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A method has been developed to calculate the microscopic protonation constants for some 
asymmetric N-methyl-substituted cY,w-thiadiamines, n.m-(R)(R’)NSN (R = H or CH,: R’= 
CH,; n = 2 or 3 and m = 2.3 or 4). The method is based on differences in enthalpies of 
protonation between the N-methyl substituted diamines n.m-(R)(R’)NSN and their corre- 
sponding non-substituted n,m-NSN analogues. A comparison of the calorimetric microscopic 
constants with those obtained with the ‘H-NMR technique confirms the value of the 
proposed calorimetric method. The microbasicity of the amino functions follows the se- 
quence: secondary > primary x=- tertiary. 

INTRODUCTION 

In previous papers [l] we demonstrated the establishment of a tautomeric 
protonation equilibrium for asymmetric diamines of the type (R)(R’)- N- 
(CH*),,-S-(CH*),-NH2 (R = H or CH,; R’ = CH,; n = 2 or 3 and m = 2, 
3 or 4). In some instances the relative concentration of each tautomeric 
species may be determined from calorimetric [2] or NMR techniques [3]. 

In this investigation we propose another calorimetric method which is 
based upon the drastic changes in protonation enthalpy or entropy of the 
N-methyl-substituted diamines in comparison with their non-substituted 
analogues. The value of the method may be evaluated by comparison with 
the results obtained from the ‘H-NMR method. The latter is based upon the 
resonance signal from the methyl groups which shows one sharp peak over 
the whole pH range, indicating a fast equilibrium between the different 
species. Moreover, the resonance signal is influenced only by changes in the 
protonation of the nitrogen adjacent to the methyl group. From a chemical 
shift of the methyl group as a function of pH the relative concentrations of 

* To whom correspondence should be addressed. 
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TABLE 1 

The investigated diamines 

Formula Abbreviation a 

CH,NH(CH,),S(CH,),NH, 
CH,NH(CH,)zS(CH,),NH, 

CH,NH(CH,),S(CH,),NH, 
(CH3)2N(CH,),S(CH,)ZNH, 

(CH,),N(CH,),S(CH,),NH, 
NH,(CH,)IS(CH,),N(CH,), 
(CH,),N(CH,),S(CH*)~NH, 

2,2-(Me)NSN 

2,3-(Me)NSN 
2,4-( Me)NSN 
2,2-(Me,)NSN 

2,3-(Me,)NSN 
2,3-NSN(Me,) 
3,3-(Me,)NSN 

a See ref. l(a). 

each tautomeric species or the microconstants may be calculated [4]. Table 1 
lists the diamines investigated. 

EXPERIMENTAL 

Reugents 

The syntheses of the N-methyl-substituted diamines have been described 
in a previous paper [la]. Solutions of the amines, potassium hydroxide and 
nitric acid were prepared and standardized following the normal procedure 
[ 11. All solutions were made up to an ionic strength of 0.5 with KNO,. 

NMR study 

NMR spectra were recorded on a 90 MHz HFX-5 Bruker spectrometer. 
TMS was used as an external standard. Sample tubes were rotated at a speed 
of about 4500 rpm. The sample temperature was 25 + 1°C. Shifts were 
recorded in Hz units. The reproducibility was estimated to be better than 0.2 

TABLE 2 

Resonance frequency shift a of fully deprotonated (At,) and protonated (A,) diamines 

Diamine Ah Aa 

2.2-(Me?)NSN 237.1 300.1 
2.3-(Me,)NSN 239.6 303.5 
2.3-NSN(Me,) 236.5 298.7 
3.3-(Me,)NSN 237.0 301.0 

J In Hz vs. TMS. 
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Hz. The NMR study has been restricted to the asymmetric disubstituted 
diamines n, m-(Me,)NSN. For each of these diamines lo- 15 solutions were 
prepared with an amine concentration of about 0.06 M. To these solutions a 
varying amount of standardized 0.5 M HNO, was added to yield the amine 
in different degrees of protonation. In order to obtain respectively the fully 
protonated and the fully deprotonated diamine, the first solution contained a 
slight excess of HNO, whereas the last solution contained an excess of KOH. 
The resonance frequently shifts of the fully protonated and deprotonated 
diamines are summarized in Table 2. 

