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1H NMR results are reported for the reactions of hydroxymethanesulfonate, 1, with aniline and its derivatives
to produce anilinomethanesulfonates, 3. The mechanism of the reaction involves dissociation of 1 to produce
formaldehyde, as a steady state intermediate, which reacts with aniline to give a carbinolamine;† subsequent
dehydration and reaction with sulfite produces the product. The kinetics of individual steps have been investigated.
The release of sulfite from 1, measured by reaction with iodine, is shown to involve the ionised, dianionic form
when pH > 3. Rate constants, k2, and equilibrium constants, K2, are reported for carbinolamine formation; the
values of k2, but not K2, are affected significantly by substituents in the aniline. It is deduced that the rate-limiting
step in the overall formation of products 3 changes in the pH range 6–8 from carbinolamine formation to
carbinolamine dehydration.

Condensation reactions of the type shown in eqn. (1) are widely

RNH2 � CH2O � HZ → RNHCH2Z � H2O (1)

used in synthesis. A well known example is the Mannich reac-
tion1 where HZ is a methylene compound with an acidic hydro-
gen. In the Strecker synthesis 2 of amino acids the first stage is
the formation of an α-aminonitrile by reaction of a carbonyl
compound with ammonia and cyanide. There is strong evidence
for the intermediacy of imines or iminium ions in these
reactions.3–8 However the lifetimes of these species are expected
to be very small in aqueous solution.9–11

Here we report a mechanistic study of reactions of the type
shown in eqn. (1) where RNH2 is aniline, or a substituted anil-
ine, and HZ is hydrogen sulfite. It has been known for some
time that sulfite, an excellent nucleophile for carbon,12 may par-
ticipate in such reactions to yield N-methylsulfonates. However
the only previous mechanistic study is a brief report 13 of the
kinetics of the reactions using ammonia as the amine.

Results and discussion
It was convenient to use the sodium salt of hydroxymethane-
sulfonate, 1, which is a crystalline material, as the source of
formaldehyde. 1H NMR measurements were made in deuter-
ium oxide. Spectra obtained with 1 and aniline, 2, in a 1 :1
molar ratio showed the gradual disappearance of bands due to
reactants and the appearance of new bands attributed to the
adduct 3, as shown in eqn. (2). The change, which took several

hours, went to virtual completion. Bands due to the adduct,
3, were close to, but distinct from, those of the reactants.
Chemical shifts for reactions with aniline (2, R = H) and

(2)

† The IUPAC name for carbinolamine is aminomethanol.

4-methylaniline (2, R = 4-Me) are in Table 1. It was interesting
that spectra obtained in the presence of a two-fold excess of
either reagent, 1 or 2, showed bands only for 3 and for the
excess component. Thus there is no evidence for further reac-
tion to produce di-adducts such as 5, analogous to those

reported 13 in reactions involving ammonia as the amine. The
lower basicity of aniline compared with ammonia may be the
important factor here. The formation of aniline N-methyl-
sulfonates, 3, was also observable by UV spectroscopy. The
absorptions due to aniline were shifted to longer wavelengths
with increased extinction coefficient by reaction with 1. Data
are in Table 1. This change in absorption was used to make
kinetic measurements. With the concentration of 1 in large
excess of the concentration of 2 first order kinetics were

Table 1 NMR and UV data for formation of aniline N-methyl-
sulfonates, 3, in water

δ
ε/dm3 mol�1

CH2 Ring a λmax/nm cm�1

1

2, R = H

3, R = H

2, R = 4-Me b

3, R = 4-Me b

4.24

—

4.28

—

4.22

—

6.70, 6.72, 7.09 �
6.80, 6.72, 7.16 �
6.64, 6.95 �
6.68, 6.97 �

—
230
280
241
287
232
287
241
291

—
7800
1400

13 100
800

8900
1600

12 400
1700

a Spin coupling, J = 8 Hz, is observed between adjacent hydrogens.
b A band due to the CH3 group is observed at δ 2.10. There is little
change in position on adduct formation.
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Table 2 Kinetic results for reaction of aniline,a 2 R = H, and 1 in water at 25 �C

