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The Influence of Borate Buffers on the Hydration Rate of Cyanohydrins: 
Evidence for an Intramolecular Mechanism 

Jacqueline Jammot, Robert Pascal,*-t and Auguste Commeyras 
U.A. C.N.R.S. no. 7 097 'Heterochimie et aminoacides, ' Universite des Sciences et Techniques du Languedoc, 
Place Eugene Bataillon, 34060 Montpellier Cedex, France 

The effects of  borate buffers o n  the pseudo first-order rate constants for the hydration of 
hydroxyacetonitrile (1) have been examined in the pH range 8.6-10.3 at 80 "C. Kinetic results are 
compatible with a reaction of  the neutral cyanohydrin with borate anion or any other kinetically 
equivalent mechanism. Cyanohydrin structural effects are consistent with a pathway involving the pre- 
equilibrium formation of a borate-substrate adduct, followed by  a rate-determining intramolecular 
nucleophilic attack on the nitrile group. Phenylboronate ion has also been shown to act as an efficient 
catalyst, but it was not possible to detect any influence due to disubstituted borate ions. Thus, it is 
suggested that a trigonal borate anion actually acts as a nucleophile. 

Hydration of some cyanohydrins has been found to be 
promoted in aqueous solutions of boric acid salts.',2 No 
information on the reaction mechanism has yet been published. 
However, it is reasonable to believe that the neighbouring 
hydroxy group plays a role in the course of the hydration on the 
grounds that several examples of borate catalysis have been 
reported for reactions involving hydroxylic  compound^.^-' ' 

In every case, the catalysis was attributed (i) to the ability of 
boric acid to form covalent adducts with alcohols reversibly, at 
a rate which is fast relative to the rates of many other reactions 
and (ii) to the efficiency of the subsequent intramolecular 
reactiont2 Jencks considered this kind of behaviour as a model 
system in which the reacting groups are brought together in a 
similar manner to that occurring in enzymes. 

The most discussed example of borate catalysis has been 
the hydrolysis of phenyl salicylate; ground state a~t iva t ion ,~  
transition state ~ tab i l iza t ion ,~ .~  and nucleophilic catalysis 7 7 1 4  

have been suggested as hypotheses in order to account for the 
borate efficiency. Strong evidence for the latter possibility was 
produced recently by Khan.7 In addition, it is proposed that 
borate catalysis of the hydrolysis of 2-chloro  alcohol^,^ hydroxy- 
thioesters," and hydroxy-Schiff bases 9b proceeds through the 
nucleophilic participation of a boron-bound hydroxy group. 

Of course, a similar reaction path may account for the borate 
catalysis of cyanohydrin hydration, but one can suggest other 
explanations. Furthermore, involvement of the hydroxy group 
has not yet been demonstrated and substrate activation as a 
Lewis adduct of the nitrile and boric acid cannot be ruled out. 

The present paper reports a kinetic study of the borate- 
catalysed hydration of hydroxyacetonitrile (1). In addition, 
results are presented about the influences of both substrate and 
catalyst structural effects in order to provide information 
concerning the reaction mechanism and the nature of active 
boron species. 

Results and Discussion 
Decomposition of Hydroxyacetonitri1e.-Because of the 

alkaline pH of borate buffers, the reversible dissociation of 
cyanohydrins into carbonyl compounds and cyanide '-I8 was 
expected to take place. In order to carry out a kinetic study we 
selected hydroxyacetonitrile (l), which shows a high thermo- 
dynamic stability,16 so as to avoid any alteration of pseudo 
first-order kinetics. 

Even in this case, unacceptable degrees of dissociation were 

CN , R3 
R'-CH-OR~ I / 

HO-8 ' R4 

obtained under the conditions used for the kinetic measure- 
ments [low concentrations of the substrate (l)], and the 
addition of some formaldehyde proved to be essential to shift 
the equilibrium. 

