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Results of an investigation into the chemistry of
N-chloroaaccharin and related positive chlorine species
are described. Becausq of the strongly electron
withdrawing nature of the groupings around the imide
nitrogen in saccharin, its N-chloro derivative was
expected to be extremely powerful chlorinating agent.
Its chlorine potential in aqueous environment, its
behavior in a variety of organic solvents, and its

h&drolytic behavior in water have been studied as parts

| of this investigation.

oL

3 In aqueous medium N-chlorosaccharin appears to be in
dynamic equilibrium with saccharin and hypochlorous acid.
ep? has
been calculated from the equilibrium absorbance of the
solution and the absorptivities of the species present
in the solution. Its relatively high value. -
p " 1.4 x 102 M) indicates that the positive
chlorine on the chloroimide is readily available.

When excess amounts of hypocﬁlorous acid were
present the intact chloroimide was found to undergo
successive hydrolytic cleavage. Based on reaction rate

measurement and chromatographid identification of

products the following reaction scheme was prOposed.

1



Saccharin N-chlorosaccharin

1
| . ey, (1)
Hypochlorous acid ' water
_e}? N-chlorosaccharin .
A . ky .
L ~slow> Intermediate (2)
. Hypochlorite ion .
ﬁ—gﬁgﬁe N,N-dichloro-o-sulfamyl benzoic acid (3)
i very o
< _slow -carboxylbenzenesulfonic gaseous
i > acid , + products (4)

The apparent rate constant, kl, for the cleavage of
imide bond by hypochlorite ion was 1.8 x 102 1 mol~! sec™!
over the pH range 4-6. Sl

On the other hand; N-chlorosaccharin was found to be
relati#ely stable in carbon tetrachloride, ethyl acetate,
éhloroform, aceténe, and 1l,4-dioxane to the extent that
the ultraviolet spectra or positive chlorine content of
the solution did not change fqr at least three hours after
preparation.. The-’solubilities in these solvents were
4.3, 85.1, 112,0, 173.0 and 287.0 gm/l, respectively. In
methanol, however, N-chlorosaccharin rapidly converted to
saccharin while the solution retained the same amount of
positive chlorine. When water was added the rate of;

conversion increased linearly with respect to the amount
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of water present. _Thie is probably due to the occurrence

of methanolysis and hydrolysis to form methylhypochlorite
and hypochlorots acid, respectively, in aqueous methanol.

The rate constants for methanolysis and hydrolyeie

estimated on this basis were 4.1 x 102 gec™! and
1.1 x 107 2 1 mo1~l s ; respectively. !
Covalent addition of N-chlorosaccharin to cyclohexene

in carbon tetrachloride was observed. Rate measurement

showed that the reaction was first order with respect to -

both reactants and the second order rate constant was-

3;5 x 102 1 mo1™t gec~l. N-(2—chlorocyclohexyl)eaccharin

waa identified to be the product.: -

¥l

A correlation has been shown between the equilibrium .

constants (KT and KL valuee) for reactions which involve a--

_ nitrogen containing base accepting a proton (KT) and a E

pogitive chlorine ion (K;), respectively, from aqueous

hypochlorous acid solutions. Specifically, KT and KL are

defined for: different bases as shown in the table on p. 4.
. .

a,l’ a,2‘ K" a,l° and K'a,i are the acid dissociation
constants for the amides or imides, hypochlorous acid,
conjugate acid of the amine, and conjugate acid of the
N-chloramine, respectively. Different linear correlations
between -log K, and "'1°5|0KL values were found for (A)
anions of amides and imides and (B) amines. While those
for amines fell on a line (-10310 KT) = 0.39 (-loglo Kp)
- 2.50, for imide and amide anions the values fell on the
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The failure of all data to appear on the same line was
rationalized on the basis of the "principle of hard amd - -  --
sbft acids and.bﬁses". This correlation permits the

prediction of ‘ch of other N-chlorinated molecules

from a knowledge of its structure, its pKa value and

PKg value of the non-chlorinated conjugate.
4
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INTRODUCTION

Organochlorinating agents such as N-chlq:osncginimide,__”__
chloramine T amd dichloramine T have been widely used as
disinfectant, bleach and detoxifying agents. The search
for new agents is; however, still'going_6h;hrThisq1ést
to the twofold purposes of the present study: (1) to
discover more effective organochlorinating agents, and
(2) to obtain information that will provide a better
understanding of mechanisms of reactions of these agents.

— The chemistry of these compounds has attracted
little attention aside from the classic work of Soper.l-7_
Not until recently has the relative oxidizing power of

these agents been studied. Higuchi and coworkers®10

undertook the task of clagsifying thirteen'N-chlofoéﬁééies
according-to‘their'ﬁchidrine potential”, a function

related to the relative availability of positive chlorine

in the form of hypochlorous acid. Although the authors

did not attempt to correlate the chlorine potential with =~
chemical structure, a trend can be found in their report
. that the positive chlorine is more readlly avallable ‘when
it is attached to a less basic nltrogen.- Based on this
observation oﬁe would expect N-chlorosaccharin to be a
particularly effective chlorinating agent- since saccharin

~-is a strong acid." Therefore, this investigation was

specifically aimed at the chemistry of N-chlorosaccharin.
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In addition, a quantitative free energy relationship
was sought between the availability of positive chlorine
from an N-chloro molecule and the acidity of its
non—chlorinatea conjugate. Such a relationship should be
useful in predicting the chlorine potential of a molecule
for which this value has not been determined.

The presentation has been divided into the following
parts. In section I, the chemistry of N-chlorosaccharin
determined in water as well as in organic solvents is
reported. These studies included measurement of ifs
chlorine potential, observations on its reactivity toward
some organofunctional groups and elucidation of the
mechanism responsible for the decomposition of the
chloroimide in water. Section II deals more generally
with the effect of structure of an N-chloro compound on
its chlorine potential., The differences in free energy
. §f formation for these compounds before and after they

are N-chlorinated were calculated.

A Review of Chemistry of Positive Chlorine

Chlorine atoms that are attached to either oxygen or
nitrogen in an organic molecule. are generally considered
fo be in their oxidative state of +1 (positive chlorine)
owing to their ability to (1) quantitatively oxidize
iodide into iodiﬁe, and (2) replace hydrogen atoms in
aromatic systemé. Among the organic positive-chlorine-

containing compounds, (or organochlorinating agent)

4



hypochlorous acid is by far the most widely used.
N-chloro derivatives of imides and amides such as
N-chlorosuccinimide and chloramine T have had their share
of attention. .lcyl hypochlorites and alkyl hypochlorites
have been relatively neglected mainly due to their
instability. References to the practical applications of
organochlorinating agents can be found in the field of
medicine as disinfectants or in the textile industry as
bleaching agents.

For the sake of compactness only the chemistry of
hypochlorous acid and of N-chloro'species has been
reviewed here. ZEmphasis has been placed 6n the
mechanistic aspects of the reactions of positive chlorine.
Reactions involving free radical intermediates have not
been included. For this purpose the studies in the past
have been categorized into two pafts: (1) those dealing
- with mechanisms of aromatic chlorination, and (2) those
concerred with mechanisms of exchange of positive

chlorine among organochlorinating agents.

Mechanism of aromatic chlorination. Nhen

hypochlorous acid is used in aroma#ic“thorination,-the-~~:“"“mmv*

general rate lawll

was found to be,
a[HOC1l/dt = k[HOC1] + X'[HOCL](H']

- Q)
+ Xk"[HOC1](H*][ArH]



4

where ArH is the aromatic'substrate. Not all of the three

terms on the left side of the equation are necessarily -
observed in every case. For moderately reactive ArH's
such as godiumfbenzylsulfonate,12 benzene and toluené,l3
only the third term appears in the rate equation. On the
other hand, either the first two terms or all three terms

have been found for strongly reactive ArH. For example,
14

the rate equation for methyl p-tolylether d.and-anisoleli'

shows the first two terms while that for methyl m-tolyl
ether shows all three. The significance of each term has

been interpreted as shown in equations (2), (3), and (4),

respectively.
HOC1 ;géggga HO™ + "Gl | ‘
_omeatee 4 apg fasty product
+ FAST L | rr e o e
HOCl + H  —/—/—/— H2001
IR A Sl : . :
| H001* BN po 4 nepte ()
ng1*n. 4 arm -L2sE product -
HOCL + EY == H,001" == B0 + noL* .
&

__Hx001* (or H,0 + "C1*") + ArH ~219y  proguet

In all instances, either the.chlorine cation, UCl+",

or Haocl+ has been postulated to be the chlorinating




species, which substitutes the hydrogen on the benzene
ring eleétrophilically. This postulate is very attractive
in view of the fact that Ingold and coworkersi® have
shown that the nitronium ion, N02+, is the active agent
in aromatic nitration. ‘

To further establish this proposal de la Mare, et

a1.14

attempted to eliminate the presence of other

possible chlorinating species that'might account for the
kinetic observation. For example, (1) silver perchlorate
was added to precipitate any chloride ion which could

form chlorine with hypochlorous acid in a slow step, and
(2) the authors kept the acidity of the medium high and
hypochlorous acid concentration low so that chlorine

oxide, also a chlorinating agent, would not be formed
according to the reaction %

/

- + slow
QlO + HOCl1L + H = 0120 +H20

Nevertheless, the evidence at the present time is
still not conclusive. Criticism of the "Cl*" postulate
came mainly from the estimation of the equilibrium

constant,l7 K, of the reaction

K + -
——
Clotaq) == Cl(ag) * ©1 (aq)

where K was found to be in the order of 1090 M.’ By
applying the concept that ligand yield stabilization
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18 were able

usually occurs to cations, Arotsky and Symon
to increase K to the order of 10~+0 M, but this is still
too small to produce a significant quantity of c1* in
solution. This is further supported by the fact that no
Cc1* was detected in oleum in which I* was successfully
prepared. Consequently the'mechaﬁisms represented by
equations (2) and (3) are doubtful. Although definité
proof has yet to be found, it has been generally acdepted
that H2001+ is the chlofinating species in equation (4).
Aromatic chlorination with chloramine appears to be
a bimolecular substitution reaction. Brown and Soper19
reported that kinetic evidence of the reaction between
diethylchloramine and phenols“can be interpreted in terms

of interaction between the phehoxide ions and the

diethylchlorammonium cations.

o T — T e i ey £ v - wae o

Mechanism of exchange of positive chlorine among

organochlorinating agents. N-chloro compounds were first

shown to undergo hydrolysis, in the following fashion

~INC1 + H,0 = HOCl + YNH (5)

by Selivanov,ao In this reaction the positive chlorine
content of the éyafem remains intact. ©Soper regarded this
faét as definite proof for the positive nature of the
N-chlorine atom. He later reported5 that.direct exchange

of positive chlorine also occurs between two nitrogen



_ | 7
containing compounds such as acetanilide and p-toluene-
sulfonamide. Subsequently, the following reaction
mechanism was suggested based mainly on the results
obtained from N-chlorination of acetanilide with
hypochlorous acid. These results were consistent with
the interpretation that hypochlorite ion was the

chlorinating species:

H-X
E g e 1 +
RN+ #‘R—N GI#R"N“CI
L : !