Item
[CH2(OH)SO3Na]/
mol dm�3

[Added Sulfite]stoich/
mol dm�3 pH b

kobs
c/

10�5 s�1
Abs d

(241 nm)
K e/
dm3 mol�1

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

0
0.002
0.004
0.007
0.010
0.020
0.050
0.10
0.10
0.10
0.007
0.007
0.007
0.020
0.020
0.020
0.10
0.10
0.10

—
—
—
—
—
—
—
—
0.003
0.007
—
—
—
—
—
—
0.003
0.003
0.003

—
—
—
—
—
—
—
—
—
—
6.0
7.1
8.2
6.0
7.1
8.2
6.1
7.0
8.1

—
2.45
4.40
6.44
8.89

16.6
40.0
79
25
11
6.68
6.94
6.20

18.8
19.0
17.0
40
32
22

0.30
0.89
1.02
1.10
1.13
1.19
1.20
1.23
—
—
—
—
—
—
—
—
—
—
—

—
840
820
820
750
—
—
—

a The aniline concentration is 1 × 10�4 mol dm�3. A repeat of item 8 using an aniline concentration of 5 × 10�5 mol dm�3 gave a value for kobs of
83 × 10�5 s�1. b Phosphate buffers [KH2PO4]stoich = 0.033 mol dm�3. Where no pH is quoted, solutions were unbuffered. c Measured at 245 nm. d At
completion of reaction. e Calculated as (Abs � 0.30)/(1.24 � Abs) [CH2(OH)SO3Na].

Table 3 Kinetic results for reaction of 4-methylaniline,a 2, R = 4-Me, and 1 in water at 25 �C

Item
[CH2(OH)SO3Na]/
mol dm�3

[Sulfite]stoich
b/

mol dm�3 pH c kobs/10�4 s�1
kobs�[Sulfite]stoich/
10�6 mol dm�3 s�1

1
2
3
4
5
6
7
8
9

10
11
12
13
14

0.002
0.004
0.008
0.010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

—
—
—
—
—
0.0022
0.0040
0.0070
0.010
—
0.0020
0.0044
0.0070
0.010

5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
5.8
7.9
7.9
7.9
7.9
7.9

2.12
3.22
5.15
6.13

50.4
23
18
12
9.3

37
16
8.2
6.3
2.9

—
—
—
—
—
5.1
7.2
8.4
9.3
—
3.2
3.6
4.4
2.9

a Concentration is 1 × 10�4 mol dm�3. b Stoichiometric concentration of added sulfite. c Phoshate buffers.

observed. Data for 2, R = H are in Table 2. Items 2 to 8 show
that kobs increases with increasing concentration of 1. From
eqn. (2) we may write eqn. (3), so that from the slope and

kobs = kf�[1] � kb (3)

intercept of a linear plot values of kf (7.8 ± 0.2) × 10�3 dm3

mol�1 s�1 and kb (1.0 ± 0.2) × 10�5 s�1 are obtained. Com-
bination of these values using eqn. (4) gives a value for the

K =
kf

kb

(4)

equilibrium constant K of 780 dm3 mol�1 which is in reasonable
agreement with that obtained from absorbance values using
eqn. (5).

K =
[3]

[1][2]
(5)

Items 8–10 show that kobs decreases in the presence of
added sodium sulfite. Items 11–19 indicate that values of kobs

are insensitive to the pH over the range studied. It is worth
noting that the pKa value 14 of the anilinium ion is 4.60, and that
1 and 3 will exist, as shown, largely in their monoanionic forms

in the pH range 5–10. Hence the overall equilibrium shown in
eqn. (2) is not expected to be sensitive to pH in the quoted
range.

