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B Q*AQSTkAcT'WJ;“f'

‘ The d1uret1c potency and durat1on o> act1on of the benzothza-;.‘
d1dz1nes has been aserpbed to elther the 11p1d so1ub111ty of the |
| hiﬁfﬁgxyugs or to the1r compet1t1~e 1nh1b1t10n of the rena1 act1ve trans- '
“‘f,f port of Egam1noh1ppurate.; Both of these factors appear to be 1nf]uencedA
nby ‘the 1onlzat1on constants of the benzothﬂad1az1nes. A 11m1ted aqueous'~
":ﬂso]ub111ty and the 1nstab1]1ty of these agents 1n a1ka11ne med1a have
\,prevented the determ1nat1on of the1r overlapp1ng ac1d1c 1on1zat1on "‘
iconstants by convent1ona1 methods.v. ‘ ‘A, ' f,JQ
” One of the most su1tab1e methods fdr determ1n1ng the aC1d1ty _
i j’constants of spar1ng]y soluble drugs, the so]ub111ty variat1on w1th pH {~;&
:;_techn1que does not take 1nto account 1nstab111ty prob]ems. 'Thef"'
lupreparat1on of reference decompos1t1on products and the TLC~ana1ysts
a}tof samp]e so]ut1on; at varaguswt1me 1ntervals dur1ng the so]ub111ty
.-:Stud1es of methyc]oth1az1de and bendrof]umeth1az1de, 1nd1cated that
}.irdecomposit1on takes p]ace dur1ng the ag1ta"on and equi%dbrat1on '
per1ods. This deCompos1t1on 1n buffers of pH 8 and h1ghet\:as con=’ | f;'

':lf1rmed w1th the ac1d1f1ed Efd1methy1am1nobenza]dehyde test or,dr1mary
~_ . — - v _ .

In an attempt to ana]yze a11 of the se]ected drugs by the same
'K"~”d,tschn1que, the thermodynam1t va]ues of the d1ssoc1at1on c nstants of
ﬁ'a series of benzoth1ad1az1nes and d1azox1de were determ1ned wherever%
deoss1§1e by the u]trav1olet spectrophotometr1c method The super- ’
rimposed UV absorption spectra wh1ch were obta1ned dur1ng the 1nvest1-".

Q‘f_¢gatlon were a]so used to theor1ze the order of deprotonat1on of the

i LI

SR s L e



and the effect of- s&bst1tut1on at the 3- pos1tion, suggests that- the

hydrogen at the 2 pos1t1on 1s the more ac1d1c.

Id

o The 1on1zat1on COnstan of the benzoth1ad1az1nes appear to be
df cons1derab1e 1mportance to the pharmaco1og1ca1 act1v1ty of thése 4
- agents. It is apparent that the d1uret1c potency of the benzoth1a- | ‘-(/*:;k~\\
| d1az1nes is d1rect1y re]ated to the 11p1d so]ub111ty of thgse drugs,
"*hus, a ]ower dosage is reqy1red 1n order to ach1eve a max1mum |
effect and ¢he 1ncreased 13p1d so]ub111ty a]so extends the1r durat1on

I b

action, The 11p1d so]ub111ty 1ncreases or decreases, re]at1ve1y,.,g_v' e

w1th the decreased or- 1ncreased ac1d1ty of each of the benzoth1ad1a- . o

s,
i1nes. 3 ’ 3./v ‘

D1azox1de does not possess d1uret1c act1v1ty and th1s is probab]y

N

due to the absence of an- exocycl1c sulfonam1do group. Structure-

S

TR

o ’act1v1ty re]at1onsh1ps 1nv01ve the exocycllc su]fonam1do hydrogens
k: ."jé and the effect of subst1tut1on at the 3- pos1t1on of the. benz%th1a-
: d1az1nes 1nd1cates that the hydrogen at the,é-pos1t1on is 1nf1uenced '

by the nature of th1s subs¢1tuent _'j" -'\‘/~‘
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Structure act1V1ty re]at1onsh1p stud1es of aromat1c su]fonamides firzﬁ'

b996" when Dat1ents on su]fonam1de chemotherapy deve]oped an 1nterest1ng B
“7t s1de effect name]y d1ures1s and an aTka11ne ur1ne., Su]fan11am1de i

| 1'1tse]f exh1b1ted a moderate degree of carbonic anhydrase 1nh1b1tory

5€?action and subsequent 1nVE§t1gat10nS revea]ed that enzyme 1nh1b1t1on ﬁfttf‘;;gﬁ;
vfgit-ﬁitand d1uret1c effect 1ncreased w1th the more ac1d1c su]fonamldes Th1s f:5
C;“'%corre1at1on between ac1d1ty and b1o1og1ca1 act1v1ty 1nsp1red the advent

::hof potent carbon1c anhydrase 1nh1b1tors such as acetazolamide however, i gjff~:*'
.‘7jthese comeunds exepted the1r dﬁuretlc act1on byvpr0m0t1n9 S°d1um i
»5b1carbonate excret1on and th1s eventua]]y caused an e]ectro1yte ij*:d

' ]11mba1ance 1ead1ng to metabo]1c ac1dos1s (1 3) '_';ﬂ'ﬁ}-ri;L;xif“;;rn'f.”;na’;t*éh
The enzyme carbon1c anhydrase s respons1b1e for keeplng b1canbonate;lﬁ;}n.ngﬂ

f ﬁ1n equ111br1um w1th metabo11ca11y produced carbon d10x1de and a]so for i L ; itffy;

4fvac1d1fy1ng the urlne (1) ﬁ=-d‘]a' _ffi}ftf; \'n;:.;“gﬂée i

*’gcoz*;+‘“HzO"<é—-—5 HzCO3-:;::f: H+~ e HC03

_carboni¢ anhydrase = .
~ catalyzed . ¥

N\ . . . . o . . 4 Ty

" 1e of the k1dney (3) In the presence of a carbontd~anhydraee‘ggft"

af¢1nh1b1tvr the secret1on of hydrogen 1ons der1ved from carhon1c ac1d s
:-suppressed and ‘the. norma] exchange for sod1um 1ons 1sgtconsequent1y,vasp :
fdecreased The e;cess sod1um 1ons comb1ne W1th b1carbonate 1ens and.
ftthe subsequent excret1on of sod1um b1carbonate 1s accompan1ed by an

'1ncreased vo]ume of water and a substant1a1 quant1ty of pota551um ions

i
e . [y



Ca

fe

g / .

