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Solvent effects on the reactions of DANSYL and BANSYL chlorides with substituted pyridines have been in­
vestigated using two parameters of Taft's solvatochromic correlation and four parameters of Kirkwood-Onsager, 
Parker, Marcus, Hildebrand equation. The acetonitrile molecules accelerate charge separation of the reactants 
and stabilize the transition state. The coefficient of the solvent parameters provide a good information to 
predict and to analyze the reaction mechanism. The nucleophilic substitution reaction of DANSYL and BAN­
SYL chlorides with substituted pyridines are ruled by the contribution of the change in dipole moment term 
and polarity-polarizability term.

Introduction

5 -Dimethylamino-1 -naphthalenesulfonyl (DANSYL) chlo­
ride and 5-dibutyl- amino-l-naphthalenesulfonyl (BANSYL) 
chloride are well known to use for identifying1 the N-ter- 
minal amino acid in peptide or protein, as well as l-fluoro-2, 
4-dinitrobenzene and #-(2,4-dinitrophenyl)-1,4-phenylenedi- 
amine.2~3

However, the reactions of DANSYL chloride and TV-ter­
minal amino acid are influenced by solvent composition 
and solvent structure. DANSYL and BANSYL chlorides 
are very sensitive to protic solvents such as water, methanol, 
ethanol etc. and their reactions are fast even at room tem­
perature.

In general, the nucleophilic substitution reactions of 
arenesulfonyl chlorides show a wide range of mechanisms 
like from dissociative SR to SAN.4 In sulfonyl transfer reac­
tions, each mechanism reveals also variable transition state 
structures, e.g., from dissociactive 5^2 to with in­
creasing nucleophilic solvent assistance.5 The nucleophilic 
substitution reaction of DANSYL and BANSYL chlorides 
would be expected to have a wide range mechanisms from 
dissociative 5N2 through concerted SN2 to associative SN2. It 
accordingly is requested for a detailed mechanism of the 
reactions of DANSYL and BANSYL chlorides with nu­
cleophiles in various solvent compositions to find a new in­
formation on solvent effect. In this report we have in­
vestigated the reactions of DANSYL and BANSYL chlo­
rides with substituted pyridines in methanol (MeOH) and 
acetonitrile (MeCN) binary solvent mixture by means of 
conductometry.

Experimental

Materials. DANSYL and BANSYL chlorides were ob­
tained commercially from Tokyo Kasei Co. (TCI) and re­
crystallized from w-hexane/H2O. Pyridine (Py) and substitut­
ed pyridines [a-picoline (2-Me-Py), P-picoline (3-Me-Py), y- 
picoline (4-Me-Py) and 3-amino-pyridine (3-NH2-Py)] were 

purchased from Aldrich Chemical Co. and purified. All nu­
cleophiles and substrates were characterized and verified ac­
cording to the literature values6 and by characteristic IR and 
NMR spectra. MeOH and MeCN used in this experiments 
were spectroscopic grade and were purified by distillation 
from calcium hydride.

Kinetics. The rates were followed conductometrically7 
and the kobs values were obtained by the Guggenheim 
method.8

Results and Discussion

The second order rate constants, k2 for the reactions of 
DANSYL and BANSYL chlorides with substituted py­
ridines in MeOH-MeCN solvent mixtures are given in 
Tables 1 and 2.

The pseudo-first order rate constants are linearly cor­
related with the concentration of the nucleophile to obtain 
the second order rate constants,

(1)

where [Nu] represents the concentration of substituted py­
ridines. Good second order kinetics are observed (r >

Table 1. The Second Order Rate Constants (k^x 103 M 'sec ') 
for the Reactions of DANSYL Chloride with Substituted Py­
ridines in MeOH-MeCN Binary Solvent Mixtures at 0 °C

MeOH Content
(v/v)% Py 2-Me-Py 3-Me-Py 4-Me-Py 3-NHrPy

100 4.44 0.628 6.68 10.8 23.4
90 5.81 0.675 7.25 12.2 32.6
80 6.37 0.795 8.76 19.4 50.5
70 8.24 0.951 9.89 22.4 62.7
60 10.2 1.01 13.1 30.9 89.8
50 11.5 1.54 17.7 44.8 113
30 17.7 2.07 30.7 85.7 213
10 35.8 3.44 58.4 179 一
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Table 2. The Second Order Rate Coh아ants x 103 M'^ec"1) 
for the Reactions of BANSYL Chloride with Substituted Py­
ridines in MeOH-MeCN Binary Solvent Mixtures at 0 °C

