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The Ritter reaction of oligomeric models of poly(acrylonitrile) with tert-butyl alcohol in tetra­
methylene sulphone leads to the respective N-tert-butylamides and proceeds via the second-order 
kinetics. The rate constants increase only little on passing from the monomeric to the trimeric 
model. The decrease in the activation enthalpy !1H* is almost compensated for by the decrease 
in the activation entropy parameter. No effect of the neighbouring functional group on the reac­
tion kinetics could be observed. A new conformational equilibrium is established during the 
reaction . 

The preparation of model compounds ofpoly(acrylonitrile) of the CH 3 CH (CN) [CH 2 CH(CN) In CH 3 

type has been investigated by several authors1- 3; further attention has been mainly concentrated 
on the study of the spectral properties of such compounds in order to explain the configurational 
and conformational structure of poly(acrylonitrile)4- 13. The relationship between the reactivity 
of these model compounds and the reactivity of poly(acrylonitrile) has been investigated only 
sporadically, na mely, for acid catalyzed hydrolysis14, thioamidation15 and thermal transfonna­
tions l6

, with the a im of obtaining information on the structure of products of similar reactions 
on poly(acrylonitrile). The alkylation of the nitrile group to yield the alkylamide group was 
recorded in 1930 by Weiland and Dorrer 18

, but the reaction of nitriles with alkenes and alcohols 
in sulphuric acid, giving rise to N-substituted amides, was first described by Ritter l7 . Very good 
yields can be obtained by using suitable sources of carbenium ions l9 . The reaction mechanism 
was suggested already by Ritter in the introductory paper, but it could be confirmed only in kinetic 
studies of a later date20 - 22: 

+ + 
R- CN + C;: ~ R- C==N-cE 

+ ~O,-H+ ~ 
R-C= N-CE ~ 

R-C(OH)= N-CE ~ R-CONH-CE (A) 

For the transient state of formation of the alkylnitrilium grouping in the presence of sulphuric 
acid, the nitrile is assumed to interact with the carbenium ion, which forms the ion pair with 
the sulphate anion22

• In the nitrile series the reaction has no limitation; the effect of structure 
on reactivity has not been investigated systematically. In the various sources of carbenium ions 
the reaction is restricted to such systems which are able to form carbenium ions with a reasonable 
degree of stabili ty 19. Reactions of dinitriles of propanedioic, butanedioic and pentanedioic 
acid showed some different features compared with the unequivocal reaction of mononitriles. 
Yields obtained under conditions resembling those in which the mononitriles react completely 
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The Ritter Reaction of the Acrylonitrile Oligomer 1929 

decrease for dinitriles below 50%. The reaction of blltanedioic acid dinitrile with 2·methyl· 
propene does not give rise to N ,N'·ditert·blltyldiamide of butanedioic acid; instead, a mono· 
topically substituted diamide was isolated as the only product. Formation of an intermediate 
cyclic imide structure23 is assumed in the reaction. 

This paper reports an investigation of the course and kinetics of the Ritter reaction 
of oligomeric models of poly( acrylonitrile) with the general formula 1 (Scheme A) 
with tert-butyl alcohol in tetramethylene slilphone. Their choice was motivated 
by the intention to offer a description of the effect of structure on the course and 
kinetics of the Ritter reaction on poly( acrylonitrile) . Isoblltyronitrile (Ia) was chosen 
as a model of the isolated nitrile group having surroundings similar in the first 
approximation to those of the CN group in the poly(acrylonitrile) chain. The study 
of the reactivity of diastereoisomers of 2,4-pentanedicarbonitrile (I b,c:) and 2,4,6-
-heptanetricarbonitrile (Id) includes an investigation of the effect of the adjacent 
functional group and the effect of its configuration on the chain. 

I a: n = 0, isobutyronitrile 
lb: 11 = 1, D,L-2,4-pentanedicarbonitrile (R, R) 
Ie: 11 = 1, meso-2,4-pentanedicarbonitrile (R , S) 
Id: 11 = 2, 2,4,6-heptanetricarbonitrile (mixture of stereo isomers) 

CH3CH(CONHC(CH 3)3) [CH 2CH(CONHC(CH3)3JnCH 3 

II 

lIa: 11 = 0, N-tert-butylisobutyramide 
lIb: 11 = 1, N,N'-ditert-butyl-2,4-pentanedicarboxamide 
lIe: 11 = 1, meso-N,N'-ditert-butyl-2,4-penianedicarboxamide 
lId: 11 = 2, N,N',N"-tritert-butyl-2,4,6-heptanetricarboxamide 