The accurate prediction of the amount of dissociated 
hydroxyacetonitrile (1) required a knowledge of the value of the 
equilibrium constant K [equation (l)] for the stability of 

[HO-CH,-CN] 
K =  (1) 

[HCHO][HCN] 

hydroxyacetonitrile at the temperature of the kinetic measure- 
ments (8OOC). The ionizations of both the substrate (K,) 
and hydrogen cyanide (KHCN) are known to alter the equi- 
librium l 6  and a pH-dependent equilibrium constant was defined 
[equation (2)], and can be expressed according to equation (3). 

{[HO-CHZ-CN] + [-O-CH,-CN]) 
K ' =  (2) 

[HCHO]{[HCN] + [CN-1) 

(3) 

Measurements of the equilibrium constant K' were carried out, 
at 80 'C, using different pH values, by titration of the cyanide 
after the equilibrium had been reached in a dilute solution of 
hydroxyacetonitrile ( lW3 mol dm-3) and after freezing the 
equilibrium by acidification with acetic acid. The results are 
given in Table 1. Equation (3) adequately describes the observed 
behaviour and a least-squares treatment gave the value K = 8.2 

t Present address: Centre de Recherches de Biochimie Macro- 
moleculaire, C.N.R.S., Route de Mende, B.P. 5051, 34033 Montpellier 
Cedex, France. 
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Table 1. Equilibrium constants for the stability of hydroxyacetonitrile 
(1) (initial concentration 1-5 x lW3 mol drn-,) at 80 "C, ionic strength 
0.5 mol dm-3 (KNO,). 

Buffer 
basic component 

HP042-  
HP0,'- 

B(OH14- 
B(OW4- 
B(OHI4- 
C0,2-  
C 0 3 2 -  

N-Meth ylmorpholine 

PH 
6.22 
7.20 
7.54 
8.25 
8.35 
8.69 
8.50 
9.10 

10" K'/dm3mol-' - 
Found Deviation a 

8.15 -0.01 
7.37 -0.13 
7.51 0.71 
3.61 -0.19 
3.02 -0.38 
1.82 -0.21 
2.64 -0.14 
1.01 0.05 

a Deviation from the data calculated from the value of K = 8.2 x lo4 
dm3 mol-' by using equation (3); the value of pK,,, = 8.20 was 
determined at 80.0 "C from R. M. Izatt, J. J. Christensen, R. T. Pack, and 
R. Bench, Znorg. Chem., 1962, 1,828; pK, = 10.5 was determined in the 
present work. 
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Figure 1. Dependence of the pseudo first-order rate constants for the 
hydroxyacetonitrile hydration on total borate buffer concentration at 
different theoretical buffer ratios: [B(OH)4-],/[B(OH)3]t = 1 ( + ), and 
3 (O), at 80 "C, ionic strength 1 mol drn-,. Hydroxyacetonitrile was 
stabilized by the addition of 5 x lW3 and 1 x lo-' rnol dm-, formal- 
dehyde, respectively. Theoretical slopes (dashed lines) are calculated 
from k,  = 2.5 x 1O-j dm3 mol-' s-' and equation (4). 

lo4 dm3 mol-'. An appreciable difference is noticed between this 
value and the one (K = 3.37 lo4 dm3 mol-') which is deduced 
from the data given by Schlesinger and Miller. l 6  However, that 
determination was dependent on a previous one concerning the 
lactonitrile stability ' that seems unreliable based on a com- 
parison with a later measurement.' 

Kinetics of Hydroxyacetonitrile Hydration.-Figure 1 shows 
the dependence of the pseudo first-order rate constants for 

* An examination of the equilibrium constants for polyborate formation, 
calculated at 80 "C from previously reported data (ref. 20) showed that 
the deviation was consistent with the estimated concentrations of 
monomeric borate ion, but an accurate calculation of the composition 
of the medium is not possible because of the differences in ionic strength 
and of the questionable attribution of species according to later studies 
(refs. 21-23). 
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Figure 2. Dependence of the pseudo first-order rate constants for the 
hydroxyacetonitrile hydration on the concentration of sodium borate, 
at constant concentration of boric acid, [B(OH),], = 0.05 mol dm-3, in 
the presence of 5 x 1W2 mol dm-, formaldehyde, at 80"C, ionic 
strength 1.0 mol drn-,. The pH increased from 9.14 to 10.20 on 
increasing the sodium borate concentration from 0.15 to 1 mol dm-3. 