Jch]or1de 1ons, as d1d the otherw1se tox1c mercur1a1s Introduc1ng a

second su]fonam1do group on the aromat1c r1ng of benze'esulfonam1des |

V:Qlj; enhanced ch10r1de excret1on wh11e reta1n1ng carbon1c an ydrase 1nh1b1— R

toryﬁact1on.. Formic acid nedlated r1ng closure of one p'rt1cu1ar

Ry

benzened1su1fonam1de, 4- am1no_6 chloro 1 ; 3~ benzened1sulfon'm1de (DSA)

produced ch]oroth1az1de 4) . *f'f,f‘”;;; ;

> .f;NHé' ref1uxed under 'fCng“;._‘ .
';:_f;«f;l ac1d1c cond1t1ons '}‘,‘ -
CBSA- T chlofothiazide

Ch]oroth1az1de was found to he m11d]y act1ve as a carbon1c .’f”

s

‘f}Qanhydrase 1nh1b1tor but 1t produced marked ch]or1de excret1on A]thoughf~
) _orally effective, 1ts large dosage requ1rement prompted structura]

':1‘f{mod1f1cat1ons that eventual]y 1ed to the 1arge c]ass of sa11d1uret1c

'.,n~compounds known as benzoth1ad1az1nes Further 1nvestlgat1on of the1r

pharmacolog1ca1 act1v1ty (5 10) together w1th the c11n1ca1 success oT
vﬁ,ch1oroth1az1de (1 3 9 12), resu]ted in a ser1es of m11d to moderate "‘

o carbon1c anhydrase 1nh1b1tors Many of these benzoth1ad1az1nes were

| 3,:ora11y effectlve at doses that were one hundred t1mes 1ower than the N

|
'dose requ1red for chloroth1az1de and u1t1mate1y, these drugs replaced

ﬂ"gfthé*mercur1a1 agents as. d1uret1cs 1n medica] pract1ce

MAD 1dea] d1uret1c _hould promote the excret1on of both sod1um and %f];;;*,.

o .



Carbonic anhydrase Tnhibitory activity is atfributed‘to the free
: sulfonam1do group on the\a(omat1c ring and subst1tut1on of one or both
of the su]fonam1do hydrogens resu]ts in the 1oss of act1v1ty, w1th

respect to carbon1c anhydrase 1nh1b1t1on. A schemat1c representat1on

‘ of the proposed 1nteract1on of the drug w1th the enzyme is as fo1lows

: \'.‘

ﬂ:The,active site,of'L“ o _ The act1ve s1te of carbon1c
carbonic. anhydrase e : anhydrase saturated w1th a

‘ saturated with . e Su1fonam1de
,ﬂfcarbon1c ac1d TR

o : The maJor dguret1c effect of the benzoth1ad1az1nes, however, is
'd~gL>due to the 1nh1b1t1on of the" reabsorpt1on of sod1um and dh]or1de jons
1n the d1sta1 segment of the kgdney tubuTe and th1s d1rect effect“on’
rena] tubu1ar transport 1s 1ndependent of carbon1c anhydrase 1nact1va~
tion (1) | | | e

Drugs of the benzoth1ad1az1ne class are subd1v1ded 1nto two

categor1es 13) ' th1az1des wh1ch are 1, 2 4- benzoth1ad1az1ne 1 1—

d1ox1des, ?nd hydroth1az1des, wh1ch are 3, 4 d1hydro & 2 4- benzoth1ad1a- 7‘

z1ne—1~1 d1ox1des Th1az1des and hydroth1a21des are Tow: ce111ng
d1uret1cs (1 3) and during therapy a ]ow p]ateau or 1ow ce111ng of
actnv1ty is reached therefore the1r m11d onset of act1on and the

6-10, hours durat1on of act1on cannot be enhanced by add1t1ona1 or.

. oy
e

,1ncreasedvdoses (3) Th1s property, together w1th the 1ow tox1c1ty g:-'



. ‘ . _ o . . ' - ) ;
potentﬁal;of the benzothiadiazines, provides a therapeutic advantage

&

in diuretic maintenance therapy Benzothiadiazines are now also °
4 .

rout1ne1y prescr1bed in the treatment of hypert\ns1on (1,2 14) and

congest1ve heart failure (1,2 15)

-

The mechan1sm of ant1hypertens1ve action of the benzoth1ad1az1ne

c1ass of drugs has not been comp]ete]y elucidated but the present1y
accepted theory defines a’ dua] mechan1sm of ant1hypertens1ve effect ‘
(1,149). An 1n1t1a1 decrease in b]ood pressure, due to extrace11u1ar ‘ f‘ ’1¢§
f1u1d vo]ume and plasma vo]ume dep]et1on, is fo]]ow&d/by a d1rect

‘

5 vasod11ator act1on resu]tlng 1n decreased per1phera1 Vascu1ar “
res1stance | |
_ The d1uret1c potency and durat1on of act1on of the benzoth1ad1a-
Zines has been ascr1bed to two ma1n factors f1rst1y, the 11p1d ;j s
so]ub111ty of the drugs wh1ch appears to- determ1ne the d1str1but1on:
: and consequent]y the~concentrat1on of druq in subce11u]ar fract1ons
(16 18),=and second]y, 1o a compet1t1ve 1nh1b1t1on of the renal act1ve .
transport of Efam1noh1ppurate (19) , Both of these factors appear to'
be 1nf1uenced by the 1on1zat1on constants of the benzoth1ad1az1nes
The procedures emp]oyed to. determ1ne these constants have often been
adaptat1ons of recogn1zed methods for determ1n1ng the d1ssoc1at1on
constants of organic substances The adJustments in. methodo]ogy are
nééeSsary to-accommodate some of the troub]esome phy51ca1 and chem1ca1
propert1es of the benzoth1ad1az1nes wh1ch are the1r 11m1ted aqueous
so]ub111ty and the1r 1nstab111ty 1n a]ka]1ne med1a
S , The pr1mary d1ff1culty ar1s1ng in the determ1nat1on of benzoth1a-

a

d1az1ne d1ssoc1at1on constants 1s the very ]ow aqueous so]ub111ty of :

B
R~



-

- these compdunds In view” of this fact, and in recogn1t1on of the

volum1nous available Viterature dea11ng with methodology, the 11terature

survey will emphasize methods. that are’ des1gned for and, therefore, are

- part1cu1ar1y amenable to the determ1nat1on of 1on1zat1on constants for \

A

spar1ng]y so]ub]& substances







/X%

~

General]y, any phys1ca1 property wh1ch exh1b1ts a constant ',,h
variation w1th protonat1on is potent1a11y su1tab1e for determ1n1ng
acidity constantg and conductance opt1ca], and prec1se emf measure-

'ments are cqns1dered to be the most reT1ab1e for this purpose‘ The:\ _ \

rev1ew of-selected aspects of prev1ous]y we]] documented methodology . @ - :

(20-22) s, 1ntended to examine both the mer1ts and the 11m1tat10ns'of”
? ‘

each method A.part1cu1ar emphas1s w1TT be.p]acedron the methods fyl\
[ R

‘ut1T1z1ng the convent1ona1 aqueous pH sca]e and ac1d1ty constants i
reTated to extens1ons of th1s pH sca]e “have, not been rev1ewed .

The poss1b1e methods of determ1n1ng 1on1zat1on constants which have-

¢

been out11ned and discussed :nc]ude the. methods of _choice (aqueous

potent1ometr1c t1tr1metry and u1trav1o]et spectrophotometry), acceptab]e
.methods (f]uor1metry, nucTear magnet1c resonance spectrometry,;sotu’“

b111ty var1at1on with pH, and d1str1but1on stud1es), and methods that

\

Y

V'are—controvers1a1 but are, nevertheTess, w1de1y e d (semwaqueous

potent1ometr1c t1tr1metry a extrapo]at1on techn1que) In add1t1on,
o ’TﬁteratuneﬂmEthodOTOgy re]at1ng spec1f1ca11y to the: benzoth1ad1az1nes
Lhas also’ been reviewed. ' L _5 s s

A“ . Y

Conductimetry I

The oldest method of determining ac1d1ty constants is conduct1metry ”'f: v

-~

(20 ZT) . The measurement of the equ;vaJent conductance of an aqueous ~&-

standard soTut1on is compared to the measured or. calculated T1m1ted

conductances of . sugfess1ve]y more d11ute sample so]ut1ons and these o

‘compar1sons yield- the deqree of 1on1zat1on from wh1ch the ac1d1ty 7
v . |

. . v . .. "
B
. C
AN - . . .
N . T .

