
INDUCTIVE E F F E C T IN S E R I E S O F N I T R A M I N O M O N O C A R B O X Y L I C 
AND -DICARBOXYLIC ACIDS 

A series of nitraminomonocarboxylic and -dicarboxylic acids have been prepared, and their 
dissociation constants have been determined in water and 80% methylcellosolve. Electrostatic 
contribution to the difference in the dissociation constants has been compared according to the 
Maclnnes, Kirkwood-Westheimer, and inductive models. The best agreement was obtained with 
the Kirkwood-Westheimer model. 

In previous papers we described preparat ion of nitraminodicarboxylic acids either 
by nitration of structurally suitable aminonitri ls1 or by nitrolytic splitting of 1,3,5-
tri(cyanomethyl)hexahydro-s-triazine2 . In connection with studies of influence 
of structure of these dibasic acids on their dissociation constants, we have now 
prepared new nitraminomonocarboxylic and -dicarboxylic acids and their derivati-
ves. With respect to that the acid-base properties of ni t ramino acids have not yet 
been studied systematically (the only pK a value published so far was that of 4-nitro-
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R(CH2)XN(CH2)YCOOH 

NO2 

I CH3 0 1 
II CH3 0 2 
III COOH 1 1 

R x y R x y 
IV COOH 1 2 
V COOH 2 2 

R(CH2)XN(CH2)YN(CH2)ZCOOH 

NO2 NO2 

R x y z R x y z 
VI CH3 0 2 1 
VII CH3 0 2 2 
VIII COOH 1 1 1 
IX COOH 1 2 1 
X COOH 1 3 1 

XI COOH 2 1 2 
XII COOH 2 2 2 
XIII COOH 2 3 2 
XIV COOH 2 6 2 
XV COOH 2 10 2 
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434 Kaderabek, Kalfus: 

-4-azaheptanedioic acid in aqueous med ium 3 ) the purpose of the present Paper 
is the de terminat ion of dissociation constants of the prepared series of acids I - V 
and VI— XV and a study of influence of n i t r amino group and length of the ali-
phat ic chain on p K a value. 

EXPERIMENTAL 

The melting points were determined with a Kofler apparatus and are uncorrected. Purity of the 
compounds was checked by paper chromatography with descendent arrangement using Whatman 
No 3 paper impregnated with formamide and eluent systems 1,2-dichloroethane (Sj), chloroform 
(S2) and tetrachloromethane-chloroform (1:1) (S3). The spots were made visible by the modi-

TABLE I 

Dissociation Constants of Aliphatic Nitraminomonocarboxylic and Dicarboxylic Acids at 25°C 
in Water (piT) and 80% Methylcellosolve (pK") 