hydroxyacetonitrile hydration on total borate buffer concentr- 
ation at constant buffer ratios, 1 and 3, at 80°C and at a 
constant ionic strength of 1 rnol dm-3 (KCl). The negative 
deviation to first-order dependence exhibited in Figure 1 must 
be related to the formation of polyborate as has often 
been observed previously for borate buffer catalysis.24 The rise 
in pH (from 8.69 to 8.83 and from 9.06 to 9.35 for R = 1 and 
R = 3, respectively) with increasing total buffer concentration, 
unambiguously demonstrates the formation of polyborates.* 
There is a negligible contribution of the alkaline hydration of 
hydroxyacetonitrile, as attested by the extrapolation of the rate 
constants to zero buffer concentration. The stronger catalytic 
effect at high buffer ratio and the levelling off of the rate with 
increasing buffer concentration are indications of catalysis by 
monomeric borate ion, B(0H);. On the other hand, the 
inefficiency of boric acid itself was shown by the absence of 
hydration in aqueous boric acid. 

In order to confirm that the buffer-active component is the 
borate ion, kinetic measurements were carried out under con- 
ditions restricting the formation of polyborate ions. Owing to 
the fact that the oligomers are made of both neutral and anionic 
boron entities, i.e. B(OH), itself does not undergo poly- 
merization,' 9-23 rate constants were measured in solutions 
containing increasing concentrations of sodium borate (0.15-1 
mol dm-3) with a low and constant concentration of boric acid 
(0.05 mol dm-3). When boric acid is used up by oligomer 
formation, further addition of sodium borate leads to mono- 
meric borate ion. Figure 2 shows the dependence of the pseudo 
first-order rate constants for hydroxyacetonitrile hydration on 
the concentration of sodium borate under those conditions. A 
good agreement with a linear dependence is observed for 
borate concentrations in the range 0.25-1 mol dm-3. However, 
experiments involving a pH-variation inevitably include a 
contribution from the hydroxide ion catalysed pathway of 
hydration,25 for which the extent was shown to be restricted to 
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Scheme 1. 

10% of the overall rate constant, or less, by comparative 
experiments in which an identical pH was attained by the 
addition of only KOH.26 Ignoring that contribution, the 
pseudo first-order rate constant may be expressed as a function 
of the actual molarity of monomeric borate ion, according to the 
rate law of equation (4). kB = 2.5 x dm3 mol-' s-' was 

u = kB[B(OH),][HO-CH2-CN] (4) 

taken as the asymptotic slope in Figure 2. Calculated initial 
slopes from that rate constant and equation (4) are drawn in 
Figure 1 and show good agreement with the extrapolation of 
experimental data to dilute borate buffers in which polymeriz- 
ation is negligible. 

Mechanism for Borate Catalysis.-The rate law of equation 
(4) is consistent with a bimolecular reaction of hydroxy- 
acetonitrile (1) with borate ion or any kinetically equivalent 
reaction. That is the case for the reaction mechanism in Scheme 
1, which is derived from the previously reported mechanisms 
for borate or boric acid catalysed reactions of hydroxylic com- 
pound~.~- '  * According to Scheme 1, hydration occurs through 
the formation of a complex between the catalyst and the 
substrate and through a negatively charged transition state, 

which accounts for the rate law of equation (4). Two possibilities 
were previously suggested for the reaction of the functional 
group from the adduct: (i) nucleophilic attack by the hydroxy 
group of the adduct according to Khan or, alternatively, 
(ii) the intramolecular transfer of the boron-co-ordinated 
hydroxide ion; this explanation has been preferred by Okuyama 
and his  coworker^.^-'^ The application of both possibilities to 
the hydration of cyanohydrins is shown in Scheme 1. Each of 
them involves an intermediate containing a negatively charged 
nitrogen atom. Even though those species must be very 
unstable, their formation can be connected with the formation 
of similar ones, postulated in the course of the alkaline 
hydration of nitriles,2s and better established during the base- 
catalysed cleavage of imido esters to nit rile^.^^ 