Scheme A 

N-tert-Butylamides II (Scheme A) as products of the Ritter reaction between tert­
-butyl alcohol and model compounds I were prepared under conditions identical 
with those used in the kinetic measurements. In all the cases the reaction is unam­
biguous and the respective products can be isolated in satisfactory yields (Table I). 
In the presence of an equivalent amount of catalyzing sulphuric acid and of a strongly 
polar solvent, tetramethylene suI phone, no side reactions observed by Ritter occur23 

if sulphuric acid is the catalyzing agent and solvent at the same time, and is thus 
present in a considerable excess with respect to the concentration of nitrile groups. 
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1930 Janoue Ccfclin : 

Characteristics of the infrared spectra of ami des II are given in Table II. The infrared 
spectra of solutions of diastereoi somers of N,N'-ditert-butyl-2,4-pentanedicarboxa­
mide show that in both cases the stablest conformation is that stabilized by the intra­
molecular hydrogen bond . After an analysis of geometrical aspects of the possibilities 
of its formation in the case of the individual diastereoisomers it may be said that: 

In the case of D,L-diastereoisomer II b the stablest conformation is TG. For the 
initial D,L-rac. diastereoisomer of 2,4-pentanedicarbonitrile the stablest reported 
conformations are TT and GG (refs4 ,s ,8 ,24). 

In the case of meso-diastereoisomeric ditert-butylamide II e the conformer stabilized 
with the intramolecular hydrogen bond is of the TT and GG type. The initial di­
nitrile Ie has the stablest conformation TG (refs S ,8 ,24). For conformation TT, no local 

TABLE I 

Characteristics of Products of the Ritter Reaction between Tert-Butyl Alcohol and Oligomeric 
Models of Poly(acrylonitrile) Ia - d in Tetramethylene Sulphone 

Compounds were recrystallized from hexane . NMR spectra were recorded in CDCI 3 , UV 
spectra were recorded in ethanol. 

- -.--.---.---------------~-.----.---.---,-------.-.--._._--------------

Amide II Yield, % Calculated/Found IH-NMR UV 
(mol.mass) m.p., oC % C %H %N T, ppm nm 

--~ -----------.------.------

IIa 86'5 67-13 11·89 9·79 4-65 s, 1H, NH 198 ·6 
(143'1) 119 67'22 12-00 9-65 7·90 m, 1 H, CH 

8·65 s, 9 H, C(CH3h 
8·90 d, 6 H, CH3 

lIb 80 66-66 11'11 10·37 4·10 s, 2H, NH 198 
(270'2) 169 66·50 11'20 10·33 7·80 m, 2H, CH 

8'45 m, 2 H, CH3 
8·70 s, 18 H, C(CH3)3 

8·95 d, 6 H, CH3 

lIe 85 66·66 11·11 10·37 4·25 s, 2H, NH 198 
(270,2) 159 66·20 11·27 10·22 7·95 m, 2H, CH 

8·15 m, 2 H, CH2 
8'70 s, 18 H, C(CH3h 
8·95 d, 6 H, CH3 

lId 80 66·49 10·83 10'58 4·30 s, 3H, NH 198 
(397'3) 232 66·52 11·00 10·48 7'50m, 3 H, CH 

8·30 m, 4 H, CH2 
8·70 s, 27 H, C(CH3h 
8·95 d, 6 H, CH3 
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The Ritter Reaction of the Acrylonitrile Oligomer 1931 

minimum was found by a semiempirical calculation of the stability of possible 
conformers24

• 

Hence, in the course of the Ritter reaction of tert-butyl alcohol with dimeric mo­
dels of poly(acrylonitrile) lb ,c a new conformational equilibrium is established, 
different from that of the initial diastereoisomeric dinitriles lb,c. The different 

absorption values of product llb,c in the infrared and I H-NM R spectra also indicate 
that no configurational changes take place within the detectable range. 

The course of the Ritter reaction between nitriles 1 and tert-butyl alcohol in tetra­
methylene sulphone in the presence of sulphuric acid of the constant concentration 

O'5M was examined by gas chromatography, by measurements of the concentrations 
of tert-butyl alcohol and nitrile, and in the case of nitrile I {/ also by the determination 

TABLE II 
IR Spectra of N-Tert-Butylamides II 

Concentrations given in mol/I. 