(6)

(X = 07, OH, NR,)

The processes were: (1) hydrogen bond formation by the
aminohydrogen with the oxygen or nitrogen of the
chlorinating molécule, (2) electron release by the
chldrine atom of the chlorinating molecule, whereby the
chlorine atom becomes a positive chlorine ion, and

(3) new bond formed between chlorine ion and nitrogen
which in the meantime releases the proton.

Weil and Morris2t

studied the rates of formation of
monochloramine, Nuchlormethylamine and N-chlordimethyl-
amine, They found that the pH profiles of observed second
order rate constants exhibited bell-shaped éurves with
maximum rates in the region of pH 8. The authors
attributed this observation to reaction occurring either

between hypochlorous acid and ammonia, methylamine or



.methylammonium or dimethylammonium ions. These two -

and '. | . ' . e e T g e b

B Pt
dimethylamine, or between hypochlorite ion and ammonium,
alternative mechanisms are kinetically indistinguishable.

They cannot be‘hifferentiated by means of primary salt
effect, as shown in the discussion below. -

! For the nonionic mechanism

P R

aad the ionic mechanism

'i +
rate = k')[NE,*[001" ]fNHq_"' for~/fx _®

o A

where £'s are activity coefficients and the subscript "X"

repreaente the activated complex. If the expreeeione for

the dissociation conatants of HOCl and NH3

| “’"‘ R (nf*:[o‘cx‘:’/[nocn):H+--r001-/fH0¢1' (9)

a

K, = (ENH4+][0H']/[NH3])10H- rNH +/rNH5 (10)

et ipa e A e

- are substituted 1nto equation (7), the equation,

+
rate =. (klxw/KaKb)[NH4 ][001 ]fNﬂa* fOCl--/fx (ll)_
reeulte, where K, ' ie the activity product of water.
Equation (11) reduces to equation (8) for k' 1" lew/KaKb

N '



Hence,.changes in ionic strength will have the same
influence whichever mechanism is operative.

If the iomic mechanism (equation 6) operated, it
would be expected that chlorinatién of ammonium ions
would proceed moré rapidly than chlorination of
dimethylammonium ions because the former has more
hydrogen atoms and hydrogen bond formation with
hypochlorite ion would be expected to be a more
favorable reaction. Results of Morris, et al. did not
support this mechanism because the rate constant for
formation of monochloramine was smaller than those for
formation of dimethylchloramine. On the other hand, the
rate constants of formation seemed to be proportioﬁal to
the basic ioﬁization constants of the amines. Based on
this finding, Morris, et al. favored the nonionic
mechanism with the free electron pair on the nitrogen
attacking-the positive chlorine. They also considered
that it was not likely that these nitrogen bases would
displace the more strongly basic hydroxyl grouplfrom the .
hypochlorous acid unless neutralization of fhe hydroxy;
group occurred simultaneously. Therefore, a cyclic o
transition state was postulated in a concerted process in
which combination of the hydrogen and'hydroxyl proceeded

at“the same time as the displacement.



”#_“_/;a _ s
RaNH + HOCl + HQO — H Cl o R2NCl + 2H2O

o OS

;

“H .
(12) l-

where R is H or CHB‘ . |
Recently, ﬁiguchi and coworkers®'10 classified
thirteen N-chloro compounds according to their chlorine
potentials, defined as -log,, ch, in which ch is the ’
equilibrium constant for the reaction of the following

general formula,

e -
B INCl + H,0 m==E=> YNH + HOCl

In their study, kinetic observation for eleven exchange
reactions were reported. These are summarized in Table I. T
| Although in some cases in Table Ilthe reactive
species is still ambiguous, it appears that the positive
chlorine acceptor must possess at" least one palr of
unshared electrons. ©Soper's mechanism apparently does
not apply here because in most cases no amino hydrogen - -
. atoms aré‘prééénﬁubhmfhé.écceptor molecule. and J
consequently no preliminary hydrogen bonding can occur. é
The authors favored Morris' postulate (equatlon 12). It _4
appears at this moment that sufflclent data have not been
collected to pinpoint the mechanism which is actually

operative.
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POSSIBLE REACTIVE SPECIES IN THE TRANSFERENCE OF POSITIVE.
CHLORINE AMONG NITROGEN CONTAINING MOLECULES

o

Kinetic Evidence =-pH

Q*c1 + (R,) NH

(R2)2N01 + Q

Rlnznc;'+ (R2)2Nﬁ :

RyRNH + (Ry),NC1

+1 in pH range 1-=3

linear with slope of

+1 in pH range 1-3

horizontal line in
pH range 2-4

linear with slope of
+1 in pH range 5-7

horizontal line in
pH range 2-3

- linear with slope of

+1 in pH range 4-6

linear with slope of.

+1 in pH range 4-6

Profile of Observed Possible .
' 2nd Order Rate -~~~ " Reactive
- Reactants - _ - Constant Species
Q + HOC1 linear with slope of QH' + 0C1~ or
+1 in pH range 3-5 Q + HOC1
Q + R,R,NC1 linear with slope of . Q + R,R,NC1l
1 2N | .+1 in pH range 3-4 1 2N
Qtc1 + R.R linear with slope of Q*C1 + R,R,NC1
1 2NH +1 in pH range 3-4 1 2N
Q*Cc1 + sI linear with slope of Q'Cl + SI~
+1 in pH range 1-3
Q + NCS linear with slope of Q + NCS

Qfc1 + (R,) ,NH

Q + (R2)2N+H01 or
(R,),NCL + Q¥H

R1R2N01 + (Rz%ﬁﬂ

RRN™ + R NTE)L
- or
RlRENH + (Ra)aNCl

NCS + RlREN-

SI_ + RIRENCI

NCS + R1R2NH
SI + RlRaNCl
Q=

1 - (:2'502
R, = CHy
SI = Succinimide
NCS =

Quinuclidine, [gj

N-chlorosuccinimide
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SECTION I '
CHEMISTRY OF N-CHLOROSACCHARIN



PART I
N-CHLOROSACCHARIN AS A CHLORINATING REAGENT.
STRUCTURE, CHLORINE POTENTIAL, AND STABILITY

IN. WATER AND ORGANIC SOLVENTS

~ ABSTRACT - - -
The strudturé of N-chlorosaccharin was confirmed by
similarities of its ultraviolet and infrared spectra to. -
those of N—méthylﬁacéhériﬁ_aﬁa differences from those of
0-meth&1saccharin. Its probable usefulness as a
chlorinating agent was indicated by its low chlorine
potential in water (pKep = 4.85 at 25°), and its
solubility and stability in a wide varieﬁy of organic
solvents. Cleavage of the imide bond of N-chlorosaccharin
by hypochlorite ion in water and the reaction of | o

N-chlorosaccharin with methanol were also investigated.

INTRODUCTION

N-chloroimides (e.g., N-chlorosuccinimide (I))1 and

lF. L. Lambert, W. D. Ellis, and R. J. Parry, J. Org.
Chem., 20, 304 (1965); L. F. Fieser and M. Fieser, '
"Reagents for Organic Synthesis," Wiley, N.Y., 1967,

sulfonamides (e.g., chloramine T (II))2 are widely used as

20. M. Suter, "The Organic Chemistry of Sulfur,"
Wiley, N.Y., 1944,

=15-



chlorinating and oxidizing rcagents. The chlorlnduin

O .
\ -
cHl “\ g O“\,jo % ,-ro
or /N"'C‘ - o= Vo
s/ & - jic
0

powver of these molecules, expressed as their chlorine

potential,3 chp, has been shown4 to be related to the

5For a N-chloro compound, R NCl Pch = =108y ch,
where Kgp is the equilibrium conauant for the_“eaculon
R,NC1l + H,0 === R,NH + HOCl.

2! 2~ v .72

4hee Sectlon II, "Dredlctlon of Chlorine Potential
.of N-chlorinated Organ¢c Molecules" of this worx.

acidity of their non-chlorinated conjugateb with the. . - -~ -7

stronger chlorinating agent being derived from the
stronger acid. Thus, because saccharin (III) is a

strongér'acid (pKq = 1.31)5‘than succinimidé'(955'5 9;62)6'

5Erom this work. ) L e e

-

4. H. Walton and A. A. Schilt, J. Amer. Chem. Soc.,
24, 4995 (1952).
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or Q-tolylsulfonamide (pKa = 10.3).7 it was expected that

7T Higuchi, X. Ikeda, and Husseln, A., J. Chem,
Soc., (B) 546 (1967)

N-chlorosaccharin (IV) would be an even stronger
chlorinating reagent than I or II.

When attempting to determine the gcp value of IV
it was found that other reactions were occurring besides
fransfer of positive chlorine between IV énd water,
These included acld dissociation of saccharin, cleavage
of the imide of IV by hypochlorite ion, formation of
N,N-dichloro-o-sulfamylbenzoic acid (V) and possibly the j
monochloro derivative, and slow decomposition of V to . |
yield O-carboxylbenzenesulfonic acid (VI) and gaseous E ' ;

compounds. The overall reaction scheme is believed to be
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In this communication we report evidence for this

reaction scheme together with values of the equilibrium

o

constanv, ch, and second order rate constant, kl;
Approximate values of the solubility of IV in carbon
tetrachloride, ethyl acctate, acetone, l,4-dioxane, and
cklorcfornm were also determined and the stability of its

solutions in the above solvents and mcthanol was

investigated.



