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                                     Abstract

          Acid dissociat'ion constants of substituted thiophenecarboxylic acids and thioph-
      :.g,//ljCse,d:'it,;a2,/61':,p.W,8,ie2.S,gen`.E,IMg,Seig'i{,a:,Se,jlgW.e,gtS,:S?,Ztll/:e.:fih.:,stt,lllu:b,l･I;1'llu,M.,n.et.t//iZ,':,iesll:d:eggi

      chain of thiophene ring. Frorn these rho-values, combined with what are already
      knowri of furan- and benzenecarboxylic acid, it wqs attempted to explain the effects

      of hetero atoms in the five membered heteroaromatic rings from the stand point of

                                                   '                                             '      electronegatiVi'ty and polarisability.

      The interactions of the two substituents, X and Y, attached to thiophene ring have

  not been examined in detail owing to the following reasons : (A) the alpha-orienting power

  of ring sulphur atom is very strong, and (B) the relative positions of ortho, meta and

  para are complicated in the five membered ring. .
      It is desirable to elucidate the manner of these interactions in order to anticipate the

  reactions of substituted thiophenes. In this paper, choosing carboxylic group or -CH,COOH

  group as X and various substituents as Y, the effects of Y to the acid strength were

  determined. From these results, combined with what are already known about furan-

  carboxylic, benzoic and phenylacetic acid, it was attempted to explain the effects of the

  hetero atom in the five membered heteroaromatic compound.

                                   PROCEDURE

･ The dissociation constants of the acids were determined potentiometrically in water

  at 250C. By neglecting the activity coeMcient term, the pKa values can be calculated by

  the following equation ;

                                           at+[H"]1[S]
                            pKa =pH-IOg1-a,.[H+]/[S]

  in which at is the degree of titration, that is, number of moles of sodium hydroxide

  added!number of moles of total acid, [H"] is the hydrogen ･ion concentration (mol./1.),

  and [S] is the total concentration of acid (mol.!1.). The term of [H"]![S] cannot be

  neglected because dissociation constants of the samples are in order of 10'3rvlO-`. The

  * Department of Applied Chernistry, College of Engineering.



                       Hammett's law can .be

applied to thiophene ring, even if the effects of

the first substituent are considered apparently to

be transported to the second substituent merely

through the carbon chain of thiophene ring. The

rho-values calculated by the method of least square

were+1;076 for thiophenecarboxylic acids (5-chlo-

                                 ,ro- aud 4-methyl- derivatives were excluded in this

calculation) and +O.161 for thiopheneacetic acid,

respectivelY. In Fig. 1, rho-values afid the relation-

ships between sigma and lag Ka for benzoic, furan-

carboxylic and phenylacetic acid were reproduced

from literatures for comparisoni,2).

         Table 1. Result of the t'itration of

           in 50 ml. of water with O.09753N NaOH.

                         ,
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pKa values were determined bM averaging the values of pKa calculated from the values

of pH determined at several points near,half-neutralization.

                  ･- REsuLTs･ ''
    In Tables 1･-vlO there are recorded the results of titration of the samples. Fig, 1 shows

the relationship between the Hammett's sigrna-values and log Ka thusi obtained. In this

                                                                      '                                                                    'case, 5- and 4-positions are considered as para and meta to 2-position, respectively.

Fig. 1 shows that the
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    +as
d
logK-if

O.OM2 g. of 2-thiophenecarboxylic acid

" +a9

' NaOH
 '.mL .

2.000

2.568

3.000

3.496

pH at

3.38

3.57

3.68

3.84

O.3894

O.5000 ･

   t
O.5841

O.6ee6

[H+]×104
 mol./1.

[Total acid]×103
    mol./1.

'

i

1
f

4.17

2.69

2.09,

1.44

f
9.634

9.528

9.452

9.364

i
I

pKa

r :
'

3.50

3.49

3.49

3.48

average pKa==3t49,

Table 2. Result of the titration of
 carboxylic acid in 100 ml. of water

Ka =3.24 ×10-4.