MeOH
Content (v/v)% 、‘ 2-Me-Py 3-Me-Py 4-Me-Py 3-NH2-Py

100 2.67 - 3.81 5.99 18.4
90 3.46 0.432 5.12 9.25 29.8
80 4.74 0.576 7.58 13.1 46.5
70 5.92 0.740 8.10 16.6 59.4
60 7.22 0.993 9.16 20.7 71.8
50 8.96 1.24 12.9 25.8 93.1
30 15.2 1.44 28.6 73.4 172
10 23.7 1.67 57.1 175 一

Ar 그 5-dimethylamino-1 -naphthalene- TS
5-dibutylamino- 1-naphthalene-

Sheme 2.

0.9993) in all cases. The reactivity in the same solvent com­
position is in the order of 3-NH2・Py 그 4-Me-Py 그 3-Me*Py 그 

Py > 2-Me-Py as shown in Tables 1 and 2. This trend 
would basically be caused by the basicity9 of the substituted 
pyridines except for 2-Me-Py. Even though the pKa value 
of 2-Me-Py is higher than the one for Py or 3-Me-Py, the 
rate constants of 2-Me-Py in the same solvent mixture show 
very low. This discrepancy might be regarded as a base-ca­
talyzed deprotonation10 from -CH3 of 2-Me-Py. It is known 
that the methyl group attached to the 2・po옹ition of 2-Me-Py 
is a potential carbanion source.11 Deprotonation yields the 
carbanion (2 in Scheme 1) which may be stabilized by de­
localization (2 and 3 in Scheme 1) of n-bond12 as shown in 
Scheme 1.

It has been known that the nucleophilic substitutions of 
aromatic acid halides with substituted pyridines undergo to 
form pyridinium salt easily with the order of 3-Me-Py 그 2~ 
Me-Py — 4-Me-Py13 as the correlation with the acidity of 
substituted pyridines. Our results as shown in Tables 1 and 
2, however, are quite different from the mechanism of form­
ing pyridinium salt since the rate constants, k2 of 4-Me-Py 
show higher than those of 3-Me-Py. The reactions of DAN­
SYL and BANSYL chlorides with substituted pyridines 
seem to be affected by the effect of base-catalyzed depro­
tonation and the simultaneous formation of pyridinium salt.

It has been proposed that pyridinium salt formation in the 
nucleophilic substitution reactions of pyridines with acid 
halides might be induced in nonpolar media.14 The tendency 
of the rate constants in Tables 1 and 2 is interpreted that 
the reaction proceeds through somewhat different route 
from the formation mechanism of pyridinium intermediate 
because our experiments have been carried out in the polar 
media. The rate constant becomes much higher increasing 
with the content of MeCN in the mixture of MeOH-MeCN. 
It is also consistent with the increase in dielectric constant 
of MeOH-MeCN solvent mixture.

The rates in low constant of MeOH are smaller than 
those in high content of MeOH. The enhancement of rate in 
high content of MeCN may be due to the rapid formation

of polar transition state (TS in Scheme 2) as shown in 
Scheme 2.

Our results are a great contrast to the rate trend of the 
reactions of 1-phenylethyl benzenesulfonates with sub­
stituted anilines that the rates are shown to decrease with in­
crease in the MeCN content in the corresponding binary sol­
vent mixtures.15

The enhancement of rate in high content of MeCN for 
the reactions of DANSYL and BANSYL chlorides with sub­
stituted pyridines may be due to acceleration of N-S bond 
fonnation in the transition state with ease in the more polar 
solvent composition as shown in Scheme 2. The formation 
of N-S bond in the transition state would be accelerated by 
the charge separation of the two reactants at high MeCN 
content. The MeCN molecules besieged with the reactants 
may accelerate the charge separation of the reactants and 
stabilize the transition state similar to the reactant structure. 
Pyridines are known as bases, however, pyridinium com­
pounds are much less reactive toward positve species than 
the free base.16

Our results could be analyzed by the simple resonance 
theory.17 The cationic pyrimidium salt intermediate does not 
require more a partial positive charge since the nitrogen 
atom attracts the extra electrons based on the prediction of 
the simple resonance theory.17 It is also consistent with elec­
tron-density calculation.17 The enhancement of rate in high 
content of MeCN is due to that the MeCN solvent molec­
ules act as a charge-separator with the above consequence. 
Reactive contribution of polarity in MeOH-MeCN binary 
solvent mixture on the transition state structure may be as­
sessed by the a/s ratio of Taft's solvatochromic equation (2).18

log A： =A +aa+b)3+s^* (2)

where a, b and s are susceptibilities of the parameters for 
hydrogen bond donor (HBD) acidity (a), hydrogen bond ac­
ceptor (HBA) basicity (P) and polarity・p이arizability (n*) in 
the transition state. A is a constant in equation (2). The hy­
drogen bond acceptor basicity contribution of solvent (bp) 
has been found to be negligible for pyridine.18

The solvatochromic parameters, a and s, with a/s values 
are shown in Table 3.