RESULTS AND DISCUSSION

Svnthesin and Structure of N-Chlorosaccharin

o

A chlorinated derivative of saccharin was

precipitateda as a white crystalline powder (mp 148-150°)

8r. D. Chattaway, J. Chom. Soc., 82, 1882 (1905).

-when chlorine gas was passed into cold aqueous solutions

of éodium sadcharin. Ultraviolet and infrared spectral

features of this compound are shown in Figures I and II, - -

respectively, together with those of N-methylsaccharin
(VII) and O-methylsaccharin (VIII).

Q L 0
S Q

S\
N—CH; N
C | - /
i G
Vil 0 - Vil OoCHy

The chldriﬁaﬁéd derivative of saccharin bveing
discussed is believed to be N-chlorosaccharin (IV) and
not the isomeric O-chlorosaccharin because of the
similarities of its ultraviolet and infrared spcctra o

those of N—methylsaccharin and their differences fronm

=19~
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Figure I. Ultraviolet spectra of N-methylsaccharin (1),

N-chlorosaccharin (2), and O-methyl accharin

(3), in ethyl acetate.
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Figure IIla.
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“The infrared spectrum of O-methylsaccharin.

Sample was prepared into nujol mull and
placed between salt plates for the
measurement of spectrum. .. ... -
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The infrared spectrum of N-methylsaccharin.

- Nujol mull of sample was prepared and
placed between salt plates for the

measurement of spectrum. o
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those of O-methylsaccharin. The strongest piece of

evidence in support of this conclusion is the presence of
a strong band in the carbonyl stretching region of the
infrared spectrum of N-methylsaccharin, and the
chlorinated saccharin, and its absence from the spectrum

of O—methylsaccharin.'

Chlorine Potential of N-Chlorosaccharin

9

A substance with an ultraviolet spectrum”’ closely =

9Show’n in Appendix .I. e P S S S

resembling that of N-chlorosaccharin was rapidly
(complete within 30 sec) formed when a solution of

saccharin (1.16 x 10'* M) in 6.8 N sulfuric acid was

o e Py e gt e

mixed with an equal volume of aqueous hypochlorous acid
(1.34 x 10'3 M). When similar mixtures were made at
higher pH values (in monochloroacetic acid, sodium

monochloroacetate buffers) the spectra which were

rapidly generated resembled those of mix?g;gs of .-
saccharin, sodium saccharin,'andwﬁ;éﬂiﬁfosaccharin.
Thesé'raﬁidly generated spectra did not dhange more than
three per cent during three minutes at pH values below
3.6; They did, however, change appreciably over longer
time periods because of reactions which will bé.showp to

involve éleavage of the imide bond of N-chlorosaccharin
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followed by slow decomposition of the ring-opened |

10

intermediate. Similar spectral behavior was observed

when 0.5 ml sliquots of a solution of N-chlorosaccharin

o

loShown in Appendix II.

in ethyl acetate (9.72 x 1072 M) were mixed with 20 ml of
various buffer solutions. N-~chlorosaccharin was added
as its ethyl acetate solution because of its slow rate of
dissolution in water. _

These initial rapid reactions are believed to be due
to the establishment of the equilibria

1/K . |
SH + HOCl T——= S0l + H,0 (1)
Ka1 +
SH —== s~ + H (2)

where SH and S~ are saccharin and saccharin anion,

respectively; 'SC1 is N-chlorosaccharin, and :
K., = [SE][HOC1]/[SC1). The value of K, was calculated
from spectrophotometric measurements of equilibrium
concentrations of reactants and products following the.
mixing either of aqueous solutions of saccharin with

buffered solutions of hypochlorous acid, or of ethyl

acetate solutions of N-chlorosaccharin-with buffer . -

solutions. Results'from several seriées of experiments

are included in Table I. . . ... o —o oo es e
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TABLE I
HYDROLYTIC CONSQANT,a ch, FOR N-CHLOROSACCHARIN AT 25°

-«

Expt. [H°°1J&dded [SHJaided [50112dded C 15 n
No. x 10 M x 10" M x 10" M cp :
1 - 9.23 - 1.81 - 1.4
2 10.6 1.77 - 1.4
3 13.8 1.73 © - 1.3
4 9.55 3.54 - T 1.3
5 . 4.66 2.72° - 1.4
L — 0.379 © 1.58 1.8
70 ' ©0.948 1.54 2.0

8Calculated as described in Experimental section.

Ysolutions contain 2.4 volume % ethyl acetate.

The meﬁn value for ch in water is l.4 x J.O-5 M at

25° (excluding the ch values calculated from
experiments 6 and 7 where 2.4 volume % ethyl acetate was
present). | |

Thus, N-chlorosaccharin has a lower chlorine'
potential (chp = ~10g; ch‘- 4,85) than N-chloro-

succinimide’ (pKgp = 7.91) and chloramine TM1

1lp, Higuchi, A. A. Hussain, and I. H. Pitman,
Jd. Chem. Soc., (BS, in press. .

(chp = 7.77). Its value is very close to that which
would be predicted4 (5.27) on the basis that
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N-chlorosaccharin is a complex between a soft base (S~)
and a hard acid (C1%). For such a case the chlorine
potential would be expected to be related fo the pKyz of
saccharin by the identity chp = 0.28 pK, + 4.90.

Degradation of N-Chlorosaccharin in Aqueous

Hypochlorite Solution

The previously mentioned changes in the ultraviolet -
spectrum of an equilibrium mixture of saccharin, saccharin
anion and N-chlorosaccharin increase in rate-when.the pH
of the solution is raised or when the concentration of
hypochlorous adid is increased. These changes are
believed to bé due to a relatively fast cleavage of the .
imide bond of N-chlorosaccharin followed by a slower '
decompositibn of the chlorinated O-sulfamylbenzoic acid.
Results in Figure III show the change in ultfavioletl
absorbance at 282 mp in a 2 cm cell plofted agéinst time

following the mixing of a solution of sacchariﬁ
.(5.60 x 10~* M) in an acetic acid-sodium acetate buffer

(3 x 1072 M) at pH 3.9 with an equal volume of aqueous
hypochlorous acid (1.50 x 10™2 M). After the reaction
had proceeded for longer than 40 minutes unidentified
gases were evolved. Tﬁe ultra%iolet spectrum, whidh'was
measured three minutes after mixing the reactants is

shown in Figure IV to be almost identical to ﬁhat obtained

three minutes after mixing equal volumes of solutions of
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?1gure IV, The ultraviolet spectra fdr the following
reaction mixtures after three minutes.

.2.5 - | . | .o ae e P TE R -
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260 270 . 280 290 300 310 320
WAVELENGTH (mp)

1. Mixture of 7.15 x 10~2 M HOC1 and 2.14 x 10™+ M
saccharin with same concentration of HOCl as

reference (pH 4.9).

2. Mixture of 6.85 x 10~2 M HOCl and 3.00 x 10~% M
O-sulfamylbenzoic acid with same concentration of
HOC1 as reference (pH 3.30).

Acetate buffer 0.03 M, 2 cm, spectrophotometric cell.

*Observed absorptivities were calculated by dividing
the absorbances with the added concentration of
 saccharin (in 1.) or O-sulfamylbenzoic acid (in 2)".:
and the pathlength of the cell. . . .. . ... ... e




O-sulfamylbenzoic acid (6.00 x 10~4 M) and hypochlorous
acid (1.37 x 1072 M),

}
f‘l
!
:

The reactions occurring in thé.hypochlorous acid,
saccharin system could be quenched by adding the drawn
sample to excesé'sodium bisulfite to reduce the positive
chlorine. When bisulfite was added at prdgressively
longer time intervals after the reactants had been mixed,

and the solution was placed on a 51licic acid, 2N sulfuric™

acid column, saccharin and O-BulfamyleBZOlO acid

(identified by their ultraviolet spegtra in chloroform)

were eluted with chloroform. The amoun?t of.saccharin
obtained decreased and the amount of O-sulfamylbenzoic. .-~ =~
acid increased initially'and'theﬁ dééreasei as the time
elaﬁsed before the ad&ition of bisulfite.increased. _
Results of the amounts of saccharin and oisﬁifam&lbeﬁzdicr | 'Th_‘g
acid obtained“areﬁplotted as a function of time before

addition of bisulfite in Figure V. O—Cﬁypqulbenzene—_ e

. sulfonicvacid;'whiCh'was_éiéB éxpected to be a product of
the degradation of N-chlorosaccharin, could not be

eluted from the column with chloroform because of its
high acidity. It was, however, éluted'ﬁifh'aQueous
phosphate buffer after the saccharin and O-sulfamylbenzoic
acid had been removed. It was identified Dby the
similarity of its ultraviolet spectra in 1 M hydrochloric
‘acid and 0.1 M sodium hydroxide to those of authentic

material. Thus, the changes in ultraviolet absorbance,
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INTEGRATED ABSORBANCE

Figure V.

o

SECOND ELUTION PEAK
FAN (0-sulfamylbenzozc acid)

[ N

FIRST ELUTION PEAK
/ (Saccharin)

§

500 1000 4000 (sec)‘ 26 hr

TIME -

Integrated absorbance areas under the first

and the second elution peaks obtained at

various reaction times for mixture of

hypochlorous acid and saccharin killed with
sodium bisulfite. The systen 1nit1ally

contained_z .90 x 10~3 M HOCl and

4,85 x 10 of saccharin (pH 3.4).
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and product analysis are consistent with the proposed

reaction scheme for degradation of N-chlorosaccharin.
Kinetic data for the ring cleavage reaction were
obtainéd from measurements of changes in ultraviolet
~ absorbance at 282 mp following addition of 1 ml of
solutions of saccharin (1.74 = 2.18 x 1072 M) and 1 ml
hypochlorous acid (5.78 - 2.88 x 10~ M) to 4.6 ml‘
acetate buffers of ionic strength (I) 0.5. Under these
conditions (where the initial concentration of
hypochlorous acid, [HOGlJadded, was greatly in excess of
the added concentration of saccharin, [SH)added), the
ring cleavage reaction was pseudo first order and a :
pseﬁdo first order rate constant, kl', was calculated by
taking the maximum absorbance as the absofbance of the
pure product. Because it is not known whether this
product is N,N-dichloro-o-sulfamylbenzoic acid,
N-chloro-o-sulfamylbenzoic acid or an isomer of these,
an unspecified intermediate was included in the reaction
scheme. However,‘it is believed that irreversible ring
cleavage is the rate determining step in the reacfion.