 O.1032g. of
with O.09753 N

5-bromo-2-thi(rphene-
NaOH.

NaOH
 mL pH

15oo

2.000

2.554

'3.000

3.500

4.000'

3.17

3.29.

3.43

3.56

3.73

3.93

at

o.2937

O.3915 .

05000

O.5873

O.6852

O.783i

[H÷]×104
 mol./1.

6.76

5･13

3.72,

2.75

1.86

1.17

[Total acid]×103
    mol./1.

4.907

4.883

4.857

4.835

4.812

4.789

pKa

3.29

3.3Q

3.30

3.30

3.31

3.31

average pKa==3.30, Ka ==5.01 × lo-4-.
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   /Table '3. Result
  carboxylic acid

of'

in

the titration' of
100 ml. of water .

 o.ososg. 6f

with O.09753N
5-chloro-2-thiophene-

NaOH.

NaOH
 ml･ pH

1.500

2.000

2.M8

3.000

･ 3.25

  3.38

  3.52

  3.64

at

02943

O.3924

O.5000

O.5887

,..g×!e4
･11.

5.62

4.17

3.02

2.29

[Total acid]×103
    mol./1.

, pKa

4.895

4.871

4.845

4.824

3.41

3.42

3.41

3L4o

average pKa==3.41, Ka= 3.89 × 10--4

t

N

Table 4. Result
  carboxylic 'acid

of
in'

the titration of+ O.07tr5g. of

50 m!. of water with e09753N
4-methyl-2-thiophene-

NaOH.

NaOH
 .ml.

1.500

2.000

2.5V9

3.000

pH

l
･

1

3.44

3.61

3.80

3.92

at

1

1

O.2908

O.3878

O.5000

O.5816

[H+]×104
 mpl./1.

3.63

2.45

1.58

1.20

[Total acid]×103'
    mol./1.

9.766

9.673

9.566

9.490

pKa

i

3.75

3.76

3.77

3.75

average pKa =3.76, Ka= L 74×10-4

Table 5. Result
  carboxylic acid

of

in

the titration of O.0769g. of
50 ml. of water with O.09753N

5-methyl-2-thiophene;
NaOH.

NaOH
 ml. pH

/

ae

2.000

2.773

3.200

4.000

t

t

1
L

3.52

3.79

3.93

4.22

O.3606

O.5000

O.5770

O.7213

[H+]×104
      L mol./1.

3.02

1.62

1.17

O.60

[Total acid]×103
    mol./L pKa

10AO

10.25

10.16

10.01

'

l

3.72

3.76

3.77

3.79

average pKa=:3.76, Ka=:1.74×10-4 .

Table 6. Result
  acid in 50 ml.

of

of

the titration of.O.0862g. of

water with O.09753N NaOH.
4-nitro-2-thiophenecarboxylic

L

NaOH
 ml.

2.554

3.000

pH

3.00

3.12

at

O.5000

05880

[H+]×104
 mol./1.L

10.0

 7.59

[Total acid]×103
    mol./1.

l

9.467

9.386

pKa

2.81

2.81

average pKa=2.81, Ka=1.55×10-3
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Table 7.
 acid in

Result of
50 ml. . of

  ,F. IMoTQ and R. MoTOYAMA

                      .
the titration of O.0827g. of 5-nitro-2-thiophenecarboxylic
water with O.09753 N NaQH.

NaOH
 ml.

 O.500

 1.500

2.447

3.oeo

.- --t.,..ll.

 Table 8.
 . 50 ml.

    pff            . at

          t.....7t--.---....                    !   2.53 O.1022 '･                    1                    1
   2.70, -             O.3065                    J.
   2.gi' o.sooo I
                    i
   3.08             O.6130

        average..

 Result of the titration
of water with O.09753N

[H+]×104
 mol./1:

'"

[Total acid]×103
     mol./1.

