitroanisole are 3-1, 2-1 and 2:3 respectively. Clearly no single JM

acidity function can adequately represent the behaviour of these four compounds.
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The increase in KC_values with soﬁium methoxide concentration was
.88 . - . .
attributed by Terrier to a decrease in the activity coefficient ratio

However H,, indicators which ionise by proton

-/ f -
fcomplex 'fparent x OMe M

loss and also 1,3,5-trinitrobenzene?3 where base addition occurs at a ring
carbon carrying hydrogen}behave ideally up *to at leasf O-Qﬁ sodium methoxide
concentration so that no variation in the value of Kc is observed. In all
these reactions a large polarisable anion is.produced from methoxide ion

and a neutral substrate, so it is hard to see why the adducts (4,1) from

fhe anisoles should behave anomalously. It seems probable that the variation
of equilibfium‘constants with concentration observed in the present case

may be in part due to the effects of ion association, Thus the following

scheme is suggested to explain this phenomenon ;

kl ¢ K. .

- - 2 -

P + OMe + Mt ‘__-k_-_; POMe + M ‘__-——-—A..__ POMe ,M+
-1

M', oMe”

Qualitatively the value of the measured quilibrium.constant.wouid be
expected to increase with sodium methoxide concentration {as observed) if
ion pair formation stabilised the addition complex td a greater extent than
the methoxide ion. It is suggested that this is the case when sodium is
used as the cation. The results (Table 4.35 where added lithium chloride
causes a decrease in KC indicates that relative to sodium, lithium has a
greater étabilising effect on methoxide thaan on the adduct. It is knan
that the equilibrium constant for adduct fqrmation of L-cyano-2,6-dinitro-

anisole with lithium methoxide26 is considerably smaller than the value with

sodium methoxide.24



TABLE 4.3

Kinetic and Equilibrium Measurements at 25°C for 2-Methoxycarbonyl-} A 6-

dinitroanisole and Sodium Methoxide in Methanol

[NaO¥Me] :itizzilgS:ii;ya KC' 102"".(obs 10.k1 10-3!{--1

(M) ' (472 nm) (l.mol-i) (sec-l) (l.mol-lsec-i) (sec_i)
00039 0.036° - 13-2 1-85+0-10 23 17+5
0-0069 0.074° 160 1.70 2.4 15-3
0-0098 0-118° 19-5 155 245 130
0-009% 0-116 19:5 1-60 2.6 135
0.0192 ‘0254 - 272 1-54 - 2.8 10+1
0-0288 0.365 , 33-8 1.82 "31 . 9-3
0-0384 0-450 405 197 31 7
0.0625 ~0.575 56 3.05 3.8 6-8
0-077 0-61 61 3-60 3-8 - 6+3 -
0-3 0-73
0-7 _ 0. 7L
1-0 0. 7L
0-0048° 0-120 , 40:5 0-93 3.1 7.8
0-0096° 0:215 43 1-12 3ok ’ 7-9
0.0192° 0-330 42 1-45 3ol 8-0
0-0288° 0-412 A 1:70 3-3 75
0.0384° 04476 L5 2-00 3°3 Trh
0-0480° - Q-500 435 - 2:37 3-3 | 77
0.0096° 0.220 Ll 1-12 34 7+9
0.0096° 0:090 14+5 2+ 14 2.7 18-5
& Concentration of 2-methoxycarbony1-4,6—dinitroanisole in 3:84 x 10-52

except where otherwise stated. -
b For greater accuracy measurements were made with 1:94 x¢10-%ﬂ 2-methoxycarbonyl

4 ,6-dinitroanisole. The values quoted are the actual values divided by 5.
Solutions made up to constant ioaic strength (O-Oiﬂ) with sodium perchlorate.
Containing 0.042 sodium chloride,

Containing O-O4M lithium chloride.
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TABLE 4.4

Kinetic and Equilibrium Measurements at 25°C'for L-Methoxycarbonyl -

2,6-dinitroanisole (5 x 10-?M) and Sodium Methoxide in Methanol

[NaOMe] ~ Optical density . K. 10% i kg 10% k_,
(M) (525 nm) (1.mo1™ 1) (sec-1) (1.mol'1seq'1) (sec=1)
0+0040 6-0285 2.0
0:-0080 . 0.065% - 8.4 L+9 *0.5 0-38 L+6
0.0120 0.108% 9-8 - Leh *0-3 0+39 | 3+9
0020 0-203 12-2 - L4-15%0-3 | 0-41 33
0:030 0-315 1k 7 L+15%0-3 0-42 2.9
0+ 040 0:410 165 4-3 0.3 | 043 2:6
, 0.050 0-495 18.7 4+-65%0-3 0:45 2:4
0-060 0-58L 21.8 5:25%0.4 049 T 243
0.080 0706 27.0 - 646 105 . 0-56 : 2.1
0-10 0.77 29
015 0-86 . 32
0.2 . - 0-:93 ' 42
0-25 0-96 45
0-60 1-01
1-0 1:03
1-5 1-04
; For greater accuracy measurements were made with 2:0 x 10‘%!
L-methoxycarbonyl-2,6-dinitroanisole. Values quoted are'ézese
values divided by 4.
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TABLE 4.5

Kinetic and Equilibrium Measurements at 25°C for 2-Chloro-4,6-

dinitroanisole and Sodium Methoxide in Methanol

Measured with indicator concentration of 4 x 10~

[NaOMe]  Optical density" K. . 10% &, _
(M) (492 nm) (1.mo1™)  (sec1)
0.0048 0-015° 35 5.3 0.3
0-0096 - 0-034° L0 o 5.1 0.3
0.0144 0'055.b 43 | 4.7 *0-3
0-0192 0.076° 46 he6 *0.2

0.029 -0-119 o 501

00385 0-166 5:6 . 4.25%0.2
0-048 0-216 | 63 4+250.3
. 0.0625 . 0.276 6-8 k-3 0.3
0.077 0-340 25 Ly t0e3
0-096 - 0.400 8:0 - 4.8 10.4
0-15 0.565 10-4

0.20 0-67 1249

0-25 0:735 154

0-30 079 18-3

0.40 ' 0.85 C 26.5

050 0-875 . 35

1.0 0.92

1-7 0-93

For 4 x 10™M 2-chloro-k,6-dinitroanisole.

by,

K
1

(1.molTisec
0.18
019
0.19

- 019

-1)

3.5
33
3.0

‘2.7
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TABLE 4.6

Equilibrium Measurements with 4-Trifluoromethyl-2 6-dinitroanisole

(4 x 10-?M) in Methanolic Sodium Methoxide at 2500

[NaOMe] optical density - Ky .

(M) ' (540 :un) ‘ (1.mo1™ %)
0.010 0.024 2.5
0-020 0.056 3.0
0.030 - 0.:095 ’ 3.5
0-040 . 0- 14 e
0.060 o 0.232 ' 5.0
0.080 0:325 " 640
0-10 . 0:40 6.7
0-15 - 057 ' 8.9
0.20 : . 0:69 ;-' _ 11+1
0-25 ' 0-775 . 13-7
030 - 0.83 163
0-40 ~ 0.90 - 22+5
0.60 '  0.96

10 . 1-00
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TABLE 4.7

Thermodynamic Constants for Reaction in Methanol at 25°C

Substituents K k1
-1 -1
X Y Z (1.mole ) (1.mol “sec
Me. NO : .
coMe. NO, No-2 10 0.22
0 Me NO 0.
NO, co_Me y 6 36
a
c1 No, NO, 3(2+5) 0-18
a
N{¢ .
No2 CF3 N)z 2(2-0)
a
CF3 No2 No2 (14)
) 0 0 L]
NO, No, NO, 17,000 17+3
CN NO, WO, 26,000" 18.8
' b
NO, CN N, 280 6-1
CN N NO 10° 2.0
CN- NO, CN 34° 12
NO, No, H 5 x 102 9 2.1 x 10°
a b c
Ref. 88. Ref. 2L, Ref. Ref.

42

-1
(sec-i)
2.2 x 1072
6.0 x 102
6.0 x 1072
1.0 x 107
72 x 1073
2.2 x 1072
2.0 x 10°1
3:7 x 107}
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In-an attempt to carry out a more quantitative analysis the assumption
was made that the free adduct and its ion-pair have identical visible spectra,
this seems justified as there is no variation in spectral shape with sodium
methoxide concentration when the fraction of ion-pair would Se varying.

Then the measured equilibrium constant is given by:

- ’ - + .
K = [P,OMe ] + [P.OMe ,M ] b2

(PI([oMe™] + [M',0Me™])

(1 + K2[M+])

= K ' 4.3
14 + K3[M+]) '

where K1 is the thermodynamic equilibrium constant in terms of free ions.

The precise value of the ion-pair association constant -of sodium methoxide

. - -1 . 88 . <. .

is not known but a value close to 10M seems likely. In additioa ion-
pair assocjiation with sodium may not substantially reduce the activity of
metﬁoxide ions. If then further assumption is made that at low sodium
methoxide concentrations most of the sodium methoxide is present as free ions

and the Kz > K, then we obtain K, = K+ K1K2[NaOMe] Accordingly

3 C 1

plots of Kc versus [NaOMe] approach linearity at sufficiently low

stoich, ’

concentration (Figure 4.1). From the limiting slopes are obtained the
following very approximate values for the ion-pair association coastants of

the sodium salts of the complexes: 2-methoxycarbonyl-4,6-dinitroanisole,

9Q2-1; A-methoxycarbonyl-z,6-dinitroanisole, SQﬂ-i; 2-ch10ro-4,6-dinitro-

anisole, 222-1; k-trifluoromethyl-2,6-dinitroanisole, 25ﬂf1. The apparent

decrease in k_1 with increasing sodium methoxide concehtration is predicted

by this scheme since neglecting association of the sodium methoxide the
observed value is given by k-T/1 + K2[M+]). The observed value of k1 would

be expected to remain constant, or decrease if ion-pair formation significantly

reduces the reactivity of methoxide ions. The observed increase in k_ Z values
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with concentration may be due to a genuine salt effect.?o8

These results suggest then, but of course do ﬁot prove, that a major
factor affecting the variation of KC values with sodium methoxide
conceantration is ion-association in the complex. There also appears to
~ be some correlation between the ion-pair association constants (Kz) and
equilibrium consténts for adduct formation (Ki). This may be connected with
the localisation of charge on specific nitro;groups on complex formation which
should favour ion-pair formatiom. It would thén be expected that the ion-
pair association constants for more reaﬁtive compounds, such as 2,4,6-
trinitroanisole, would be large. Additionally the invariance of experimental
KC values for HM indicators and for 1,3,5~trinitrobenzene wou}d indicate the
unimportance-of ion-association_in these.cgsgs.

It is noteworthy tﬁat the Fendlers in tﬁeir careful stuaies have not
poticed variations in KC values with sodium methoxide conceatration. Their
work has been mainly with dilute solutions (<310-%§) where variations will be
minimised. However close examination of their results for 1i-methoxy-2,L-
dinitronaphthalene34 and 1-(B-hydroxyethoxy)-2,l*-dinitronaphthalene.-io9
indicates significant increases in the values of equilibrium constan£s with
sodium methoxide concentration, Similarly Illuminati and his qo-worker34
found a marked increase in the value of the equi;ibrium constant for complex
formation from 2,4,6-trinitroanisole and sodium metﬁoxide. Their
measurements weré made in solutions containing less than 10'%2 sodiﬁm_
methoxide where carbon dioxide may interfere, however if the increase is
genuine then ag;in ion-pair ;ssociation in the complex is indicated. The
Fendierszh‘measured k_1 in this lafte; reaction by direcf decpmposition of
the complex in methanol and combined this value with the constant value of k

determined in solutions containing up to 5 x 10-?ﬂ sodium methoxide. They

thus found values of the equilibrium constant which were independent of base
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‘concentration. Their results no doubt give the thermodynamic value of

the equilibrium constant, however since the results do not allow for possible
variation of k_1 with sodium methoxide concentration they could not be
expected to show ﬁp variations'with the equilibrium constant. Similarly
their determinationsah with 2-cyano-4,6-dinitroanisole and 4-cyano-2,6-
dinitroanisole involved the cémbination of k_1 values determined at zero

base concentration with k1 values determined'in dilute sodium methoxide
solutions. Again the value of the equilibfium constants so determihed will
be the thermodynamié énes but if, as is suggested here, the main variation

is in k 1 then their results would not be expected to shoﬁ up possible

variations in equilibrium constant with sodium methoxide concentration.