Substance M.p., °C v(C PK[ pK'2 pK'[ pK'{ 

/ 9 9 - 1 0 0 " 1 7 2 2 3 1 9 - 5 - 1 0 — 

II 5 2 - 53 f c 1 7 0 2 , 1 7 2 4 4 - 1 6 - 5 - 7 2 — 

III 1 5 3 — 1 5 5 c 1 7 2 3 2 - 3 1 4 - 2 2 4 - 9 3 6 - 8 4 

IV 1 6 5 — 1 6 9 d 1 7 1 1 3 - 1 5 4 - 6 3 5 - 4 9 7 - 0 9 

V 1 6 2 — 162-5® 1 7 1 7 3 - 7 7 J 5-01f 5 - 5 9 / 6 - 8 9 

VI 1 2 6 — 1 2 9 1 7 2 3 3 - 2 3 - 5 1 1 -

VII 1 1 8 - 1 1 9 1 7 0 3 , 1 7 2 2 4 - 2 1 - 6 - 0 8 -

VIII 2 0 7 - 2 1 1 3 1 7 1 5 3 - 4 9 4 - 7 3 5 1 3 5 - 8 0 

IX 2 0 7 - 2 0 9 h 1 7 2 3 3 - 4 7 4 - 5 8 5 - 2 1 5 - 8 2 

X 1 4 6 — 1 4 8 1 7 2 5 3 - 4 9 4 - 5 1 5 - 2 9 5 - 8 8 

XI 1 8 9 - 1 9 3 ' 1 7 1 0 3 - 9 4 4 - 9 0 6 - 0 2 6 - 7 5 

XII 1 4 1 — 1 4 3 J 1 7 1 5 3 - 8 8 4 - 8 3 6 - 0 4 6 - 6 7 

XIII 1 4 2 - 1 4 3 f c 1 6 9 7 3 - 9 0 4 - 8 1 5 - 8 4 6 - 4 9 

XIV 1 3 6 — 1 3 8 - 5 ' 1 7 3 1 3 - 9 9 4 - 7 2 5 - 9 8 6 - 6 5 

XV 1 2 6 - 1 3 0 1 7 2 9 m m 6 - 1 1 6 - 6 3 

a Ref.9 gives 99-100°C; 6 ref.10 gives 53-54°C; c r e f . n gives 155°C; ' 'ref.1 gives 165-169°C; 
e ref.12 gives 163-166°C; f ref.3 gives pK t 3-78 and pK2 5-02; 9 ref.2 gives 207-211°C; href.13 

gives 207—209°C; ' ref.14 gives 189-193°C; j ref.15 gives 141-5-142-5°C; *ref.16 gives 141°C; 
'ref.13 gives 138-5 — 140°C; m the substance is insoluble in water. 
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Nitraminomonocarboxylic and -dicarboxylic Acids 435 

fied Franchimont test described previously4 . The IR spectra were measured in nujol with a UR-20 
spectrophotometer (Zeiss, Jena). Specification of the acids and references concerning their 
preparation are given in Table I. Samples of the acids for determination of dissociation constants 
were kept in vacuo over phosphorus pentoxide. 

3,7-Dinitro-3,7-diazanonanedinitriIe 

To a suspension of potassium cyanide (6-5 g, 0 1 0 mol) in water (3 0 ml) 1,3-diaminopropane 
hydrochloride (7-35 g, 0-05 mol) in water (17-0 ml) was added dropwise with stirring and cooling 
at 0°C, and, after raising the temperature to 10°C, 37% formaline (8-2 g, 0-10 mol) was added 
drop by drop. The solution was stirred for another one hour. After extraction with 1,2-dichloro-
ethane (4 X 20 ml), 4-3 g extract was obtained which, during vacuum distillation, underwent 
decomposition with evolution of hydrogen cyanide. Therefore the liquid was added dropwise 
to 65% nitric acid (14 ml) and, after addition of ethanol (40 ml) and ether (10 ml) and cooling 
to 0°C, the dinitrate was filtered off (2-6 g; 29%) having m.p. 130—145°C; after recrystallization 
(5% nitric acid and ethanol 1 : 4 by vol.) it melted at 148 -155°C . For ( N C C H 2 N H 2 ( C H 2 ) 3 . 
. N H 2 C H 2 C N ) 2 + .2 N O ^ (278-2) calculated (found): 45-3 (45-2) % H N 0 3 (nitrone). The di-
nitrate prepared (1-2 g, 0 0043 mol) was introduced into a mixture of acetanhydride (1-5 ml, 
0 0157 mol), 99% nitric acid (0-1 ml) and 37% hydrochloric acid (0-1 ml). Temperature of the 
mixture was maintained at 15 to 20°C, and a drop of hydrochloric acid was added every 15 minu-
tes. At the end of the reaction the suspension was poured into water (4-0 ml), and the substance 
precipitated was filtered off and washed with water. After drying 0-8 g (77-1%) product was 
obtained melting at 130— 138°C; after crystallization f rom acetonitrile it melted at 139—142°C. 
For C 7 H J 0 N 6 O 4 (242-2) calculated: 34-71% C, 4-16% H, 34-70% N; found: 34-71% C, 4-32% H, 
34-42% N; IR spectrum: v ( N 0 2 ) 1284, 1520 c m - 1 , v ( C = N ) 2245 c m " 1 . RF 0-23 (S,). 