1 pKa

        29.5                      9.451

        20.0                 ,･ 9.268

        12.3 .                      9.100

         8.32                      9.005

pKa=2.68, Ka==2.09×10'-3

    '           '

      of O.0716g. of 2-thiopheneacetic

     NaOH.

   2.68

   2.68

  ･ 2.67

  ,,2.70

tL. L..nttttttt..... .

acid in

1

NaOH
 ml. pH at [H+]×104

 mol./1.
[Total acid]xl03
   , moL/1. , pKa

                    ..
:iis･:,gii･i,ii･'g･s･g,gll:ii･i･;':･,i, g･i･Igi iiii

T95-09 .-.,... f-?//."-.T..L-.9L6m7.7e-- O.589 i ･9.4i3 3.sg

                               tt                                            ...t. t
               average pKa==3.89, Ka=1.29×10-4
                    .

Table 9. Result of the titration of O.0917g. of 5-chloro-2-thiopheneacetic
  acid in 50 ml. of water with O.09753N NaOH.

-'-"-"t'ttt'L'--T' t-"'Tttt                        'NaOH
 ml.

2.000

2.622

3.000

4.000

5.000

pH

3.71

3.8.6

4.01

4.41

5.10

at

OL3757

O.5000

O.5636

O.7514

O.9393

[H+] × 104
 moL/1.

1.95

1.38

O.977

O.389

O.0794

J

I

F

[Total acid]×103
    moL/1.

9.985

9.866

9.796

9.615

9.440

pKa

3.89

3.88

3.88

3.92

3.90

Table 10.

 acid in
 Result
5e ml. of

average pKa =3.89, Ka=1.29×10-'4

of the titration of O.0921 g. of 5-acetyl-2-thiopheneacetic

 water with O.09753N NaOH.

NaOH
 mL

1.500

2.000

2.563

4.000

4.500

pH ae
[H±] × 104
 mol./1.

/

3.45

3.61

3.79

4.34

4.63 F

v

O.2926

O.3901

O.5000

O.7801

O.7877 .

3.55

2.45

1.62

O.457

0234

[Total acid]×103
    moL/1. '

9.709

9.615

9.512

9.259

9.!74

pKa

3.76

3.76

3.76

3.76

3.76

average pKa ==3.76, Ka=1.74×10-4

-

'

.
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                ., ･DISCUSSION , .,,,.
J. Acid strength Qf non-substitUted a'cids. ' ''
    For the discussion of the results, it is appropriate to .begin with･ the comparisori･ of

acid strength of nonsubstituted acids, that is benzoic, furancarboxylic and thfoPhene-

gqrPoxyl,ic ,acid. In,these acids, n--elect:ons,.tepgl to flow ouS to cqrbQxyl group fTom

aromatic ring due to the strong electron attracting pQwer, of the fgrmer. To compare the

relative ease with which this outflow of n-electrons frgm aromatic ring takes p!ace, one

-Ci C- grogp of benzene ring is consideied to. correspond to a hetero atom. That is,

bepg.o,,.ic acid is compared, with hetergcyglic .compounds as indicated by the formula I.

Q),,,..,?i,gooH.iigl,e.",',JP,i,ZPel.d,e,ggkY,Oi.`le,,ba8,':.2f.8,OM.P."`g/rO,"',,,t,he,,V.aA:eS,,O,fgte,g',C.g".

                                  ' ,I 1 , abilities are in the order. of O<S<C==C. ConsequentlY, t#e relqtiveeasg,

of.oueaow of 7r--electrons must be in the order of O<S<C= C. The electrometric shift 6f

cq,rbonyl groqp which renders positive charge to the carbcn atom of the carboxyl group

is hindered by the,outfiow of electrons from ar,orpqtic ring, that is, the dissociation of

protpn is hinde.red. It is evident from the above consideration that the acid dissociation

copstant increases in the sequence benzoic<thiophenecarboxylic<furanc,arbox.ylic acid. ,