There is little direct evidence for the formation of borate 
adducts of monohydroxylic compounds in aqueous solution,28 
but diols 29-34 and hydroxy acids 29*31*3s,36 are known to yield 
cyclic borate esters under similar conditions. Thus the hydroxy 
group of cyanohydrins is likely to add to boric acid even though 
low concentrations of the complex are obtained. 

Further confirmation of the involvement of the adduct of 
cyanohydrins with borate ion comes from the examination of 
structural effects on the rates of hydration. In Table 2, 
lactonitrile (2) is shown to be hydrated about 20 times faster 
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Table 2. Comparison of the rate constants for the hydration of hydroxy- 
acetonitrile (l), lactonitrile (2) and 2-methoxypropionitrile (3) in borax 
buffers at 80 "C. 

lo4 kObs/dm3 mol-' s-' 
CB1fu/m0l f A -l 

dm-3 (1) (2) (3) 
0.2 1.60 2.50 0.14 
0.4 2.48 4.17 0.17 
0.8 3.40 6.00 0.22 

Total buffer concentration. Concentration 5.0 x mol dm-3, 
ionic strength 1 mol dm-3. Concentration 0.1 rnol dm-3, ionic strength 
0.4 mol dm-3. 

than 2-methoxypropionitrile (3) in the presence of borax.* That 
enhancement gives an indication of the involvement of the 
hydroxy group in the catalytic pathway since the methylation 
must prevent the formation of any adduct from the nitrile (3) 
and since hydroxy and methoxy substituents are expected to 
exert similar inductive  effect^.^' 

In addition, higher catalytic rate constants were found for 
the lactonitrile hydration than for the reaction of hydroxy- 
acetonitrile (Table 2) in contrast with the reduced electrophilic 
reactivity of the nitrile group expected from the electron- 
donating properties of the methyl substituent. This behaviour 
can be accounted for by a mechanism involving intramolecular 
steps if the highly favourable effect of substitution on the rates of 
ring closure reactions ' is considered. 

The effects of both 0- and C-methylation of cyanohydrins are 
arguments in favour of a mechanism in which hydration takes 
place by an intramolecular nucleophilic reaction from the com- 
plex formed between boric acid and the substrate as shown in 
Scheme 1. However, those effects do not provide any indication 
for one of the mechanistic pathways in Scheme 1, or for any 
other equivalent pathway. The examination of the reactivity of 
substituted boron species has been carried out in order to get 
further insights into the course of the hydration mechanism. 

In Scheme 1, two of the three hydroxy groups that are 
attached to the boron atom in the complex are not directly 
involved during the reaction; then mono- and di-substituted 
borates are expected to display catalytic properties towards the 
hydration of cyanohydrins. The catalytic efficiency of mono- 
substituted species was clearly demonstrated by an experiment 
carried out with a buffer prepared from phenylboronic acid 
(4), at pH 9.1 (total buffer concentration = 0.15 mol dm-3): 
that showed a substantial increase in the rate of lactonitrile 
hydration ( r +  = 15 min, at 8OOC) compared with a control 
experiment in the absence of catalyst (15% progress after 30 min). 

In contrast with the behaviour of phenylboronate ion, the 
experiments carried out with disubstituted species, with the aim 
of detecting a catalytic activity towards cyanohydrin hydration, 
were unsuccessful. 

(a) In methanol-water (1 : 1), the hydration of lactonitrile did 
not occur after 6 h at 80°C and at pH 8.8 in the presence of 
diphenylborinic acid (5) (0.05 mol dm-3), whereas 45% 
lactamide was obtained in a similar experiment using boric acid 
as catalyst. 