The correlation coefficients (r) determined by multiple re­
gression analysis show to be satisfactory in all cases. Re­
latively small values of a/s (<1) indicate that the effect of 
polarity-polarizability (n*) is more contributed than that of 
HBD acidity of solvents. The polarity-polarizability (n*) of
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Table 3. Solvatochromic Correl가ion for the Reactions of DAN­
SYL and BANSYL Chlorides with Substituted Pyridines in 
MeOH-MeCN Binary Solvent Mixtures

Py 2-Me-Py 3-Me-Py 4-Me-Py 3-NH2-Py

A -10.8 -11.4 -9.82 -8.47 -7.94

DANSYL 
Chloride

a - 2.44 -2.23 -2.99 -3.24 -3.59
s - 3.61 -3.46 -4.80 — 4.48 -5.29

a/s 0.683 0.647 0.624 0.728 0.686
rT 0.998 0.963 0.983 0.978 0.957

A -7.98 -8.57 -7.42 -7.28 一 6.94

BANSYL 
Chloride

a - 2.06 -0.47 -8.14 - 3.97 -2.17
s -2.21 - 1.85 -16.2 -5.87 -3.64

a/s 0.936 0.235 0.051 0.682 0.604
rT 0.989 0.983 0.953 0.988 0.981

f Correlation coefficients.

Table 4. Solvent Parameters for the Kirkwood, Onsager, Parker, 
Marcus, Hildebrand Equation in MeOH-MeCN Binary Solvent 
Mixture

Solvent
Composition (v/v)% E-1/2E+1 a, p' 82

100 MeOH 0.477 0.181 0.130 0.346
90 MeOH 0.477 0.168 0.131 0.323
80 MeOH 0.477 0.147 0.131 0.301
70 MeOH 0.478 0.122 0.132 0.292
60 MeOH 0.478 0.118 0.133 0.285
50 MeOH 0.478 0.114 0.133 0.272
40 MeOH 0.479 0.107 0.134 0.266
30 MeOH 0.479 0.0894 0.134 0.254
20 MeOH 0.479 0.0715 0.135 0.248
10 MeOH 0.479 0.0692 0.135 0.241
100 MeCN 0.480 0.0653 0.136 0.233

the solvent is proved to enhance the charge separation in 
the nucleophilic substitution reaction.19 According to our 
results the contribution of polarity-polarizability (n*) seems 
to reflect on the degree of bond formation between the S- 
atom and N-atom and the degree of bond cleavage between 
the S-atom and Cl-atom at the transition state of the reac­
tion of DANSYL and BANSYL chlorides with substituted 
pyridines.

In an effort to provide more accurate solvent effects, a 
four parameter equation is derived by Beak.20 The corre­
lation with four parameter gives:

In A =p(£-l)/(2e+l)+aaz+bj8/+v52 (3)

where (e - l)/(2e+l) is the Kirkwood-Onsager21 function, a' 
and p' values are derived from single ion transference data 
which have been measured by Parker22 and Marcus.23 And 
a1 and p' represent the specific donation ability of a hydro­
gen bond and the specific hydrogen bond accepting ability 
of the solvent, respectively. 82 represents a volume diff­
erence between ground state and transition state.24 82 is 
known to the solvent cohesive energy density, as defined 
by Hildebrand24 and it plays an important correlator of the 
stability of the solute in a wide range of solvents. This 
equation is called the KOMPH equation (3) quoted after 
Kirkwood, Onsager, Marcus, Parker and Hildebrand. In ord­
er to quantify solvent effect옹 over the entire range of sol­
vent parameters the rates of the reactions are applied to 
KOMPH equation (3). The four calculated parameters [(e - 
l)/(2e+l), a', p* and 82] in MeOH-MeCN binary solvent 
mixture are given Table 4. The a1 value is derived from the 
following correlation equation.