;constant is calculated.



1 + .

Disadvantages' of the conductimetric method are many. One of the

- major drawbacdeis;the acute sensjtivity to quite sma11'temperature,

~

daC1d1ty cons

‘1on1zat1on of . weak ac1ds (those ac1ds with a pKa va]ue\of\jbove 6. 5)

‘The method also requ1res 1engthy and tedwous calculations

variations and-aECUrate temperature c0ntrol 1s imperative sin'ce'a"Z%r

L

1ncrease 1n conduct1v1ty occurs per degree temperature rise. _In '

addit1on small amounts of fonic 1mpur1t1es 1nterferefwith conductivity
%

read1ngs and the high conductivity of salts prevents-su1tab1e measure-

ments at a constant 1on1c strength. Furthermore, dissolved carbon

'd1ox1de presents another prob]em 3s carbon1c acid suppresses the

‘ ‘\‘\«

nd 1t is

V

not easily adapted to the determ1nat1on of overlapping ionization
3 o ; ™ ¢
constants . ‘ - ///-

Aqueous Potentiometric Titrimetry-

0nce the accuracy of potent1ometr1c t1tr1metry became evident, ‘it

conduct1metry as the method of'cho1ce 1n determ1n1ng

S~

rap1d]y rep] ce

" (20) Fewer ca]cu]atwons are requ1red and the

techn1que\ns more rap1d and versatile, as well as accurate and pract1ca1
A read1]y ava11ab1e and eas11y operab]e 1nstrument the pH meter,

J

f1tted w1th a g]ass ca]ome] electrode comb1nat1on is. su1tab;% for the

\.pH range of/2 1}/(50 22) The potent1a1 of the g]ass elect ode varies

711near}y w1th pH and stahdard1z‘t1on is achieved w1th commerc1a]1y

N

ava1}ab1e buffers. F0110w1ng the standard1zat1on a c1osed titration

I

\'vesse1 1s kept at a constant temperature, the samp]e so]ut1on is st1rred

‘preferab1y with a gent]e stream of n1trogen (20 22), and 1trated w1th

ac1d or base Potass1um hydrox1de 1s the t1trant of cho1ce for ac1ds

~ e

o



| ‘ ‘ 10
‘\b} v '.\ ‘ ‘
since a high ratio of»potass1um to hydrogen ions does not affect the
[ accuracy of the glass electrode as reqﬂ\1y as a high ratio of sodium

to hydrogen ions (20). Hydrochloric Acid is the most connnnly used

titrant for bases. ' B (ﬁ“\\%m
. For successful aqueous titration the compounds under 1nves 1gat16h\\

e,
E shou]d be solub]e in water so as to provide, at least, 0.01 M concen- ’
trat1ons. A]bert and Serjeant (20) insist that the glass e1ectrode is
‘ onTy'aCCurate over the 0’db5~o 05 M cbncentration -range but routine o

analysis shou1d prov1de reasonab]y accurate measurements in more dilute
so]ut1ons In fact, a prec1s1on pH apparatus does not increase the

- accuracy of pH measurements involving spar1ngly so]uble substances
(20 22) and a pH meter ca11brated in 0.02 pH units is qu1te adequate
For concentrations of less than 0.01 M, suff1c1ent eqU111brat1on t1me
must be prov1ded #nd, as the concentrat1on being t1trated decreases,_
the equ111bration time must be 1ncneqwed (21). "

Measur1ng the pH at- the po1nt of half neutralization of the com-'

| pound is only. suff1c1ent for determ1n1ng apparent acidity constants, «
whereas for thermodynam1c va]ues an 1nd1cat1on of act1v1t1es and
prec1s1on is necessary-(ZO 22) For prec1se resu]ts 7- 10 p01nts on

“the titration curve, in the range of the pKai] un1t, should be chosen
for the final ca]culat1ons (20 22): Correct1ons for h'drolys1s effects
must® be made for readings below pH 4 and above pH 10 for:0.01 M * o
concentrat1ons and for measurements be]ow pH 5 and above pH 9 for
0. 001 M concentrat1ons (20). These correct1ons are made using'hydrogen

-.i 1on act1v1ty in the acidic-pH range and hydroxyl 1on actfv1ty in the

basic pH/range.



T

The treatment of the data 1nvo1ves re1at1ng the sto1ch1ometr1c

/
/

"concentrat1ons of the mo]ecu]ar and the 1on12ed spec1es t the samp]e

o so]ut1on pH and th1s degree of 1on1zat1on -pH re]atxonsh1p y1e1ds the

. /
*negat1ve 1ogar1thm of the ac1d1ty constant denoted as the pKa iThe

’“naqueous potent1ometr1c techn1que can be extended to encompass the ;
_ca]cu]at1on of the overTapp1ng ac1d1ty constants of a. compound (those
'-1on1zat1ons that are separated by 1ess than three pKa un1ts) and the
' ;fprocedure requires the t1trat1on of two 1on12ab1e groups
| Concéntrat1ons of 1ess than 0 001 M are. very d1ff1cu1t to

<;t1trate accurate]y and dup11cat10n of the resu1ts 1s often unatta1nab1e

)

".‘Thebprob]em~1s,1ntens1fjed byrthe fact that_some,xompounds are_s]owTy

soluble in water or. they. may only be sparingly water soluble and, hence, .

' the'éamp]e concentration is‘too 1ow-to'permit a meaningful and aCcurate

:ﬂtltratxon Prec1p1tat1on from the so]ut1on dur1ng the t1trat10n

‘procedure is also a poss1b1e occurrence with spar1ngly so]ub1e compoundsg’

e

-_Somet1mes 1t is advantageous tolt1trate a spar1ng]y solub]e ac1d or'

._one that decomposes when 1t is heated to aid 1ts d1sso]ut1on, in the

~-form of its” sod1um saTt - The sodium. sa]t is then t1trated w1th hydro—

s ‘\‘

ch1or1c acid but’ th1s back t1trat1on 1s on]y successfu1 1f the salt is

cons1derab1y more so1ub1e than the ac1d 1tse1f (20).