(b) The addition of 2,3-dihydroxypropyl-N,N,N-trimethyl 
ammonium hydroiodide to a borate buffer was shown to give 
the cyclic complex (6), but led to a decrease in the rate constants 

for lactonitrile hydration consistent with the inefficiency of the 
borate ester (6).38 

H~~-CH-C H ~ ( c H & +  
I 

0'B'" 

HO' \OH 

(6) 

(c) In addition, the non-linear dependence in Figure 1 
was attributed to the formation of unreactive polyborate ions. 
It is interesting to connect this with the structure of those 
oligomers 2 2  in which the tetrahedral boron, carrying the 
negative charge, is di- tri-, or tetra-substituted. 

In every case, it is possible to find a particular explanation for 
the non-reactivity of disubstituted borate species. For the first 
one, it would be related to the steric hindrance due to the 
presence of two phenyl substituents. For the second one, the 
addition of 2,3-dihydroxypropyl-N,N,N-trimethylammonium 
ion would not only lead to the 1 : 1 complex (6) but mainly to the 
2: 1 complex in which boron is tetrasubstituted; however, this 
behaviour would contradict the reactivity observed previously 
for simple d i ~ l s . ~ ' , ~ ~  In the latter case the non-reactivity would 
be again related to steric hindrance or to the predominance of 
species containing tri- or tetra-substituted boron, which is in con- 
tradiction with the predominant formation of B303(OH)4-, that 
was concluded from studies on boric acid-borate  solution^.^^^^^ 

However, it is possible to provide a general explanation in 
which the mechanism of hydration itself is the cause of the non- 
reactivity of disubstituted species. In Scheme 2, the cyclisation 
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Scheme 2. 

*The hydration of the nitrile (3) is attributed to the catalysis by 
hydroxide ion. As has been shown for methoxyacetonitrile, there is an 
increase in rate constant with increasing concentration of borate buffer 
at constant ionic strength as a result of the alteration of the hydroxide 
ion concentration due to the formation of polyborate ions and 
secondarily as a result of a medium effect (ref. 26). 

takes place from an highly nucleophilic borate trigonal ion. 
Contrary to the reactive complex involved in Scheme 1, this 
trigonal borate ion carries only one hydroxy group (R3 = OH) 
that can be substituted, hence the pathway shown in Scheme 2 
does not apply to disubstituted borate ions. There is no 
published data supporting the existence of the trigonal borate 
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species in solution. However, oxygen-ionized trigonal borate 
anions are known in the solid state for anhydrous crystalline 
b ~ r a t e s , , ~  and this leads us to suggest the formation of those 
species in solution through a minor pathway of ionization of 
oxygen-acids of boron. If this is true, a very small amount of 
the trigonal borate anion must be present in the medium, but 
this disadvantage is probably balanced by the high rate of 
cyclisation. 

Conclusions 
The present results provide several arguments supporting an 
intramolecular pathway for the borate catalysis of cyanohydrin 
hydration. This conclusion is in agreement with the mechanisms 
which have been previously proposed for the borate catalysis of 
the reactions of hydroxylic  compound^.^-^' The study of the 
activity of substituted borate ions allowed us to suggest an 
alternative pathway involving a trigonal borate anion. It cannot 
be ruled out that similar pathways apply to the reactions of 
other hydroxylic compounds, though the confirmation of this 
suggestion would require further investigation. 

Experimental 
UV spectra were obtained with an Aminco DW-2 spectro- 
photometer. IR spectra were recorded on a Perkin-Elmer 1420 
spectrometer. 'H NMR spectra were obtained with a Varian 
EM-360L spectrometer. All chemical shifts are reported in 
ppm with tetramethylsilane and 3-trimethylsilylpropane-l- 
sulphonic acid sodium salt as internal references in organic and 
aqueous solutions, respectively. Measurements of pH at 80 "C 
were performed with a Tacussel Minisis 5000 pH-meter using a 
high temperature resistent Ingold 465 electrode and a closed 
jacketed cell thermostatted at 80 "C by circulating water. 
Potentiometric titrations were performed with a Tacussel 
Titrimax titrator. M.p.s were determined on a Biichi 510 
apparatus. Calculations were performed with a Matra Data- 
systeme Alcyane A6 microcomputer, using programs in basic 
Alcybaz. 