  ･ 2. The interpretation ef the rho-valires when the carboxyl groups are eonju-

gated with the arornatic rings. ,
 ' It is covenient to bigin with the 2-thiophenecarboxylic acid, whose 5-positionisoccu-

pied by a -M substituent. In such case, x-electrons tend to pass from the second substi-

tuent to thiophene ring. Such an inflow of n-electrons is accepted by ring carbon atQms

ahd sulphur atom. This results in a decrease of 6+ on sulphur atom produced by the

heteroaromatic resonance, and in an increase. of' 6- ''on each ring carbon atom. As a

result, 6+ on the carbon atom of carboxyl group tends to, decrease through the 2-carbon

atom, and the acidic dissociation of proton is impeded. ,Moreover, the decrease ,of,6+ on

sulphur atom results in a decrease of its F effegt which lowers the acid strength further.

The +M substituents effect con"ersely. Therefore, the value of rho takes +sign.

    Now, the specific behaviors of the different rings to the inflow' of n-electrons from a

--
M substituent should be considered. In case of furan ring, even if the -M substituent

is the same, much more n-electrons pass to the ring owing to the sttong e!ectronegativity

of ring oxygen atom. This accumulation of n-electrons in furan ring reduces its aroma-

ticity ind must be canceled by the outflow to carboxyl group. In case of thiophene ring,

as the electronegativity of sulphur is not so strong as oxygen, tl/ is accumulatiQn as well

as the tendency of outfiow to carboxyl group is smaller than ii the 6ase of furan ring.

                                            'As a result, the effects of -M substituents to the acid strength are greater with furan ring.

0ri the other hand, in case of +M substituents, as, furan ring resist against the outflow

of n-electrons, this mesomerism- must be resulted iri the outflow of z-electrons from

carboxyl group. With thiophene r'ing, according to the smaller electronegativity and
greater polarisability of sulphur atom, the tendency of outflow of it-electrons from carboxyl

greup is covered with ,the outfiow from the ring as compared with furan ring. As a result,
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also in this case, the effects of substitueqts are smaller with thiophene ring. By the

similar cQnsideration, it is recognized that the effectp of sybstituents,are much sfiialler

with.b.enzene ;ing. In･conclusion,, the rho-value increases in the sequenqe･ furan>thiophene

>benzene. ･. . . , ,. ,
i'op,jiig:･Si,t",i.lllliP/i,ii!aa'iiS,2.:'gfc,i:,ll,i::i..r･h,',lal:S.g//"1,,!S.,Z,i,.a'.Oi',:,i.101,"S,,-g,Ie],,10.l

between the substituents and rings is affected 'remarkably by the electron withdrqWing

poWer of ring hetero atoms. When the carbgxyl groups are conjugated with ring, it

suffers this effect directly, resulting in the greater rho-values of heterocyclic comp6unds.

Howeve,r, when the carboxyl groups are separated from the aromatic rings by a methylene

group, as in the case'  of thiOpheneaCetic acid,'there is no polarisability effect but that ii g

b'fought about through inductive mechanism. That is, in this case, there is onlyatrans-

rnission of a change induced by substituents in electronic charges on alpha-carbon qtom

through I effect.' Now, an infiow of n-electrons into a ring from a -M substituent can

6e accomodated by a hetero atom. In case of +M substituent, a hetero atom hindqrs an

outflow of 7r-electrons from a ring. All the above effects reduce the change in eleQtronic

chhrge on alpha-c'arbon atom, and･these effects can be considered to increase 'in the

                                                                           t.".sequence ,furan->thiophene->benzene- ring from the stand point of electronegativities qnd･

polarisabilities. As a result, in･ this case, the effects of substituents should decre' ase in

the sequence of furan<thiophene-<benzen-- ring, although no data can be obtained with

furan acetic acid in the present situation. ･

          '

      . EXPERIIMENTAL         '
   All melting points are uncorrected. '
   iMaterials. The carboxylic acids used were prepared as follows,