4,11 -Dinitro-4,11 -diazatetradecanedinitrile 

Hexamethylenediamine (23-2 g, 0-2 mol) was added to freshly distilled acrylonitrile (21-2 g, 
0-4 mol) at 10°C. The addition of the amine to acrylonitrile was finished by 10 h. heating of the 
reaction mixture on water bath under reflux. The mixture of substances obtained on cooling 
was introduced into 65% nitric acid (51 g, 0-809 mol), and the product precipitated on dilution 
with ethanol (80 ml) and ether (20 ml) was filtered off and washed with ethanol and ether. Yield 
64-4 g substance melting at 94—102°C; after recrystallization (ethanol-water 1 : 10) it melted 
at 115—119°C. For ( N C C H 2 C H 2 N H 2 ( C H 2 ) 6 N H 2 C H 2 C H 2 C N ) 2 + .2 N O J (348-3) calculated: 
(found): 36-18 (35-06) % H N O a (nitrone). The nitration procedure of the obtained product was 
the same as that of preparation of the dinitrile of the compound X, the amounts taken in reaction 
being: 3-26 g of the product obtained, 4-8 ml acetanhydride, 0-18 ml 99% nitric acid and 0-1 ml 
37% hydrochloric acid. After 2 hours of reaction at 25°C the substance dissolved, and the di-
nitrile precipitated on dilution with water (5 ml) was filtered off, and washed with ethanol and 
ether. Yield 2-1 g (72%) dinitrile m.p. 81 —83°C; after recrystallization (ethanol) it melted at 86 to 
89-5°C. For C 1 2 H 2 0 N 6 O 4 (312-3) calculated: 46-14% C, 6-45% H, 26-90% N; found: 46-30% C, 
6-63% H, 27-10% N; IR spectrum: v ( N 0 2 ) 1279, 1288, 1514 c m " 1 ; v (C--N) 2242, 2249 c m - 1 . 
Rf 0-83 (Sx). 

4 ,15-Din i t ro -4 ,15-d iazaoc tadecanedin i t r i l e 

Decamethylenediamine (17-2 g, 0-1 mol) was sprinkled in acrylonitrile (10-6 g, 0-21 mol) and the 
suspension was refluxed on water bath for 20 hours. On cooling to 20°C and filtration 30-8 g 
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substance was obtained which was, without any further treatment, dissolved in ethanol (70 ml); 
to the solution obtained 65% nitric acid (15-4 g, 0-244 mol) was added dropwise with stirring 
at 30 —35°C. The suspension obtained was cooled at 25°C, diluted with ether (40 ml), and the 
substance precipitated was filtered off. Yield 31-3 g (76-6%), m.p. 140—150°C. The product 
obtained was nitrated with a nitration mixture of acetanhydride (46-2 ml, 0-483 mol), 99% nitric 
acid (1-8 ml, 0-043 mol) and 37% hydrochloric acid (0-5 ml) at the temperature 35 —40°C for one 
hour. Every 15 minutes further portions (0-1 ml) of hydrochloric acid were added dropwise. 
Yield of dinitrile was 10-1 g (27-6%), m.p. 59— 62°C; after recrystallization (ethanol) it melted 
at 76—78°C. For C 1 6 H 2 8 N 6 0 4 (368-4) calculated: 52-15% C, 7-66% H, 22-81% N; found: 
52-14% C, 7-85% H, 22-57% N; IR spectrum: v ( N 0 2 ) 1287, 1502 c m - 1 ; v ( C = N ) 2245 c m - 1 . 
R f 0-90 (Sx). 

Nitraminomonocarboxylic and-dicarboxylic Acids VI, VII, X, XIVand XV 

Procedure A. Acid nitrile5 VI resp. dinitrile X (1-0 g) was heated with 37% hydrochloric acid 
(5-5 ml resp. 10 ml) under reflux on a water bath for 3 hours. The solution was concentrated 
in vacuo, and the obtained evaporation residue was extracted with acetone, the insoluble portion 
was filtered off, and the acetone solution was evaporated. The obtained acid VI resp. diacid X 
(after washing with ether) was crystallized f rom water. 

Procedure B. Acid nitrile6 VII and dinitriles of acids XVI and XV (10 g) were hydrolyzed 
in 37% hydrochloric acid (5, 10 and 10 ml, respectively) by refluxing on a water bath for 3, 2 and 
5 hours, respectively. In hydrolysis of acid XV dinitrile the hydrochloric acid was added in two 
portions; 5 ml at the beginning of the reaction and 5 ml after one hour of the hydrolysis. After 
cooling the hydrolysate to 10°C the precipitated acid VII resp. diacids XIV and XV were filtered 
off, washed with water and recrystallized. 