Inorganic reagents were analytical grade and were used 
without further purification. NaB(OH), solution (2 mol dm-, 
stock solution) was prepared by direct reaction of NaOH and 
borax and was diluted as required. Phenyl boronic acid 
(Aldrich) was recrystallized from water before use. Diphenyl- 
boronic acid was obtained from the ethanolamine complex 
(Aldrich) by treatment with HCl and extraction with diethyl 
ether.40 Formaldehyde aqueous solutions were prepared as 
previously described.,' 

Hydroxyacetonitrile and lactonitrile were distilled under 
vacuum in the presence of 2% H,PO.& HOCH,CN, b.p. 
69 "C/O. 18 mmHg; CH,CH(OH)CN, b.p. 94-97 "C/20 
mmHg. 

Lactamide was purchased commercially (Aldrich). Hydroxy- 
acetamide was synthesized from hydroxyacetonitrile by the 
procedure of Becke, Fleig and Passler 42 and was recrystallized 
from 100% EtOH, m.p. 115 "C (lit.,,, 120 "C). 

2-Methoxypropionamide was prepared by a stepwise pro- 
cedure from methyl 2-bromopropionate. The starting material 
(23.3 g, 0.2 mol) was dropped into a stirred solution of sodium 
methoxide [obtained from Na (6 g) in MeOH (60 cm3)] at 0 "C, 
and was allowed to stand for 80 min at room temperature. The 
reaction mixture was poured into diethyl ether (400 cm3), 
washed with excess aqueous formic acid (0.24 mol) and with five 
100 cm3 portions of water. Ether was removed by distillation at 
atmospheric pressure. The liquid residue (22.5 g, 95%), dissolved 
in a minimum volume of MeOH, was saturated with anhydrous 
NH, (5.15 g, 0.3 mol) at - 15 "C. The mixture was heated for 
17 h at 110 "C in a closed vessel. The product was concentrated 

under reduced pressure, taken up in CH2C12 (200 cm3), and 
washed with 10 cm3 water. The organic layer was dried with 
sodium sulphate and the solvent was removed in a rotary 
evaporator. The solid residue was recrystallized from acetone- 
cyclohexane (14.8 g, 71%), m.p. 83-84 O C  (lit.:, 84 "C); 6,(60 
MHz; CDCl,) 1.43 (3 H, d, J 7 Hz, 2-Me), 3.45 (3 H, s, OMe), 
3.78 (1 H, q, J 7 Hz, 2-H), and 6.70 (2 H, NH,). 

2-Methoxypropionitrile was prepared by dehydration of the 
amide (10 g, 0.097 mol) with excess thionyl chloride (14 cm', 
0.194 mol) in chloroform (30 cm3) heated to reflux. After 2 h, the 
solution was slowly added to a slurry of Na,CO, (31.8 g, 0.3 
mol) in water (50 cm3) with vigourous stirring. The product was 
taken up in CH,C12 (170 cm3) and washed with two 50 cm3 
portions of water. The organic layer was dried over sodium 
sulphate and the solvent was removed by distillation at 
atmospheric pressure. The distillation of the residue under 
reduced pressure gave pure 2-methoxypropionitrile (5.92 g, 
72%), b.p. 54-56 "C/88-90 mmHg (lit.,45 114-1 17 "C/760 
mmHg); &(60 MHz; CClJ 1.53 (3 H, d, J 7 Hz, 3-Me), 3.48 
(3 H, s, OMe), and 4.20 (1 H, q, J 7 Hz, 2-H). 