(4

LSemiaquebus‘Potentiometric;Titrimetry L

Due to'the fact that soiuhi1ity problems'trequentTy.prec1ude the

't1trat10n of aqueous samp]e so]ut1ons, and absorpt1on spectrophoto-

- metry 1s a t1me consum1ng means of determ1n1ng ac1d1ty constants,



| lfsemiaqueous potent1ometr1c t1trat1ons became popu]ar Th1s t1tr1metr1c
method has a]so ga1ned favor w1th compounds that are not su1tab1e for
spectrophotometr1c ana]ys1s ‘In brief the- method is a potent1ometr1c‘
: t1trat1on, as prev1ous]y descr1bed d1ffer1ng on]y in the so]vent .
- compos1t10n of the‘samp1e so]ut1on Rather than an aqueous so]ut1on, S
'] a predeterm1ned ratio of water to m1sc1b1e organ1c so]vent 1s emp]oyed
N the nonaqueous component be1ng se]ected wfth respect to the so1ub1]1ty
regu1rements of the substance under 1nvest1gat1on ' ‘
The techn1que prov1des re]at1ve pKa va1ues and 1t is su1tab1e for

‘ compar1ng the ac1d1t1es of structurally s1m11ar compounds (20) but 1t

1s not prec1se enough for the compar1son of d1ss1m11ar compounds that _'.j o

i

' have been t1trated Ly Same so]vent system or for the compar1son of
: structura]]y s1m1i— comounds that have been t1trated in d1fferent

-« aqueous organ1c so]vent systems In such so]vent comﬂ‘nat1ons the pH

P

read1ngs ‘that are obta1ned shou]d not by def1n1t1on, be related to the:

J g .
aqueous pH sca]e Bates gtvgl.v(ZB) havegdev1sed an operat1ona1 pH

scale.1n4methan01=water”and'in ethanol—uater SOlvent.systems and this o

'.a1tows‘for sdme‘compariSOn of/thELac1d1t1es of compounds that are not
"structura1Ty sfmilar Further work has brought about reference buffer

solut1ons that are. jdeal for pH measurements in 50% methano1 (24)

" The accuracy of the g]ass e]ectrode in nonaqueous or in sem1aqueousﬁ

solvents has_been quest1oned since the dehydrat1on of;the pH sens1t1ve
tip is a possibjlity and becauSe‘the predictabilitybof the: liquid-
junction potentia] ﬁsvalso”affeCted by,these»SOlvent"systems‘(21).

‘Gutbezah1 and Grdnwa]d (25) have suggested strfct standardization*and

"'equ111brat1on procedures 1n aqueous buffers but on the contrarw, Bates

“

ARG "':'ﬁﬂ‘ AT e k

b e e
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.et a1 (23) have observed an un1mpa1red electrode reiponse at solvent ‘

";aqueous systems and the convent1qna1 pH sca]e has not been suppressed

/4._,\‘ -

e

"cOmpos1tlons of be]ow 90% wt. a]coho] Further 'proof’ of g]ass

)

e]ectrode accuracy is stated by Bacare]]a et al (26)»1n the1r stud1es

“

.‘,'of dioxane- water and methano1-water solvent systems These 1nvest1gatbrs"

: _c1a1m that any- d1screpanc1es between the pH read1ngs wh1ch are obta1ned

\

| ;1n s]1ght1y vary1ng aqueous organ1c so]vent compos1t1ons ‘are of no

. more- s1gn1f1cance than the exper1menta1 error 1nv01ved in the measure—{v; '

g <

,ments and furthermore, they suggest that the g1ass e]ectrode be stored

' "jequ111brated and standard1zed 1n a so]vent of exact]y the same compos1—

t1on as’ that requ1red by the exper1ment

» o M

aThe-Extrapo1atidh Techhigﬁév

In sp1te of much oppos1ng 1nformat1on, the temptat1on to re1ate

the ac1d1t1es obta1ned by sem1aqueous potent1ometr1c t1trat1ons to-

' hf The extrapo]at1on techn1que wh1ch is. now. extens1ve1y emp]oyed, is an
]_ exten51on of the sem1aqueous t1trat1on method ' The most common ,e-"

';procedure is the t1trat1on of samp]e so]ut1ons of vary1ng so]vent

compositlon, fo]1owed by the extrapo]at1on to 100% water content and

. so]ut1ons conta1n1ng 20- 60% of organ1c so]vent are most common]y -':HF

,employed in prevent1nq the prec1p1tat1on of a spar1ngly so]ubTe compound

dur1ng t1trat1on ’ Extrapo]at1on becomes d1ff1cu1t and undependab]e when

K

compounds are too 1nsolub1e to prov1de pKa‘balues 1n so]ut1ons of 1ess

than ZOA organ1c so]vent content (20) Successfu1 extrapo]at1on .

‘requ1res sample so]utlons of 5 and 10% organ1c so1vent content 1n order

| J( .
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- to 1nterpret the 'hockey st1ck' type of curves descr1bed by A]bert

:lEand-SerJeant (20) Saunders and Sr1vastava (27), and Cav111 et a1 (28) djl"

A mod1f1cat1on of the extrapo]at1on techn1que rep]aces so]vent

',compos1t1on w1th the d1e1ectr1c constant of the part1cu1ar so]vent

- "_System 1nvo1ved Pr1ng (29) and Edmonson and Goyan (30) to ment1on .

‘-ton1y a few, 1nvest1gated th1s poss1b111ty and extrapo]ated %0 the
‘wd1e1ectr1c constant of water but th1s procedure, 1n effect has not
: »a]tered the theoret1ca1 aspects and d1sadvantages prev1ou§1y descr1bed
To further extend the - extrapo]at1on technique, Chatten and Harr1s j;
.(31), 1n add1t10n to measur1ng the pH at the po1nt of ha]f neutra11za-'
_ t1on in vary1ng so]vent compos1t1ons, t1trated vary1ng concentrat1ons
'dfof the therapeut1c agents they were 1nvestxgat1ng Th1s method a]]owed
v‘them to extrapo]ate to 1nf1n1te d11ut1on and the. techn1que prov1ded
';accurate apparent pKa values for se]ected sympathom1met1c am1nes and

'phenoth1az1nes Chatten et al. (32) used the same method for metha—

t-qua]one but obta1ned an anoma]ous pKa va]ue,as was. conf1rmed by the

e

;ultrav1o1et spectrophotometr1c method of Patel et a] ( ) and Za11psky » f'h

'-;t a__ (34), as we1l -as' the f1u0r1metr1c techn1que of Schu]man et a]
| Successfu] determ;natlons of the pKa va1ues for numerous pharma—v'
ceut1ca1 substances have been ach1eved by us1ng the extrapo]at1on |
w“ techn1que Marshdﬁ] 36) determlned the ac1d1ty constants of var1ous
w:iant1histam1nes in ethano]-water systems, Stockton and Johnson (37)
found the pKa of su]fath1azo]e in: a]coho]—water m1xtures, Chatten and o

Harr1s (31) studied phenoth1a21nes and sympathom1met1c am1nes in

methano]-water so]vents, and Garrett (38) asslgned apparent.d1ssoc1ation; o



- Jow- d1e1ectr1c constant solvent mo]ecules wh11e the 1on1c spec1es, whtch

“:n’constants to the funct1ona1 groups of tetracyc]1nes by using d1methy1-4 «L”y
f formam1de water so]vent systems Ex KRt | ' ,'v “
" Peeters (39) has proposed a method that 1s an a]tergatlye—to~th””.
:convent1ona] t1me consum1ng extrapolat1on techn1que A/sing1e con- ff A;Ze L

"t1nuous t1trat1on can be performed by prepar1ng an 1n1t1a] solut1on '