CHAPTER 5
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EFFECTS OF CATIONS

Introduction

The results discussed in Chapter 4 indicate that the value of

K = [Complex]
C = [Parent][NaOMe]

with base concentration. This was attributed mainly to association of the

stoichiometric equilibriﬁm constant increased markedly
negatively charged adducts with cations, 'in this case sodium ioﬁs. In order
to test this»hypéthesis, measurements were carried out usiﬁg a series of
different methoxides; where the extent of cation association of the complexes
would be expected to vary;. Thus measurements similar to those carried out
with sodium methoxide were made using_lithium‘methoxiQe, potéssium methoxide
and tetra-n-butylammonium mgthoxide.

It is known that in concentrated solutions of the alkali metal methoxides
in methanol the basicity order at a given baée cbncentration, as measured by
the H, acidity functién,110 is KOMe > NaOMe > LiOMe. | This order has been

M
attributeat1®»111

to ion assoéiation in the metal alkoxides which results in

a reduction of their acfivities, the effect being greatest fof lithium
methoxide and smallest for potassium methoxide. Nevertheless in dilute

(< 0:1 mole 1-1) solutions of the three methoxides the HM basicity has been
fouﬂd to be independent of the cation.112 In addition the measured
ionisation constants,_govgrning proton abstraction from the-aniline indicators
by base, are independent of base concentration‘inithese dilute solutions.aa’_112
Rate measurements have previously been made by Reinheimer and co-

workers113’114

who detéfmined salt effec@s on the rates of aromatic -
nucleophilic substitﬁtion reactions in methanol. They fouund that the rate
coefficient for reaction of 2,4-dinitrochlorobenzene with methoxide ions was
increased by the addition of potassium salts and decreased by lithium salts.

They noted that electrolytes could effect the reaction rate by changing the

equilibrium between an ion-paired metal alkoxide and the free alkoxide ion
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and also considered the possibility of specific interactions of cations with
nitro-groups of the substrate in the transition state. Bunton and co-

115

. 6 - .
workers and Fendler and co-workers11 have examined the effect of high
salt concentrations on the rate of nucleophilic substitutions in aqueous
solutions where ion-association was thought to be unimportant. They were

able to separate the overall change in rate into initial state and

transition state effects, both of which were important.

Experimental

&he same_technique as desﬁribed previously was used for the visible
spectral meésurements at 25°C, using a Unicam SP500 instrument. In each
individual run,-the approach t0<equi1ibrium:was an  accurately first-order

process and rate constants were reproducible within 5%,

Solubility Measurements

The solubility of.2-methoxycarbony1-4,6-dinitroanisole in methanol and
in methanoi solutions contgininé dissolved salts was determined at 25°C.
Excess of the pure suYstrate was shaken with solvent for 3 hours and then
allowed to stand for 1 hour. A sample of the solution was'then diluted by

a factor of 5000 with pure methanol and the absorption measured at 220 and

275 nm. The extinction coefficients at these waveléngths_was measured
independently and had Galues of 194 x 104 and 8.0 x'103 mole-1 1.cm-1
respectively.
TABLE 5.1

Salt in methanol : Soiubility (mol_l-i)
None - ) ’ <195
NaCl (0+1 mole 1~%) -180
LiCl (0-1 mole 1™ 1) . 180
NaClOk (0-1 mole 1-1) : .20

-1

S . L]
Nazaolk (01 mole 1 ) 19
KC1 (saturated) - *19
(n-But) NC1 (0:1 mole 17%) .20

The measurements are accurate within 5% so that within experimental error

there is little variation in solubility.
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Results and Discussion

It has been shown in Chapter 3, that in the presence of methoxide ions,
2-methoxycarbonyl-4,6-dinitroanisole gives a coloufed adduct of structure (471).
For this compound the attainment of equilibfium is sufficiently slow for the
rate. to be measured by conventional methods, and the absorption at equilibrium
allows the determination of the.stoichiometric equilibrium éonstant, K.. |

c

The individual rate coefficients could then be calculated (kobs = k1[MOMe] +

k-1)' Data obtained using tetra-n-butylgmmonium methoxide; potassium
methoxide and lithium methqxide are in Tabies 5.2, 5.3 and 5.4. The
corresponding values for addition of sodium methoxide reported in the
previous chapter, Table 4.3, are similar.fo those for potassium_methoxide
addition. _ In addition, equiiibrium constants for complex formation with
4-methoxycarbonyl-2,6-dinitroanisole and z-chioro-k,6-dinitroanisole are given
in Tables 5.5 - 5.10, The variance of Kc values with base concentration is
also shown graphically in Figures 5.1 And 5.2.

The fesults show éertainlsimilarities for these nitro-compounds. In
each case the-vglue of'KC remains congtant when lithium methoxide is used,
but small increaseé are observed with tetré-n—butylammonium methoxide and
"large increases with pbtassium and sodium methoxide. The changes in KC

values with base concentration will depend on changes in activities of three
species; the parent anisoles, the complexes and the base. Bunton's work115
in aqueous solutions has shown that the activities of neutral.sdbstrafes may
be affected by the presence of high salt concentratigns. In order to test
whether the activities of the-pafent anisoles are affected by the presence of
dissolved electro;ytes in methanol the solubiliéy of 2-methoxycarbonyl-A4,6-
_dinitroanisole in methanol was measured, containing O-1 mole 171 of various
salts. The results indicate (Iable 5.1) that within experimental error the

117

solubility, and hence activity, ™ of the substrate is unaffected by the
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TABLE 5.2

Kinetic and Equilibrium Measurements at 2590 for

2-Methoxycarbony1-4,6-dinitroanisolea and

‘Tetra-n-butylammonium Methoxide in Methanol

(n-But) NoMe gitiiﬁiliﬁifiﬁy Koo 107k, 0K, 100k
(mole 1-1)- .(472 nm) (l.mole-i)- (Sec-i) (l.mole-isec-?) (sec™ 1)
0-0144 0:091 9:6 - 2:54I0-1 241 22
0-0217  0-137 0.4  2:68 2.3 22,
" 0-0298 0-180 . 11.0 2.82 2.4 21
| 0:0360 . 0.22 116 - 2.92 2+4 '20-5
0043 0-26 125 . 3-15 2:5 20
0:050 | 0-36 13°5  3-30 26 195
0-058 033 . 138 347 | 2.7 19
0-50 . oms - - . -

5

Concentration of substrate is 3-84 x 10 ° mole 1-1
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TABLE 5.3

Kinetic and BEquilibrium Measurements at 25°C for

2-Methoxycarbon'y1-l*,6-dinitr6anisolea and

Lithium Methoxide in Methanol

Optical deusity : 2

[LiOMe] at equilibrium KC 10 kbﬁs. 10 ki | 103 k-i
(mole 171 (472 nm) .(l.mole-i) (sec™l)  (1.mole”lsec™h) (sec'i)
0-010 0054 8.3 'z-§t0-3 2:1 '25
0-020 0i100 8.3 3.2 - 2z 27
0-039 0-134 7°9 35 | 2.2 28
0-040 - 0-170 8-0 3.6 ‘ 2.2 _ 27
0-060 0240 8.7 L2 . 2-4 27
0+080 . 0.285 8.6 - | - -
0-10 0-31 .- 8.0 | - - -
020 0:45 9.0 - ' - -
0-40 0:57 1i;o - - B
1:0 ; 0.7 - . - - -

5

Concentration of substrate is 3:84 x 10 ° mole 171,
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TABLE 5.4

Kinetic and Equilibrium Measurements at 25°C for

2-Methoxycarbonyl~k,6-dinitroanisole’ and

Potassium Methoxide in Methanol

Optical density 2

[KkoMel i equilibrium Ko+ 10 ke 10 k, 107 k.4
(mole 171 (472 nm) (l.méle-I) (seel)  (1l.mole”lsec™!) (sec™?)
0-004L - " 0.038 12 1-7510.5 2.0 16-5
0-0070 0-069 T 161 2.05 145
0-0108 0-121 17+5 154 | 2.3 13
0:0216 - 0-268 25 1:50 . 2.5 10
0:0323 0-39 32.5 1-77 2.8 " 8.5
0-043- 0+48 40 1:86 2.8 7
0054 0-5k 45 227 30 6:5
0-075 0-61 56 . 3-27 315 6-3
‘0-81 0-76 - - - - -

Concentration of substrate .is 3:84 x 10-5 mole 171,
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TABLE 5.5

Equilibrium'Measurements with 4-Methoxycarbonyl-2,4-dinitroanisole

(4 x 1()-5 mole 1™1) in Methanolic Tetra-n-butxlamMonium Methoxide at 25°C

[(n-But) Note] ot squilineiun Ke
(mole 171) (522 nm) (1.mole™ 1)
0-00875 0-OLL '6-5
0-0175 | 0-08L 646
0:0263 | 0.125 6-9
0.035 o170 75
00438 - 0-210° 749
0.0525 o8 | 8.3
0-0613 ' ' - 0-294 9.2
0-070 0-326 _. 95
0-0788 0-358 | 9:9
0.5 o | | 0-763 - -

1.0 0:816 . ' -
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TABLE 5.6

Equilibrium Measurements with L-Methoxycarbonyl-2,6-dinitroanisole

(& x 10-?ﬂ) in Methanolic Lithium Methoxide at 2590

Optical density

LiOMe at’ equilibrium _ K
(mole 171) | (524 nm) (1.mole™?
01 . + 040 55
.02 | | S o073 : 5.2
.03 . - - +104 _ 5.2
-0l : +133 . . 5eg
05 - ‘16 | 52
<06 o S 183 : 5.2
.07 g o :206 52
.08 : -228 ' S-é
+09 . +245 ' 5.2
-0985 ' .263 5:3
<197 401 o 5:5 -
-296 o w93 60
£ 394 ) - .60 R 67
+493 ' 607 ° 7+5
788 _ :-690 ' | , 10-7
1-375 | 745 | 3 -

2475 *772
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TABLE 5.7

Kinetic and Equilibrium Data at 259C_for the Addition of Methoxide

to 4=Methoxycarbonyl-2,6-dinitroanisole (3:84 x 10-§ﬂ) in Methanol

2 - 3

KOMe git:::ilc:z:z::;y _ K. - 10 K ps " 10 k 1 107 k_ 1
(mole 171 (522 nm) - <l.mole-1) (sec™)  (1.mole"lsec™?) (sec™)
.0066 -0418 8.3 Le6X0.2  3.62 4346
+0088 0615 9k - hed 3483 © 40-0
0108 . 079 100 42 379 - 380
0216 -181 . 13+31 349 4Ok . 303
.0323 285 168 40 436 259
<043 ' - 368 19:35 | bek _ L+63 23:9
<054 JAX| 22:2 . L6 . . 465 20-9

«81 ' +81 | - - o - -.
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TABLE ‘5.8

Equilibrium Measurements with 2-Chloro-4,6-dinitroanisole

(4 x 10f?ﬂ) in Methanolic Tetra-n-butylammonium Methoxide at 2500

oo R
(mote 171 : (490 nm) - (1.more™)
00875 . .033 Z \o2
.6175_ | . 064 4e3
+0263 - B .098 o | Les
-035 ‘ ©oe13h - _ L9
.0538 | : 168 : oot
.0525' . | +208 . 5;6
+0613 . ok 5.8
~+070 _ _ .235 _ 61,
-0788 - - 317 » 67

1:0° ' +920 ' ' -
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TABLE 5.9

Equilibrium Measurements with 2-Chloro-4,6-dinitroanisole

LiOMe

: (mole.l-i)

<01
02
.03
Ol
-05

- 06

+192
.288
-384
+480
-575
- 768
1-687

M) in Methanolic Lithium Methoxide at 25°C

Optical density

at equilibrium .