Kinetic results for reaction of 4-methylaniline with 1 are in
Table 3. Measurements were made either at pH 5.8 or 7.9. Items
1–5 show that in the absence of added sulfite values of kobs

increase with the concentration of 1. A linear plot had slope
(5.0 ± 0.5) × 10�2 dm3 mol�1 s�1 and intercept (1.1 ± 0.1) × 10�4

s�1. Since these data were obtained at pH 5.8, and the pKa

value 14 for the 4-methylanilinium ion is 5.08, a small correction
is necessary to allow for the reduction in concentration of the
free amine by protonation (eqn. (6)). The presence of the

[2] = [2]stoich�
Ka

Ka � [H�]
(6)

CH2SO3
� substituent in 3 is expected to reduce the basicity of

the nitrogen atom by 2–3 pKa units.15,16 Hence 3 will remain
unprotonated at pH 5.8. After application of the correction we
obtain values for kf, 6 × 10�2 dm3 mol�1 s�1 and kb, 1.1 × 10�4

s�1. Combination of these values gives K, 550 dm3 mol�1.
The effect of the 4-methyl substituent in 2 is to increase

values of both kf and kb, while the value of the equilibrium
constant K is little changed.
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Table 4 Kinetic results for reaction of 4-(dimethylamino)aniline a 2, R = 4NMe2, and 1 in water at 25 �C

[CH2(OH)SO3Na]/
mol dm�3

[Sulfite]stoich
b/

mol dm�3 pH c kobs/10�4 s�1
kobs�[Sulfite]stoich/
10�6 mol dm�3 s�1

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

0
0.002
0.004
0.007
0.010
0
0.002
0.004
0.007
0.010

5.9
5.9
5.9
5.9
5.9
8.0
8.0
8.0
8.0
8.0

35
13
6.4
4.4
2.8

75
21
12
7.5
5.1

—
2.6
2.6
3.1
2.8
—
4.2
4.8
5.3
5.1

a Concentration is 1 × 10�4 mol dm�3. The solvent contains 2% acetonitrile (v/v) to aid solubility. b Stoichiometric concentration of added sulfite.
c Phosphate buffers.

Items 5–9 and 10–14 in Table 3 show that there is an inverse
dependence of kobs on the sulfite concentration so that values of
kobs�[sulfite]stoich are approximately constant. Values of this
latter term show only a small variation with pH.

Results for reaction of 1 with 4-(dimethylamino)aniline, 2,
R = 4-NMe2, in Table 4, similarly indicate an inverse depend-
ence of kobs on the concentration of added sulfite.

The dependence on sulfite concentration of the rate constant
for reaction indicates that the mechanism of formation of 3 is
more complicated than bimolecular reaction between 1 and 2.
Previous work on related systems 3–8,13 provides evidence for the
intermediacy of formaldehyde, hence we propose the mechan-
ism outlined in Scheme 1. This involves: i) the formation of

formaldehyde from hydroxymethanesulfonate, ii) its reaction
with amine to yield a carbinolamine, iii) dehydration of the
carbinolamine to yield an imine and iv) reaction of the imine,
probably through the iminium cation, with sulfite. The scheme
is written for reaction with aniline, 2, R = H but will apply also
to substituted derivatives.

Before discussing our results in the light of this Scheme, we
report results relevant to the first two steps.

Formation of formaldehyde from hydroxymethanesulfonate

The high affinity of sulfite for aldehydes is well known,17–19 and

Scheme 1

there have previously been kinetic and equilibrium studies of
the formaldehyde–sulfite system. However these reports 17,18

relate to solutions with pH values in the range 9–12, or in the
range 0–3. Our measurements cover the pH range 1–8. The fast
and irreversible reaction of iodine with sulfite and/or hydrogen
sulfite ions 20 has been previously used to examine the decom-
position of aldehyde–sulfite adducts,21,22 and we have used this
method to measure rate constants for dissociation of hydroxy-
methanesulfonate.