3,6-Dinitro-3,6-diazaheptanoic acid (VI) was prepared by the procedure A, yield 78%, m.p. 
122—128°C; after recrystallization (water) it melted at 126-129°C . For C 5 H 1 0 N 4 O 6 (222-2) 
calculated: 27-03% C, 4-53% H, 25-10% N; found: 27-16% C, 4-53% H, 25-30% N; IR 
spectrum: v ( C = 0 ) 1723 c m - 1 . Methyl ester: Dry hydrogen chloride gas was introduced into 
suspension of the nitrile (4-2 g) in methanol (55 ml) at 20—30°C until saturation. The solution 
obtained was concentrated to 1/5 of the original volume, diluted with water and extracted with 
dichloromethane (3 . 10 ml). By evaporation of the solvent the ester of the compound VI was 
obtained in a yield of 3-7 g (77-1%), m.p. 50-5—53-0°C; after recrystallization (methanol) it melted 
at 52 —54°C. For C 6 H 1 2 N 4 0 6 (236-2) calculated: 30-51% C, 5-12% H, 23-73% N; found: 30-78% 
C, 5-26% H, 23-47% N; IR spectrum: v ( N 0 2 ) 1273, 1528 c m - 1 . v ( C = 0 ) 1748 c m - 1 . R F 0-56 
(S2), 0-14 (S3). 

4,l-DinitroA,l-diazaoctanoic acid (VII) was prepared by the procedure B in the yield 97-4%, 
m.p. 117— 118°C; after recrystallization ( H 2 0 ) it melted at 1 1 8 - 1 1 9 ° C . For C 6 H 1 2 N 4 0 6 

(236-2) calculated: 30-51% C, 5-12% H, 23-71% N; found: 30-22% C, 5-17% H, 23-69% N; IR 
spectrum: v ( N 0 2 ) 1277, 1291, 1528 c m - 1 , v ( 0 = 0 ) 1703, 1722 c m - 1 . 

3,1 -Dinitro-3,1 -diazanonanedioic acid (X) was prepared by the procedure A in the yield 44-8% 
m.p. 141 — 147°C; after recrystallization ( H 2 0 ) it melted at 146 -148°C . For C 7 H 1 2 N 4 0 8 

(280-2) calculated: 30-00% C, 4-32% H, 20 00% N; found: 29-91% C, 4-45% H, 19-80% N; IR 
spectrum v ( N 0 2 ) 1291, 1 512 c m - \ v ( C = 0 ) 1710 c m - 1 . 

4,ll-Dinitro-4,ll-diazatetradecanedioic acid (XIV) was prepared by the procedure B in the 
yield 86%, m.p. 135-138°C; after recrystallization (ethanol) it melted at 136-5-138-5°C. For 
C 1 2 H 2 2 N 4 0 8 (350-3) calculated: 41-14% C, 6-33% H, 15-99% N; found: 41-01% C, 6-37% H, 
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16 02% N; IR spectrum: v ( N 0 2 ) 1281, 1505 cm \ v ( C = 0 ) 1733 cm 1 . Dimethyl ester. The 
compound XIV {5 0 g) was heated in thionyl chloride (12 ml) with addition of dimethylformamide 
(0-1 ml) at 40°C for one hour. Thereafter the excess thionyl chloride was distilled and the resi-
due was stirred with methanol (50 ml) at 25°C for one hour . After distilling methanol the resi-
due was mixed with water, the insoluble residue was filtered off and washed with water, methanol 
and ether. Yield 3-9 g (72-2%), m.p. 41 —43°C; after recrystallization (methanol) the substance 
melted at 41-5-43-5°C. For C 1 4 H 2 6 N 4 0 8 (378-4) calculated: 44-43% C, 6-92% H, 14-80% N; 
found: 44-35% C, 7-15% H, 14-87% N; IR spectrum: v ( N 0 2 ) 1288, 1508 c m " 1 ; v ( C = 0 ) 1735 
c m - 1 . 