Amide 

IIa 

Ilb 

Ile 

/fd 

Solution 

KBr 

KBr 

CCl4 

(e = 0'02) 

CCl4 

(e = 0'001) 

KBr 

CCl4 
(e 0'02) 

CCl4 
(e = 0'001) 

KBr 

Absorption, cm - 1 

3310,3200,3078,2970,2935,2875,2770, I 645, I 545, I 480, 
I 445, I 390, I 360, I 310, I 260, I 220, I 095,955,930,915,862, 
765, 675 

3 300, 3 200, 3 065, 2975,2940,2880, 2 770, I 645, I 540, 1 480, 
I 450, I 385, 1 370, 1 360, I 330, 1 285, I 260, 1 245, I 225, 1 150, 
I 110,1050,1035,1015,955,930,910,895,860,765,735,680 
3430,3310,2960,2920,2870,2840, I 675,1 650, I 495, J 475, 
1 450, 1 445, 1 385, 1 360, 1 305, 1 285, 1 265, 1 250, I 220, 1 175, 
I 140, 1 075, 960, 920, 900 
3 460, 3 324, 2 969, 2930,2 872, 2 844 

3 400, 3 270,3 200, 3 080, 2990,2970,2930, 2 870, 2 770, 1 745, 
1 530, 1 475, 1 450, 1 430, 1 390,1 375,1 360,1 355,1 335, 1 320, 
1 283, 1 275,1 250, I 220, I 145, 1 100,1 075, I 045, 1 035, 1 000, 
960,940, 925, 910, 890, 880, 845, 785, 770 
3430,3 330,2960,2920,2860,1 675,1 650,1 496, 1 475, 1 450, 
1445,1385, I 370,1 360, 1 260,1 235,1210,1 190, I 140,950, 

580 
3 450, 3 342, 2 965, 2 930, 2 870, 2 844 

3 305, 3 200, 3 080, 2 975, 2 935, 2 875, 2 770, 1 645, 1 545, 1 480, 
1453,1418,1392,1362,1315,1300, I 260,1230, I 200, 1150, 
1 110, 1 085, 1 035,950,930,910,885,850, 740, 675 . 
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of the increasing concentration of the product, N-tert-butylisobutyramide. No stable 
intermediate arises in the given experimental arrangement, and the reaction follows 
the second-order kinetics . The overall reaction order determined by the method 
of half-times of fractional times is 1'9, the reaction order with respect to nitrile is 
unity (refs 20

•
22

); hence, the reaction is described by the kinetic equation 

v = k. [RCN] . [t-BuOH] . (1) 

The effect of concentration of the catalyzing sulphuric acid on the kinetics of the 
reaction between nitrile fa and tert-butyl alcohol was investigated in the concentra­
tion range (cII ) 0'5-1'5M-H 2S04 at 25°C (tetramethylene sulphone, concentration 
of reaction components 1M): 

Ca , moll-I: 

k, 10- 5 1 mol-I S-I: 

Ho: 

0·5 

8·3 

-4·05 

0·75 

14·3 

-4·5 

1·0 

27·5 

-4'9 

1·5 

82·5 

-5·55 

The logarithm of the rate constant is linearly dependent on the Hammet acidity 
function 25

, in accordance with observations of Glikmans and coworkers22 concerning 
the reaction between acrylonitrile and 2-methyl-2-propene. The slope of our linear 
dependence is -1,48. Thus, with respect to the theory of the kinetics of acid catalyzed 
reactions, it may be written that 

k = k' . h l
.
48 (2) 

and the kinetic equation of the reaction between isobutyronitrile and tert-butyl alcohol 
in tetramethylene sulphone at 25°C has the form 

v = k' . h 1.~8 . [isobutyronitrile] . [t-BuOH] , (3) 

where II is the acidity function, for which H 0 = -log h. At a single concentration 
of sulphuric acid, 0'5M, the rate constants (k) of reactions of all the model compounds I 
with tert-butyl alcohol (equimolar ratio of reaction groups, [t-BuOH] = 1M) were 
determined at 25,35 and 40°C. Under the given conditions they are independent of the 
extent of reaction within the range under investigation (Fig. 1). The activation para­
meters of all reactions were calculated using the Eyring-Polonyi equation and as­
suming that the acidity function is temperature-independent; this assumption seems 
to be plausible, as indicated by the data published so far 26 (Table III). 