Our results are interpreted by Scheme 2, in which sulfite

may be released from hydroxymethanesulfonate 1, or from the
dianion. The pKa value for acid dissociation of 1 is reported 17

to be 11.7. Hence in the pH range 1–8 the dianion will be a
low concentration intermediate. The disappearance of iodine,
measured spectrophotometrically at 350 nm, was found to fol-
low a zero order rate law as shown in eqn. (7). According to

�d[I2]

dt
= kobs (7)

Scheme 2 the relationship between kobs and [1] is given by
eqn. (8). In agreement with this, values of kobs increased linearly

kobs = k5[1] �
k1Ka[1]

[H�]
(8)

with the concentration of 1; representative data are in Table 5.
A plot, in logarithmic form, according to eqn. (9) is shown in

k�obs =
kobs

[1]
= k5 �

k1Ka

[H�]
(9)

Fig. 1. The pH independent part of the plot corresponds to
decomposition of 1 with a value for k5 of 2.3 × 10�8 s�1. The
pH dependent part results from decomposition of the dianion.

Scheme 2
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The knowledge 17 that the value for Ka is 2 × 10�12 mol dm�3

allows the calculation of a value for k1 of 25 s�1. Thus expulsion
of sulfite from the dianion is nine orders of magnitude faster
than from 1. Further, it is known 15 that the value of the equi-
librium constant K1 is 4.6 × 10�6 mol dm�3. Hence we may
calculate a value for k�1 (= k1/K1) of 6 × 106 dm3 mol�1 s�1.

Carbinolamine formation

The initial products of reaction of formaldehyde with aniline,
or substituted anilines, are carbinolamines.23 There is evi-
dence 24 that, in the absence of nucleophiles, cyclic trimers, 6,
may eventually be formed; imines are likely intermediates.

Abrams and Kallen 23 have measured equilibrium constants,
Kcarb, for the formation of carbinolamines, 4, from anilines and
hydrated formaldehyde. Values were ca. 20 dm3 mol�1 and were
insensitive to the nature of ring substituents. Kinetic measure-
ments were also reported 23 for reactions of anilines de-activated
by strongly electron-withdrawing groups; acid–base catalysis
was interpreted in terms of a stepwise pre-association, or
spectator, mechanism. We have made kinetic measurements of
the reaction of formaldehyde with aniline, and substituted
derivatives, in aqueous buffers. Carbinolamine formation was
accompanied by a shift to longer wavelength of the UV absorp-
tion of aniline together with an increase in extinction coef-
ficient. Hence measurements were conveniently made using

Fig. 1 Logarithmic plot, according to eqn. (9), for the release of sulfite
from 1.

Table 5 Zero order rate constants a for the reaction of hydroxy-
methanesulfonate, 1, with iodine in water at 25 �C

[1]/
kobs

b/mol dm�3 s�1

mol dm�3 pH 3.1 pH 5.0 pH 7.9

0.005
0.010
0.015
0.020
0.025
0.030

—
9.7 × 10�10

1.14 × 10�9

1.39 × 10�9

1.68 × 10�9

2.00 × 10�9

2.13 × 10�8

5.08 × 10�8

8.06 × 10�8

1.14 × 10�7

1.45 × 10�7

1.79 × 10�7

1.66 × 10�5

3.62 × 10�5

5.68 × 10�5

7.65 × 10�5

9.37 × 10�5

1.16 × 10�4

a Measured at 350 nm, either by conventional or stopped-flow spectro-
photometry. b pH values were maintained using phthalate, acetate, or
phosphate buffers with a stoichiometric concentration of 0.10 mol
dm�3.

stopped-flow spectrophotometry. With the formaldehyde con-
centration in large excess of aniline first order kinetics were
obtained. Typical results are in Table 6 and show that values of
kobs increase with formaldehyde concentration. The data are
interpreted by Scheme 3. Thus linear plots according to eqn.

(13) gave values for k2�, in terms of the hydrated formaldehyde
concentration, and k�2. The knowledge 25 that the value for
Kdehydr is 5 × 10�4, as shown in eqn. (11), allowed the calculation
of values of k2. Little variation with acidity was found in these
values in the pH range 5.8 to 7.9. However in agreement with
previous work 23 values were found to increase with the concen-
tration of phosphate buffer.