4,\5-Dinitro-A,\5-diazaoctadecanedioic acid (XV) was prepared by the procedure B in the yield 
74-2%, m.p. 127—130°C; after recrystallization ( H 2 0 ) the product melted at 127—130°C. For 
C 1 6 H 3 0 N 4 O 8 (406-4) calculated: 47-28% C, 7-44% H, 13-78% N; found: 47-02% C, 7-24% H, 
13-93% N; IR spectrum: v ( N 0 2 ) 1282, 1295, 1508 c m - 1 . v ( C = 0 ) 1728 c m - 1 . Dimethyl ester. 
The compound XV was esterified by the procedure described in preparation of the ester of acid 
XIV. Yield 65-0%, m.p. 29—31°C; after recrystallization (methanol) the product melted at 31 to 
31-5°C. For C 1 8 H 3 4 N 4 0 8 (434-5) calculated: 49-76% C, 7-88% H, 12-89% N; found: 49-99% C, 
8-14% H, 12-98% N; IR spectrum: v ( N 0 2 ) 1 288, 1 510 c m - \ v ( C = 0 ) 1 730 c m - 1 . 

Determination of Dissociation Constants 

The dissociation constants were determined by potentiometric t i trat ion7 of monoacid and diacid 
solutions having concentrations 5 . 10~3m and 2-5 . 1 0 - 3 m , respectively, in water and 80% 
aqueous methylcellosolve. In the both cases 0-1m aqueous tetramethylamonium hydroxide was 
used as the titration reagent. pH values of the solutions were determined with the use of a P H M 4 
apparatus (Radiometer, Copenhagen). Dissociation constants of the diacids were obtained by the 
method of Noyes described by Albert and Serjeant8 using the equations K1 = (y1z2 — J ^ i ) : 

— xiyl) a n d Ki = (*1Z2 ~ x2zi)l(y\z2 — yizi)> where x = [H + ] (B — C + [H + ]), 
y = 2C— ( B + [H + ]), and z = [H] + 2 ( £ + [H + ]). B stands for concentration of the base 
added and C is total concentration of the acid. Calculation was carried out according to a pro-
gramme in Autocode MOST with a digital computer Odra 1013. The programme involved the 
corrections for dilution and influence of [H + ]. 

RESULTS AND DISCUSSION 

Dissoc ia t ion c o n s t a n t s of n i t r a m i n o m o n o c a r b o x y l i c a n d d i c a r b o x y l i c a c i d s in w a t e r 

and 80% (by w t . ) m e t h y l c e l l o s o l v e a r e g iven in T a b l e I . S u b s t i t u t i o n o f a m e t h y l e n e 

g roup in t h e c h a i n o f a l i p h a t i c a c i d b y a n i t r a m i n o g r o u p r e su l t s in a n a c i d i t y in -

crease. C o m p a r i s o n o f p K a o f b u t y r i c a c i d (4-85) w i t h t h a t o f 3 - n i t r o - 3 - a z a b u t a n o i c 

acid (I) ( 3 1 9 ) , o r p K a o f e n a n t h i c a c i d (4-89) w i t h t h a t of 3 , 6 - d i n i t r o - 3 , 6 - d i a z a h e p t a -

noic acid ( V I ) (3-23) s h o w s t h a t t h e p K a d i f f e r e n c e is 1-66 in t h e b o t h cases . T h i s 

identical p K a d i f f e r e n c e sugges t s t h a t t h e s u b s t i t u t i o n of a m e t h y l e n e g r o u p in p o s i -

tion 3 by a n i t r a m i n o g r o u p a f f e c t s t h e ac id i ty s u b s t a n t i a l l y , w h e r e a s t h e s a m e 

subs t i tu t ion in t h e p o s i t i o n 6 h a s n o f u r t h e r e f f ec t o n ac id i t y . T h e s t r o n g e f f ec t 

P p o s i t i o n t o c a r b o x y l i c g r o u p is d u e t o e l e c t r o n - w i t h d r a w i n g N 0 2 g r o u p a n d 

subst i tu t ion of a c h a i n c a r b o n a t o m by n i t r o g e n . 
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Separation of nitramino group f rom carboxylic group by two methylene groups 
is manifested by an acidity increase, however, the second methylene group diminishes 
the pK a difference to mere 0-67. Thus pK a of valeric acid (4-81) and 4-nitro-4-aza-
pentanoic acid ( / / ) (4-16), caprylic acid (4-90) and 4.7-dinitro-4,7-diazaoctanoic 
acid (VII) (4-21) show the mentioned decrease of inductive effect. When comparing 
the influence of a second nitramino group in the chain separated f rom the first one 
by again two methylene groups it must be stated that no acidity increase is observed 
with acids VII compared to II as it was the case with the pair I and VI. 