(492 am)
.02
055
*O7L
+094
<117
+135°
+153
+168
+184
189
+31
.40
* 472
538
+580
665

-850

ke

(l.mole-i).
35
3:5
3.2
31
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TABLE 5,10

Equilibrium Measurements with 2-Ch10ro-4,6-dinitroaﬁisole

(& x 10-?ﬂ) in Methanolic Potassium Methoxide at 25°C

o Sy 3
(mole 171 (492 nm)  Lmoteh)
0112 .onk | s
.0224 . 91 ' 1o
+0336 o .150. | 5.8
- 0448 : .203 ' 6.1
+0560 259 . -0
0672 oo .y
- 0784 S -361 _ 8.n
-0896 a0 00
+101 R 52 o
162 _ 621 _ ' 5.8
-243 | 757 1001

- 729 _ -920 N : -
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presence of this concentration of salt., We must then look to changes in
the activity of the base or the complex to account for the increases in
eqqilibrium constant,

These results might be interpreted in terms of a general medium effect
in which the presence of dissolved electrolyte prqducés a favourable
environmeut for complex férmation. However no such effect is observed in
the ionisation of aromatic amines used to determine the'H acidity .-function,

M

Neither are increases in value of KC observed63_£or complex formatidﬁ of
1,3,5-trinitrobenzene with sodium methoxidé; In view of the fairly specifié
naturé of thg observed gffects_these results are rationalised in térﬁs of
tﬁe staﬁilisé£ion'of ﬁhe 1,1:comp1ex, (4.1), by aSsociation with the cﬁtions
pfésent. Due to the much lower dielectric constant of methanol the éffects
of ion-association shoulé be more pronounced in methanol than in water gnd‘-
indeed Fendler et 311?6 found fhat in aqﬁeous leution the Meisenhéimgr
complex from Z,Q,G-trinitroanisole ig apparenfly destabi;iseé at.high salt

‘concentrations.‘ | |

In terms of the following scheme:

K, - K o

P o+ M 4+ OMe” —=i=" ' poMe” + M ‘—-‘-—-—2‘———‘ POMe M
3

M, 0Me”

ion'associatibn will éffect the measured equilibrium éonstant SOIthat KC =
'K1(1 + K2[M+J)/(1 + KBFM+])5 In accordance with the assumption made in the :
prgvious chapter, it can be assumed that in the case of potassium iﬁng,.as
with godium:idns, there will proﬁaﬁly be little association with methoxide

ions in dilute solutions so that plots of Kc versus the stoichiometric base
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concentration, [MOMel, shoﬁld approach linearity at sufficiently low base .
concehtrations, and that this is the case is indicated by.the resuits in
Figures 5.1 and 5.é. "In fact ion association may not significantly reduce
the reactivity of methoxide ions but may cause curvature in‘the plots by
reducing the'concentration.of cations available for assoéiati;n with the
complexes. The results indicafé similar association of the complexes with
potassium and sodium ions with association coﬁstants decreasing in - the order
2~-methoxycarbonyl-kL,6~dinit ohnisble, Kzrv.iod molé’ilg 4-metﬁoxycarbon&1-
2,6-dinitroanisole, K, ~ 60 moléfil; 2-chloro-4;64dinitroanisole,'K2-U'2Q

mole-11.

C

linearly with base concentration. The effect is independent of the particular -

With tetra-n-hutylammonium methoxide the measured values of K. increase

anisole used and an enhancement in KC by a factor of 1+5 is observed in the

presence of 0:05 mole 1#1 base over the value at zero base concentration,
Association of the large diffusely charge tetra-alkylammonium ions with
methoxide ions, containing a localised negative charge, is likely to be small.

115,118 to interact with and

Howgver tetra-alkyiammonium ipns are known
stﬁbilise large polarisable anions,‘such as Meisenheimer_compiexes. In
this case it seemé.likely that the increase in KC values result from éuch‘
interactions; the effect being I&rgeiy‘indgpendent of the structure of the
complex. Tﬁe effect is smaller than that observed with‘sodium of potassium
ions and gives a value of ca. 10 moleiil for Kz.
The independence of KC values an base éoncentfation in the case of
lithium methoxide is perhaps surp;ising. One explanation would be fhat
there is little asSociation of the complexes wi£h lithium ions. The lithium
ioné will be more strongly solvated £han sodium or potassium ions so that

their ability to form ion-pairs may be reduced. For examplé the ion-pair

association constant for lithiqm chloride in glcoholic solvents has been
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found to be smaller than for the potassium orlsodium salts.119 A special
argument using the idea of localised solvoly515120 has been advanced to
account for the special stability of the lithium methoxide ion-pair. It
" might then be expected that iacreasing association of the }ithium and
methoxide ions would result in a décreqse in equilibrium constant with
increasing b;se concentration, The case is perhaps overstated in thét é
methoxide ion in a lithium methoxide ion-pair.woula be expected to have
reduced reactivity rather thahlnb reactivity. -H0wever small rate decreases
(induced by lithium-ions) in ﬁucleoéhilic sgbstitution reactions have been
found by Reinheimer.113 A possible explanation in the present casé is that
tﬁe lithium ions associated to a éimilar extent with methoxide ions and'witﬁ
complexes so that little overall variation in equilibrium constant is obfgined.

In general thg results (Tabies 5.é and 5.4) show that chaﬁge“in KC
" values result.from_increase ?n jalué of k1 and decrease in k__ indicating
that the interactions of cations with the trausition State for methoxide
addition are present, but to a smaller e#tent than with the‘complex.

As a conéequence of this work it would appear to be préferable to use
iithium methoxide or tetra-n-butylammopiuﬁ methoxide.in order to measure
thermodynamic equilibrium constaﬁts for Meisenheimef complex ‘formation.

The results given in this chapter giye thg_follswing values gt 25°C:
Z;methoxycarbonyl-A,6-dinitro;nisole,'8-3(10) l.ﬁolé_1; L-methoxycarbonyl-
2,6-dinitroanisole, 5-5(6) 1.mole” ! and z-chloro-a,6-ﬂiﬁitroanisole, 3-4(3)
1.mqle-1. The values in parentheses are those (Table 4.7) obtained using
sodium rmethoxide where the extrapolation to zero base concentration is'less
accurate.

As a further example kinetic and equilibrium studies for the Meisenheimer
complex formation. of 1-methoxy-2,4-dinitronaphthalene Qsing lithium methoxide

(Table 5.11) were carried out. They indicate a value of 205 1.mole-1.for the




Kinetic and Equilibrium Data for Lithium Methoxide Addition to

5

mole 1-1) in Methanol at'25°C

1-Methoxy-2,4-dinitronaphthalene (3:84 x 10~

Lok R orun. Ko 19 s ky 107k,
(mole 17 1) (498 nm) (1.mole” 1) (séc-l) (1.mole lsec™?) (sec™ 1)
- 0038 *39 202 0-81%-02. +93 - : L6
0077 *55 20, 1-13 *90 el
0096 TS 208 134 _ *93 | b5
.0192 72 . 208 2.30 +95 L6 -
-029 o 77 204 3.20 -9l 46
.96 .90 S - . -

thermodynamic equilibrium constant, compared to the previously quoted value

34

of 240 l.mole-1 obtained” ~ using sodium methoxide.
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EFFECTS OF ADDED BARIUM AND CALCIUM IONS

Introduction

It has been shown in the last two chapters that for several anisoles the
measured stoichiometric equilibrium constant KC (= [Complex]/[Parent][NaOMe])

for the equilibrium of the type:

OMe =~ L MeO OMe

(4.1)

incregsed markedly ﬁith increasing sodium or potassium methoxide concentration
even in dilute sdiutions, This is in contrast with the.behaviour of anilines

(used to measure the H, acidity function110 in this medium) where little

M

variation in ionisation constant is observed at base concentration below 0- 1M,

This effect has been rationalised in terms of stabilisation of the Méisenheimer

complexes by association with sodium or potassium ions. The results
discuéséd in chapter 5 indicafed that the maéniﬁude of this effect varied with
the'nafure of thé gubstitugnts X, Y? Z and the follqwing apprOximafe vglues
_-for'asgaﬁiation_ﬁiih.sodiﬁm-i6ns were found: :_x =-¢OéMei:Y =2 =_N02; 90

‘1.mole™l; f_=‘662Me;.Xﬂ£ ?'=INOé,l50 I.mole™l; X =_é1, Y =2=No, 25
-l.mole;i. Similar resulgs were obtgined'using potassium as the counter ion,
Howevér with tetra-n-butylammonium ions a small non-specific_stabilising
éffect was obsérved while lithium ions gave no evidence for association.

. In the present.éhgptér are reported the large effects produced by the

bivalent barium and calcium ions on the stabilities of Meisenheimer complexes.
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Results and Discussion

2-Methoxycarbonyl=k,6~dinitroanisole: The 1,1-complex formed in the

presence of mgthoxide ions has the thermodynamic equilibrium constant, Ki'
value of 83 1.m01e-1 (chapter 5). Obtained by extrapolation to zero base
coacentration, using lithium methoxide. The results in Tables 6.1 and 6.2
show'the enormo@s increase in stoichiometric equilibrium constant . |

kc (= [Complex]/[Parent][NaOMe]) producéq on the addition of small
concentrations of barium.salts. .

Several points are of interest: (i) similar effects are 6bserved on
the addition of either barium chloride or barium perchlorate; ({ii) the Ke
vaiue at a given concentration of barium salt decreases slightly as the
sédium methoxide concentration is increésed_- this may pe attributed to loss
of barium ions by association with methoxide ions; (iii) the measured Ke
v#lues approach a limiting value at high concentration of added salt. Full
analysig.of the data is complicated and only a semi-quantitative treatment
ﬁas been made. - The cation present will associate with Meisenheimer
complexes, equilibrium éonstant K2, and with methoxidé-ions, equilibrium
constant K3, giVing the folloWing-scheme:

K K

- . 1 - 2 -
- . P+ OMeT o+ MV === P.OMe~ + M7 =3 P.OMe M -

M oMe”

In the presence of both sodium and barium ions the stoichiometric

equilibrium constant-Kc will be related to the thermodynamic constant K1 by:

(1 +K Na[Na+] + K Ba[Baf+]
2 . 2
Ba

K = K
¢ 1 Na +
(1 + K3 (Na' ] + K3

[Ba*"]
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It is assumed that for a given cation the value of K_ is small

3

compared with Kz, i.e. association of cations with methoxide ions is
considerably weaker than with the Meisenheimer complex, then the denominator

-may be neglected. Then at constant sodium ion concentration a plot of K

C
B
versus barium ion concentration should be linear with slope K1'K2 8, From

the limiting slopes of such plots at low barium ion concentrations a value of

- B .
ca. 10‘t l.mole 1 for K2 & is estimated (Figure 6.1). However this procedure

R B .

gives only a minimum value for K2 a since account should also he taken of the
association of barium and methoxide ions. This will introduce a term in the
denominator of equation 6.1 and will reduce the concentration of free barium
ions. A value for the ion-pair association constant of barium methoxide
could not be found in literature, however the association constants of bivalent

. . . . . 121 _ Lo=1 .
cations with hydroxide ions in water have values of ca. 10 l.mole and it
seems likely that in methanol values will be larger. If a value of 102 1.

- B . - . .
mole 1 is assumed for K, © then in the presence of 10 %ﬂ methoxide ions,

3

. . ++ - . .
considerable amounts of the ion-pair Ba , OMe will be formed so that the
concentration of free barium ions will be considerably reduced from the

stoichiometric concentration of barium salt added, Taking a value of 102

- - I/ - ! '
l.mole 1 for K Ba results in a value of 1-6 x 10 1.mole 1 for KzBa..

3

Equation 6.1 predicts that at high barium ion concentrations the value of Kc

B B -
should approach a limit of K1.K2 a/K3 a, The experimentally obtained

limiting value of ca. 1200 is in reasonable agreement with that predicted from

B B 2 -
values of Kz & v 1.6 x 104 and K 2 ~1x 10" 1.mole 1. These are, of

3
course, only very approximate values but demonstrate the very strong
association of barium ions with this Meisenheimer complex. In a more
quantitative treatment it would be necessary to consider association of barium

ions with chloride or parchlorate ions and also variations in the activity

coefficient of barium ions with concentration.




FIGURE 6,1

Variation of KC with barium ion concentration. (A) Containing

L+.8 x 10-3M sodium methoxide

- . —

M y (B) containing 9.6 x 10 Bﬂ *

= = 2

sodium methoxide, E'
(@]
] g

(@]

omg
|
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Measurement of the rate of attainment of equilibrium as described in
the previous chapters, allows the determination of the individual rate
coefficients for complex formation (Eobs = kifNaOMe] + k_1). The results
in Tahles 6.1 and 6.2 show that the major efféct of added barium ions is to
increase. the value of k1 indicating that“the inteéraction of cation with
substrate is ﬁresent to a considerable extent in the tramsition state for
complex formation.

In the presence of addéd-calcium ions results following a similar

general pattern to those described with barium ions were obtained and give

C -
a value for K2 2 of circa 8 x 10?& 1, Table 6.3.

4-Methdxycarbonyl-2,6-dinitroanisole: The thermodynamic equilibrium

constant, Ki’ for the formation of 1,1-complex in this case has a value of
5¢5 l.mole-1 (chapter 5). The results in Table 6.4 show that the presence

of small concentration of barium ions results in increased complex formation.

3

. : B L -
By use of equation 6.1, taking K 2 as 10° 1.mole”! a value of ca. 5 x 10

3

for the ion-pair association constant Kz, of the Meisenheimer complex with

barium ions is calculated,

2-Chloro-4,6-dinitroanisole: The results in Table 6.5 indicate that
for this anisole methoxide addition is enhanced in the presence of barium ions.
They yield a value of ca. 1 x 103 l.mole”! for the ion-pair association

constant of the complex with barium ions.