Kcarb =
[4]

[2][CH2(OH)2]
(10)

Kdehydr =
kdehydr

khydr

= 5 × 10�4 (11)

K2 =
[4]

[2][CH2O]
=

Kcarb

Kdehydr

(12)

kobs = k2�[CH2(OH)2] � k�2 (13)

kobs = k2Kdehydr[CH2(OH)2] � k�2 (14)

In order to examine substituent effects, measurements for
a series of aniline derivatives were made at pH 6.9 with a
relatively low concentration of phosphate buffer. The results in
Table 7 show that values of the equilibrium constant K2 are
insensitive to the nature of the substituent. This may be due
to the similarity in polar properties of hydrogen and the
hydroxymethyl group 26 which have σ* values of 0.49 and 0.56

Scheme 3

Table 6 Kinetic results for reaction of aniline, 1 × 10�4 mol dm�3, with
formaldehyde in water a at 25 �C

[CH2(OH)2]/
kobs

b/s�1

mol dm�3 pH = 5.8 pH = 6.9 pH = 7.9

0.0053
0.011
0.021
0.035
0.053

2.6
2.8
3.5
4.2
5.2

3.1
3.5
4.3
5.3
6.6

3.0
3.4
4.4
5.4
6.8

a Solutions are in phosphate buffers, [KH2PO4]stoich = 0.05 mol dm�3,
with ionic strength maintained at 1 mol dm�3 with KCl. b Measured by
stopped-flow as an increase in absorbance at 245 nm. Values are precise
to ±5%.
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Table 7 Rate and equilibrium data a for formation of carbinolamines, 4, in water at 25 �C

Aniline, 2 pKa
b k2

c/dm3 mol�1 s�1 k�2/s
�1 K2

c/dm3 mol�1

R = H
R = 4-Me
R = 4-Cl
R = 3-Cl
R = 3-CN
R = 3-NO2

N-Methylaniline

4.60
5.08
4.15
3.46
2.75
2.47
4.85

1.5 × 105

2.4 × 105

8.9 × 104

4.3 × 104

1.5 × 104

8.0 × 103

2.2 × 105

2.7
3.3
1.5
0.80
0.28
0.13
6.6

5.5 × 104

7.3 × 104

5.9 × 104

5.4 × 104

5.4 × 104

6.2 × 104

3.3 × 104

a Values were obtained at pH 6.9 in the presence of phosphate buffer, [KH2PO4]stoich = 0.05 mol dm�3. The ionic strength was maintained at 1 mol
dm�3 with KCl. b From ref. 14. c These values were obtained using the value for Kdehydr given in eqn. (11).

respectively. Hammett plots of the values of both k2 and k�2

gave slopes, ρ, of �1.8.
The results in this section allow estimates to be made for

the values of k2 and k�2 expected in these systems. However it
should be noted that these values will depend to some extent on
the buffer concentration.

It is known that in some reactions 23,25 formaldehyde
dehydration may be rate-limiting. The evidence that this is not
the case here is that: i) excellent first order kinetics are observed,
and ii) rate constants (Table 7) depend on the nature of the
amine. If dehydration were rate-limiting, zero order kinetics
would be expected and there should be no dependence on the
nature of the amine.

In fact it is possible to calculate a value for kdehydr of
0.0175 s�1 in the present system (phosphate buffer, 0.05 mol
dm�3, at pH 6.9). This calculation uses the following liter-
ature values 27,28 for catalytic coefficients: kW 0.004 s�1, kOH�

0.0021 dm3 mol�1 s�1, kHPO4
2� 0.39 dm3 mol�1 s�1 and kH2PO4

�

0.088 dm3 mol�1 s�1. Use of eqn. (11) gives a value for khydr of
35 s�1.

With an amine concentration of 1 × 10�4 mol dm�3, the value
of k2[2] is 15 s�1. Hence the condition khydr > k2[2] is obeyed, so
that the free formaldehyde may be treated as a steady state
intermediate. This analysis indicates that with amines much
more basic than aniline formaldehyde dehydration is likely to
become partially rate-limiting.