On this basis, the rate equationl2 for consumption of

12ptailed derivation in Appendix III.

total saccharin species, SHtotal;([SHtotallé = [SHJ .
+ [87] + [SC1l)) would be

g N B P i Tonr e

£ e 1 MR, i 5
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2
cate = o1 Ka 2000115404 o ta1 ] 3
+ +
[ JUHOC1) gqqeq * Ka,1 Kop *+ EoplH']

where K and K are the acid dissociation
a,l a,2
constants of saccharin and hypochlorous acid

(Ka o = 2.82 x 10'8).11 Thus the second order rate
]

constant, kl, "would be related to the pseudo first | f
order rate constant, kl', at different pH values and
added hypochlorous acid concentration by the identity

+
added a,l ch * KCQLH I ()

2
K, o[HOCL) added

(g*1[HOCL) + K

kl = kl'

Values of kl calculated in this way are included in
Table II, page 34. e e e e

e e i

The constancy of values of k, in Table III is

strong evidence in support of’thg propqéed reaction
acheme; The kiﬁeticé of deéﬁadation of the chloriﬁated
O-sulfamylbenzoic acid were not determined. '

This overall reaction scheme is essentially the same
as that proposed.by Chattawaya to account for the_
degradation'ot N;chlofosaccharin in solutions of caustic

malis.

-
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Solutions of N-Chlorosaccharin in Organic Solvents

N-chlorosaccharin is only slightly soluble in water
(estimated solubility < 0.1 g/1 at 25°) but is readily

soluble in organic solvents as shown in Table III.

TABLE III
SOLUBILITY AND STABILITY OF N-CHLOROSACCHARIN AT 25°

Solubility Stability® = !
Solvent (g/1) (hr) |
Carbon tetrachloride 4,3 ' 20 ;
Ethyl acetate | 85.1 3 i
Chloroform " 112.0 3
Acetone . | 173.0 4 |
1,4-Dioxane ‘ 287.0 3

8Ultraviolet spectrum or positive chlorine content did
not change more than 3% during these time periods.

Solubility was estimated by'mbaéuéihgnéﬁé maximum

. concentration of N-chlorosaccharin that could be

dissolved by stirring.with the solvent in a sealed vessel
at 25°, Samples of solution were removed every 15 minutes
and analyzed by ultraviolet spectr0photometry, and
iodometric titration, for N-chlorosaccharin and positive
chlorine, respectively. When the concentration of the

~ solution in the presence of undissolved crystals did not

change during 45 minutes it was assumed to be saturated.

e e

7
4
g
{




36 i

The solutions of N-chlorosaccharin shown in Table III

were reasonably stable for at least three hours at 25°.
However, fast spectral changes did occur in dry methanol
and after ten minutes the solution had an identical
spectrum to that df an equivalent concentration of
saccharin in methanbl. At this time, the titre of

iodine against positive chlorine did not decrease more
than 6% indicating that the reaction product (or products)
were potential chlorinating agents. . A-possible reaction

which would account for this behavior would be

- . .- Bl k o f
SCl + MeOH —2 SH + MeOCL  (5)
The rate of consumption of N-chlorosaccharin and rate of f

formation of saccharin were pseudo first order reactions ;

S —————

and, from measurements of changes in concentration with
"ﬁime, a pseudo first order rate constant km with a
value 4.1 x 10~2 sec™t at 25° was calculated. When known
amounts of water were added %o the methanol the rate of

conversion of N-chlorosaccharinlto saccharin increased énd

it seems likely that the reactions. occurring dare T

-
SC1 + MeOH —2- SH + MeOCl

and

k.-

. i
'S01 + E0 —2D> SH + HOCL Y
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Measuremenf.of concentration changes as a function éf time
again yilelded pseudo first order rate constant, kobs'
which according td the above scheme would be related to
the individual r;te constant by the identity

k = k  + Xk [HO] - (7

obs m

Figure VI shows plots of k obs against H20 to be
straight lines as required by the proposed reactlon

P T N R P T O | el

scheme. The fact that the value of Xk calculated from
the plot in Figure VI (4.1 x 10~2 sec-l)-is the same as I
" that calculated from experiments in dry methanol is

consistent with the reaction scheme. _ i
The chemical literature contains, what we believe to

be erroneous, references<'t? to a reaction between S

135, M. Verma and R. C. Srivastava, Indian J. Chem.,
4, 445 (1966).

N-chlorosaccharin and methanol to yield N-methylsaccharin.

_Although these refepences are apparently based on studies

14

of Remse and Dohme, the original work makes no mention

14N I. Remse and A. R. L. Dohme, Amer. Chem. J.,
11, 345 (1890).

of this reaction and treats inétead the reaction between

- methanol and the product formed by reaction_qf'saqgharinr




Figure VI, .

40
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Plot of kong against concentration of
water in methanol for reaction of
N-chlorosaccharin in aqueous methanol.
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and phosphorous pentachloride at 70-75°. This latter

product is presumably pseudo—saccharin chlbridel5’16 and -

155, A. Jesurun, Ber., 26, 2286 (1893).

167, R, Meadoe and E. E. Reid,'QJ”ﬁmér:'Chém;‘Soc.,
. 65, 457 (1943).

not N-chlorosaccharin.

Conclusion

N-chlorosaccharin is likely to have only limited
usefulness as a chlorinating agent in water because of
its poor solubility and slow rate of dissolution. On
the other hand, it is readily soluble in several orgénio
solvents and because it readily releases its positive
chlorine in water it is expected to be a good |
chlorinating agent in these solvents. The reaction of
N-chlorosaccharin with methanol does not reduce the

availability of positive chlorine appreciably and these

solutions also should be useful chlorinating systems.




'EXPERIMENTAL

Bgagents and Equipment

-«

All reagents used.were of the highest grade commbnly
available and were.normally subjected fo further
purification before use. Saccharin (Aldrich) was
recrystallized from acetone, (mp 228-229°). N-chloro-
saccharin was prepared and purified according to
Chattaway.s The purity of the recrystallized product
(mp 148-150°), determined iodometrically, was 98% based
on active chlorine titration. Hypochlorous acid was

prepared essentially according to Higuchi.17 Commercially

l?T Higuchi and J. Hasegawa, J. Phys. Chen.,
69, 796 (1965).

available bleaching solution (contains 5% sodium
hypochlorite) was acidified with boric acid and distilled
under vacuum at 50°C. The distillate was redistilled

under vacuum at the same temperature. A diluted solution

of the second distillate was used in the reactions. The

diluted solutions usually fell in the concentration range
of 2 x 102 = 4 x 1072 M. Monochloroacetate acid (J. T.
Baker, A. R. Grade) was recrystallized from benzene
before use. Water used thfoughout this study was finally

- distilled from acid permanganate to remove possible-'

40
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volatile nitrogenous contaminants. Succinimide (Aldrich)
was recrystallizgd from acetone;'mp 124-126°,

Cyclohexene (Mayheson Coleman and Bell), bp 82.5-8%.5°,
| was used. Methanol (Allied Chemical, reagent grade) was

dried according to Vogel.ls O-methylsaccharin was

18A. I. Vogel, "Practical Organic Chemistry," 3rd
ed., John Wiley and Sons, Inc., New York, 1962.

prepared by following the procedure used by lMeadoe and
Reidt® (mp 180-181°). N-methylsaccharin was synthesized
according to Brackettl? (mp 131-132°). 1,4-Dioxane

19g. N. Brackett, Amer. Chem. J., 9, 407 (1887).

(Allied Chemical, reagent grade) was purified according
to Vogell® (bp 99-100°).

Cary 11, 14, or 15 recording spectrophotometers,
Iwhich were thermostated at'25.030.2° by circulating water,
were used to measure absorbances. pH values were

measured using a Cbrhing 12 research pH mefer,

Calculations and Procedures

Acid dissociation constant and molar absorptivity of

saccharin. Because saccharin is a strong acid the
absorbance of the neutral molecule in water was difficult

to measure and its acid dissociation constant, k .,
k]
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could not be calculated directly by using the
relationship<®

y (A = Aq)[H']
a,l (AS_ - A)

20Detailed derivation and calculation in Appendix IV.

where, A, 1is the absorbance of an equilibrium solution
of saccharin and saccharin anion, énd ASH and AS— are
the absorbances of the same solutién'at pH values where

7 99% of the saccharin was in the form of its neutral
molecule and anioﬁ, respectively. Although the value of
Agp could not be measured, values of Ag-, 4, (both in
a 5 cm cell at 270 qp) and [HY] were measured for the
equilibrium'solutiong formed when 1 ml aliqﬁots of
aqueous solutions of saccharin (3.80 x 1072 M) were added
to 20 ml of solutions of HCl and KC1l (total concentration
2 x 1071 M) at 25°, Plots of (A87 - A)/[H*] against A
gave a straight line with slope of 20.4, and intércept on -
the Y-axis of -21.7. F:om the equation it can be seen
that the slope of this line and the intercept on the

Y-axis are related to Ka 1 and the molar absorptivity
, .
270 '

of saccharin, Zgff” by the identities Ka,l = STops &nd
| Intercept :
270 .
SH = - : (9)

slope[SH]added b




where b 1is the pathlength of the spectrophotometer
cell. From results of the above‘experimenﬁ values of

K, ; = 4.91 x 1072 (lit., 2.5 x 1072 at 18°)2 and
* , ' .

2ly. M. Kolthoff, Rec. Trav. Chim. Pays-Bas,
44, 629 (1925).