2,4,6=-Trinitroanisole: Sodium methoxide addition to 2,4,6-trinitro-

anisole to give a Meisenheimer complex of structure (4.1) has been studied by

12,24 , 46

several groups of workers. The value of the equilibrium constant,

K1, is high (17,000 l.mole-1)24 so that in solutions containing 1 x 10-%§
methoxide conversion of the anisole to complex is virtually complete. The

visible spectrum in the presence of 1 x 10-%M tetra-n-butylammonium methoxide

iA‘asfhlik
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TABLE 6,4

The Effect of Barium Ions on the Complex Formation of

4-Methoxycarbonx1-2,6-dinitroanisolea with Sodium Methoxide at ZSOC

Optical density

NaOMe BaCIZ at equilibrium- K'C
(mole 171 (mole 1Y) (525 am) (1.mole” )
| .
L 0+0096 : - © 0+064 9
: 00096 0-0010 0-141 . 23
0-0096 0-0019 0-196 . TA
00095 0.0038 B 0-26 ' 50
00096 0-0058 10:30 . 63
0+0096 | 0.0110 0;36 : 86
1-0 - 0.80 -

5

Concentration is 3+84 x 10 ° mole 1~
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TABLE 6.5

The Effect of.Barium Ions on Complex Formation of

2-Chloro-4,6-dinitroanisole (384 x 10-§M) with

Sodium Methoxide at 25°C

Optical density

NaOMe BaCl2 Ba(ClOl&)2 at equilibrium K.C
(mole 1-1) " (mole 1-1T (mole 1-1) (SOO nm) (1.mole-1)

0-0996 - - _ 0.034 _ 40
00096 0.0019 - 0.056 6:8
0+0095 . 0-:0038 . - -ooo72. | - 8.9
0+0096 0.0058 - ' 0.084 106
00095 0-017 . _ _ 0-115 15

0.019 - . - 0:.075 XY
0:019 - 0.0048 012 8:0
0-019 L. 0-0096 0:15 10-2
0-019 . - - 0-019 0419 13-2

0.019 ' - - 0+029 0-21 15

1‘0 - - 0092 . -




is shown in Figure 6.2 By analogy with previous results the tetra-n-
butylammonium cation would not be expected to associate strongly with the
trinitrocyclohexadienate anion so that this spectrum will correspond to
the unassociated anion. The changes in visible speétrum produced in *he
presence of barium ions are shown in Figure 6.2. On increasing the barium
chloride concentration to 14 x 10-%1 the short wavelength maxiﬁﬁm shifts
from 418 to 405 nm and decreases in intensity, -while the long wavelength
band shifts from 480 to 500 nm with little change in intensity. ﬁThese
changes ;re interpreted as showing the formation of. an ion-associate of the
methoxide adduct with barium ions:
- ++ Kz . - ++

P.OMe + Ba —_— P.OMe ,Ba
The change in spectral shape results no doubt from changes in charge
distribution on ion-association. Similarly the addition of calcium chloride
or sodium chloride produced marked changes in visible spectrum of the adduct,
details in Table 6.6, However the addition of lithium chloride in
concentr;tions up to_O-%g pro@uced no spectral changes indicating little
association of the adduct with lithium ions.

Using the variation in visible spectrum with cation concentration it was
possible to calculate very approximate values for the ion-pair association
constants, Kz. Values are collected in Table 6.8 and should be regarded as
giving the order of m#gnitude of the association constants rather than precise
value;. The values of ca. 70 1.mole-1 for association with sodium ions
indicates that in methanolic sodium methoxide solutidns the effect of ion-

pairing will be small at base concentrations below 10-3M Hence the

variation of measured equilibrium constant with base concentration observed

by Illuminati and co—workersQG‘is uanlikely to result from this source.
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TABLE 6.6

The Effect of Counter~Ion on the Visible Spectrum of

2,4,6-Trinitro-1,1~dimethoxycyclohexadienate ion in Methanol

Cation A Extinction Coefficient A Extinction Coefficient
max -1 -1 max -1 -1
(nm). (1.mole "ecm ) . (nm) (1,mole "em )
+ ' A : ' Ly
(n-But)AN 418 255 x 10 480 1:67 x 10
Na* 412 242 x 10* 190 1-67 x 10*
Ba't LO5 2.20 x 10* 500 1.66 x 10*
cat?t 4OL 2.05 x 10* 490 1-62 x 10*

1J3,5-Trinitrobenzqu:' As an example of a compound where methoxidg

addition occurs at a ring carbon carrying hydrogen 1,3,5-trinitrobenzene was
chosen. Using methanolic sodium methoxide Gold and Rochester63 determined
a value of 15<4 1.moile-1 for the equilibrium constant Ki' while Bernansconi
found a value of 23 l.mole-1 in solutions made ub to constant ionic strength
(O-%ﬁ) with sodium perchlorate. The results obtained, Table 6.7,_indicate
i tkat-with sodium methoxide there is_a véry slight increase in measured
equilibrium constant, KC’ with increasing base concentration. However the
addition of small concentrations of barium or calcium ions causes a reduction

in optical density without changing the general spectral- shape (Figure 6.3).

This indicates that there is no strong association between the adduct and

calcium or barium ions. The decrease in absorption results from a reductioﬁ
of the methoxide ion concentration by ion-~association with the bivalent cations.
In this case, in terms of equation 5.1 the values of the association constants
of bivalent cations with methoxide ions, K3, are larger than those'for

. association with the adduct, Ké.
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TABLE 6.7

The Effects of Cations on the Interaction of 1,3,5-Trinitrobenzene

(L x 10-§ﬂ) in Methanol with Sodium Methoxide at 25°C
Naove  mact,  cact, gptieal denstw S
(M) (g) M (425 nm) (L.mole™ )
! 0.01 - - 0-160 "18-1
| 0-02 - - _ 0-282 - 18.5
0-0L - - F 045 19-0
0-06 - - 0.57 A 20-2
0-08 - - 0:65 21-0
0:01 0-001 - 0-155 17-6
.0-01 0-002 - 0-153 174
0.01 ~ 0-008 - 0-147 . 1655.
0.01 - 0-001 0.150 o 17-0
0-01 - 0.002 0-140 155
0.:01 - 0-00k4 0-123 13-4
a

The value for complete conversion to complex is 104 as
determined from the intercept of a linear Benesi-Hildebrand
plot in solutions containing constant sodium ion concentration

(0+-10M) (Figure 6.4).
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Conclusion

The results discussed in this chapter and the preceding chapters 4 and 5
clearly demonstrate the presence of ion-association of Meisenheimer complexes
with cations in methanol. The results with 2,4,6-trisubstifuted anisoles
show that the stoichiometric equilibrium constants for complex formation are
greatly increased by the presence of small concentrations of barium or
caicium cations. Previously the stabilising effects of cationic micelles
of Meiéenheimer cémplexes have been noted116; the results discussed show
that simple cations may also be very effective in this respect.

The values for ion=-pair associatiqn constants of several Meisenheimer
complexes with varioﬁs cations are summarised in Table 6.8. It should
however be noted th;t the values KzBa and cha for association with barium
and calcium ions are dependent on the values used for the ion pair association
constants of £he metal methoxides. Hence they should be regarded aé giving
the orders of magnitude of the association rather than precise values. This
uncertainty will not however affect the felative magnitude of K2 for the |

various Meisenheimer complexes.

TABLE 6.8

Association Constant of Meisenheimer Complexes witthations

. ANa Ba Ca
P at K ¥
aren K1 ' o K2 Kz
(1.mole™ ) (1.mole™ 1) (1.mole™ 1) (1.mole™1)
2-Methoxycarbonyl~4,6- ) N 3
dinitroanisole 8:3 90 1:6 x 10 8 x 10
L4-Methoxycarbonyl-2,6- 3 :
dinitroanisole 55 50 . 5 x 10 -
2,4,6-Trinitoanisole 17,000a 70 2 x 103 ' 103
2-Chloro-4,6-dinitro- 3 '
anisole 3ok 25 .1 x 10 -
.. 2 A2
1,3,5-Trinitrobenzene 17 < 10 < 10 < 10

Reference 24
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The extent of the assqciation varies with the nature of the cation.

From the presept work it is found that association decreases in the order
Bazf >-Ca2+ >->'Na+ha K+‘> Li+. There is apparently little tendency for
lithium ions to associate with the Meisenheimer complexes studied-poséibiy
due to their strong solvation. - The tendency to associate also varies
widely with the structure of the parent nitro-compound being greatest with
the addﬁ;t from 2-methoxycarbonyl-4,6-dinitroanisole. It is of intere;t to
speculate on the structure of the ion~associates produced. One ﬁossibility

would be (6.1) where a metal ion associates strongly with a nitro-group, or

other electronegative substituents such as COzMe, at the positions para or

A S

Z X zZ

Y
-OI’N:\O_ :

G

(6.1) ) (6.2a) ' . (6.2b)

offhg to addition. Recent evidéhce3’7’122 suggests that more negative charge
resides at the para than the ortho position so that this form, as shown in

(6.1), would be favoured. Indeed Meisenheimer in his original for;mulation2

sevent& years ago specifically associated the metél cation with the pbara
nitro-group. . However the large variation in association constant K2 with
structure, particularly the small tendency .of the 1,3,5-~trinitrobenzene
adduct to associate, is difficult to rationalise on this basis. It looks

more probable that ion associate is formed whereby the cation is held by a
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cage effect by the oxygen atoms around the position of addition as shown in

(6.2). The two methoxyl groups at C1 are orthogonal to the plane of the
benzene ring while the ortho-substituents will be planar, or nearly planar,

so that a favourable site for the cation is produced. The data obtained
from this work suggests that the ortho-COzMe group (6.2a) provides somewhat
better stabilisation than an gzyho-Noz group (6.2b). The necessity for two

methoxyl groups at 01 for strong ion-association is demonstrated by the

-.small association in the case of the adduct from 1,3,5-trinitrobenzene.

“Aahglslrjmév”a/ 7
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CHAPTER 7




LESS REACTIVE ANISOLES - JM ACIDITY FUNCTION

Introduction

Equilibrium constaﬁts of the relatively stable Meisenheimer complexes
obtained by the reaction of more reactive substituted aﬁisoléslwith sodium
methoxide in methanol solutions have been dealt with iﬁ chapter L. In
those case dilute solutions of sodium methoxide were used, as the complete
conversion of anisoles to stable 1,1-Meisgnheimer complexes was obtained in
such solutions, due .to the strong electronegative natufe of thelsubstituents
on farent anisoles. Héwever it was noted that the variation of the
indicator ratio with sodium methoxide concentration was not identical for the
four compounds studied;- Thus no simple JM acidity function can be defined
which can adeqﬁately represent the formation of complex in the medium used
for the study of equilibria. in the present chapter results obtained by
using much less réactive anisoles are discussed, where appreciable conversion
to complex occurs only in more basic media. To achieve this the alternative
approach of increasing the basicity of the medium by the addition of dimethyl
sulphoxide t§ methanol solutions coﬁtainipg a fixed concentration (0-1&) of
sodium ﬁethoxide Has been used. Dimethyl sulphoxide is thought to enhance
the basidity by desolvation of the methoxide ions which are otherwise
solvated by methanol through hydrogen bonding,71 thus making the methoxide
ions more available for nucleophilic attack. The same medium have previously

79

been used to define an acidity function involving the ionisation of
substituted anilines (proton loss). Kroeger and Stewart123 also determined

an acidity function for the addition of base to a-cyanostilbenes using the

same medium.
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Results

Solutions in methanol or dimethyl sulphoxide~-methanol mixtures of each
of the compounds studied are colourleés; In the presence of sodium
metﬁoxide coloured species are produced whose structures have been

determined previously by use of 1H n.m.r., spectroscopy. Thus in the cases

39,33 33

of 2,4-dinitroanisole and 2,6-dinitroanisole”” these measurements show
thaf methoxide addition occurs at the methoxyl-substituted ring position.
The structure of the adduct formed from s§dium methoxide and 4-chloro-2,6-
dinitroanisole has been discusssed in chapter 3, which shows the initial
formation of an adduct by base addition at the unsubstituted 3-carbon atom,
however this quickly rearranges to give the thermodynamically more stable

99,124

1,1-adduct. Methoxide addition to 1,3-dimethoxy-4,6-dinitrobenzene

has been studied previously and is shown to give an adduct by base addition

33,125

at one of the methoxyl-substituted ring positions. Structure of
adducts from 2-chloro-4,6~dinitroanisole, L-trifluoromethyl-2,6-dinitroanisole
are discussed in chapter 3. 2-F1uoro-4,6-dinitroanisole also forms a

stable adduct by methoxide ion addition at the methoxyl-substituted ring

carbon atom.,

Measurement of Indicator Ratios

The experimental determination of -indicator ratios (Logio[Complex]/
[Parent]) required the knowledge of the extinction coefficients of the
coloured species, in this case complex. By increasing the proportion of
dimethyl sulphoxide in the solvent it was possible for each indicator to
obtain virtually complete conversion to complex and hence obtain a value for
the extinction coefficient in that Medium. In order to check whether
extinction coefficients varied appreciably Qith solvent composition a test
experiment was carried out with 2,4,6-trinitroanisole. It is known that for

this compound conversion to 1,1-complex is complete in methanol containing
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10-2M sodium-methoxide.12 The measurements, in Table 7.1 which correspond
to the formation of 1,1-complex, were made in mixed solvents containing this

concentration of base.