The carboxylic acids studied can be hold for substituted acetic acids. For correla-
tion according to the Hammett equation the Taft 's aliphatic <7, constants17 were 
used. By the least squares method linear regressions were calculated from the known 
<7, and pK a values in water1 8 ( / ) and 80% (by wt.) methylcellosolve15 (Eq. (2)). With 
the use of these equations and the measured pK a values it was possible to calculate <r, 
constants for the following substituents: C H 3 N ( N 0 2 ) — (A), C H 3 N ( N 0 2 ) C H 2 — (B), 
C H 3 N ( N 0 2 ) ( C H 2 ) 2 N ( N 0 2 ) — (C) and C H 3 N ( N 0 2 ) ( C H 2 ) 2 N ( N 0 2 ) C H 2 — ( D ) . 

pK'a = 4-899 —4-349(7, ; s = ±0-070 ; r = 0-998 (water) (1) 

pK'a = 6-838-3-770cr, ; s = +0-035 ; r = 0-999 (80% methylcellosolve) (2) 

Substituent A B C D 

a, 0-428 0-233 0-432 0-180 

F r o m the results it follows that insertion of a methylene group between the substi-
tuent A or C and carboxylic group results in decrese of <7,. 

Substitution of a methylene group by nitramino group in dicarboxylic acids results 
in an acidity increase, too, the difference being observed with the both pKa values. 
The largest acidity increase in water is encountered in the case of pentanedioic acid 
(pK[ 4-32; pK'2 5-46) and 3-nitro-3-azapentanedioic acid (ill) (pK[ 2-31; p K 2 4-22), 
i.e. ApK[ and ApK2 are 2-01 and 1-24, respectively. With increasing chain length 
the difference in pKa is gradually decreased. In the case of heptanedioic and 4-nitro-
-4-azaheptanedioic acids the respective differences are ApK[ 0-69, ApK 2 0-41. Intro-
duction of a further nitramino group increases ApKa. For 3,5-dinitro-3,5-diazahep-
tanedioic acid the values ApK[ and ApK'2 are 0-97 and 0-75, respectively. 3-Aza-
pentanedioic acid3 is about equally acidic as 3-nitropentanedioic acid3, and 3-nitro-
-3-azapentanedioic acid ( i l l ) measured by us corresponds in its acidity to 3,3-di-
nitropentanedioic acid3. 

The difference between the both pKa values of a dicarboxylic acid is characteristical. 
It decreases with increasing chain length between the both carboxylic groups, which 
reflects the effect of the charge of carboxylate group on dissociation of the other 
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carboxylic group. This change can be predicted on the basis of an electrostatic 
calculation. M a c l n n e s 1 9 proposed a simple relation (3), where C and S are con-
stants, and n stands for the number of atoms of the aliphatic chain between the 
both carboxylic groups. The constant C should express the difference p K 2 — p K t 

of a dicarboxylic acid with infinite aliphatic chain. Theoretically the constant C 
should be equal to statistical factor (log 4). 

pKr = p K 2 - pKt = C + Sjn (3) 

From the results of measurements of Bonhomme 2 0 who determined the pK a 

values of dicarboxylic acids of the type H O O C ( C H 2 ) n C O O H for n = 3 to 8 in aque-
ous and aqueous-ethanolic solutions (20, 40, 60, 80% C 2 H 5 O H ) and f rom the values 
of C constants determined by her (which are within 0-68 and 1-02 for 40% and 80% 
C 2 H 5 OH, respectively) a discrepancy can be seen with respect to the abovementioned 
theory. The result of measurements in 40% C 2 H 5 O H is closest to the theoretical 
value. Also the results of our measurements of pK a of nitraminodicarboxylic acids 
and the C values determined differ considerably f rom the value of statistical factor. 