Mechanism of formation of anilinomethanesulfonates

It is of interest to consider the nature of the rate-determining
step in Scheme 1. It should be noted that the bulk of the data in
Tables 2–4 was obtained with relatively high concentrations of
hydroxymethanesulfonate so that the forward rate term in eqn.
(3) was dominant. Hence our discussion will centre on the for-
ward reaction. The values obtained show little dependence on
acidity, in the pH range 6–8, but show an inverse dependence on
sulfite concentration. The pH independence is not compatible
with rate-determining formation of formaldehyde, the k1 step,
since the concentration of the intermediate, CH2(O

�)SO3
�,

should increase with increasing pH in the measured range. The
inverse dependence on sulfite concentration rules out the final
product forming step, k4. Hence it is likely that carbinolamine
formation, k2, or dehydration, k3, is rate-limiting.

The velocity of carbinolamine formation is given in eqn. (15).

vel = k2[CH2O][PhNH2] (15)

Allowing for the pre-equilibria of formaldehyde and also for the
hydrogen sulfite–sulfite equilibrium,29 KHSO3

� 8 × 10�8 mol dm�3,
eqn. (16) may be derived. Experimentally, reactions are found

vel =
k2K1Ka

[sulfite]stoich

�[1]��[H�] � KHSO3
�

[H�]�KHSO3
�

� [PhNH2] (16)

to be first order in aniline yielding eqn. (17) which is written
in terms of the easily measurable product kobs�[sulfite]stoich.

kobs�[sulfite]stoich = k2K1Ka �[H�] � KHSO3
�

[H�]�KHSO3
�

� [1] (17)

The data in Table 8 show that at pH 6 there is reasonable
agreement between experimental values of kobs�[sulfite]stoich and
those calculated using eqn. (17). The agreement is acceptable
since values of quantities in eqn. (17) may be expected to show
some variation with buffer concentration and salt concen-
tration.

Nevertheless at pH 7 and particularly pH 8, the calculated
values are considerably higher than the experimental ones. This
suggests that at these pH values carbinolamine dehydration
may become rate-limiting. There is considerable evidence that
such dehydration will be acid catalysed.30–32 Hence the velocity
of reaction may be written as eqn. (18). Allowance for the
pre-equilibria in the formation of the carbinolamine, 4, yields
eqn. (19). Since reactions are first order in amine we obtain
eqn. (20) for the experimental term kobs�[sulfite]stoich.

vel = k3[4][H�] (18)

vel =
k3K1KaK2[1][PhNH2]

[sulfite]stoich

�[H�] � KHSO3
�

KHSO3
�

� (19)

kobs�[sulfite] = k3K1KaK2[1] �[H�] � KHSO3
�

KHSO3
�

� (20)

It is worth noting that eqn. (20) predicts that when pH >
pKHSO3

�, at ca. pH 7, the term kobs[sulfite]stoich should become
independent of acidity. This reflects the opposite dependencies
on pH of the pre-equilibria and the k3 step.

Using the experimental values at pH 7.0 and 8.1 for reaction
with aniline, and the known values of equilibrium constants,
values for k3 of 0.9 × 107 dm3 mol�1 s�1 and 1.2 × 107 dm3 mol�1

s�1 respectively are found. A similar calculation using the result
for 4-methylaniline at pH 7.9 gives a value for k3 of 5 × 107 dm3

mol�1 s�1. If proton catalysis is dominant over catalysis by
other acidic species present then these values will correspond to
the catalytic coefficients for protons. The values obtained are
reasonable in view of the value of 1.4 × 108 dm3 mol�1 s�1

Table 8 Comparison of experimental and calculated values of
kobs�[sulfite]stioch, assuming carbinolamine formation is rate-limiting

kobs�[sulfite]stoich/mol dm�3 s�1

Amine pH Experimental a Calculated b

Aniline

4-Methylaniline

6.1
7.0
8.1
5.8
7.9

1.2 × 10�6

1.0 × 10�6

0.66 × 10�6

7 × 10�6

4 × 10�6

1.9 × 10�6

3.1 × 10�6

1.9 × 10�5

3 × 10�6

2 × 10�5

a Values from Tables 2 and 3. b Calculated from eqn. (17) with k2 values
from Table 7, K1 4.6 × 10�6 mol dm�3, Ka 2 × 10�12 mol dm�3, KHSO3

8 × 10�8 mol dm�3 and [1] 0.1 mol dm�3.
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found previously 32 for the proton catalysed reaction of the
carbinolamine from formaldehyde and cysteine.