0=5.28。'—0.15 (4)

The equation (4) has been generalized by Gajewski et a/.25 
Where the a is the solvent hydrogen bond donating acidity 
in Taft's equation.18 The p' and 82 values are obtained from 
the equation (S).25

ln)t = 18.9(£-l)/(2£+l)+52.8a/-0.76^/4-10.152-15.4 (5) 

Where k is the rate constant of the terf-butyl chloride sol­
volysis. The p' and 82 values can be obtained by the re­
gression analysis after substituted the values of k, a' and(£ 
-l)/(2e+l) for the equation (5). The k and (e- 1)/(2e+1) 

values are quoted from the reported data26 and then a' value 
is calculated from the equation (4).

The coefficients, p, a, b and v are correlated using the 
four parameters in the Table 4 and are given Table 5.

It is important to note that the coefficient of the Kirkwoo­
d-Onsager function, p and the coefficient of |丁，b are highly 
compared with other two coefficients (a and v) as shown in 
Table 5. The coefficient of the Kirkwood-Onsager function, 
p is related to the square of dipole moment change from 
ground state to transition state divided by the cube of the 
solvent cavity^ This suggests that the dip이e moment 
change contributes to accelerate bond cleavage between the 
S-atom and Cl-atom and bond formation between the S- 
atom and N-atom at the transition state for the reactions of 
DANSYL and BANSYL 아ilorides.

The coefficient of the P' term is substantial and it 
represents some stabilization of the ground state by electron 
donors.19 Therefore the stabilization of the ground state 
seems to be important that the hydrogen bond accepting 
ability contributes to move the transition state in the polar 
solvent.

The present results indicate that the effect of solvents on 
the reactions of DANSYL and BANSYL chlorides with sub­
stituted pyridines is ruled by the contribution of polarity-po-

Table 5. Coefficients Calculated from the Kirkwood, Onsager, 
Parker, Marcus, Hildebrand Equation for the Reactions of DAN­
SYL and BANSYL C마orides with Substituted Pyridines in 
MeOH-MeCN Binary Solvent Mixtures

Py 2-Me-Py 3-Me-Py 4-Me-Py 3-NH2-Py

P -3.25 -3.78 -3.21 -3.19 -3.05
n ANTCVT a 1.92 1.95 1.90 1.88 1.74
丄丿 AI、I OIL,, -2.78 -2.92 -2.72 -2.69 -2.61

iuc
V 0.0833 0.0852 0.0794 0.0752 0.0735
fl 0.995 0.994 0.957 0.986 0.943

P -2.98 -3.11 -2.94 -2.87 -2.79
TJ A MCVT 3 0.982 1.547 0.942 0.930 0.841
dAJNo IL , -1.95 -2.13 -1.87 -1.82 -1.69

luc
V 0.0462 0.0381 0.0325 0.0302 0.0287
T r 0.991 0.983 0.938 0.941 0.985

‘Correlation coefficients.
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larizability based on Taffs solvatochromic equation and is 
also dependent on the term of the Kirkwood-Onsager func­
tion.

Acknowledgment. This work was supported by 
grants from the Korean Ministry of Education (BSRI-97- 
3446) and Dong-A University and the authors gratefully 
acknowledge.

References

1. Woods, K. R.; Wang, K. T. Biochim. Biophys. Acta. 
1967, 133, 369.

2. Sanger, F. Bull. Soc. Chim. Biol. 1955, 37, 23.
3. Burzynski, S. R. Analyt. Biochim. 1975, 65, 93.
4. (a) Litvinenko, L. M.; Popov, A. F.; Savelova, V. A. 

Ukr. Khim. Zr. 1967, 33, 57. (b) Livinenko, L. M.; 
Maleeva, N. T.; Savelova, V. A.; Kovach, T. D. Zh. 
Obsch. Khim. 1971, 41, 2615. (c) Ciuffarine, E.; Sena- 
tore, L.; Isola, M. J. Chem. Soc., Perkin Trans II. 1972, 
468. (d) Arcoria, A.; Balli아eri, P. P.; Musumarra, G.; 
Tomaselli, G. A. J. Chem. Soc., Perkin Trans II. 1981, 
221.

5. King, J. F.; Skonieczny, S.; Khemani, K. C.; Lock, J. D. 
in Nucleophilicity; Harris, J. M. Ed., American Chem­
ical Society, Washington, DC 1987, 385-398.

6. (a) Ralph, E. D.; Gilkerson, W. A. J. Am. Chem. Soc. 
1964, 86t 4783. (b) Kyte, C. T.; Jeffery, G. H. J. Chem. 
Soc. 1960, 4454. (c) Coulson, E. A.; Ditcham, J. B. J. 
AppL Chem. (London). 1952, 2, 236. (d) Krupicka, J.; 
Krystalizace, P. Sb. Prednasek Semin. 1971, C. A. 90.