TABLE 7.1

ihp Effect of Solvent Composition on Extinction Coefficient

of 1.1-Dimethoxyf2.4j6-trinitrocyclohexadienate

Dimethyl Sulphoxide . xmax vOptical density
% (v/v) (nm)

0 | 412 77
10 L1b <767
20 AT ' -788
30 | 116 +805
40 k17 | -812

50 : 418 | 816
60 420 ». -855
70 421 -855
80 L21 859

There is clearly a bathochromic shift as the proportion of dimethyl
sulphoxide is increased and this is associated with an increase in
extinction coefficient, Examination of the data indicates a linear
correlation of extinction coefficient (proportional to optical density
since conversion to complex is complete) with absorption maximum, Similar
linear correlations Qere observed for other adduc{s studied. It was_therefére
assumed that for other adducts where conversion to complex was complete only
in media rich in dimethyl sulphoxide a linearAcorreiation would exist between

the extinction coefficient and wavelength of maximum absorption, so that
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indicator ratios could be accurately determined. The results given in
Tables 7.2 - 7.8 are from measurements made in solutions containing 0-1M
sodium methoxide and at 25°C.

Measurements were also made with 2,4-dinitroanisole in 80-20 dimethyl
sulphoxide - methanol with various sodium methoxide concentrations,
dliowing the determination of values of K tE-——ngﬂﬁ%gil—— ). The observed

_ C [Parent ][ NaOMe ]
valﬁes of KC increased with base concentration but extrapolation to zero base
concentration gave a value of 15§f1 (Figufe 7.1). Similar measurements with
1,3-dimethoxy-4,6-dinitrobenzene in 80-20 dimethyl sulphoxide - methanol
mixture gave a value of KC extrapolate to zero base concentration of 1-5!71.
TABLE 7.2

Variation of Indicator (2-Chloro-4,6-dinitroanisole) Ratio With

Dimethyl Sulphoxide Composition in O+ 1M Methanolic

Sodium Methoxide at 25°C

Dimethyl Sulphoxide Amax Optical densitya log10 (Indicator Ratio)

% (v/v) (nm)

0 ' 492 L1 | -o-;i_

5 492 LA 40e14
10 492 .68 ‘ 0-41
15 492 .77 ' 0+65
20 492 -85 .
25 493 .90 | -
30 493 | 92 -
40 Lot 95 -
50 494 .96 -
60 495 ‘97 -
70 495 .98 -
80 496 99 | -

a . . L .
With 4 x 10'%2 indicator. Measurements in methanolic sodium methoxide

give an optical density of 0:93 for complete conversion.
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TABLE 7.3

Variation of Indicator (4-Trifluoromethyl-2,6-dinitroanisole) Ratio With

Dimethyl Sulphoxide Composition in 0O-1M Methanolic Sodium Methoxide at 25°C

Dimethyl Sulphoxide lmax' Optical density® log,, (Indicator Ratio)
% (v/v) (nm) '
0 540 +40 - -0-18
5 | 540 <522 +0+0L
10 540 +66 0.28
15 540 <77k 0-51
20 540 .872 0-79
25 540 ' . 9% -
30 541 99 -
40 541 1:03 -
50 542 1-08 -
60 542 1-08 -
70 543 110 -
80 543 1-11 -
2 With 4 x 10-22 indicator. Measurements in methanolic sodium

methoxide give a value of 1-00 for complete conversion.
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TABLE 7.4

0

Variation of Indicator (2-Fluoro-4,6-dinitroanisole) Ratio With Dimethyl

Sulphoxide Composition in O-1M Methanolic Sodium Methoxide at 25°C

. Dimethyl Sulphoxide kmax Optical density® logio(Indicator Ratio)
% (v/v) . (nm)

5 493 : *139 _ " =0-81

10 493 206 -0-61 -

15 494 * 327 -0+35

20 o L9L . + 470 -0-10

25 49l .-653 ‘ . +0+18

30 Lo4 | -821 0-46

40 495 1-05 - ' -

50 - 496 110 -

60 497 1+1L .-

% With 4 x 10-52 indicator, Terrier88 gives Amax (methanol) 492 nm;
emax 25,300
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TABLE 7.5

Variation of Indicator (A-Chloro-z,6-dinitroanisolea) Ratio With Dimethyl

Sulphoxide Composition in O-1M Methanolic Sodium Methoxide at 25°C

Dimethyl Sulphoxide kmax Optical density log ;. (Indicator Ratio)

10
% (v/v) (nm)

| 15 601 -0061° ~2-14
| 20 601 -0103° : - -1:91
25 602 +0177° N ~1-67
30 602 .0313° -141
35 - 603 <064 -1-11
40 603 ‘117 - -0-80
45 604 210 -0+49
50 604 +37 _ . -0:15
55 ' 605 +575 +0-23
60 606 - .7 ' 0-58

65 607 -89 ‘ -

. 70 608 . <93 - -

75 608 Y- TA _ -

Indicator concentration is 4 x 10-22 unless otherwise stated.

In media rich in dimethyl sulphoxide the optical density at the

absorption maximum initially increages to a>ma#imum value (due to
rearrangement of the 1,3-complex to the thermodynamically more stable
1,1-complex and then gradually decreases. Extrapolation to iero time

of the optiéal densities measured during the fading process gave the
reported optical densities which correqund to formation of the 1,1-complex.

b

Measured with indicator concentration 4 x 10-‘ﬂ.
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TABLE 7.6

Measuremenit of Indicator Ratio With Varying Dimethyl Sulphoxide

Composition in O-1M Methanolic Sodium Methoxide at 25°C

2,6-Dinitroanisole

Dimethyl Sulphoxide A
max

% (v/v) (nm)
50 588
55 588
_60 ' 5388
65 ' 588
70 588
75 589
80 589
85 590
90 591

a

Optical density

<014
031
<074
+159
*341

- +600

a

8y .

‘9L

‘97

Measured with indicator concentration x 10,

logio(Indicator Ratio)

-1:81
146
 ~1.07
=069
-0:25
+0-24 -
0-85
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TABLE 7.7

Measurement of Indicator Ratio With Varying Dimethyl Sulphoxide

Composition in 0-12 Methanolic Sodium Methoxide at 25°C

2,4-Dinitroanisole

Dimethyl Sulphoxide Amak Optical density log10 (Indicator Ratio)
% (v/v) (nm)

50 498 . -0053% -2-14
55 498 +0117° 179
60 499 .029° 141
65 499 :073 -0-99
70 499 *19 : -0+49
75 499 .39 - 0-00
80 .. b99 - 62 _ 0-56
85 ' 500 +75 -

90 - 500 .80 -

Measured with indicator concentration x 10.




- 111 -

TABLE 7.8

Measurement of Indicator Ratio with Varying Dimethyl Sulphoxide

Concentration in 0+1M Methénolic Sodium Methoxide at 25°C

1,3-Dimetho:gy-lgj6-dinitrobenzenea

Dimethyl Sulphoxide ~ Optical dehsityb iog10 (Indicator Ratio)
% (v/v) (492 am)
65 | .0066° -2.02
70 | . +018° : -1-58
| 75 -054° | -1-08

80 . 155 : -0.55
85 . .370 _ +0-05
90 +625 | +0+90
95 ‘ 703 | -
95 | +70 -

a 5

M unless otherwise stated;

Indicator concentration is 3 x 10”

b The red colour initially produced fades very slowly with time,
. due to formation of 3-methoxy-4,6-dinitro_phenol.131 Measurements
were made at one minute intervals and extrapolated to zero timer
|
' ¢ Measured with indicator concentration x 10.
d

With 0-3! sodium methoxide.




FIGURE 7.2
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TABLE 7.9

JM Acidity Scale

Dimethyl Sulphoxide Iy Dimethyl Sulphoxide Iy
% (v/v) % (v/v)
0 16.40 - 55  19:51
5 16:63 60 1989
10 _ | 16-87 , 65 20.29
15 17-11 . 70 20-75
- 20 17+36 | 75 2124
| 25 17-62 80 21-80°
30 17-89 85 2240
35 | 18:19 % 23-25
4O 18:50 |
85 18-81
50 19-51
Discussion

For each compound studied methoxide addition occurs to give coloured

adducts of structure (4.1). Measurements of optical density were made in

Me OMe
Z X -

(4.1)




methanol~dimethyl sulphoxide mixtures containing 0-12 sodium methoxide and
indicator ratios calculated taking account of the variations of extinction
coefficient with solvent composition, Examination-of the results show that
indicator ratios for the different compounds studied vary in parallel

_ fashibn with solvent composition (Figure 7.2). For example, on changing

the proportion of dimethyl sulphoxide from 65 to 80% (v/v) the indicator
ratios f&r 2,4~dinitroanisole, 2,6-dinitfoanisole and 1,3-dimethoxy-4,6-
dinitrobenzene.increase respectively by 1-55, 1-54 and 1+47 logarithmic units.
These results indicate that a single JM acidity function can adequately
describe the behaviour of these particular compounds in these media. This
can only be the case if the activity coefficient ratios fparent/fcomplex'
vary with solvent composition in similar fashion for the anisoles studied.

In addition if, as suggested in jreceding chapters, ion-pair formation in the
complex is important then the effects of dimethyl sulphoxide on tﬁe ion-

. pair equiliﬁria of all the adducts Must-bé similar, The construction of

110

a JM acidity scale was carried out using the usual stepwise technique.

The question arises as to the value of J, to take for O-lﬂ sodium methoxide

M
in methanol, the starting point of the scale. It has been shown previously -
(chapter 4) that for the four compounds studied there are differences in the
variation of .equilibrium constant_with sodium methoxide concentration below
0-%2. ‘From the results for 2-chloro-4,6-dinitroanisole and L-trifluoro-
methy1-2,6-dinitroanisole, indicators used in the preseét study, a J# value
of 16:34 and 16-45 respectively is c#lculated, for O-%ﬁ;methanolic sodium
methoxide. The average of:these 1640 is in reasonable agreement wi£h the
value of 16-45 found by Terrier{88

The present JM scale (Table 7.9) which inéreases by 6-85 units on going
from methanol to 90% (v/v) dimethyl sulphoxide is intermediate in behaviour

79

between that involving proton loss from anilines which increases by 5-:80




units for a similar solvent change and that involving methoxide addition to
a-cyanostilbenes123 which increases by 7:85 units. The rather sinilar
general behaviour of these three acidity scales'may result from the f;ct
that the major source of increase in basicity in dimethyl sulphoxide is
probably the desolvation of the base, This effect_will of course be
independent of the particular indicator used, It does not necessarily
follow that methoxide addition to other arpmatic nitro compounds will'comply
with the JM acidity function definéd here.

?he equilibrium constants for complex formation caléulated.using the JM
aqidity function are given belbw (Table 7.19). Dﬁe to the unavoidable
inaccuracies resulting fr;m use of an acidity function these values are
probably accufate only.within a facFor of two. Thg value for 2,4~
diﬁitroanisole can be coﬁpared with values 6f-5-0 x 10-5 found_by Bernasgoni

5

and 68 x 10" by Terrier.

TABLE 7.10

-K1 1..mole-1
' 2-Fluoro-4,6-dinitroanisole 0-3
4-Chloro-2,6~dinitroanisole . L3 x 10-3
2,6-Dinitroanisole ' 9:0 x 1Q-$
é,Q-Dinitroanisole , 4?6_x 107
1,3-Dimethoxy-4,6-dinitrobenzehe . 3-8 x ‘10-6

It is of interest that the complex formed from 1,3-dimethoiy-4,6-
dinitrobenzene has a stability roughly ten times smaller than that from
2,4~dinitroanisole. This is evident both from the thermbdynamic values in
methanol determined via the aéidity function and also applies to fhe

equilibrium constants in B0-20 dimethyl sulphoxide-methanol where the values

108



are 15 and 15-0 mcl>1e-1 respectivély. On statistical grounds the complex
from 1,3-dimethoxy-4,6-dinitroben2ene should be favoured since there are two
equivalent positions where methoxide addition can occur. Steric factors at
the position of addition should be similar for the twq complexes. However
the smaller stability of the adduct from the dimethoxy compound m;y result
from steric interaction in the complex bgtween the methoxyl group at C, and

the nitro group at Cq (structure (7.1)). This will cause the nitro group to

MeO OMe

O_Ng H
2
H . OMe
[|
N
N)2
(7.1)

bend from the plane of tbe'aromatic ring and so be less effective in

. . .6 ' '
accommodating the negative charge. Bernasconi 6 has argued recently that

resonance interaction of the form:

+
OMe

may stabilise the parent anisqles. Comparison of 2,4k-dinitroanisole with
1,3-dimethoxy—4,6-dini£robehzene indicates that the former compound will lose
two such resonaﬁce‘forms on comblex formation while the létter will 165e four.,
This may be a factor to account for the smaller stgbility of the adduct frém

the latter compouad..