"of known so]vent compos1t1on which- 1s then t1trated w1th an appropr1ate fl.V7
‘L.t1trant Dur1ng the t1trat1on the so]vent compos1t10n w1]1 cont1nuously o
ihchange and the exact compos1t1on at each step of the t1trat1on can be.
rfcalcu1ated S1nce the add1tlon offthe aqueous t1trant w1]] 1ncrease fﬁ'i

_‘the water content of the samp]e so1ut1on, the t1trat1on, }n 1tse1f

fw111 extrapo]ate to 0% organ1c solvent ""‘ »‘ . N
Albert and SerJeant (20) have. attributed the anoma11es observed in-, e}_td
- sem1aqueous solvent systems to the 11poph111c1ty o? certa1n substances o

'The mo1ecu1ar spec1es, wh1ch 1s 11poph111c, 1s surrounded by a cage of

v1s hydroph111c, is surrounded by water mo]ecu]es As a resu]t, th1s _,'

5 :theory suggests that tu a hlghly 11p1d so]ub1e compound the 1on1c

"bforms, as we11/”’\fhe mo]ecular form w111 be much more so]ub]e in’ the

'borgan1c so]vent than in the - aqueous component Th]s poss1b11ity wob1d
,1mpede the use of so]vent compos1t10ns conta1n1ng 1ess.than 30 or 40%

| ‘of 0rgan1c so]vent, the u1t1mate result beingra part1t1on1ng effect (21)

: Cookson (2]) has suggested two ma?or comp]1cat1ng factorsﬁhn the'

‘use of sem1aqueous so]vents in the determ1nat1on of ac1d1ty cohstants
F1F5t1y, the comp]ex1t1es created by the. d1fferent solvat1ng power of

,,fthe two so]vent components and second]y, the extra ac1d1c and ba51c/

v‘spec1es that are contr1buted to the so]ut1on by the organlc so]vent’




The 1mportance of the soTvent—structuraT aspects 1ﬁ=h¥grogen bonded 1y ~:;1i'779

e L [opt

"g soTvent m1xtures may 1nd1cate that the organ1c soTvent wh1ch most c]ose]y f:

resembles water 1s the most sb1tab1e for sem1aqueous t1tr1metry and the
L ", P \
‘~-extrap01at1on teghnjgue Ethano] and methanoT f1t these cr1ter1a 1n '
Jf‘uTtrav1oTet’spectrophotometr1c stud1es but the1r effect 1n sem1aqueous :\ﬂ”?

_t1tr1metry, in. reTat1on to the aqueous pH scaTe, 1s st1TT controvers1a1

;[ and under 1nvest1qat‘°" (23) v“7%:'H

The d1sadvantaoes, 1rregu1ar1t1es and anomalles observed 1n ‘the o 'gﬁf.f;‘

t”u~ extrapo]at1on techn1que,as weTT as the caut1onary statements prov1ded SR ! &;?:;;,

o

'1n var1ous texts and rev1ews (LO 22), 1nd1cate that there 1s a contro—

5 versy surround1ng the va11d1ty of the-pKa vaTues obta1ned by th1s v
- o S

."Tmethod There is no 1nfa111b1e and/or compTeteTy reT1ab}e method for

‘1re1at1nq the pH measurements obta1ned 1n sem1aqueous soTvents to the

U,vconvent1ona] aqueous pH sca]e For th1s reason whenfprec1se or

'-s,bthermodynam1c vaTues are of 1mportance spectrophotometr1c methods of

‘ 3-’determ1n1ng ac1d1ty constants are the technaques of cho1ce for spar1ngTy -

TN
. ERRSR
N

'soTubTe substances i

: v'.'y]‘tra._VT'O]Et‘_ SVD‘ECfY'!YO'p\h(StOI‘nétY;‘Y, L

U]trav101et or v1s1b1e spectrophotometry 1s the 1deaT method of

'.determ1n1ng dwssoc1at1on constants when the compound 1s too’ 1nsoTub1e

/

L for potent1ometry or when extremeTy weak ac1ds or bases are under

g 1nvestlgat1on (those ac1ds or bases w1th a pKa vaTue of greater than N

'TT or of Tess than 2) The spectraT changes that are observed must be

| 1;“due ent1re1y to the protonat10n or- deprotonat1on at a swte 1n conJugatlon o

J,,w1th or. an 1nherent part of a chromophor1c group of the moTecuTe (20

-\ff e

II."’.“'“
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‘“9521) The rat1o of the moTecuTar or neutra] spet1es to the 1on1zed

| ffspec1es 1s determined 1n a ser1es of spectraTTy transparent buffers
. 'l ‘l b
]'of e1ther known or measured pH The rat1o of the two spec1es 1s

f .

B 0
e ;.soTeTy dependent upon the pH of the soﬂutlon at the anaTyt1ca1

”;':waveTength 'f T J

The waveTength @& wh1ch there 1s the greatest absorbance d1fference B

{"u7between the pureTy moTecuTar and the pureTy 1onlzed spec1es 1s the

'n.anaTyt1caT waveTength If the compound obeys Beer s Law, the observed
i_absorbance s the sum of the absorbances of aTT of the spec1es present ’

"b1n the soTut1on and a matched pa1r of quartz or s1T1ca ceTTs (cuvettes)'

C 1fw1th a pathTength of T cm is most commonTy used for th1s type of o

. measurement

The buffers that are used shoqu be of 3 Tow and constant 1on1c

; strength (T~0 OT) (20 40) and they shoqu be nearTy transparent in: the :

L 'uTtrav1oTet regaon that 1s be1ng exam1ned SoTutIons that are above |

/-

o an. 1on1c strength of 0 T M cannot be corrected for act1v1ty uswng the

‘.Q.cohvent1onaJ Debye HuckeT Law (20) and dev1at1ons from Beer s Law may

” 7fbe exh1b1ted above th1s part1cu1ar 1on1c strength (21) v Buffers can

'bbe adJusted to- the appropr1ate 1on1c strength w1th sod1um hydrox1de s i

"or hydrochTor1c ac1d and they shoqu not be stored in poTythene

'f'f‘contalners as these may T1berate an opt1ca]1y absorb1ng pTast1c1zer o

"‘5(20) The reference soTut1on must conta1n the same buffer components
as the sampTe N T » ; | ‘. . *
e A conven1ent strength for a stock soTut1on is 5x 1074 M, 1f

isoTublT1ty SO permxts, but stock soTut1ons as. weak as 2)(10 5 M may ‘

. be usgd for poorTy soTubTe substances w1th a h1gh absorpt1v1ty (20)

: .
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. Acidic compounds mayﬂbe’dissojveddinﬁdi1ute’base,”and basic compounds
tn‘dilute~acdd to*faciTttatevtheir’dissoTution if their pKa values

are be]ow 10 and ab0ve 4, respect1ve1y {20). A]coho] can a1so be used

H’1n th1s regard but its concentrat1on shou]d “not exceed 1% in the f1na1;

‘ stock so]ut1on (20) ‘“,d o fﬁd‘ . S SO

An ultraviolet spectrum of each so1ution‘isfobtained over’the

B desirediwavelength.range'and the7m01ecu1ar and the'ﬁoniZed'species'are

"assumed to be 1soTated when there s no Change greater than 1% in their :

absorbances w1th further pH changes Med1um effects on the spectra,'
o "