= 1119 in water at 25.030.2° were calculated.
SH _

Determination of the hydrolytic constant, X

for

cp
N-chlorosaccharin. The ch value was calculated from

the absorbance, A, of an equilibrium solution of

saccharin (SH), saccharin anion (S™), N-chlorosaccharin

(SCl1), and hypochlorous acid by ‘using the equation22

(A -A)(K, 1+ (g*l)) ) ;__ _ K&_'
. A A
) oL o cp cp
(10)

22Detailed derivation and results in Appendix V.

A, and A, were the absorbances-df thé'solﬁtioﬁnﬁhder
conditions where >’99% of the added saccharin was in the

form of saccharin plus saccharin anion and N-chloro-_ =~

saccharin, respectively, and Ka 1 Wwas the acid
. ]
dissociation constant of saccharin., Values of Ao, A,

and [HY] could be measured directly but values of A

" —



could not because of the dlfflculty of working at pH
values where the saccharin would not be'diésociated to
”’aﬁ appreciable extent. Also, Aua could not be galculated
from the identity |

A= Z50105H)a50a ¥ * £roc1 {[ECLadea = [SHgageas ®

| (11)

until a sufficiently accurate value of the molar

absorptivity of N-chlorosaccharin, ESCl' was available.
Inspection of equation (10) shows that when

LHOC1) 4404 18 much larger than [SHI_ 44eq+ & Plot of

+
(A - A )R, o + (E'])
(g*)[HOCL)

added

against A at different pH values should give a straight
line from which values of K _ (= = EIE—_) and

Ccp
Ay, (= -_IEE%E%EEE) - could be calculated. A value of

| S scy could then be galculated from this Ay, value and
used to calculate A, values for subsequent experiments

where [HOC1l was not much greater than [SHJadded'

added
This was the method used to compute gcp values. Typical
sets of results for experiments carried out under
conditions where (A) [HOCl.Iadded > [Sﬁjadded’ and

(B) [BOC1) 34,4 Was not much greater than [SHJadded'cand
(C) N-chlorosaccharin was added to buffered solution of

saccharin are shown in Tables IV, V and VI, respectiveiy.
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Results from several series of experiments at
different ratios of [HOCl]added to.[Sﬁladded are collected

in Table I. The procedurea for typical experiments we:e'

(1) TFor the case where saccharin and hypochlorous acid
were mixed: Aqueous solutions of saccharin,.hypochlorous
acid, and monochloroacetate buffer, were prepared |
separately and brought to 251d.2°. Exactly 1 ml of
saccharin solution was added to exactly 20 ﬁl of buffer
solution in an Erlenmeyer flask, which was immersed in a -
water bath at 2510.2°. Then 1 ml of hypochlorous acid
was injected into this solution. Since the equilibrium
was almost instantaneously established, the equilibrium
absorbance waé measufed immediately after the injection'
in a 2-cm silica cell. In the méantime, the remaining
portion of the reaction mixture was uéed for pH N
measurement. This process was repeated at different pH -

values and different hypochlorous acid concentrations.

(ii) For the case where N-chldroéaccharin in ethyl
acetate was added to buffers: 0.5 M1l portion of aqueous
- saccharin stock solution was first added into 20 ml
portion of 0.05 M monochloroacetate solution in .
Erlenmeyer flasks, which were immersed in water bath:of
2510.2°. Then, 0.5 ml portion of freshly prépared ethyl
acetate stock solution of N-chlorosaccharin was injected

into flasks. The equilibrium absorbance was measured in

a 2-cm light-path silica cell at 270 mp immediately after

PR P ———
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a homogeneous solution had been obtained (in about
10 sec, with vigorous shakiﬁg). At the same time, the
remaining portion of the reaction mixfure was used for
pH measurement. ‘This process was repeated at several
different pH values. | |
The concentrationsof‘both stock solutions were

varied in different experiments.

Determination of the rate constant for the cleavage

of imide bond of N-chlorosaccharin. A saccharin stock

solution, acetate buffer solutions (0.5 M with ionic .
strength adjusted to 0.5 by adding sodium sulfate) of
different PH values and hypochlorous acid of various
concentrationa were prepared and brought to 25-0 2°.

4.6 Ml of buffer solution of desired acidity was mixed
with 1.0 ml of saccharin solution in a 2-cm cell. Into
this cell 1.0 ml of hypochlorous acid of desired

- §oncentration was injected. The cell was quickly shaken
and placed in a speétrophotometér. Th§ change of
absorbance at 282 mp was then_reddrded. At the end of
the fast reaction (afﬁer the maximum éﬁsorbance'reading

had passed) the pH of the mixture was determined.. .-

Chromatographic separation of the combonents of the

;gébtion mixture of saccharin and hypochlorous acid. A

partition column was prepared as follows: 20 ml of 2 N
sulfuric acid were added to 20 g of silicic acid, and’
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mixed well. A slurry was made with 40 ml of chloroform
and packed into a glass column (50 cm long, 2 cm
diameter) containing a plug of glaaarwool and having a
teflon stopcock.

; A ten ml portion of reaction mixture was added to
two ml of 4 N sulfuric acid which contained sufficient
sodium bisulfite to quench the reaction by reducing the
.'poaitive chlorine to chloride ion and, consequently, . ...w. ... _.
Nééhloroépeciesawere coﬁverted into their conjugate
non-chlorinated derivatives. Five ml of the quenéhed
reaction mixture were then chromatographed according to
the procedure below* 5-3 of silicic acid were added to
the mixture and & slurry was made with 10 ml of chloro-
form.- The slurry was then packed on the top of the
column. This was topped:with a filter paper disk. (

. Saccharin®’ was eluted with 100 ml of 2% butanol in

S B R g

23Chromatogram from separation of a known mixture
of saccharin and O-sulfamylbenzoic acid is shown in
Appendix VI.

© @hloroform and O-sulfamylbenzoic acid with 100 ml of &% .-
butanol in chloroform. SR .

| The-integfated absorbances were obtained by adding
the absorbances of all fractions (10 ml eluate in each - -

fraction), that contain the same component, at 277 mu.
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Alcoholysis of N-chlorosaccharin to saccharin in

methanol. A stock solution of N-chlorosaccharin was made

up in ethyl acetate (4.00 x 1072 M).. 0,02 Ml of this =~ ~ =~ =

solution was injected into a l-om stoppered cell
containing 2.0 ml of desired_a@ueous methanol.  .The -
disappearance of N-chlorosaccharin was then followed at

276 mp spectrophotometrically.

i st

i e ——c -



PART II

COVALENT ADDITION OF N-CHLOROSACGHARIN TO GYCLOHEXENE

It has receﬁ%ly been réportedl that N-chloro-N-

1p, Ohashi, M. Sugie, M. Okahara, and S Kowori,
Tetrahedron Letters, 4195 (1968).

methylthanesulfonamide will add covalently across the . _ .
>C=G::double bbgd-l-hexene”undefwbﬁotoirradiation. In
similar, but apparently more facile, reactions,

N,N-dichlorobenzenesulfonamide® and N-aryl-N-halosulfona-

2w. Theilacker and H.'wessel, Liebigs Ann. Chem.,
703, 34 (1967).

mides5 will add covalently to cyclohexené. Because

5M. S. Kharasch and H. M. Priestley, J. Amer. Chem.
Soc., 61, 3425 (1939).

N-chloro compounds are used as chlbrinating and oxidizing
agents for a wide variety of compounds, addition reactions
of the above type must be expected to occur if the
molecules to be chlorinated contain unsaturated groups.

We have recently discussed4 the possible usefulness:

4H Dawn, T. Higuchi and I. H. Pitman, Submltted
for publication. '

-52-
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of N-chlorosaccharin (I) as an organochlorinating agent
'pn the basis of its low chlorine potential in water and =
its solubility aﬁd stability in a variety of organic
solvents. Howe;er, we now pregent evidence that I will

also covalently add to cyclohexene in a facile reaction

Qe Q. 0
< g
% J

! | _ o
1 O B IR

B T TP T

at room temperature to yield N-(E-chlorocyclohexyl)-‘
saccharin (II). ‘ |
‘ When I (400 ng) was added to cyclohexene (15'mi).ﬁn'.—
- at 25° 1% graduallﬁ.diséolvéd and-aimuitaneously a white !
powder crystalllzed out of solutlon. After recrystalliza-.
tion from acetone-water, “this powder had mp 171-172.5°,

and the same elemental analysis as II (Found: C, 52.07;
H, 4.86; N, 4.78; Cl, 11.9%4; Sy 10.97:IT, Cy3H i‘@ncm’o;,"-"
"requlres G 52 0; H, 4.67; N, 4.67; C1, 11.85; S, 10. 70).
Its structure was gonflrmed by nmr and ir spectroscopy.

;ts nmr spedtrum.showqd tﬁe presence of 4:benzene protons
and 10 cycidhexéne'proﬁéﬁé ﬁut no cyclohexene-ethylene
protons were evident. The ir spectrum of the compound was

consistent with that '‘of structure II and contained a




o4

strong band éf‘the carbonyl stretching frequency region.
This latter piece of evidence ruled out the possibility
that an O-C bond existed between saccharin and
cyclohexene. Th; product did not release iodine from
aqueous solutions of potassium iodide thereby‘indicating
that it was not in equilibrium with N-chlorosaccharin
and that its chlorine was fixed and no longer "active".
Thé rate of formation of the adduct was determined
by measuring changes in ultraviolet absorbandé at 270 mp

after carbon tetrachloride solutions of I and

cyclohexene (which had been equi}ibrated.at~25;010.2°)7
were mixed in-a 1 ¢m sbééfroPhotometer cell, The rate of
change of absorbance was first order when
(cyclohexene)added was much greater than (I)added and

pseudo first order rate constant, kobs" values, were-

calculated. At two different cydlohexene concentrations

the value of k /[cyclohexene]addéd'- ki'.was consﬁﬁnt

obs
and thus the reaction appeared to be first order in

‘o ———

- cYyYclohexene and I. Results of two experiments are

o T AP T
Ceprmgae 1T

presented in Table I. - | e s e S




TABIE I -

RATE CONSTANTS FOR THE COVALENT ADDITION OF |
N—CHLOROSACCHARIN TO CYCLOHEXENE IN i
CARBON TETRACHLORIDE AT 25° j

i

(N-chloro=-

[Cyclo=~ . 2 2 |
hexeneJaddéd saccharinJadded 10 kobs 10 k1 'i”
x 10 M X ;O% M sec™t ML sec~t |
4,96 6.30 1.69 3.4 B
3,22 10.00 1.16 3.6 .