The reaction sequence A is preceded by the equilibrium of the reaction between 
tert-butyl alcohol and sulphuric acid. The formation of its product, namely, of the 
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The Ritter Reaction of the Acrylonitrile Oligomer 1933 

carbenium ion or of its ion pair with the sulphate anion, is regarded by some authors 
as the slowest step of the whole reaction sequence of the Ritter reaction 27

• Using 
experimental data found by Dostrovski and Klein in the investigation of the kinetics 
of the reaction between tert-butyl alcohol and sulphuric acid 28

, it may be calculated 
that the activation energy of this preceding reaction is much lower than the activa­
tion enthalpy values of the Ritter reaction reported in this paper. Consequently. 
the rate constants given in Table III describe the slowest process , obviously con­
sisting in the formation of the alkylnitrilium grouping. Compared with the reaction 
of isobutyronitrile, only a slight rise in the rate constants can be seen for the two 
dimeric models and for the trimeric model , due to the decrease in the activation enthal­
py values. The decrease in the values of the entropic activation parameter acts against 
the direction of this shifts. Contributions of the individual stereoelectronic factors 
and solvation phenomena , both of which affect the reactivity of the nitrile group 
in the propagating chain of molecules of the model compounds, act against each 
other and almost compensate one another. The reactivity of model compounds 
satisfies isokinetic relations, as can be seen in the relation IlH * - IlS* (Fig. 2). 
The difference between the reactivities of diastereoisomers I b,c is insignificant. 
Although it followed from the calculation24 and from results of the investigation 
of the equilibrium between the two diastereoisomers in an alkaline medium 2 9

• where 
the labile a-hydrogen atom is exchanged, that the D,L-diastereoisomer Ibis the stabler 
structure, the difference between the energies of the basic state was not reflected 
in the values of the measured activation parameters. The difference in the activation 
enthalpy of reactions of both diastereoisomers is compenasted for by the entropic 
factor, obviously in relation with the different solvation effects which may be expected 
for different diastereoisomers. 

The independence of the rate constant of the extent of reaction (Fig. 1) of dinitrile 
I b,c and of the trimeric model I d allows us to conclude that the presence of a newly 

TABLE III 

Rate Constants and Activation Parameters of the Ritter Reaction between Oligomeric Models f 
and Tert-Butyl Alcohol in Tetramethylene Sulphone (0·5M-H zS04) 

Oligomer 
k . 105 ,1 mol-I s - I 

6.H* 6.S* 

298 K 308 K 313 K kJ mol- 1 J mol- 1 K- 1 

fa 8·3 30 53 91·5 109·1 

Ib 10·2 38 55 81·7 67 ·3 
Ie lOA 36 56 84·4 74·4 
Id 12·4 40 66 78·6 60·2 
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1934 Janout, Cefe lin : 

formed functional group in the propagating chain of model compounds does not 
affect the reactivity of the adjacent unreacted nitrile group. 

EXPERIMENTAL 

The melting points were determined with a Boetius melting point microappara tus and w.:re 
not corrected. The IR spectra were recorded with a Perkin- Elmer 621 spectrometer. The NMR 
spectra were measured with a PS 100 JEOL apparatus, the UV spectra were recorded with a Per­
kin-Elmer Hitachi 340 spectrometer. Gas chromatographic measurements were performed 
with a Perkin- Elmer F 30, FID, apparatus, with nitrogen as the ca rrier gas. 

Chemicals 

The solvents used were repurified and dried by standard procedures. 

/sobllly rollifrile (Ia) was prepared by a procedure described in the literature30
. A redistilled 

product, b.p. \o2°C, was employed in the kinetic measurements . 

2,4-Pellfallediearbollilrile (Ib,c) was prepared by the decarboxylation of 2,4-dicyano-2-pentane­
carboxylic acid in a 78% yield by the method used by Clark2. Rectification on a Vigreux column 
yielded both diastereoisomers with purity higher than 96%. 

0~A10~--~3~0-----L----~70~~ 
J 

FIG. 1 

Rate Constants (1 mol - I s -I) of Reactions 
of Model Compounds I with Terl-Butyl 
Alcohol in Tetramethylene Sulphone (O 'SM­
-H2S04 ) to the Extent of Reaction (.;) 70% 

Compounds: 0 la, ~ Ib , () Ie, • Id. 