CALCULATIONS 

Calorimetric method 

The protonation constants at each protonation stage (K,, K,) and their 
corresponding thermodynamic functions, reported in some previous papers 
[ 11, are summarized in Table 3. Because of the existence of two tautomeric 
forms (see scheme l), these constants are mixed constants. 

n,m-(R)(R’)NSN +H 

n,m-(R)(R’JNSN 

Scheme 1 

n,m-H+(RM?‘)NSN+H 

n,m-H+(R)(R’)NSN 

The microconstants (k,, kb, k, and kd) are related to the mixed macro- 
constants by the expressions 

K _ {n,m-+H(R)(R’)NSN} + {n,m-(R)(R’)NSN+H} = k + k 
I- (H+}{n,m-(R)(R’)NsN) a b (l) 

1 {H+){n,m-+ H(R)(R’)NSN} + { n,m-(R)(R’)NSN+H) 
K,= { n, m-+H(R)(R’)NSN+H} 

=$+$ (2) 
d 

The fraction of the tautomeric form with the proton on the primary amino 
group can be expressed as 

{n,m-(R)(R’)NSN+H} 

ff = {n,m-(R)(R)NSNH+> + {n,m-+H(R)(R’)NSN} 

= k,/K, = K,/k, 

(3) 

(4) 

NMR method 

The method for determining the microconstants from the methyl proton 
resonance frequency shifts is based on two assumptions: 
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(i) the of the site adjacent the methyl is linearly 
to the fraction time it The validity of this assump- 

tion has been proven by Grunwald et al. [5]; 
(ii) the other basic site (primary nitrogen) no influence on 

shielding. This has confirmed by PMR study the protonation of 
2-(Me)NN(Me) [4]. in the thiadiamines both sites 
are further removed each other, assumption made above 

remains valid. 
resonance frequently A(vs. TMS) the methyl may 

then expressed as 

{ n,m-+H(Me,)NSN} {n,m-+H(Me2)NSN+H} AA + A 

Ci_ 
t b (5) 

where A At equals the difference in resonance frequency shift between the 
fully protonated and deprotonated diamine; Ab = the resonance frequency 
shift of the fully deprotonated diamine; and C, = the analytical concentra- 
tion of the diamine. 

From eqn. (5) and considering the dissociation scheme it can be derived 
that 

k =AA.C,-( n,m-H+(Me,)NSN+H).AA, 
b 

AA, a {H+). {~,wz-(M%)NSN} 
(6) 

and 

{ n,m-+H(Me,)NSN+H}.AA, 

k’ = {H+}[AA . C, - { n,m-H+(Me,)NSNH+).AA,] 
(7) 

where AA = A - Ab. 
Using the known macroscopic protonation constants (K, and K2) and the 

analytical concentration (C,) of the diamine, the concentrations of the 
species in eqns. (6) and (7) may be calculated from a Fortran IV program 
EQUIL [6]. From those and the experimentally determined resonance 
frequency shifts the microconstants k, and k, may then be calculated as well 
as k, and k, from eqns. (1) and (2). The results obtained from this method 
are compared to those of the calorimetric method in Table 4. 

RESULTS AND DISCUSSION 

Because the enthalpies of protonation for the di- and tetramethyl-sub- 
stituted diamines n,m-(Me)NSN(Me) and n,m-(Me,)NSN(Me,) are un- 
known, a calculation of the cY-values and microsconstants for our asymmetric 
diamines, following the method proposed by Paoletti et al. [2c], is impossib 
ble. However, as was pointed out earlier [lb], the difference in both the 
enthalpy S( -AH) and the entropy of protonation S( TAS) between a 
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A-AH(kJ mole-‘) 

60- 

------ First step:AH,,TAS, 

- Second step : AH, , TAS, 

40- 

I I I I I 
-4 0 4 8 12 h 

TASCkJ mole-‘) 

Fig. 1. - AH vs. TAS for the protonation of a, w-thiadiamines and their methyl-substituted 
analogues. 