   Qx,s]i'HA,,liOilr,,(ixs]ixcocH, NNa,Oo-CH/ Qxs/!ix.ll'ooH

         '                                      m.p. 126-1280C
                       '
                Naocl                                   5)                            11t                                il
                 HLr ci/Xs/XcooH
                          m.p. 146-146.50C

   m -Br= n pF 6)
   Xs/XcooH-so%AcoH Br/Xs/XcooH '
         , m.p. 141-1420C ･ No, 8) 1
                wto3 1n')･ IiT･
                 Ac,O 02N/XS/XCOOH ,                                               Xs/XCOOH

              , m.p. 157-1580C                                               m.p. 153-1540C
            '           '
  'H,c/4ixs]i 9' '' HA,Cp-2oO, Hlc/ixi slix6ocH, NNaaOo'llli" H,c/(ixsYLix`c'ooH '1

         '' ' ' m.p. 137-1380C                                                  '
                                            '
                        '
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                                           '   9H3 '' 10) p2s3 '9H3 1!) Na-Hg 'co, TCH3 12)'''' '''' ''
   g/oHoN. Cc/Ho2oN. H- Vsl. c,figit;r' ""--'ilxsY)ixcooH ,'''"

              ' m.p. 122-124CC ,
   ixl.,JlHi,Y-,-O1×1,]1×,.,,,-K-g'k,YxL".,,. -K･g"kls./.ilx,:,""H,2,ep,oH''

                                                                        '   CH30eq <ii s/iixcH,coocH, iCitliOiir' cH,co/<i s2KcH,coocH3

   -K-OH ei lf i`) .'
          CH,CO/XS/XCH,COOH .

   '' m.p. 13e-131ec .
                                                                      '   kl s? SOb'C12 .,/lxl ,il i5' H.C//S',,/ksllxc.,,,'KriCN c,/1<gA'c3'H,cN

   cgthn/ cl/kls?ixcH,?locH, ttQcl/Os/xcH,coocH,-Kog-

                        NH･HC! .
                                   '      - -,r 14)   ci/k s li x･cH,cooH

      m.p. 66-670C

                 '
 , These carboxylic acids were purified by repeated recrystallizaticins to show the cons-

tant melting points as indicated ,above.

   Determination. of dissociation conNta"ts. Conductance VVater. The conductance
                                                           'i
water was prepared with ion exchartge raet"s (Dow Chem. Co.) by the mixed bed system,

                                'and reserved in a pyrex glass bottle. a,IN Sodium Hlydroxide Solatian. Metallic

sodium was dissolved in conductance watar qpd reserved in a pyrex glass bottle protected
from carbon dloxide,with soda-lime tube. The solution was siphonea into a micro-buret

(graduated in O.Ol pa1.) suspended over the bath as required. PH Meter. Glass electrode
                                                            it'pH meter combined with saturated caromel qlgeptrode was made after Okuda and Maruyama

using IA7GT valve'6). It was calibrated in the same conditions of t･ifration against stan-

dard buffer solutions of pH 1.20, 3.15, 5.12, fi."2 and 6.90. Its pH-mV curve was obtained

by the method of least square. The accurgcy was ±O.02pH. The pH ge. eter was occasion-

al!y checked up by titrating pure benzQia acid, revealing always satisfactory results.

Determination of PKa value.s. A sample gS, about O.OO05mole was taken in 200Ml.

pyrex glass beaker and weighed accurately, , Fifty ml. of conductance'water was pipetted

into the beaker and the sample was dissolved, In case of 5-bromo- anq 5-chlorothi'ophene-

carboxylic acid, 100ml. of water was qsed because of their low sQlubility. Then the

beaker was placed in constant-temperaturG bath of 25.00±O.050C. When the temperature
equilibrium was obtained, appropriate ameupts of sodium hydroxide s61ution were added

succesively and pH values were measured at each addition. At half-neutralization point,

accurately the calculated amount of sodiupa hydroxide solution was added.

                                  i
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