The results of linear regressions according to Eq. (3) are given in Table II and Fig. 1. 
The constant C is the same for all the measurements in water and in methylcellosolve, 
its average value being 0-372. Whereas the p K r values calculated for the results 
of measurements in water lie on one straight line, those determined in methylcello-
solve divided into three groups with different slopes S: acids III— V(having only one 

TABLE I I 

Linear Regression for Dicarbocylic Acids according to Eq. (J) 

Acids Solvent C 5 ra na 

Alkanoicfc H2O 0-774 1-110 0-945 6 
40% C2H5OH 0-681 1-511 0-912 8 
80% C2H5OH 1-018 1-611 0-947 8 
80% MCSC 0-831 1-207 0-980 6 

III-XIV H2O 0-346 4-572 0-990 8 

III - V 80% MCSC 0-412 4-572 0-993 3 

VIII-X 80% MCSC 0-378 1-440 0-990 3 

XI-XV 80% MCSC 0-356 2-576 0-972 5 

r Correlation coefficient; n number of members for correlation; h see ref.20; c MCS = methylcel-
losolve. 
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ni t ramino group in their chain), VIII—X (where n i t ramino groups are separated 
f r o m carboxylic groups by one methylene group) and XI —XV (with two methylene 
groups between n i t ramino and carboxylic groups). There is a lmost no difference 
between the values of slopes calculated for dicarboxylic acids of the type HOOC. 
. ( C H 2 ) n C O O H (n = 1 to 8) in water (S = M l ) and in 80% methylcellosolve (S = 
= 1-20), the bo th values being close to unity. Wi th ni t raminodicarboxylic acids the 
values of the slope S are considerably differing and are higher than those of ali-
phat ic acids with carbon chains. 

There are two fur ther models much more impor tan t fo r correlat ion of transmission 
of po lar effects of subst i tuents ' inductive mode l 2 1 and Ki rkwood-Wes the imer model. 
The fo rmer presumes polarisat ion of bonds between the substi tuent and the reaction 
centre. The influence of a substi tuent depends on number and na ture of inserted 
a toms. This mode l can be expressed by Eq. (4), where £ is t ransmission coefficient 
of a toms inserted between the substituent and reaction centre. Value of 

l o g ( K 1 / 4 K 2 ) = Qo&n (4) 

TABLE I I I 

Comparison of the Aptf H 2 ° F o u n d and Calculated according to Method of Kirkwood and West-
heimer 

Calculated 
Acid Found 

RA
M RB RC

F DI 

III 1-31 1-05 1-18 1-35 12-5 

IV 0-87 0-72 0-86 106 150 

V 0-71 0-54 0-64 0-81 18-6 

VIII 0-63 0-48 0-57 0-72 20-1 

IX 0-50 0-41 0-50 0-69 20-2 

X 0-42 0-30 0-40 0-52 25-5 

XI 0-36 0-30 0-40 0-52 25-5 

XII 0-34 0-27 0-34 0-49 25-5 

XIV 012 010 014 0-22 500 

a Rm distance of the protons of carboxylic groups in the maximum extended molecule; 6 R arith-
metic mean of the proton distances; C RF distance of the protons in a molecule having free rotation; 
D DE effective dielectric constant. 
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this coefficient depends on both the atoms and bonds between them22; n bonds have 
higher transmission coefficients than the saturated bonds e.g. sp3 and sp2 carbon 
atoms have 0-48 and 0-67, respectively. 

When correlating the acids measured by us (III—XIV) in water we obtained e = 1-29. 
This calculated value of e is much too high, even though there are also nitrogen 
atoms with free electron pair in the chain. However, the number of sp3 carbon 
atoms in the chain of the molecules is higher, and the s values should be substantially 
lower. Therefrom it can be deduced that the inductive model does not fit our case. 

FIG. 1 
Dependence of Difference in Dissociation 
Constants (pA>) on Distance of Carboxylic 
Groups (1 jn) 

80% methylcellosolve: 1 acids VIII-X 
(o), 2 XI-XV (•), 4 III- V ( 3 ) ; water: 3 
acids III-V, VIII-X and XII-XV (©). 

The latter model considers the electrostatic influence of the field. Kirkwood and 
Westheimer23 presumed the molecule located in a cavity with low dielectric constant 
surrounded by solvent. For dipolar substituents they derived Eq. (5), where 

l o g ^ i / f f X j ) = e2l2-303kRTDj: (5) 

the important factors are the dielectric constant (De, which is a function of the shape 
and size of the molecule) and the distance of the protons (R). For determination 
of De of the molecule it was necessary, first of all, to calculate its volume. The van der 
Waals volume was calculated from atomic increments24, and DE was calculated 
according to Edward25. The results are given in Table III. Comparison of the found 
and the calculated ApK values shows that the model of a molecule with free rotation 
nts well the acids I I I to V. For longer chains better agreement was attained with 
average R values calculated as an arithmetic mean between freely rotating and 
maximum expanded chain (R = (RF + RM)l2). 
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On the basis of the results obtained and comparisons carried out it can be stated 
that out of the three considered models for correlation of dissociation constants 
and molecular structure of dicarboxylic acids the electrostatic model fits best, the 
transmission of polar effects of substituents being not dependent on nature and num-
ber of the atoms located between the two carboxylic groups. 