110~ l 65" 
I 

901 I 
I 

I I 

ot 
I I I J 75 80 6HfI. 90 

FIG . 2 

Correlation of the Activation Enthalpy 
(kJ mol - I) and Activation Entropy (J. 
. K -I mol-I) of Reactions of Model Com­
pounds I with Terl-Butyl Alcohol in Tetra­
methylene Sulphone (0'SM-H2S04 ) 

Compounds: 0 la, ~ Ib, () Ie, • Id. 
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2,4,6-Hepl(/llelric(/rbollilrile (Id) was prcpared by thc decarboxylation of 2.4,6-tricyano­
-4-heptanecarboxylic acid according to th e litera ture t . An attcmpt to separa te the individu a l 
diastercoisomers using a reported proccd ure tO was unsuccessful , similarly to o ther a utho rs] 
A product recrystallized from methanol, m.p. 70 -- 72°C, was used in the measurements . 1 R 
spectrum (K Br pellet, cm - I): 2995, 2950, 2920, 2890, 2245. 1460, I 388, 1355, 1345, \J05 , 
1283, 1260, 1220, 1150, 1125, 1095, 1065,950, 780, 630, 550. I H-NMR spectrum (DMSO-d6 • r) 
6·95 (m, 2 H, - CH(CN)- ), 8·00 (m, 4 H, --CH 2 - ), 8·60 (d. 6 H , --CH 3). For CIOHI3N3 
(175'1) calculatcd: 68'57% C. 7-42 ~{ H, 24'00~'~ N ; found: 68'45% C, 7'51 % H, 23'87 /{, N. 

2,4-Dicyallo-2-pelllallecarboxylic al/{I 2,4,6-lricyallo-4-hl'{J11II/ccarboxylic acid were prepared 
by the hydrolysis of the respecti~e cstcrs. Ethyl ester of 2,4-dicyano-2-pentanecarboxylic acid 
was prepared according to Clark- by Michael's addition of ethyl cyanoacctatc on mcthacrylo­
nitrile, followed by methylation of the adducts with methyl iodidc. It was found that the conlent 
of the mono- and bis-adduct greatly varied in Michael's addition depending on the tempcrature 
and concentration of the catalyzing sodium ethoxidc. At a lower conccntration of C 2 i-1 s0Na 
the formation of bis-adduct is preferred, while in the presence of an cquimolar amount the mono­
-adduct is mainly formed. The overall extent of addition increases with increasing temperature. 
The bis-adduct was obtained after the usual treatment of the reaction mixture 1.2 and after removal 
by distillation of the unreacted ethyl cyanoacetate and of the mono-adduct of 2,4-dicyano-valerate 
by crystallization of the distillation residue from a saturated ethanolic solution. This procedure 
is a better method for the preparation of a precursor of the trimetric model of poly(acrylonitrile) 
compared with the procedure used earlierl. Ethyl-2,4,6-tricyano-4-heptanccarboxylate thus 
obtained has the m.p. 55 - 7°C. IR spectrum (KBr pellet, cm - I

): 3000, 2950, 2920, 2890, 2245, 
1745, 1455, 1445, 1390, 1375, 1340, 1300, 1285, 1270, 1240, 1160, I 135, I 120, 1105, 1065, 
1045, 1035, 1020, 1000, 955, 920, 885, 865, 810, 760, 640, 620, 590, 550, 510, 440. For 
C 13 H 17 N 3 0 2 (274'2) calculated: 63 ' 16% C, 6'89% H, 17 '00% N; found : 63·07H C, 6·97% H, 
17·06H N. 

The Ritter Reaction 

To an equivalent amount of nitrile dissolved in 2 ml of tetra methylene sulphone, a mixture 
of 0·296 g (4 mmol) tert-butyl alcohol, 1·5 ml tetramethylcne sulphone and 0·2 g conc. H 2S04 
was added. The temperature of the reaction mixllIre was maintained at 35°C for 8 hours. After 
that, the mixture was added to 4 ml of a I M aqueous NaOH so lution. The crystalline product 
precipitated from the solution was separated, washed with water and recrystallized from hexane. 

The reactions for kinetic measurements were carried out in tetramethylene sulphone solutions 
of tert-butyl alcohol and of the respective nitrile and of H 2S04 with an equivalent amount of the 
reaction components at 25, 35, 40°C. The concentration of tert-butyl alcohol was I M, that of 
H 2S04 was 0·5M (the concentrations used in measuring the dependence of the rate constant 
on the acidity function were also 0'75M, I M and 1·5M) . The samples were taken in regular intervals, 
and the reaction was stopped by adding the samples to the same volume of aIM aqueous NaOH 
solution. The resulting mixture was then analyzed by gas chromatography. 
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