’-decompos1t10n of. the so]ute the presence of 1mpur1t1es, or the event

c.of ‘one’ or more 1on1zat1on processes are 1nd1cated wheﬁ‘the spectral

’ ‘,1curves fa11 to 1ntersect at an 1sobest1c point’ (20 21). If the. compound ’

':1s be1ng chem1ca11y changed by e1ther ac1d1c or bas1c med1a, an:
o a1terat1on of the uv spectrum w1th t1me, shou]d be ev1dent (20)‘
.h ,Once the mo1ecu1ar and the 1on1c spec1es have been 1so]ated
4 ,‘the1r absorbances are remeasured at the. ana]yt1ca1 wave]ength For an

_bc1d the absorbance of the an1on1c spec1es is measured in a bas1c ’

. med1um at 2 pH un1ts above the pKa and the-absorbance\oﬁﬁtheﬁmolecu]ar‘»_

spec1es 1s measured in an ac1d1c med1um at 2 pH units below the pKa,

wh11e for a base an ac1d1c med1um prov1des the cat1on and an a]ka11ne S

I 2

jmed1um prov1des the mo]ecu]ar spec1es S _g:“"« S _ “Z

The exact determ1nat1on of the pKa 1s carr1ed out using seven
samp]e so]ut1ons wh1ch.are apprc-  tely d1]uted w1th buffers the pH

va1ues'of'Which are centered ar &prox1mate pKa va]ue w1th

s

'dev1at1ons of about 0. 6 pH ? h1s tota] range of 1.5 pH

'un1ts 1s necessary to detect ar. @ 1on or. any dev1at1on from

Y

X, " - .
L v




Beer's Law, that ‘may occur (21) and.thus one&obtafns a.set of . seven
~pKa values wh1ch are then averaged and shou]d lie w1th1n + 0.06 pKa '
un1ts of the average pKa (20)

The treatment of the data 1nv01ves the observed absorbances of
b_the exper1menta1 solut1ons and the absorbances of the 1on1zed and the
v~m01ecu1ar spec1es, where the rat1os of the deprotonated to the
protonated spec1es, in the1r Iogar1thm1c forms, are added to the
measured pH va]ues of the samp]e so]ut1ons . The final sums(are equa]
to the negat1ve 1ogar1thm of the aC1d1ty constant the pKa, but the

. pKa va]ues obta1ned in. th1slmanner are not thermodynam1ca11y rigorous

- even though the compound is present at great d11ut1on Act1v1ty

bcorrect1ons must be made because of the presence of buffer sa]ts the
“a S

concentrat1ons of wh1ch are used'1n these correct1ons If the samp1e
so]ut1ons are ma1nta1ned at a constant 1on1c strength the correct1ons
’are eas11y performed and prov1d1ng that the ionic strength is between
0.01 and O 1M and the temperature is constant (20) the convent1ona1
Debye Hucke] Law 1s va11d 4 |

| Certa1n d1sadvantages are also 1nherent in the u]trav1o]et
spectrophotometr1c method For examp]e, the jonized spet1es for very
weak acids’ and bases 1s not always d1rect1y measurable ‘but this prob]em :
can be solved by graph1ca11y est1mat1ng the absorbance of the 1on1zed
form~(20 21)‘e The major difficulty which is encountered w1th the use of
H the spectrophotometr1c method 1n determ1n1ng ac1d1ty constants is the
1nterference caused by a second 1on1zat1on process when a compound

w1th more than one 1on1zab1e group is be1ng 1nvest1gated Over]app1ng
d1ssoc1at1on constants, therefore, are those wh1ch are def1ned as be1ng

o




u

e — — ‘j -; — //-,. RERE "  L ﬁupiy

20
jess than 3 pKa‘onits apart The absorbance of thedintermediate’ionic
spec1es 1s not. d1rect]y measurab]e and many mod1f1cat1ons in the
procedure and the ca1cu1at1ons are requ1red to deve]op a su1tab1e
protoco] for determ1n1ng over]app1ng ac1d1ty constants Lew1s (41)
and Kappe and Armstrong (42). avoided the prob]em by deterﬁTnTng the |
pKa va]ues of . pheno]1c amine$ using a combination of the potent1ometr1c

and spectrophotometr1c techn1ques

"- Genera] term1no]ogy which 1s su1tab1e for dibasic ac1ds, d1ac1d1c

/-m

bases, and ampho]ytes descr1bes d1protonated monoprotonated, and non- .

protonated spec1es when more than one 1on1zat1on process is 1nv01ved

The’ absorbance of the monoprotonated spec1es 1s not~d1rect]y measurable,

therefore, extens1ons of the spectrophotometr1c techn1que which c1rcum-
vent th1s prob]em have been proposed. Bryson and Matthews (43) |

deve1oped a re]at1ve1y s1mp1e procedure for determ1n1ng over]app1ng

,'1on1zat1on constants which ‘they . 111ustrated with m- am1nobenzo1c ac1d

as the mode] compound At one part1cuTar ana]yt1ca1 wave]ength the

a

'~nonprotonated and the dtprotonated speciesvmust have sﬁhi]ar absorbances

. wh1ch d1ffer markedly from the absorbance of the monoprotonated species.

One set of pH va]ues represent1ng the f1rst 1on1zat1on constant and
another set represent1ng the second 1on1zat1on constant are, togethen
w1th the absorbance va]ues, subst1tuted 1nto two s1muTtaneous equat1ons

that are graph1ca11y eva1uated to obta1n Ky ‘and Ky values. The-resu]t-

-

.1ng Jntercepts y1e1d va]ues for the absorbance of the monoprotonated

i

| species but the procedure is only feas1b1e when the absorbances of

the nonprotonated and the d1protonated spec1es are s1m11ar and th1s
51tuat1on s, generally, not true with the‘maJor1ty of compounds.

~

e A R T T

SN SR &

Pt

SN



21

Irving et gl,.(44) suggested a procedure that is app]icab]e to

systems in which the absorbances of the’individual species"of a

substance are unknown or cannot-be directly measured, -and also ‘to

| those sitOEtions/where the acidity constants overlap. A series.of

success1ve appr0x1mat1ons are’ 1nvo1v nd'th”' best' values for

IR
_ﬂ_————~the*unknown“varameters have been obtained when there is-no s1gn1f1cant

. »\1).

f

i /‘1

‘Cchange 1n-these f1na1~va1ues upon further ca]cu]at]on. ‘The unknown B
'oarameters~are usua]Ty the Kl and K, va]ues hut ‘the absorbances of

the purely mo]ecu]ar or the purely" 1on1zed spec1es can be ca1cu1ated
using a s1m11ar serjes of success1ve approx1mat1ons A

Two addjt]onal;mod1f1ed spectrophotometr1c methods for“dibasic
acids hare’been presented by'Thamer}(455 The procedures are app11cab1e

for. any degree of overlap of the ionization constants and they do not

\J

-

‘ require the direct absoroance measurements of the 1nd?w$dua1 specles .