Decomposition of Hydroxyacetonitrile at 80 "C.-Measure- 
ments were performed in buffered media from diluted hydroxy- 
acetonitrile (1-5 x lo-, mol drn-,). The ionic strength was 
adjusted to 0.5 mol dm-, with KNO,. The solution (20-100 
cm3) was introduced into a stoppered flask and brought to 
80 f 0.1 "C in a thermostatted bath until equilibrium was 
reached (2-60 min). While hot, the equilibrium was quenched 
by adding excess acetic acid, then the solution was quickly 
cooled by immersion in an ice-bath. Addition of 2-5 cm3 lo-' 
mol dm-, AgNO, and potentiometric titration of excess Ag' 
with mol dm-, KC1 allowed determination of the degree of 
dissociation of hydroxyacetonitrile. 

Acid Dissociation of Hydroxyacetonitrile at 80 "C.-An 
approximate value pK, = 10.5 & 0.1 was given by the pH of a 
solution in which the cyanohydrin (0.4 mol dm-,) was supposed 
to be 50% ionized. That was achieved by addition of NaOH (0.2 
mol drn-,). The ionic strength was adjusted to 0.5 mol dm-, 
(KNO,) and the addition of formaldehyde (2.5 x 1W2 mol 
drn-,) was expected to reverse the decomposition of the cyano- 
hydrin. A calculation of the actual composition of the solution 
using equations (2) and (3) showed that the formation of 
cyanide ion only caused the pH to change by 0.05 units. 

Kinetics of the Hydration of Hydroxyacetonitrile.-In the 
presence of borate buffer, the preparative scale hydration of the 
nitrile (1) (0.24.5 mol drn-,) was shown to give hydroxy- 
acetamide in 40% yield, due to the formation of polymers.' 
When the reaction was followed by monitoring the UV 
absorption of the amide at 220 nm, the side-reactions were 
shown to be connected with the appearance of an absorption at 
240 nm when the initial concentration was in the range 0.02-0.1 
mol dm-3. The decrease in the relative extent of absorption at 
240 nm compared with that of the amide, as the initial con- 
centration of the nitrile (1) was decreased, confirmed that side- 
reactions occurred through a polycondensation of the reactant. 
That is, side-reactions were more than first order with respect 
to the nitrile (1). The disappearance of the absorption corres- 
ponding to side-products, when initial concentration was 
<lo-' rnol drn-,, allowed us to make a kinetic study of the 
hydration of the nitrile (1) by UV spectrophotometry. The 
hydration of the nitrile (l), 5 x lo-, rnol dm-,, was followed by 
monitoring the increase in absorbance at 220 nm in a stoppered 
jacketed cell which was carefully thermostatted at 80 0.1 "C. 
The reactions were initiated by the addition of the reactant to 
the pre-heated solution. The added concentrations of formal- 
dehyde (5 x 1W3-5 x lo-, rnol drn-,) were calculated using 
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equations (2) and (3) in order to limit the degree of decom- 
position of the nitrile (1) to the maximum value of 2%. Excess 
formaldehyde (up to 0.2 mol dm-3) did not alter the rates even 
though it increased optical densities because of the equilibrium 
formation of N-methyl~lamide.~~ The ionic strength was 
maintained constant at 1 mol dmP3 by the addition of potassium 
chloride. Kinetic runs were followed for at least three half-lives. 
Pseudo first-order rate constants were determined from a 
non-linear least-squares procedure according to equation (5) 

0.d. = A + B exp ( -kobs t ) ,  

where A, B, and kobs are adjustable parameters. 

Kinetics of the Hydrations of Lactonitrile and 2-Methoxy- 
propionitrile.-The disappearance of the nitrile (0.1 mol dm-3) 
was followed by NMR spectroscopy, by integration of the 
corresponding signals of the reactant and product. The product 
was identified by comparison of NMR chemical shifts with the 
pure amide. The ionic strength was maintained constant at 0.4 
rnol dm-3. Samples of solution (5 cm3), in stoppered tubes, were 
introduced in a water bath thermostatted at 80 & 0.1 “C. After 
varying lengths of time, samples were removed and quickly 
cooled in an ice-bath for NMR analysis. Pseudo first-order 
rate constants were determined from a weighed least-squares 
procedure47 according to equation (6) where y is the mole 

fraction of the unchanged nitrile. The weighting factor w = y2 
was used. 
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