The pKa value of the iminium ion H2C��NHPh� will be
lower 15,16 than that of the anilinium ion (pKa = 4.60). Hence
at the pH values used in this study the unprotonated imine
will be dominant. Thus we write Scheme 1 in terms of the
imine. Nevertheless it is likely that the product forming step, k4,
will involve reaction of sulfite, SO3

2�, with the iminium ion. The
inverse dependence of measured ratio constants on sulfite con-
centration indicates that this step is not kinetically significant.

The results presented here cover a fairly narrow pH range,
and we have not extensively investigated buffer catalysis. How-
ever we are able to draw some definite conclusions regarding
the mechanism of the overall reaction. The rate-limiting step
is likely to change from carbinolamine formation to carb-
inolamine dehydration over the pH range 6–8. Substituent
effects on the overall reaction were limited to the 4-methyl and
4-N,N-dimethyl derivatives which reacted more rapidly than
aniline. Derivatives less basic than aniline were found to react
inconveniently slowly for kinetic measurements. The general
dependence on the basicity of the aniline derivatives is con-
sistent with that expected for rate-limiting carbinolamine form-
ation as shown by k2 values in Table 7. Rate constants for acid
catalysed carbinolamine dehydration, k3 in Scheme 1, are also
expected to increase with increasing electron donation from
ring substituents.

In Scheme 1, unhydrated formaldehyde, CH2O, is written as
an intermediate. Previously in this paper we have calculated
approximate values for the rate constants for hydration, khydr 35
s�1, and for reaction with aniline, k2[2] 15 s�1. It has also been
shown that the value for k�1 is ca. 107 dm3 mol�1 s�1. Hence
when [SO3

2�] ≥ 10�5 dm3 mol�1 the reactions of formaldehyde
with water or amine cannot compete with the sulfite reaction.
Thus the formaldehyde is effectively a steady state intermediate
in equilibrium with its sulfite adduct.

Experimental
Sodium sulfite, sodium hydroxymethanesulfonate, aniline and
substituted anilines were the purest available commercial
specimens. Solutions of formaldehyde, ca. 0.1 mol dm�3, in
water were prepared by diluting purchased 37% (w/w) solutions.
They were allowed to stand at 25 �C for several hours to ensure
depolymerisation.

1H NMR measurements were made in D2O with a Varian
Mercury 200 MHz spectrometer with reagent concentrations
ca. 0.1 mol dm�3. For solubility reasons 95% D2O–5% CD3OD
(v/v) was used as solvent for reactions with 4-methylaniline. The
pH values of buffers were determined using a Jenway 3020 pH
meter.

UV spectra and kinetic measurements were made with
Perkin-Elmer Lambda 2 or Shimadzu UV-2101 PC instru-
ments; for rapid reactions, an Applied Photophysics SX-17 MV
spectrometer was used. The release of sulfite from aqueous
solutions of hydroxymethanesulfonate, 1, at six concentrations
ranging from 0.005 to 0.03 mol dm�3 was measured by reaction
with aqueous iodine, 2 × 10�4 mol dm�3, in the pH range 1.2
to 7.9. Plots of absorbance, 350 nm, against time were linear
indicating zero order kinetics, and rate constants kobs were deter-
mined by dividing the gradients by the extinction coefficient

of iodine, 1.34 × 104 dm3 mol�1 cm�1. Rate constants for
this reaction, and for the first order reactions producing
carbinolamines, or anilinomethanesulfonate were reproducible
to ±5%.
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