7. (a) Lee, L; Sung, D, D.; Uhm, T. S.; Ryu, Z. H. J. 
Chem. Soc., Perkin Trans II. 1989, 1697. (b) Park, H. 
H.; Hong, Y. S.; Sung, D. D. Bull. Korean Chem. Soc. 
1991, 12, 295.

8. Guggenheim, E. A. Philos. Mag. 1928, 2, 538.
9. Basicity values have been found from the the listed data 

in: Coffey, S. Rodds Chemistry of Carbon Compounds; 
2nd. Ed. Vol IV, 1976, 158, and aqueous pKa's ta­
bulated in: Z. Rappoport, Ed., Handbook of Table for 
Oragnic Compound Identification, 3rd. Ed., CRC: Baca 
Raton, FL, 1967, 436, Table XXIX, Pyridine (pKa= 
5.20), a-picoline (pKa=5.97), P-picoline (pKa=5.60), y- 
picoline (pKa=6.03).

10. (a) Katritzky, A. FRS.; Rees, C. W. FRS. Com­

prehensive Heterocyclic Chemistry, Vol. 2. Part 2A, 
1984, Pergamon Press, Oxford, 50. (b) Ziegler, K.; Zeis- 
er, H. Annalen 1931, 485, 174. (c) Jones, A. M.; Russel, 
C. A.; Skidmore, S. J. Chem. Soc. (c) 1969, 2245. (d) 
Beumel, O. F.; Smith, W. N.; Rybalka, B. Synthesis 
1974, 43.

11. Dewar, M. J. S.; Dougherty, R. C. The PMO Theory of 
Organic Chemistry, 1975, Plenum Press: New York, 
112.

12. Borrows, E. T.; Holland, D. O. Chem. Rev. 1948, 42, 
615.

13. (a) Rogne, O. J. Chem. Soc. 1970, (B), 1056. (b) Ka- 
tritzky, A. FRS. Comprehensive Heterocyclic Chemistry 
1984, Vol. 2, Pergamon Press: Oxford, 36.

14. King, J. F. J. Am. Chem. Soc. 1988, 110, 5765.
15. Lee, L; Kim, H. Y.; Kang, H. K.; Lee, H. W. J. Org. 

Chem. 1988, 53, 2678.
16. (a) Katritzky, A. R.; Ridgewell, B. J. J. Chem. Soc. 

1963, 3753. (b) Katritzky, A. R.; Ridgewell, B. J. J. 
Chem. Soc. 1967, 1204.

17. Adam, W.; Grimson, A.; Rodriguez, G. Tetrahedron 
1967, 23, 2513.

18. Kamlet, M. J.; Abboud, J. L.; Taft, R. W. Prog. Phys. 
Org. Chem. 1981, 73, 485.

19. (a) Kalyanasundaram, K.; Thomas, J. K. J. Am. Chem. 
Soc. 1977, 99, 2039. (b) Taft, R. W.; Kamlet, M. J. J. 
Am. Chem. Soc. 1976, 98, 2886. (c) Mills, S. G.; Beak, 
P. J. Org. Chem. 1985, 50, 1216.

20. Beak, P.; Covington, J. B.; White, J. M. J. Org. Chem. 
1980, 45, 1347.

21. (a) Kirkwood, J. G. J. Chem. Phys. 1934, 2, 351. (b) 
Onsager, L. J. Am. Chem. Soc. 1936, 58, 1480.

22. Cox, B. G.; Hedwig, G. R.; Parker, A. J.; Watts, D. W. 
Aust. J. Chem. 1974, 27, 477.

23. Marcus, Y. Pure Appl. Chem. 1983, 55, 977.
24. Hildebrand, J. H.; Prausnitz, J. M.; Scott, R. L. Regular 

and Related Solutions', Van Nostrand-Reinhold: Prince­
ton, 1970. Hildebrand, J. H.; Scott, R. L. Regular Solu­
tions, Prentice-Hall: Englewood Cliffs, NJ. 1962.

25. (a) Gajewski, J. J. J. Org. Chem. 1992, 57, 5500. (b) 
Gajewski, J. J.; Conrad, N. D. J. Am, Chem, Soc. 1979, 
101, 6693.

26. Ryu, Z. H. PhD Thesis, Dong-A Univ. Pusan, Korea, 
1988.