encountered upon ionization A minimum amount of data is required

‘(onTy five‘poﬁnts) and one of the methods d1rect1y caTculates ac1d1ty

constants without approx1mat1ons wh11e the other uses converg1ng
'success1ve approximations:
Kokesh and weStheﬁmer (46) treated the ac1d1ty constants as known -

va]ues which’ were v1sua11y est1mated from the plots of absorbance

versus - pH at:the,ana1yt1ca1‘wave1ength of the substance»under 1nvesti—

gation. Anfiterative computer'program was then used‘to calculate the
best values of the mo]ar absorpt1v1t1es of the nonprotonated mono-
protonated, and d1protonated spec1es A s]1ght1y d1fferent pair of _{
pKa values was- then prOV1ded for repeated ca]cu]at1ons, the end result
be1ng the ref1ned values of these parameters whlch do not changg upon

L ) B Q”
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further Calculation ATso an appropr1ate t1trat1on curye can be >

f;tted by a Teast squares anaTys1s method, to the often scattered
absorbance pH data wh1ch are obta1ned when there 1s Tittle d1fference
| between the moTar absorpt1v1t1es of the various: species that are
1nvoTved in the 1on1zat1ons |
The representat1ve c]ass of methodoTogy for determ1n1ng over- -
1app1ng 1on1zat1on constants is character1zed by the ted1ous caTcuTa—
t1ons, su1tab1e for computer programm1nq, wh1ch are requ1red. When .
the graph of absorbance !ggggs pH of a compound 1nd1cates a re910n
»where the monoprotonated spec1es predom1nates and the absarbances of
pfthe nonprotonated and d1protonated spec1es ‘are s1m11ar the procedures
of Thamer and Voight (47), Thamer (45l\ Ang (48), and Bryson: and \
Matthews (43) are ava11ab1e TIf the absorbance of the monoprotonated
‘vspec1es and, the overTappqng ac1d1ty constants are the only var1ab1e-ﬂﬂ_~_f_,;fﬂz-

or- uﬁKTUWﬁ»parameter eous equattons can be

, soTved Th1s method has been extended by Thamer (45) and Roth and
Bunnett (49) to 1nc1ude the absorbances of the nonprotonated and ’ |
d1protonated spec1es, wh1ch requ1res the solving. of f1ve s1mu1taneous\k”\\
equations. . . - ’ S T

The methodo]ogy of- Kokesh and Westhe1mer (46) d1spTays an. h
1nterest1ng version of an 1terat1ve computer program Three s1mu1-a

taneous equat1ons are so]ved for the absorbances of the nonprotonated
monoprotonated, and diprotonated spec1es,whereas the ac1d1ty constants
\\\are treated as known values It would seem obv1ous that .iif a parameter
: 1s d1rect1y measurab]e, 1ts accuracy would be greater than that of the

-

graph1ca11y est1mated vaTues of the 1onlzat1on constants, although the
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technique does have some mer1t when the total var1at1on in the

_absorbance is. smal] and the various chromophores are oh]y s11ght1y o

a_ffected by the 10n1zat1'

Albert and Serjeant (20) haVe a]so published a computer program ’

that is dependent on the d1rect absorbance measurements of the

f

nohprotonated and d1protonated spec1es Successvve approxtmat1ons

are used to f1nd the molar absorpt1v1ty of the monoprotonated speC1es

. i
! 1

"and the Ka1 and Ka, va]ues ‘This method uses the data un1form1y, as

we]]\as separately, for the two ionization processes but the ca]cu]a—

tions are tedious and theyfincorporate the Debye—Hﬁcke] equation to .

. apply activity corrections.

‘of the exper1menta1 data to so]ve for the molar absorptivity of the o

fit! of the absorbance pH data a least- squares ana]ys1s, wh1ch y1e1ds

He§s et a1 (50) have developed a least- squares computer method

to obta1n the va]ues of overlapp1ng acidity constants wh1cH uses all
\

monoprotonated species’ and the Ka, and Ka, values. To f1nd the 'best

the computed graph of absorhance versus pH, is used

The u1trav1o]et spectrophotometr1c method, 1dea11y su1ted for
spar1ng]y;so1ub1e compounds,~does not‘a1ways overcome soTub111ty - |
problems, Many[medicina]\substances are so insolub]e in -aqueous media-

thatforganicgsoTvents must be added to aid dissolution.. Albert and.
. . ‘ vl L

iSerjeant (20)‘have suggestedlthat an'alcoholic content: which does not

- ultimately %o be exam1ned. In order to aid the so]ub111ty of benzo-

. diazepines, Barrett et al. (51) used,tracesvof methano] 1n‘otherw1se

bxceed 1% 1n the f1na1 stock so]ut1on cou]d be used for this purpose

Th1s wou]d translate 1nto 0 2% ethano] in the samp]e solut1on that is




:aqueous solvent systems and their UV spectral information was later

. compared to the polarographic data obtained in methano]-water;sq]vents

_’\4 .

by C1i#ord and Smyth (52). Smyth et al. (53)'also examined the UV

4

“spectral data of SC- 13504 ‘(a pharmaco]ogica]ly act1ve benzhydry]-

p1pera21ne der1vat1ve) obtained in nonaqueous so]vents (methano] and

' cyclohexane) and also in 20% methanol. The methano]ewater data was

then used to calculate pKa; and pKa, values. Hurowitz and Liu (54) "
determined the pKa, values of estrogenS‘ustng aqueous;so}vent systems
containing traces of: ethano] whereas Atwe]] et al. (55) examined

dicationic’ ana]ogs of the 4'-(9- acr1d1ny1am1no)a1kanesu]fonam1des in

20% d1methylformam1de Since only comparat1ve or re]at1ve pKa values

were des1red for these ant1tumor agents, all of the ultrav1o1et
spectrophotometr1c measurements were made us1ng so]vents of 20%

d1methy1formam;de’1n aqueous buffers.

@ Fluorimetry ,

Since water miscibleforganic so]vents'were being emp]oyed to aid

T'the dissolution-of certa1n compounds, it 1s apparent that absotption

spectrophotometry is not a]ways the comp]etely 1dea1 techn1que for all

. spar1ngly so]ub]e substances possessing funct1ona1 .groups which a]ter
~the UV spectra upon ionization. F]uor1metry41s similar to-UV spectro-