Also of interest is the greater stability of the adduct from 2,6-dinitro-
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anisole. It has frequently been arguea that the presence of a strongly
electron-withdrawing group para to the position of addition is of considerable
impbrtance in determining the stabilities qf-Meisenheimer complexes. Evidence
for this comes from the present study in that the equilibrium constant for
complex formation from 2-ch10ro-4,6-dinitroanisole, 3 mole-1 (Table 4.7), is
roughly a thousand times greater than.that from 4-chloro-2,6-dinitroanisole.
However the results for the isomeric dinitroanisoles indicates that this

factor is not always of over-riding importance.




CHAPTER 8
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1-X~3,5-DINITROBENZENES

Introduction

The results discussed so far include O-complexes formed from substituted

ey 47520
anisoles. Several examples quoted from the 11terature,3’7' as well as the

-.work done during this study show that inh general addition.at an unsubstituted

ring position to give a 1,3-complex (8.1) is kinetically favoured but

rearrangement occurs to give the thermodynamically more stable 1,1-complex

(8.2).

OMe

(8.1) (8.2)

Similarly many examples are known of the formation of Meisenheimer

complexes from 1,3,5-trinitroben2ene.17’126'127 Thus Foster126 described-

the visible spectrum of 1,3,5-trinitrobenzene in methanolic sodium methoxide,

with maxima at 425 nm and 495 nm as due to complei (8.3) (X = NOZ’ Nu = OMe).

NO,

(8.3)

The structure was later supported by the 1H n.m.r. studies of Crampton and

7

Gold.1 Although Meisenheimer complexes derived from 1,3,5-trinitrobenzene

have been studied by many groups of workers, very few complexes derived from




1-X~3,5-dinitrobenzenes, where X is other than nitro-group, have béen
investigated. If X is an electronegative group then such compounds would
be expected to behave in an analogous manner to 1,3,5-trinitrobenzene.
However because of the non-equivalence of the three unsubstituted ring
positions in such a compound, two isomeric products are possible by attack
of a nucleophile, Addition éan occuf either at a ring pbsition para to
substituent X, or at the two equivalent positions para to the nitro-groups[
Pollitt and Saunderss6 attempted to distinguish the possibilities of

addition at C2 (or C6) from addition at C,, by visible spectral studies of

[*l
some 1-X-3,5-dinitrobenzenés. The visible_absorption spectra of a number

of such compounds in the presence of nucleophile show two maxima not present
in the spectra of the parent substituent nitrobenzenes. It was thodght that

these two maxima correspond to complexes formed by addition at C, and C2 (or

b

06) bosition of the aromatic ring. The 04 complex having maxima at longer
wavelquth than the C2 (or C6) comﬁlex. It was further postulated that the
ratio in which the two complexes are formed varies somewhat with the exact
conditions used, but usually the complex formed by addition para to nitro-
group predominates. The arguments as to the structure of Meisenheimer
complexes based on visible spectroscopy, althougb proved useful caunot be
conclusive. However 1H n.m.r. spectroscopy should give more conclusive
resylts. Thus Foreman . and Foster128 used this technique to study the

structure of products formed by the reaction of 1-X(=CN,CF,)-3,5-dinitro-

3
benzene with methoxide ioas in wet dimethyl sulphoxide. The 1H n.m.r.
spectrum obtained corresponds exclusively to adduct (8.3) (X = CFB,CN;

Nu = OMe,OH). However in the presence of carbanions éeneratéd from ketones
both isomeric adducts (8.3) and (8.4) (X = CN; Nu = CHZCOCHB) are formed,

and the intensities of the 1H n.m,r. peaks suggest an approximate ratio of-

2:1 respectively. However this work does not show whether this is the
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H <" TH
NO,
(8.4)
situafion at equilibrium, Terrier et al129 in a kinetic study re-investigated

the reaction of 1-cyano-3,S-dinitrobenzene with methoxide and hydroxide ions
in dimethyl sulphoxide, their results show that base addition occurs first at
C, followed by rearrangement to.the C

4
stable. Fendler et alijo

o adduct which is thermodynamically more
isolated crystalline pofassium 1-methoxy-2~-cyano-

L,6-dinitrocyclohexadienate and established its structure by 1H n.m.r.

spectroscopy. The formation of 3-cyano-5-nitroanisole (8.5).from solutions

CN

(8.5).

containing (8.3) (X = CN; Nu = OMe) implies the decomposition, resulting in
nucleophilic substitution of a nitro-group by methoxide. This also indicates

the formation of a species such as (8.6) either as a short-lived intermediate




or as a transition state. A structure similar to (8.6) was previously

considered by Gold and Rochester63 in the interaction of methoxide ion with

1,3,5-trinitrobenzene.

Resulig

I. Structural Studies

(a) 1~Methoxycarbonyl-3,5-dinitrobenzene and sodium methoxide

1H n.m,r, results: 1-Methoxycarbonyl-3,5-dinitrobenzene was chosen for

a detailed study of isomeric addition in the present study of 1-X-3,5-dinitro-

benzenes. The spectral analysis is based on standard methods described by

132 1

Pople et al. The "H n.m.r., spectrum of this compound in dimethyl

sulphéxidg gives an AB2 type spegtrum centredﬁat ~9:0 p.p.m. (Table g'i)ﬂ
On‘addition of - one equivalent of conéentrated methanolic sodium methoxide
(ca. ~ 5'Q¥) to a dimethyl sulphoxide solution of the'parent compound a deep
red colour is produced and the 1H n.m.r. sSpectrum shows the instantaneous
disappearance of the absorption due to parent compound. The_resulting 1H
n.m.r. spectrum corresponds to the two species of structures (8.3) and (8.4)
R

(X = quye; Nu = OMe) (Figure B.l). " The rigg»nrbtggs of (8.3) (X = COZMe-

Nu

. OMe) giQe three spin-coupled bands of equal intensity at 5+83, 8-51 and
8,09‘p.p.m. (Table 8.2); while the ring,prot&ns of (8.4) (X = COzMe; Nu = OMe)
give two sets of bands with intensity rafio 2:1 at 8-27 and 6-22 p.p.m.
respectively. The bands ih the region of 6 p.p.m. correspond to the hydrogen
at sp3 hybridised carbon atom in the isomeric adduct (8.4). - The spectrum was
scanned between 5 and 60 minutes from the time of mixing and the relative
intensities of bands in the two spectra remained the same. This indicates

that under the experimental conditions a stable equilibrium mixture of the two
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TABLE 8.1

Chemical Shifts (§/p.p.m. downfield from internal tetramethylsilane)

for 1-X-3,5-Dinitrobenzene in Dimethyl Sulphoxide

no_ 3°

CN 130
SOzMe

CF

COzMe

CONEt2
SMe

S0

Ring Protons

9.21

9-16

9-07

8.98

B.95

8-96

8:62

8-43

8.70

2-H and 6-H  4-H

9-21
9.08
9. 14
9.1k
9.-08
B.87
8.90

8.58

8-85

Methyl Protohs

3-52

4.05
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isomeric complexes has been produced. From the intensities of the two sets
of bands measured at 25°C an approximate ratio of the two isomers (8.3) and-

(8.4) in the equilibrium mixture can be calculated as 70:30 respectively,

Visible spectrum: Visible spectrum of 1-methoxycarbonyl-3,5-dinitro-

benzene with methoxide ions gives additional independent information as tb
the formation of both isomeric adducts (8.3) and (8.4) in media rich in
dimethyl sulpho*ide. Thus initially a red-purple species ()max = 378,
514 and 550 nm) is formed. However the spectrum changes quickly with time
as showﬁ in Figure 8.2. In Qiew of-the 1H n.ﬁ.r. results which show the
presence of both isomeric adducts it seems rational to assume that both
species will be present at equilibrium so éhat the time staﬁle spectrum will
be comprised of two overlapping seté of bands, If it is assumed that the
sma;l shoulder at long wavelength in the time stable spectrum (Figure 8.2)_is
due to initiaily formed species then at equilibrium approxiﬁately 30% of this
species will still be present and 70% of-the isomer, This observation does
not of itself indicate which is the kinetically ﬁreferred isomer, however
comparison with the spectrum of the adducts formed with sulphite ions
(described later, Figure 8.3) shows that structure (8.4) is initially producéd.
The equilibrium ratio of 70:30 for the two isomers (8.3) and (8.4)
respectively is in good agreémént with that obtained-independgntly from the’
1HAn.r_n.r. data.

As mentioned above these results correspond to experiments in media rich
in dimethyl sulphoxide containing only a small amount of methanol (3% v/v).
However the shape of the time stable sbectfum obtained in media containing
from 3 to 50% methanol was independent of the solvent composition, This
indicates that there is no large chanée in thé'proportion ¢f the two isomers
present at equilibrium with change of the solvent composition. However in

more methanolic solvents spectra recorded within one minute of mixing
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corresponded to the equilibrium mixture of the two isomers, indicating the

_faster rate of conversion from (8.4) to (8.3) in such media.

With Sulphite Ions

H n.m.r, results: An intense red colour is produced when one

equivalent of aqueous sodium sulphite is added to a dimethyl sﬁlphoxide
solution of l-methoxycarbonyl=3,5=-dinitrobenzene. The 1H n.m.r, spectrum
obtained immediately after mixing the'reagents show fhree spih coupled bands
of equal intensity at 5-59, 8:22 and 772 p.p.m. The couéling pattern being
the same as observed with methoxide ions, described above. The band at

8:22 p.p.m. is a triplet indicating the coupling of C, -proton with both Cz-

L
and C6-protons. The high field shift of one of the resonance Et'S-S'p.p.m.
indicates a covalency chaﬁge at this pééition. A doublet at 7-72 p.p.m.
assigneq to C6-proton'shows littie coupling if aﬁy with Cz-proton. This
pattern of spectrum corresponds to structure (8.3) (X = C02Me; Nu = 503')
which shows that at equilibrium this isomef predoﬁinates. It is estimated
that 10% .of the other isomer (8.4) (X = coMe; Nu = SOB-) would be detectable
thus setting an upper limit in its concentration, It was not possible to

_— _ i
take "H n.m.r, spectra in media containing more than 70% dimethyl sulphoxide,

due to the poor solubility of sodium sulphite in dimethyl sulphoxide.

Visible spectra: Visible spectra taken in more dilute solutions (10-e§)

indicates the initial formation of complex by addition of sulphite ion bara to
methoxycarbonyl»group. In the p£esence of sodium sulphite (4 x 10-22) in
dimethyl sﬁlphoxide-water (95:5 y/v) solvent mixture, initially a blue species
is produced which rearranges slowly (t% = 15 hours) to a red species. The
initial spectrum (Figure B.3) due to the blue species shows three absorption
maxima at 410, 560 and 620 nm._(Table 8.3), cdrrespondihg to complex formed

‘by the addition at a ring carbon para to carbomethoxy group. The time stable
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spectrum gives two maximum at 414 and 538 nm due to red species of structure
(8.3), where addition occurs at a ring carbon para to nitro group. Earlier
Pollitt and Saunderss6 in an attempt to identify the two isomers formed from
1-X-3,5-dinitrobenzenes, did posculate that the complex of the type (8.4)
would absorb at é longer wavelength than the complex of structure (8.3)'where
there is a more eleétrdnégative group para to the positidn-of addition.
Increasing the proportion of water in the solvent causes an increase in the
‘"rate of the rearrangement; thus in a solvént containing 15% water t% is
ca. 5 minuées while with 30% water the speqtrum recorded within one minute
of mixing the reagents is that of the red species.
Comparison of the reéults obtained with sulphite ion, with those of

methoxide ions show that with sulphite ions structure (8.3) is the
thermodynamically'favoured isomer, while with methoxide ions both isomers

are present at equilibrium,

With Acetonate lons

1 ' .
Hn.,m.r, results: A deep blue solution was produced when one

equivalent of concentrated methanolic sodium methoxide was added to a dimethyl
sulphoxide solution of 1-methoxycarbonyl-3,5~-dinitrobenzene containing acetone
(01 ml of acetone in 0+5 ml of O-ﬁ! substrate solution in dimethyl sulphoxide).