Elemental analyses were carried out in the Analytical Chemistry Department and IR spectra 
measured in the Organic Technology Department. The authors are indebted to Mrs M. Novakovafor 
technical assistance during experimental work. 

REFERENCES 

1. Kaderabek V., Denkstein J.: This Journal 31, 2915 (1966). 
2. Denkstein J., Kaderabek V.: This Journal 31, 2928 (1966). 
3. Novikov S. S., Ivanova I. S., Bogdanova G. F., Alexejeva T. A., Konnova Yu. V.: Izv. 

Akad. Nauk SSSR, Ser. Khim. 1966, 753. 
4. Franchimont A. P. N.: Rec. Trav. Chim. Pays-Bas 16, 226 (1897). 
5. Zeman S.: Thesis. Institute of Chemical Technology, Pardubice 1966. 
6. Sobotka M.: Thesis. Institute of Chemical Technology, Pardubice 1968. 
7. Simon W., Lyssy G. H., Morikofer A., Heilbronner E.: Zusammenstellung von Scheinbaren 

Dissoziationskonstanten im Losungsmittelsystem Methylcellosolve-Wasser. Julius Verlag, 
Zurich 1959. 

8. Albert A., Serjeant E. P.: Ionisation Constants, A Laboratory Manual. Methuen, London 
1962. 

9. Frankel M. B., Vanneman R. C.: J. Org. Chem. 23, 1812 (1958). 
10. Klager K., Frankel M. B.: J. Amer. Chem. Soc. 78, 5428 (1956). 
11. Franchimont A. P. N., Dubsky J. V.: Rec. Trav. Chim. Pays-Bas 36, 80 (1916). 
12. Klager K., Vanneman R. C. (Aerojet-General Corp.); Fr. 1 268 861 (1961). 
13. Vanneman R. C., Klager K. (Aerojet-General Corp.): U.S. 2 971 026 (1961); Ref. Zh. 

Khim. 3, 3L459 (1962). 
14. Kaderabek V., Denkstein J.: This Journal, in press. 
15. Kissinger L. W„ Schwartz M.: J. Org. Chem. 23, 1342 (1958). 
16. Ivanova I. S., Bogdanova G. F., Alexejeva T. A., Novikov S. S.: Izv. Akad. Nauk SSSR, 

Ser. Khim. 1962, 2236. 
17. Taft R. W., Lewis I. C.: J. Amer. Chem. Soc. 31, 5343 (1959). 
18. Kortiim G., Vogel W., Andrussov K.: Dissociation Constants of Organic Acids in Aqueous 

Solutions. Butterworth, London 1961. 
19. Maclnnes: J. Amer. Chem. Soc. 50, 2587(1928). 
20. Bonhomme G.: Bull. Soc. Chim. Fr. 1968, 60. 
21. Ehrenson S.: Progr. Phys. Org. Chem. 2, 195 (1964). 
22. Dewar M. J. S., Grisdale P. J.: J. Amer. Amer. Chem. Soc. 84, 3539 (1962). 
23. Kirkwood J. G., Westheimer F. H.: J. Chem. Phys. 6, 506, 513 (1938). 
24. Edward J. T.: J. Chem. Educ. 47, 261 (1970). 
25. Edward J. T„ Farell P. G„ Job J. L.: J. Chem. Educ. 57, 5251 (1972). 

Translated by J. Panchartek. 

Col lec t ion Czechoslov. Chem. Commun. [Vol. 411 [ 197o] 


	19760433_Page_01.pdf
	19760433_Page_02.pdf
	19760433_Page_03.pdf
	19760433_Page_04.pdf
	19760433_Page_05.pdf
	19760433_Page_06.pdf
	19760433_Page_07.pdf
	19760433_Page_08.pdf
	19760433_Page_09.pdf
	19760433_Page_10.pdf