' |

|

i

o e t




SECTION II

PREDICTION OF CHLORINE POTENTIALS OF N-CHLORINATED
" ORGANIC MOLECULES
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PREDICTION OF CHLORINE POTENTIALS OF N-CHLORINATED
ORGANIC MOLECULES -

5 : ABSTRACT

Different linear free energy correlations have been
found between the tendencies of (a) the anions of imides
and amides, and (b) secondary and tertiary amines, to
accept arproton or to accept a positive chlorine ion to
yield mN-chloro derivative. An attempt has been made to
account for the two correlations by treating the
N-protonated and N-chloro derivatives as Lewis acid-base
complexes between "hard" (E*) and "soft" (Cl+) acids and
"soft" (anions of amides and imides)lénd;“hard" (amines)
bases. Fram the relationships developed it should be
pbssible to predict the chlorine potential of an N-chloro
compound whose structure and relevant acid dissociation
constaﬁts (of the N-chloro and N-protonated derivatives)

are known.

RESULTS AND DISCUSSION

1

In a previous paper~ we defined the chlorine

1T Higuchi A. A, Hussain and I. H. Pitman, J. Chem.
oc., (B), in press.

-57-
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potential; pK of an N-chlorinated molecule as

cp’?
-loglchp, where ch was thg equilibrium constant

PKep ™
for the reaction jn which the N-chlorinated molecule was
hydrolyzed to yield hypochlorous acid. For an
N-chlorinated secondary amine, imidé, or amide, the
reference reaction would be, |

R,NCL + H,0 = R,NE + HOC1 (1)

For the N-chloro derivative of a tertiary amine the

reference reaction would be,

RZNC1Y + H0 === RyNH' + HOCl (2)

Thus, for the case represented in equation (1)

pK

ep = (@O = ASR woy) + @gegy - ASg 0)/2.303 BRI

The free energy difference (AGI?IOCl - AG% o) was

: - 2
calculated to be +37.7 kcal mol™t from the difference
in standard free energies of formation of

Hocl#qcﬂG§98 « =19.0 kcal mol~1)2  and

~ 2G, N, Lewis and M. Randall, "Thermodynamics and the
Free Energy of Chemical Substances," McGraw-Hlll Book
Company, New York, 1923, p. 508. = . _ ... .

. n T et 8 LA kg e
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298 -1y 3
HEO‘Z!G-f = 56.7 kcal mol 7). Hence the differences in

3"Selected Values of Chemical Thermodynamic
Properties," Natl. Bur. of Standards Circ. 500, U.S.
Government Printing Office, Washington, D.C., 1952.

standard free energy between an amine, sulfonamide and
imide, and its N-chloro conjugate at 25°C were calculated

using tﬁe identity,
13.6 pK,  =37.7 = AGQ ym - AGR
cp RENH | RQNCl

For N-chlorinated tertiary amines the difference in -

standard free energy

O - M ger?) = Bee B T

values of these standard free energy differences LOD- omemeras e e

‘fourteen compounds are listed in Table I together with
the pK, values of the various substrates. |

From these results it is evident that there is a
qualitative relationship between the acidity of the
substrate and iﬁé stability relative to its N-chloro
depivative. For example, saccharin (pKa 1.305 is a
sfrong acid and its standard free energy is 10.7 kcal
less than that of its N-chloro derivative, whereas for

the weakly acidic piperidine (pK, » 30) the free . .. — - —m=m-

it 2 U U ML i e -

i v T P Y e i o i e
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TABLE I

FREE ENERGY DIFFERENCES BETWEEN NITROGEN CONTAINING
MOLECULES AND THEIR N-CHLORO DERIVATIVES

. - (46 _xu - ASp_cy) =:
e P 2
Substrate _ PRy PK.p kcal mol™t
Saccharin . 1.30% 4.,85% - v 2307 0
Quinuclidinium fon 10.95° 5.15 -30.3
N-Me~benzene- |
sulfonamide 11.35 7.96 -26.5
Succinimide 9.62° 7.71 -26.8
p-Toluene- - a _
sulfonamide 10.30 7.77 6.7
N-chloro-p-toluene- d _
sulfonam%de 4.55 6.55 ~28.4
Me ,NH >30.0° 14,93 -17.0 !
Et ,NH ©530.0°  15.23 -16.6 S
Pr,NH - >30.0° . 15.21 -16.6 |
i-Pr NH ©530.0° 13,10 - -19.5
o - ‘ z
Bu,NH - $30.0%° * 15.38 - =164
BuMeNH >30.0° 15.06 - -16.8
Piperidine >30. 0° 16.19 - -15.3
Morpholine >30.0° 14,06 -18.2
1
8See Section I of this work, . .o— T )
PSee reference 1. e | o |
®H.F. Walton and A.A. Schilt, g.Amer Chem. S0C « 74,4995 (1952). -
. dT Higuchi, K. Ikeda and A. A. Hussaln, Je. Chem. Soc.,
(B), 546 (1967)
eEstimated base on the acid dissociate constant of '
ammonia (pKg = 35) by R. P. Bell, "The Proton in
Chemistry," Cornell University Press, Ithaca, N.Y., 1959.
rUnlesa otherwiaé'atated values were taken from reference 1l.




energy difference is”oﬁly 15.3 kcal. Values for the other

compounds fall roughly within this range.

However, ionjzation of a pfétbh‘ (pK;)_ and
substitution of a proton for a positive chlorine |
substituent Spgcp):;are vastly different processes and
" 'no lineaf"ffée energy relationship between pK& and
pK,, - was evident. ' |
A more useful approach appeared to be to compare
equilibrium constants fdf.éompetitive reactions in which
bases extract either a proton or a positive chlorine ion
out of aqueous hypochlorous acid. The substrates in these
réference reactions are the anions of the imides and

amides, and the neutral molecules of amines. The

reference reactions for imides or amides are,

K
- T -
e Ky, -
R2N + HOC1l -‘.—'—\‘.—.—_ RzNCl + OH | (4)

values of the equilibrium constants, KT (for reaction
' (3)) and K; for reaction (4)) can be obtained from the
identities,

[RENH][OCI_] K 5

" ' KT - = ra-’— . (5)

[R2N"][HOGl] a,l

1
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and

| '[R2N01][OH“] K, ©
1 [RN"1[HOC1] Ka,1 Kop -

where Ka,l’ Ka,e and Kw‘ are the acid dissociation
constants for the amides or imides, hypochlorous acid,
and water, respectively, and Kc

P

is the equilibrium
constant for hydrolysis of the N-chloro compound.

For a tertiary amine the reference reactions are

K _
T + -
RN + HOCl z=—= RZNH" + 0C1 (7)
and
* KL . + ' '
—e, -
RN + HOCl &——= RZNC1" + OH (8) |

" Thus, for tertiary amines

] [RENH+][001'J W (9)
T [RgNI[HOCL] . “a,l
. and
._“K . [RgNC1*I[0E™) K. (10)
| L "’ [RzN] [HOC1] f‘m

wheré K; 1 is the acid dissociation constant of the
k)
conjugate acid of the amine and the other equilibrium

constants are as defined above.

- e g e e P — B
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For secondary amines the reference reactions are,

- K
T ) : -
RNH, + HOCl == R,NH," + 0C1 (11)

'and

| K
R,NE + HOC1 = R,NECL* + OH” . (12)

Therefore, for secondary amines

+ -
[ReNH2 Jjroci~l K

- . 22 (13)
“r [R,NH] [HOC1] Ka,1
and
< (R NHC1"][OH] ‘ K, S
L (R,NH] [HOC1) - K3 Eop |

R where. K;'l, and K;‘3, aie the acid dissociation
constants for the conjugate acids_of the amine and the
N-chloroamine, respectively.

| Values of -log,,Kp and TlogloKL‘ for the fourteen
imides, amides and amines séudied are included in Table II
" together with the ﬁalues of the appropriate acid -
dissbciation conétants. Because the only chlorammonium
acid dissociation constants (pK;’3 values) available
were those for dimethylchlorammonium ion and -
diethylchlorammonium ion, these values were plotted

against the acid dissociation constants of the

dimethylammonium and diethylammonium ions. The K 3
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values of the other chlorammonium species were |
extrapolated from the resulting linear free énergy
relationship. The values for all the chlorammonium ions

except N-chloromofbholinium ion are expected to be

reliable to within i0.5 of a pKa_munit.because'the'm""m
ammonium ions all have similar acid strengths.
Morpholinium ion is considerably more acidic than the
other ammonium ions and the estimate of the ng value of
N-chloromorpholinium ion is probably less reliable .
because of the larger extrapolation fequired. -_

| As seen from the plot of -log K, against -log KL
in Figure-I, the compounds . investigated fall ‘into two .
distinct groups. A reasonably good linear correlation

exists between <~log KT and -103 K; _values for.the -

. anions of imides ‘and amides and another between the valuea

for amines. The two lines appears to converge at

~-log KT = -5.40. Thus, the following dlscussion about
possible reasons as to why a compound falls on the upper
or lower line only applies to bases whose congugate acids
have pK, values below 12.95 (see equatlons(B), (9), and
3.

" From the results in Figure I it can be seen that if
an imide (or amide) anion and a secondary amine had
similar tendencies to accept a proton (KT).then the
imide anion would have the greater tendencies to aécept a
positive chlorine ion (E;). Conversely, if both types of

compound had similar tendencies to accept a positive
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chlorine ion then the amine would accept a proton more
strongly than woulQ the imide anion. These results
suggest that N-chloro imides, and amides, are stabilized
relative to imides and amides by some factors which do
not contribute as strongly towards the stabilization of
N-chloro secondary and tertiary ammonium ions relative

to the ammonium ions. These factor34 may include

4R. G. Pearson, J. Amer. Chem. Soc., 85, 3533 (1963).

greater covalent character of the N-Cl bond, some form of
T bonding, or electron correlation effects. A qualitative

understanding5 of the differences between these two groups

5R. G. Pearson and J. Songstad, ibid., 89, 1827
(1967).

of compounds comes from treating the N-chloro and
N-protonated derivatives as complexes formed between

Lewié acids (E*, ¢c1*) and bases. According to the

principle of hard and soft acids and bases, complexeé

fqrmed between acids and bases of similar degrees of

hardness or softness will be the most stable. Hence,
complexes formed between soft bases such as the highly
polarizable anions of imides and amides and the soft acid, =

Cl*, (cf Br*,“ I*)5 aie expected to bé more stabilized

by the interactions of the chlorine than are the complexes .. .. ...

e A YT T kel T s T L Y
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formed with the hard acid, ) Similarly, complexes of
hard bases such as secondary and tertiary amines

(ef NH3, RNH2)§ . and the hard acid, H+, are expected
to be more stable than those with the soft acid, C17.