Indicating the formation of complex by the addition of acetonate ions

géneratéd through the equilibrium:
CH_COCH, + ~OMe~ ~———-A CH_COCH_, + MeOH
3 3 A —— 2 3

The 1H n.m.r, spectruﬁ scanned immediately after mixing reagents as above

shows in addition of solvent bands, two different sets of spin coupled bands
(Figure 8.4), A doublet centred at B8:05 p.p.m. is assigned to the two protons
para to the nitro groups in structure (8;4) (X = COzMe; Nu.= CH_COCH,).

2 3
The splitting results through coupling with the proton para to methoxycarbonyl
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group. The other set of bands is.centred at'5-07 p.p.m. and is assigned

to the proton para to methoxycarbonyl group, the large upfield shift
indicates the covalency change at this position. The coupling patterp
observed at 5-07 p.p.m. is dﬁe tv the coupling of the ring.proton at the site
of addition with the remaining two ring pr&tons para to the two nitro groups,
and with the two methylené protons in.the adjécent'acetonyl gfoqp.

However this initial spectrum is not staﬁlé'and‘the inténsity of the bands
fade with time giving way to new spin coupled bands which emerge at 8-31,
7:82 and 461 p.p.m. This new pattern of coupling could be rationalised

in terms of structure (8,3) (X = CoMe; Nu = CHZCOCHB). The band at 8:31
p.p.m. ié asgigned'to the ring proton para to methoxycarbonyl group (structure
(8.3)), the splitting of this band into a quartét resﬁlts from coupling with
the two ring protons para to nitro grouﬁs. A doublet at 7:82 p.p.m. is
assigned to one of the th.ring protons para to nitro groups, the Splittingl
of the b;nd.into doublet is due to éoupling with the riﬁg proton para ‘to
methoxycarﬁonyi_grodp. The bands due to ring proton at the site of addit;on
ig situated at 4+61 p.p.m., the splitting pattern results due to coupling
with the ring proton para to methoxycarbonyl grdup and the two protons of the
methyléne group in the.adjacent acetényl group (Figure 8;47. It looks as

if the coupling between the two ripg protons para to nitro groups.in structure
COCH_) is small if any. This observation is

2 3

consistent with the earlier observation of Fofeman and Foster128 who described

(8.3) (X = COMe; Nu = CH

the analogous spectfum of (8.3) (X = CN; Nu = CHZCOCHB)' The time stable
spectrum (t%,u several days) shows (Figure 8.4) an equilibrium mixture of the
two isomers (8.3) and (8.4) (X = COZMe; Nu = CHZCOCHj) in the ratio of 7:1
respectively, Visible spectra recordeﬂ in more dilute solutions indicate

similar behéviour, the initial spectrum gives maxima at 410 and 560 nm which

changes slowly to give new maxima at 414 and 545 nm (Table 8.3).




(b) 3,5-Dinitrobenzoic acid

As expacted the addition of one eqﬁivalent of sodium methoxide to the
3,5-dinitrobenzoic acid solution in dimethyl sulphoxide results in the
formation of the corresponding carboxylate ion without the production of any
coloured Spécies. Further addition of base gave a red coloured solution,
but 1H n.m,r. m;asurements were not successful probably due to the formation

of small quantities of radical anibns.128’132

However visible measurements
were more informative with the spectrum showing a maxima at 530 nm and a

small shoulder at 600 nm.

With Aéetonate Ions

It was possible to obtain the 1H n.m.r, Spectrum‘of 3,5-dinitro$enzoic
acid in dimethyl sulphoxide solution, in the presence of acetonate ions,
generated as above. Thé spectrum obtained immediately afﬁer mixing reagents
shows a‘pattern similar fo that obtained with methyl ester and acetongte ions
(Figure 8.4). The initial spectrum is consistent.with a'ﬁattern assigned
to structure (8.7) (Nu = CHZCOCHB)’ however the spectrum changes with time

and new bands develop as the bands of the initial spectrum fade with time,

(8.8) . o (8.7)

This change is similar- to that observed with methyl ester, and indicates the

rearrangement of (8.7) to (8.8) (Nu = CH COCHj). The chemical shifts are

2
summarised in Table 8.2.

The visible spectra also indicates the formation of a short lived species

with maxima at 580 and 680 nm changing with time to new bands with maxima at
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555 nm. This can be explained as the initial formation of (8.7)

rearranging with time to (8.8) (Nu = CHZCOCHB)._ Thése spectral changes are
similar but shifted to longer wavelength compared to those obtained from

the spectra produced from the metnyl ester and acetonate ions. It séems
probable, therefore, that the visible spectra of the isomeric methoxide
adducts of the 3,5-dinitrobenzgafe ion wiil have similar spectral shapss to
the methoxide adducts produced from the methyl ester of the acid. The
shoulder at 600 nﬁ in the spectrum of the methoxide adduct of 3,5-dinitro-
benzoate ion can then bYe ascribed to the_adduct (8.7) (Nu = OMe) and probably

about 10% of this isomer is present in the equilibrium mixture.

(c) -Other 1-X-3,5-dinitrobenzenes

1H'n.m.r. studies: The spectral data obtained with 1-X-3,5-dinitro-
benzenes studied during present work has heen summarised in Table 8,1. The

parent molecule in each case gives an AB_ type spectrum with spin-coupling .

2

constant JAB 2Hz. As with 1l-methoxycarbonyl-3,5-dinitrobenzene described
above intensely colourea solutions are produced when one equivalent of
concentrated methanolic sodium methoxide is added to a dimethyl sulphokidé
solution of thé different 1-X-5,5-dinitrobenzenes. The 1H n.m.r, spectrum
recorded»immediately‘after-mixing the reagents‘show bands characteristic of

the methoiide ;aducts of structure (8.3)v(Nu = OMe). The data for the adducts
together with some data from the literature is collected in Table.8.4. Apart’
from theﬂcompounds where X = COzMe and CN129 no other gubstituted dinitrobenzene
studied showed 1H n.m.r. bands with sodium methoxide which could be assigned

to isomeric adduct (8.4) (Nu = OMe), However this does not_eiiminafe the

. possibility of their fonmation, but.does set an upper limit on their

equilibrium concentrations, as the measurements madé in the present study are

sufficiently sensitive to detect 10% of these species if present.




TABLE 8.4

Chemical Shifts (&6/p.p.m.) and Coupling Constants for Methoxide

Adducts (Nu = OMe) of 1-X-3,5-Dinitrobenzenes (Structure (8.3))

NO 3

CN 13
SOzMe

CF

cozmé

CONEt

SMe

32

2 so

in Dimethyl Sulphoxide

Ring Protons

2-H b-H-  6-H OMe J2'4 J4;6 J2'6
(p.p.m.) - . (Hz)

o 6-14 8.42 8-42 3-10 1+5 - 15
0 5:60 8-48 7.77 3.08 12 2ﬁz 0-3
2 6:13  8.62 . 8:05 3-08 12 200 < 0:5
5.83 é-eo 7+70 - . - - -
5:83 B.51 8.09 3.06 1:4 2:0 0:5

5:65 -B:52  7:67 3-05 1.0 2.0 <05
0 5:.92  8:50 7-15 3-08 S 1.2 2.0 03
5-50 8:45 6:90 3.00 1.0 2.0 < 0.5
5:35 8:36  6:96 - - - -

2Me protons absorb at 3:37 p.p.m. in the complex.
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Visible spectra: The visible spectra recorded immediately after adding

methanolic sodium methoxide to a dimethyl sulphoxide solution of iax-3,5-
dinitrobenzenes, indicates the initial formation of structure (8.4) (Nu = OMe).
The rate of isomerisation from (8.4) to (8.3) increased greatly by

vincreasing the percentage volume of methanol in the sol&ent mixture.

Hoﬁéver the final shape of the spectrﬁm.rehainéd unchanéed in going from

3% to 50% (v/v)'methahol.

As a typical exaﬁple (Figure 8.5), when methanolic godium methoxide
.(10-25) is added to a dimethyl suiphoxide solution of (10‘%&) 1-trifluoro-
methy1-3;S-dinitrbbenZene a red colour is produced which changes quickly to
orange. The spectrum recorded as soon as possibie after mixiné the réagents
show three absorﬁtion maxima at 360; 488 and 555 nm. 'H;wever the shape of
the spectrum changes quickly with time and the final‘time stable spectrum
shows absorption maxima at 362 and 490'nm. In accord with the 1H n.m,r.
spectrum of this compound with sodium mefhoxide which shows bands for adduct
(8.3) (X = CF3; Nu = OMe) 6n1y it can be deduced that the initial visible
spectrum corresponds to the adduct (8.4) (X = CFB; Nu = OMe) and fhé final
spectrum to the isomeric adduct (8.3). It seems 1ikg1y that at least some
of the initially formed adduct (8.4), will still be presént at equilibrium,
and if it is assumed that the aﬁsorption geyond 550 nm in the time stable
spectrum results from this isomer a ratio of 93:7 is obtained for the t%b_
isomers (8.3) and (8.4) respectively at equilibrium,

Other 1-X-3,5-dinitrobenzenes, where X = SO

2 2 3

similar general behaviour as above, With 1-jiodo-3,5-dinitrobenzene a change

Me, CONEt_ or SO,  show

of colour froh purple to red is observed by eye when base is added to the
substrate solution, but the change is too fast for the spectrum of the
initially formed species to be obtained, although the spectrum does show a

smail shoulder beyond 550 nm. With X = H or SMe no change in spectral shape
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is observed -~ measurements began after 15 seconds of mixing the solution.
It is probable that the rate of isomerisation in these compounds is very fast.
The visible spectral data for the adduct formed together with estimates of

the proportion present at equilibrium is collected in Table 8.5.

II. Measurements of Equilibrium Constants

Equilibrium constants for the formation of Meisenheimer complexes from
substituted anisoleé have been discussed in the preceding chaptefs. For the
less reactive anisoles in ordéf to achieve complete_cénversion to complex,
media rich in dimethyi sulphoxide are used (Chapter 7). A similar approach
is used for the 1-X-3,5-dinitrobenzene=l where in contrast to substituted
anisoles, thg forﬁation of Me;senheimer complex. takes place by the addition
of nucleophile to an unsubstituted aromatic carbon. Thus thermodynamic
equilibrium constants are determined using methanol-dimeth&lvsulphoxide

mixtures for the following equilibrium:

NO,

(8.9) ' _ (8.3

;n order to determine the thermodynamic equilibrium constants,
measurements of optical densities were made in methanol-dimethyl sulphoxide
mixture containing 0-098M sodium methoxide or O-O&g tetra—n-butylammonium
methoxide. The resulting data, collected in Table 8.6, allows-the
determination of indicator ratios. As the complete conversion to complex
is achieved by increasing the proportion of diﬁethyl sulphoxide in the

solvent mixture, hence the extinction coefficient for the adduct formed is
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determined and used for the determination of indicator ratio (Loglo[Complex]/
(Parent]). However as noted with less reactive anisoles (Chapter 7) a
bathochromic shift in the spectrum is observed by the change in solvent froﬁ
methanol to dimethyl sulphoxide, likewise‘extinction coefficient is also
increased by changing to dimethyl sulphoxide. Thus with 1,3,5-trinitro-
benzene (Table 8.6) the absorption maximum shifts from 425 to 431 nm on
going from pure methanol to 70% (v/v) dimethyl sulphoxide. In addition in
media where conversion to complex is virfually complete (30-70% dimethyl
sulphoxide) there is an increase in extinction coefficient as #he proportion
of dimethyl sulphoxide is increased. Due account of these changes in
extinction c;efficient with solvent.COmposition was taken in the determination
of the indicator ratios for 1,3,5-trinitrobenzene and other indicators used.
'Aé before (Cﬁapter 7) a liqéar correlation between wavelength of maximum
absorption and eitinction coéffieient was found.