primary amine, e.g. n,m-NSN, and its corresponding N-methyl-substituted 
analogue, n,m-(Me)NSN or n,m-(Me,)NSN, is dominated by the difference 
in solvation between their corresponding ammonium ions. Hence it is not 
surprising (see Figs. 1 and 2) that for each such analogous pair of amines 
and at each protonation stage the ratio k = S( -AH)/S(TAS) is almost 
constant (k is about - 0.8 between primary + secondary and about - 1.3 

f 
_-AH (kJ mole-‘) 

------ First step:AH,,TAS, 

Second step : A Hp , TA S2 

‘A 2,4-(Me)NSN 

‘\ 

‘\ 
b 2,2-(Me)NSN 

) -4 0 4 
TASCkJ mole-‘) 

Fig. 2. - AH vs. TAS for the protonation of a, w-thiadiamines and their dimethyl-substituted 
analogues. 
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between primary + tertiary). Consequently we may deduce that, within each 
pair of diamines with the same n and m values, each change in (-AH,) and 
( -AH2) (or AS, and AS,) for n,m-(Me)NSN and n,m-(Me,)NSN with 
respect to the corresponding values for the primary amine n,m-NSN may be 
ascribed mainly to the secondary and tertiary amino group, respectively. 

Now, from the protonation scheme 1, it is seen that the relation between 
the experimentally determined enthalpies at each protonation stage and the 
microenthalpies is given by the expressions 

AH,=a(AH,)+(l+(AHb) 

AH,=(l -(Y)(AH~)+(Y(AH,) 

where AH,, AHd and AH,, AH, 
second protonation step of the 
respectively. 

(8) 
(9) 

are the microenthalpies at the first and the 
primary and methyl-substituted nitrogen, 

AH, - AH, = (1 - a)(AH, - AH,) (10) 

AH, - AH, = cr(AH, - AH,) (11) 

Moreover, since the enthalpy is a state property it follows that 

AH, + AH, = AH,, + AHd = AH, + AH, = AH, 

and 

AH, - AH,, = AHd - AH, (12) 

From eqns. (lo), (11) and (12) 

AH,--AH, (1 -a) =--- 
AHd-AH, cr (13) 

As the distance between both amino groups is quite large it may be assumed 
that methyl substitution on a nitrogen has almost no influence on the 
protonation of the nitrogen at the other side of the molecule. So it is 

TABLE 5 

The microconstants for some symmetric qw-thiadiamines ((Y = 0.05) and some thiamono- 
amines 

log k, = log k, log k, = log k, 

2,2-NSN 9.38 9.13 
3,3-NSN 10.07 9.93 
4,4-NSN 10.43 10.35 
2,2-(Me,)NSN(Me,) 8.81 8.26 

2-NS(Me) 9.47 
3-NS(Me) 9.01 
2-(Me,)NS(Me) 10.09 
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TABLE 6 

Average group values for the microbasicities in thiadiamines and thiamonoamines 

Protonated group log k, log k, log k, log k, 

NH,tCH,),SR 9.3 9.1 
NH,(CH,),SR 10.1 9.9 
NH,(CH,),SR 10.4 10.3 

CH,NH(CH,),SR 9.8 9.6 

(CH,),N(CH,)zSR 9.0 8.5 
(CH,),N(CH,),SR 9.5 9.4 

reasonable to suppose that the microenthalpies A Ha and A Hd of the primary 
amino group in n,m-(R)(R’)NSN will approximately equal the enthalpies of 
the symmetric diamine m, m-NSN at the first (A Hf) and the second proto- 
nation stage (AH;) (see Table 3). The a-values obtained from eqn. (13) and 
the microconstants (as log k) calculated from them with eqns. (3) and (4) are 
summarized in Table 4. It is seen that the agreement with the NMR results is 
reasonably good, which confirms that our assumption is acceptable. 

Finally, the microconstants obtained (Table 4) for the methyl-substituted 
amines may be compared to those of some symmetric a,w-thiadiamines 
((Y = 0.5) (Table 5) [I] and the protonation constants of some thiamonoa- 
mines [6] (Table 5). It may be seen that 

(1) the microbasicity always tends to a typical group value (Table 6); and 
(2) the microbasicity, within a series with equal S-N distance, follows the 

sequence secondary > primary > tertiary, as was already stated for the over- 
all basicities log py of the diamines [ 1 b]. 
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