Small displacements of compounds from their

correlation lines are probably due to differences in the

steric requirements of Cl and H substituents.
By'using the correlation lines in Figure I and the
relationships developéd in this paper it should be
possible to predict the chlorine potential of‘&n
N-chloro compound form a knowledge of its structure and

the relevant acid dissociation constants.

P ST
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APPENDIX I
SPECTRUM OF THE MIXTURE OF SACCHARIN AND HYPOCHLOROUS
ACID IN 6.8 N-SULFURIC ACID _ NSRS -
7
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1. Solution of 6.18 x 10~% M HOCL in 6.8 N HyS0,. -

5. Solution of 5.80 x 10”2 M Saccharin in 6.8 N H SO,

3. Mixture of 6.18 x 107+ M HOCl and 5.80 x 1077 M
saccharin in 6.8 N HoSO4. Spectrum was taken
immediately after mixing. ' .

~ Measurements were made with 5 cm cell.
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APPENDIX II

SPECTRA OF N-CHLOROSACCHARIN IN BUFFER SOLUTIONS
OF VARIOUS ACIDITIES - = .




ABSORBANCE

0.0 | i | 1 )
250 260 270 280 290 300 |310-

WAVELENGTH (mp)

" Initial concentration of N-chlorosaccharin:

5.4% x 100+ M in (1) 2 N sulfuric acid, pH = 0.03
(2) 0.29 M sulfate buffer, pH = 1.20; (5? 0.29 M sulfate
buffer, pH = 1.67; (&) 0.2 M phosphate buffer, pH = 2.583
(5) 0.2 M phosphate buffer, pH = 3.06; (6) 0.2 M acetate i
buffer of both pH 4.03 and 5.30. This spectrum is also I F
identical to that of saccharin solution under the same - '
conditions. 1 cm cells were used to measure the .. ... ==
absorbances. e T T T
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APPENDIX IIT

DERIVATION OF THE RATE EQUATION FOR THE DEGRADATION

OF N-CHLOROSACCHARIN IN AQUEQOUS HYPOCHLORITE SOLUTION
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The important reactions in the saccharin-hypochlorous

acid mixture are the following,

. 1/K . |
—_—CDP
SH + HOCl e ——— SCl + H20

| . .
sCl + ocC1” ;} products

P AT . :

K
SH —2ai> g~ 4+ ®*

K

HOCL =222> H* + 0C1™

where Kcﬁ is the thermodynamic hydrolytic constant;

kl is the second order rate constant for the cleavage of

imide bond; K and K are the acid dissociaﬁion
’ a,l a,2

B et ettt Wi, ok Wi SEE L 4

constants of saccharin and hypochlorous acid, respectively. :

And the rate of degradation is,

Rate = d[productsl]/dt = kl[SCll[OCI-] ()

Since at any time the concentration of N-chlorosaccharin,
SCl, relates to total saccharin species, SHtotal" by

the identity,

= [SC1] + [S™] + (sH]  (2)

Al

(SHy o4q17

and the relationships,

B*Ii(s™ ' SHI[HOC1 |
Ka1 = Ui e, - S (3)




always hold, the combination of equations yields,

| K_ ,[sCl]K K __[scC1]
a.l cp c
[(SHyopeyd = [BCLI + i itmoon] —ThooTT

or

[SH 1{r*1CHOC1)
[SCl] - total (4)

+ +
(H"J[HOC1] + Ka,l ch.+ ch[H ]

When equation (4) and [0C1™] = (Ka’a[HOGl])/[H+J are
substituted into equation (1) the rate of degradation

becomes

' 2
k, Ka!QEHOCIJ [sntotal] (5)

+
+ ch[H J

Rate =

+
(H"]J[HOCL] + Ka,l ch

under the conditions where [HOCL] ;... > [SHI 4, . and
the pH of the solutions are buffered at two units below

PKa,2’ [(HOC1] = EHOCl]addedt Thus,

» '
= 1

o

2
k, K 2[H001] H ]

(S
" Rate = 1 . ~dded

+ , +
[(H ][HOCl]added + Ka’1 ch + KCP[H ]_

Hence, a pseudo first order reaction with respect to

.saccharin was observed and kl can be calculated from the

pseudo first order rate constant, k'l, and other known

quantities by using the following identity,

+ +4,
[H J[HocJ.Jadded + Ka‘l ch + ch[H ]
2

ky = k'

total (6)

)

S g S e
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APPENDIX IV ' S

ACID DISSOCIATION CONSTANT AND MOLAR ABSORPTIVITY
OF SACCHARIN L :

R



e e .78“d.w e

Sacchariﬁ“partiélly dissociates in water according

'to_

o il Is‘ + H* where K_ (S 017
1 where K, ST

" Based on the law of conservation of mass and Beer's'léw

we have the relationships,

" (concentration of 5 - |
[SH] 34ea saccharin initially (sE] + ([87] (1)
added) :
and

T T T T B

o . S.S_H_Esmb_, R N ©

- where

A = the absorbance of an equilibrium solution
of saccharin and saccharin anion

iX = .molar absorptivity of X; 2220. = 1570
s B T S '
[X] = molarity of X
b = ‘pathlength of cal;w_"p_“;rmwmww«ﬂ«w~*~”“*"' o
are derived, respectively. : :
Substituting [SH ] in equation (2) with [8H] _j..4

‘. i

~ (571, we have, oo T T

A = L p[SH] 40 0 b =S [87I0 + Z5 - 87D )
(3)

A = gyt - ST
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" where |
b: the absorbance of the same

Agg = %s5ulSH)gqqe4Ps
solution at pH values where more than 99%
of«the saccharin is in the form of its
neutral molecule. _ 1

Similarly, substituting [S~)] with [SH] - [SH]
- . added

we have
A = S [SHID + So=[SH] 45,4 D - € -[sHID
(&)

A = Egy - So-)[SHIb + Ag~

where _
- és—[SH]added b; the absorbance of the same

A=
S
__solution at pH values where more than 99%
of the saccharin is in the form of its anion.

. Eliminating the term, (és- -~-SH),"by‘combination”of”"*“

equations (3) and (%) yields,

(Ag= = &) [sm)

- "SH [s”1.
' '”Since :
[l [SH] i [H+]
[(s™] Ka,l
thus, _
- g = B gy e e T
. ",(x - ISHSI K;:I
or ' .
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A plot of (Agy - &/[H']: against A would be linear
and yield values of | |

o

] intercept
) and - (- =
slope SH slope ESHJadded

K, = (55553

a “b)

Figure I shows two determinations made -in 0.2 M BCI—KCl 
buffer at 270 mp in sligﬁtly different solvent systems. °
The resulta on line 2 are from solutions containlng . -Lwn~~,3.a_ﬁ
2. 5 volume % ethyl acetate while those on line 1 do not.

The results are shown in Table I.

TABLE I

THE DISSOCIATION CONSTANT, K, ,, AND MOLAR
’ .

ABSORPTIVITY, %£gy, OF SACCHARIN ACID R

[Smadded x 10* M Slope  Intercept - Ka,l éSH
1. 1.90 . 20.4 -21.7 . 0.0491- - 1119 ————""=""

2.* 2.00 . .- 26 -29.3 0.0383 1120

*Solution containing 2.5 volume % ethyl acetate.

The slight dlfference between the two. K 1' values |
is probably due to the change of the solvent system. An
average value of 1120 for £y is obtalned.ﬂ The value. _

of K 0.0491 or 0.0383 was selected according to the

a,l’
absence or presence of 2.4 volume % ethyl acetate in the

solution. ' e e o e




(Ag- = R)/1H")

o
.
o

2.0

Figure I.

1.0

Determination of Kg

1. 1.90 x 10"4 M saccharin in'aqueous buffer

solution. Results are shown in Table I.

2. 2.00 x 10'4“M'saCcharin'ih“éqﬁéous buffer

. solution containing 2.4% ethyl acetate.

1 and molar absorptivity :
of saccharin 0.2 M RC1-HC1 buffer solution.. -
Measurement of absorbance was made at 270 mp
““with a S5-cm cell. Composition of the

systems: -

e o L
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" APPENDIX V
DETERMINATION OF
FOR N-CHLOROSACCHARIN

THE HYDROLYTIC CONSTANT,

82

ch,




The hydrolytic constant, K as previously

en?
defined,l of N-chlorosaccharin (Sgl) was expected
to be extremely high. The dissociation constant of the
parent acid, saccharin (SH) is 4.91 x 10~2 compared to
2.40 x 10710 for succinimide, the parent acid for
N-chlorosuccinimide. In this section results of an
investigation designed to measure the hydrolyt}c constant
are giveﬁ in detail.

' In the pH range of O to 4 the important reactions
in the saccharin-~hypochlorous acid mixture immediately

after mixing are two related equilibria, viz:

K
SC1 + H,0 = SH + HOCl

s =2y 5= 4 @t
(Hypochlorous acid is virtually unionized in this range,
pKa = 7.55) where Ka,l is the dissociati;n constant of
saccharin and 8~ . represents the anion form of saccharin.
Letting [SH] + [S7] = [ST], the total concentration
of saccharin, then at any hydrogen ion concentration,

[(E*], and rearranging, we obtain

+
(sT][H"] (1)

[sH] o
Ka + [H"]

L
-

Substituting equation (1) into the expression, .