The attainment of equilibrium for the compounds studied is fast in the
media used, this is fﬁrther enhanced by increasing tse prﬁportion of methanol

130

in the solvent mixture used. In some cases notably for eyano and tri-
fluoromethyl substituted compounds, fhe,initial equilibrium was followed by
slower irreversible substitution reaction. In such cases initial optical
densities corresponding to adduct formation are determined by linear
extrapolation of measured optical densities at 15 second intervals, ;n
Figure 8,6 is given a plot of Log1O[Comp1ex]/[Parent] as a function 9f dimethyl
sulphoxide percéntage in the medium, The similar slopes for the different
indicators used, indicate the similar behaviour of the differeﬁt 1-X-3,5=-
dinitrobenzenes in the medium ﬁsed for this study. Hence it was possible to
evaluate a JM acidity function (Table 8.7) in methanol-dimethyl sulphoxide
mixtures, and also to determine the thermodynamic equilibrium constants,

referred to pure methanol as solvent.
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TABLE 8.6

Indicator Ratios at 25°C with 0-09&ﬂ Sodium Methoxide for 3 x 10-§ﬂ Parent

1,3,5=-Trinitrobenzene

Dimethyl Sulphoxide AL

% (v/v) (rm)

o 425

: 5 425
15 - 426

20 427

30 4,28

40 428

50 429

60 430

70 . 431

1-Cyano-3,5-dinitrobenzene

0 L84
_ 5 - L8L
10 o 484
15 ' 484
20 484
25 L8L
30 485
35 486
40 487
50 | 488
60 489
70 490
80 490

Optical density

-512
641
“ 700"
£ 759
. 775
.815
.825
.825
-835
-840

.063
«110
‘172
-270
« 4,00
- 485
-585
595
616
+637
-642
.652

+655 .

_ log10 (Indicator Ratio)

«0+94
-0-66
-0 41
-0.11
+0+26

+0+55
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1-502Me-3,5-dinitrobenzene

Dimethyl Sulphoxide X Optical density log,, (Indicator Ratio)
% (v/v) ' (nm)

5 473 <061 -0:96
10 473 +112 -0:65
15 Ca7h 185 -0-35
20 L7h . 289 -0:06
25 475 *393 +0-23
30 4?5 494 0.58
35 476 558 10-89
40 477 -60L (1.22)
50 478 +651 -
60 479 -665 -
70 480 <679 -
80 481 +680 -

1-Trifluoromethyl-3,5~dinitrobenzene

25
30
35
40

45

50

55
60
70
80

48B4
485
185
486
486

487 -

488
488
489

489

028
063
127
. 252
439
605
. 708
767
+792

+795

(=1-41)
~1-04
-0+70
_0;31

+0.12

- 4054

{+0:96)
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1-Methoxycarbonyl-3,5-dinitrobenzene

Dimethyl Sulphoxide Aﬁax Optical density 10910 (Indicator'Ratio)
% (v/v) (nm)
30 493 +036 (-1-17)
35 494 074 -0-83
40 L9k +150 | -0-45
L5 495 -270 o =006
50 495  .h02 4035
55. _ 496 518 +0:85
60 ' 497 +570 _ -
0 498 .597 -
80 499 603 - -

1-Iodo-3LS-dinitrobenzene'

R 510 .06 : -1.02

50 . 510 146 . -0-61
55 -511 <302 =017
| 60 511 . XA +0+29
| 65 - 512 653 +0+80
70 512 -716 -
80 513 £ 757 : -
85 513 - 761 . -

N,N-Dietbyl-j.5-dinitrobenzamide

55 507 064 -1:04
60 507 -158 -0:59
65 508 | *331 -0-13
70 508 +550 +0+37
75 509 700 +0+89
80 569 | 752 -

86 " 510 - 790 -

91 510 : .806 -
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3,5=-Dinitrothioanisole

Dimethyl Sulphoxide xmax Optical density log,, (Indicator Ratio)
% (v/v) (nm)
60 532 o .ow3 -1.07
65 532 e113 -0+59
70 - _ 533 ' *251 : -0.:09
75 533 cL411 +0+43
80 534 - *534 -
85 : 534 : -567 -
90 -. 53; .'570 -
95 534 s -

1,3=-Dinitrobenzene

70 | 519 -015 (+1-72)
75 _ . 519 | 051 o -1:17
80 | 520 | <172 _‘ -0.57
.85 | ..520 +569 +0- 36
90 520 - 750 _ (+1-06)

95 520 -815 -

3,S-Dinitrobenzenesulphonate

' 60 - 519 ©022 | (=1-45)
65 _ 519 - 054 -1-04
70 520 ;130' -0-61
75 520 267 : -0:17
80 520 495 , +0+48
85 520 614 -
90 ' 520 -655 ' -
95 520 +665 -

Similar sets of measurements were made for solutions containing O-OBQM

tetra-n-butylammonium methoxide instead of sodium methoxide,




- 139 -

TABLE 8.7

JM Values (25°C) for Base Addition to 1-X-3,5-Dinitrobenzenes

Dimethyl Sulphoxide IM - JIM
(% v/v) (0:098, NaOMe) - (0080, Bu, NOMe)
0 15.96 16-21
5 1627 o 1650
10 16+ 54 16+ 70
15 16-84 17-01
20 ' 1717 17:30
.25 _ ' R 17-46 . . 17.61
30 | 17-82 17-95
35 : - 18-15 ' 18.29
40 1853 1869
L5 :  1B.94 | 19.11
50 19435 1955
55 . 1980 . 20+00
60 _ 20-26 20 47
65 - 2074 20-92
70 21.24 . 2142
75 ' ' 21.76 21.90
80 22.36 22.58

35 ' 23.29 : 23447




Log4o Indicatorcﬁatio
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Variation of log10 indicator ratio with dimethyl sulphoxide concentration




- 140 -

Discussion

The results of the 1H n.m.r, s#udy discussed above show the formation

of Meisenheimer complexés of structure (8.3), from the different 1-X-3,5-
dinitrobenzenes studied. Only in the case of 1-methoxycarbonyl-3,5-
dinitrobenzene does the 1H n.m.r. spectrum give evidence for the formation
of isomeric complex of structure {(8.4) (Figures 8.1 and 8.4). The results
of the present study show that the proportion of the two isomers (8,3) and
(8.4) (X = COzMe) present at equilibrium depends on the attacking nucleophile.
With methoxide ions structure (8.3) (X = C02Me; Nu = OMe) is favoured over
structure (8.4) (X = COzMe; Nu = OMe) in the approximate ratio of 70:30.
However there is a statistical factor of é:i favouring adduct (8.3), so that
in fact methoxide ions show very little discrimination for the three
hydrogen-carrying ring positions in i-methoxycarbonyl-3,5-dinitrobenzene.
-With acetonate ioﬁsfstructure (8.3) (X = COéMe; Nu = CHZCOCHB) is-clgarly
favoured over (8.4) (X = COzMe; Nu = CHZCOCHB) at equilibrium, while with
sulphite ions (Nu = 503) the amount of (8.4) present at equilibrium is below
the detection limit of the present study (Figure 8.3). These differences
may well be reflecting the differences in the steric requirements of the
two types of adducfs (8.3) and (8.4).

- Visible spectroscopy rgsults ih agreement with-the 1H n.m.r., results,
indicate that for most of the. 1-X-3,5-dinitrobenzenes studied, adducts of
- structure (8.3) (Nu = OMe) are thermodynamically favoured (Table 8.5).
However measurementé with low base concentrations in dimethyl Sulphoxide show
that initially base addition occurs at a ring carbon para to substituent X, to
give structure (8.4); then rearrangement occurs'with time to give more stable
adduct (8.3). Exéept for the methoxycarbonyl substituent the percentage of

(B.4) at equilibrium is in the range of O to 10 (Table 8.5).




. , - 1b41 -

The importance of a strongly electron-withdréwing group para to the
position of addition has frequently been enphasised upon, in the discussion
of the stabilities of Meisenheiﬁer COmplexes.3f7 In the present case there
appears to be some tendency for the proportion of adduct (8.4) present at
equilibrium to increase with thealectron-withdrawing ability of the
substituent X (Table 8.5). Hammett 6- valuesu[*’135 decreaée.in the order .
Mo, > CN-SO,Me CO_Me-CF, > 1-563' > SMe > H, which shows that the
correlation is nbt very good as indicated by the fact that the greater
proportion of adduct (8.4) occurs with the methoxycarbonyl substituent.

The values for the theérmodynamic eqqilibrium constants for methoxide
Qddition to the 1-X~3,5sdinitrobenzenes are summarised in Table 8.8, along.
with some previously determined values, The measured values (Table 8.8) are
the sum of those for the formation of structure (8,3) and (8.4). However
since with one exception (x ='602Me) the latter adduct is presént only in _
low concentration at equilibrium (Tab;e 8.5),_£he measured values for
equilibrium constantslare close to the values for the formation of structure
(8.3).

It 'is of interest to compare the values of equilibriﬁm copstahts
obtained from 1-X-3,5-dinit;obenzenes, wi£h those obtained ffom similarlf
activated anisoles,.sucﬁ data is collected in Table 8.9. The cohsiderable
greater stabilities of the adducts from the anisoles can be explained in terms
of steric requirements of the two types of adducts (8.3) and (8.2). In the
case of anisoles the methoxyl group suffers a considerable steric strain
through two flanking ortho substituents, but on complexation this strain is
largely removed as now the two methoxyl groups lie out of the plane of the ring.
In the case of 1-X-3,5-dinitrobenzenes no such steric relief is observed on the

formation of complex, thus the smaller difference (Table 8.9) in stabilities

between the adducts from 2,4-dinitroanisoles and 1,3-dinitrobenzene reflects
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TABLE 8.8

Thermodynamic Eqdilibrium Constants for Methoxide Addition

to 1-X-3,5-Dinitrobenzenes in Methanol at 25°C

X K (1.mole™ 1) K (1.mo1e'1)

(literature)

NO, -7 - 15.4 ©3; 23 6
CN | 1.0 1.3 5 1.9 13°
SogMe 050 _ o -

c02Me 8-5 x 1073 - | -

CF3 | | 1.2 x 1072 | ' -

1 89 x 107 -

CONEt,, i-1 x 107* -

SMe 3.9 x 10'5_ - -

H 1 x“19-6 5 x 1077 7
SO - (107% w 10'5) - -




NO
CN
CF

COzMé
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TABLE 8.9

Comparison of Equilibrium Constants for Methoxide Addition

to 1-X-3,5-Dinitrobenzenes and 2-X-4,6-Dinitroanisoles

K (l.mole-1)

17

1.2 x 102
6 x 10"3

1 x 10°

X (l.mole-i)

17000
. 2600
14
10.

L6 x 1072

Data from Table 4.7 (Chapter 4)

a

In working out these ratios account has been taken of the

Ratiob
3000
5200
2300
3300

92

statistical factor favouring adduct formation from 1-X-3,5-

dinitrobenzenes.

In general there are two equivalent ring

positions leading to the formation of structure (8.3) although

with 1,3,5-trinitrobenzene the factor is three.




the smaller relief of steric strain on complex formation from é,&-dinitro-
anisole, where there is only one ortho substituent compared to 2,A4,6-
trisubstituted anisoles. These observations suggest that both electrostatic
and steric requirements of the substituents play an important role in
determining the stabilities of Meisenheimer complexes.

Due to the idéntical behaviour of ionisgtion for the different 1-X-3,5-~
dinitrobenzeries (Figure 8.6), in methandl—dimethyl sulphoxide mixtures, it

was possible to define a J acidity function for this medium, The starting

M
point of the scale is 0'098£ sodium methoxide in @ethanol and the JM value
(15.96) for this solution is pbtainéd from measurements with 1,3L5-§rinitro-
‘benzene. Values of eqqilibrium constant for the methoxide addition for this
compdund-have beeh reported as 15-4 1.moiéf1 at zero base concentra'.tion63 or
23'1.mole-1 at methoxide ionic cbﬁcentatioh of d-%ﬂ.66 ' The measurements made
during this study give a value of 17 l.mole-i_at zero ionic concentration
which increases only slightly Qith increasing sodium methoxide concentration;
The constructfon of the JM scale was then carried oﬁt using the stepwise
technique.110 The agreement among;t individual indicators was excellent

except for the SO_~ substituted compound, which is of a different charge type

3
£o the other indicators, the complex being a dianion,

In order to allow for the specific effeécts of cationg discussed in
previous chapters, measureﬁents were also made with O-OQE tetra-n-butyl-
ammonium methoxide in place of sodium methoxide. The higher starting value
of the JM scale (= 16i21) results from the non-idegl behaviour of the 1,3,5~
trinitrobenzene~tetrabutylammonium methoxide.system in methanol (results
indicate that the stoichiometric equilibrium constant Kc increases from
17 1.mole-1 at zero base concentration to 34 1.mole-1 at O-OQM base

concentration). However the two JM scales are strictly parallel through the

entire solvent composition range (Table 8.7). The increase in the present JM




-
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scale with dimethyl sulphoxide concentration is more rapid than the previous
scale determined in similar media (Table 7.9) invoiving the methoxide
addition to substituted anisoles. However it parallels exactly the acidity
sgale derived from the ionisation of w-cyanostilbenes, where metﬁoxide

addition occurs at a carbon atom carrying hydrogen in a conjugated system.
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