: SH][HOC1
Kp = LERATH

i I




and rearranging, yields

- [E*1[HOCL].
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I +
wo STY ;KcD(Ka.l + [H ]) L R .
%EETT - (2)

Also, according to Beer's law, the observed ... . ---

absorbance, A, of the solution at equilibrium,

A = SglSHID + S (STD v Eg5,(801Tb + €00 [HOCLID

_ (3)
A = EnlSTIb + £, [SCLID + ooy [HOC11D

where ¢y is the absorptivity of "X" and

$q - K, g * ésHm*J

ST +
[H"] + Ka,l
and b is the pathlength of the cell.
Substituting [ST] = [SH]added-[SCl]-and

[HOC1] = [HOC1) 4404 = [sC1], where [SHJadded and

[HOCl]added are the concentration.of saccharin and

hypochlorous acid initially added, into (3) yields .
A = Zo[SH] o 0 b = Zgn[SCLIb + S0 [SC1ID

- €001 [H00L 5400 ® = 2001 (51T |

A = A + Az(sCllv : S 4y’




where

hy = ZgplSHl qgeq P + Lyyo01 [HO0L) 404 bs the

absorbance of the solution under conditions
where more than 99% of the added saccharin
was in the form of saccharin plus saccharin
anion,

AL = 2g - 2sm = 211001
On the other hand, equation (3) can be reformulated

by substitution of [8C1] = [8H] 4. 4 - [ST] and
(HOC1] = [HOCl) 44504 = [SH] 3464 * [ST] which gives,

A = ;ST[ST]b + &0y [SH 444 © = Sgop [STID

+ 1061 LHOCL] (3304 ® = Z1001 (50 ageq *Eaoc (ST TP

(5)
A = A - A% [STlb

where

Age = 2501088 ag0q © * Zoca [HOCL] gq0q D
- Zroc1[SH] 13364 P the absorbance of the

solution under conditions where more than
99% of the added saccharin was in the form
of N-chlorosaccharin,

A -A . |
[ST] .
- Substitution of (6) into (2) yields, S
K. (K ., + [EH']) A - A
S2—tad - B 7

[E*][HOCL] 0

B A T M iy o, 451 R ST st 1

R

b Rl S e o




(K, 1 + (u*]) A, = A

[H+][HOCl];dded - [8C1] o

From the definition of A and A, the following

relationship can be derived,

Ay = Ay = AS[BH] 440q P (8)

The combination of equations (8) and (4) gives

A=A
[sC1] " I

2— [SH] €))
00 Ao _ added

Substituting (9) into (7) and rearfanging we have the

final form of the equation,

+ .
(A' - Ao)(K&,l + [H ]) AOO
9:80) {FHOGI] —f—:—fg— [SH] _ cp c
X added ~ AOO - AO- o added} ey
- | (10)"

Under the conditions where [HOC;]added :>;> [SHJ&dded’
the term,

-

o
='w [SH] 4ded

| = [HOC1)
)

[(HOC1)

added "~ added.

Ll e Tl S ) gk

- - Eé_
CP




is also less than unity, therefore a plot of

(A - A )(K, |+ [HD)
[H"][HOC1]

added

against A would show a straight line (Figure I). -
SRR /

1 - intercept
Kep = (- ) end Apo = (- gTope.

I

were calculated and summarized in Table I.
The absorptivity of N-chlorosacchariny” i801,was

"'then”uséddiﬁ"the calculations of K _ under the

P
conditions where (A) [HOCl]added was not much greater

than [SH]&dded’ or (B) N-chlorosaccharin was added to
the buffered solution of saccharin. Tables II and IIT

summarize the values of ch obtained under conditions

(A) and (B), respectively. |
The K__ values all agreed reasonably well. The

_ cp
mean value:. for K,  in water is 1.3 x 1072 M at 25°

P

(excluding the gcp values calculated from experiments

where 2.4 volume % ethyl acetate was present).

1Hussain, A. A., Ph.D, thesis, University of Wisconsin,
Madison, Wisconsin, (1965), -

S B . g 5




(A - AN(K, | + [H'])

S

g 16.0 |

3

@

™

—

Eg

= 12.0 |-

i

&
8.0 |
4.0 -
0.0

0.60 0.70 0.80 0.90 - 1.00
A ,

Figure I. Determination of Xcp and molar absorptivity
of N-chlorosaccharin at three different initial
concentrations. DBuffer concentration = 0.045 M,

absorbances measured at 270 mp with 2-cm cell.

1. Initially contain saccharin 1.8l X 10-4 M and
| hypochlorous acid 7.23 x 10=* M. (Data are marked
- with "X"). .

2. Initially contain saccharin %.?? x 10~% ! and
hypochlorous acid 1.06 x 102 M. (Data are not,
shown in this figure, but in Table IV, page 45).

3, Initially contain saccharin J}.73 x 10~% M and
hypochlorous acid 1.38 x 10~2 M. (Data are marked

with "o").
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TABLE IIa

DETERMINATION OF HYDROLYTIC CONSTANT, Kopr AT 25° IN
WATER UNDER THE €ONDITION WHERE [HOC1]_j . . WAS NOT MUCH
GREATER THAN [SH] ;. .*

+ K
PH x[?b% y o * Fe0 x 1g§ M
2.29 - 5.06 0.861  1.245  1.453 1.5
2.402 3.9 0.866  1.236  1.453 1.3
2.465  3.43 0.868  1.217  1.453 1l =
2.585  2.60 0.872  1.187  1.453 1.4
2.802  1.58 0.87%6  1.140  1.455 1.3
3.055 0.88  0.880 1.070  1.453 1.4 i
3,200  0.631  0.881  1.032  1.453 1.4 .
3.296 0.506 - 0.882 = 1,015  1.453 1.4 E
3.465 0,343  0.882  0.976  1.453 1.5 |

AVERAGE: 1.4 ¥ 0.1

*[SH] 4.4 = 2.72 x 207F [HOC1) 550q = 466 x 107+ M,

Monochloroacetate buffer 0.04 M. Absorbances were
measured at 270 mp with 2-cm cells.

o




_91,“_

TABLE ITb
DETERMINATION OF HYDROLYTIG CONSTANT, K, AT 25° IN .. .

WATER UNDER THE CONDITION WHERE [HOC1]_,. . WAS
NOT MUCH GREATER THAN [SH] .. .*
+ K
PH x §g3]n bo A Ao x ;gg M
2.305 - 4.95 1.112  1.598  1.918 - 1.3
2.405 3.9 1117 1.565  1.918 1.3
2.466  3.42 1.120  1.550 = 1.918 1.3
2.586  2.60 1.125  1.520  1.918 1.3
3.810  1.55  1.131  1.453  1.918 1.3 i
3.060  0.870  1.135  1.380  1.918 1.2 ]
3.210  0.617  1.137  1.33%  1.918 1.3 |
3,300 0.501  1.137  1.314 1,918 1.2 §
3.458  0.3%8  1.138  1.281  1.918 1.2 :
| AVERAGE: 1.3

S o A
*[SH] j34eq = 3+5% x 1077 M3 [HOC1] ;. . = 4.55 x 10™' M,

- Buffer {monochloroacetate) concentration = 0.04 M.
Absorbances were measured at 270’my with a 2-cm cell.

[}



TABLE IITa

DETERMINATION OF HYDROLYTIC CONSTANT, ch, AT 25° IN
WATER UNDER THE CONDITION WHERE N-CHLOROSACCHARIN
WAS ADDED TO BUFFERED SOLUTIONS OF SACCHARIN*

- — ¥
T I R S

2.290 - 5.13 0.604 0.760  1.028 . 1.9

2.330 4,68  0.606 0.753 1,028 2.0

2.466 342 0.611 0.751  1.028 1.6

2.700 2.00 0.617 0.707  1.028 2.1 |
3.020 0.955 0.621 0.683  1.028 1.8 ]
3.298  0.504  0.623 0.671  1.028 1.4 ;
3,455 0.351 0.624 0.658  1.028 1.5 :
3.565 0.272 0.624 0.646  1.028 2.0

AVERAGE: 1.8 £ 0.3

. | -5

Buffer (monochloroacetate) concentration = 0,05 M. All
solutions contained 2.4 volume % of ethyl acetate.
Absorbances were measured at 270 mp with a 2-cm cell.

**In using equations (10) and (11) to calculate ch, the
values 1.96 x 10~ M (added concentration of SCl
+ added concentration of saccharin) and 1.58 x 10"4 M
(added concentration of SCl) were used for the terms
"[SH] 34eq" a0 "[HOC1], 3404"s Tespectively, since the
_amount of N-chlorosaccharin added can be treated as
adding an equal amount of HOCl and saccharin to. the-r~ o e e s
solution. K/ ,1° determined in solution containing
2.4 volume % ethyl acetate was 0.0382 and was used in

‘ calculations here. el e



TABLE IITb

DETERMINATION OF HYDROLYF'IG CONSTANT, K., AT 25° IN
WATER UNDER THE CONDITION WHERE N-CHLOROSACCHARIN
WAS ADDED TO BUFFERED SOLUTIONS OF SACCHARIN®

+ K L

M o dw e b e s

2.300 - 5.01 0.765  0.942  1.115 . 1.8

2.346 4,51 0.767  0.932 11315 1.9

2.480 3,31 0.773  0.910  1.315 2.1 -
2.706 1.97 0.780  0.886 ~ 1.315 2.1

3,07 0.940  0.786  0.848  1.315 ‘2.2
3.311 0.489 . 0.788 ° 0.834 115 1.7

AVERAGE: 2.0

*[SC1) 45.q = 1+54 X 107% M; [SHI 44,4 = 9.48 x 10~ M. .

Buffered (monochloroacetate) concentration = 0.05 M.
All solutions contained 2.4 volume % of ethyl acetate. ,
Absorbances were measured at 270 mn with a 2-cm cell. - :

**Same method of calculation as in Table IIIa was used.

e o i = e i
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APPENDIX VI

' CHROMATOGRAM OF SEPARATION OF A KNOWN MIXTURE OF ~~ ~ = = ~ =
* SACCHARIN AND O-SULFAMYLBENZOIC ACID FROM A o
SILICIC ACID PARTITION COLUMN WITH 2 N SULFURIC
ACID AS STATIONARY PHASE )
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