'.photometry in that. the relative 1ntens1ty of f]uorescence ‘may ref1ect

protonat1on or deprotonat1on’when the sample solution pH is varied (21,
35v56 57) Re]atTve pKa values are est1mated graph1ca11y§from a p] t

of the percent re]at1ve f]uorescence ‘versus pH*and the pKa is equ1va1entr

to the pH at the point of 50% re]at19e.f]uorescence. o




Schulman et al. (35) obta1ned a f]uor1metr1c pKa va1ue for -

'methaqualone which corre]ated well w1th the values obtalned from{UV

.spectrophotometr1c déterm1nat1ons (33 34) but»the 1nterpretat10n ofcpl;ﬁq
'fluorescence spectra in the determ1nat1on of ac1d1ty constants is K
.often d:ff1cu1t | The maJor cr1t1c1sm (21‘56~57) is that due to the
‘altered e1ectron1c behav1or, protonat1on and deprotonat1on in the -
‘&XCTted mo]ecu]e may d1ffer from these same propert1es in the ground ‘
a'stateu_‘Th1s shou]d not const1tute a prob]em 51nce-mo1ecu1es-1rrad1ated‘T
with ultraviolet 1ight become e]ectron'ical‘l»y 'exci':te‘d'when ab’sorbin‘g PR &
":enehoyband‘the"eXcited‘state and- ground state d1ssoc1at1ons will’ | | |
: occur, except in d1fferent pH ‘ranges. "Two 1nf1ect1on po1nts w111 then e
‘be eV1dent from the relat1ve f]uorescence XEEEEE_PH prof11e and,,conse-' a \ﬂ;j i
.guently,”avsubstance possess1ng-nat1vgwf1gorescence in water 1s a. ” '¢.g ,_;
- suitab]e.candjdate fom'ahfluorimetric.pKa.determtnation. e
_ Structuha1 changes.intended tofphoduce ohhenhanCe the f1uohescenCe
~of a compound shou]d be avoided s1nce the acidity constant of .the | | AT \\\b :
der1vat1ve rather than ‘the- or1g1na1 compound, 1s then belng examined. .
'Poor aqueous solubility of;the‘gﬁmpound under 1nvest1gat1on and/or
theFTack'of native fluorescencesin‘watehrarevthe factorsathat,most
fhequentiy.prec1ude the useiofifluorimetry in the determination}offk»‘

acidity constants:

Y Nuc1eafcMagnetic Resonance.Spectrometnx~ ‘

Another spectrometr1c techn1qué that has’ met w1th some success -

~in the determ1nat1on of ac1d1ty constants is nuc]ear magnet1c resonance

»(NMR). The method has been emp]oyed when the- compound under 1nvestlgat1on
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-‘_was too 1nso]ub]e for potent1ometry, 1ts u1trav1o]et spectra did not

exh1b1t any s1gn1f1cant change upon 1on1zat1on, or it wasrtoo weak,as

v ) . : : _ . _
.an ac1d or a base.. S : S BT o

The techn1que 1nvo1ves the mon1tor1ng of the chem1ca1 sh1ft, at

var1ous pH va]ues, of nonexchang1ng protons that are affected by the
~
1on1zat1on of a ne1ghbour1ng funct1ona] group Th1s change in chem1ca1

o sh1ft is norma]]y exam1ned at room temperature but it has been found .
that at very 1ow temperatures such as -89. and —120 C the proton-

exchange rate slows down So- t '~'the actua1 s1te of protonat1on or

‘ deprotonat1on can. be observed’_21) 7o obta1n NMR spectra at such

Tow. temperatures extraord1nary so]vents such as f]uorosu1fur1c acid
and ant1mony pentaf]uor1de (! mag1c ac1d ) are requ1red but, a]though
;these super ac1ds serve a usefu] purpose 1n 1dent1fy1ng the site of

“

v1on1zat1on, they cannot be d1rect1y re]ated to the aqueous PH sca]e

:

and the determmnat1on of thermodynam1c pKa va]ues is not p0551b]e i& :

‘? A p]ot of the chennca] sh1ft versus.pH,. of the nonexchang1ng
',proton near the 1on1z1ng group, g1ves a t1trat1on curve (20) and the.
pKa 1svca1cu1ated from the equation: - |

log 6-60 s
8§

_'pKa_v= PH A#

» where s, S5, and Gw are the chemical sh1fts of the representat1Ve c
- group at ‘the measured pH, in the deprgtonated form and in the
pnotonated forma respect1ve1y (2]) The. pKa values of weak basesA‘

such as, oxazo]e, and a]so of“stnong acids such as nitric ac1d have

been determ1ned by E?E NMR spectrometr1c method (20)

S



© aid in so1ub111z1ng the samp]e (21) Th1s appears to be the typ1ca1
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The maJor d1sadvantage of the NMR spectrometr1c method of - fu_ ": g

':determ1n1ng ac1d1ty constants is the h1gh samp]e concentrat1ons of

- AN

t,‘approx1mate1y 0.1 M that are requ1red for the measurements as. this

\  presents a prob]em for compounds that are spar1ng1y solub]e in water

N

_“The accuracy of the resu]ts is a]so 11m1ted because act1v1ty correc- ?

nt1ons are more d1ff1cu1t to app]y, espec1a11y s1nce an 1nternal standard

S

is used (21) Soph1st1cated 1nstrumentat1on has enab]ed measurements at

hwgher frequenc1es, the use of Four1er transform techn1ques, andd'

“computer accumu]at1on to reduce thehsamp1e‘concentrat1ons required:for ’
VpKatdeterminations (21). 'The 1ess-cOncentrated’so1utions éan‘then
‘:,be ma1nta1ned at a constant 1on1c strength by the add1t1on of e1ectro-

' 1ytes such as NaC] and KC] (58)."

Due to the expense and the lack of 1mmed1ate ava11ab111ty of the

afbrement1oned mod1f1cat1ons, attempts to a]]ev1ate the so]ub1]1ty ;..
d

pprob1ems have 1nvo1ved ch1ef1y, water m1sc1b1e organ1c solvents to

“solution and Tt has been used for the same purpose, 1n both the SEAR ‘,E : o 'Q
Vpotent1ometr1c and the uv spectrophotometr1c methods of determ1n1ng ’ | z
';ac1d1ty constants The va11d1ty of the resu1ts, 1n re]at1on to the
aqueous pH SCaﬂe, can agamn be quest1oned

NMR spectrometry has been f&und to be part1cu1ar]y usefu1, When
'solub111ty S0 perm1ts, for thexdetermlnatTOn of over]app1ng 1on1zat1on
constants - and ‘the ca1cu1at1on of m1croscop1c d1ssoc1at1on constants.
: If more than one;non1zab1e group is present, the,sh1ft of one group'j
is,expectedfto‘begfn.betore'the Shift of the Otherigroup_begins,bUt
“this becOmes‘more'comp]ex when the ioni;attons‘strongly over1apj ’

because then STmultaneousVshiftjngkof-both,of the groups wtl] occur




(59) A1so, 1f there 1s no overlap of the 1on1zatTons\~the m1cro- o

S scop1c d1ssoc1at1on constants are, 1dent1ca1 to the macroscop1c ac1d1ty
. constants but 1f the two 1on1zat1ons over]ap, the macroscop1c constants
. are composed of the m1croscop1c constants (58 Genera]ly, if the : s e

1on1zat1on of two or more groups occurs s1mu1taneous]y, the macroscop1c

constants are composed of the m1croscop1c constants for the 1onlzat1on
' o é%&[,p
when exam1n1ng compounds w1th more than one 1on1zab1e group, the

of the 1nd1v1dua1 groups (59)

AT

'

chem1ca] sh1fts of carbon bonded protons at s1tes near the 1bn1z1ng

groups are observed (59) and the chem1ca1 sh1ft of an adJacent group

e ‘s . e

may depend on the degree of protonat1on of on]y one of the 1on121n%% »['

groups (a un1que resonance) or on both;of‘the 1onjz1ng groupsﬂ(a'~"

common resonance) (5 ) :

)

Former]y, m1croscop1c d1ssoc1at1on constants were d1ff1cu1t to .- 'v‘uﬁi v

determ1ne and, 1nstead macroscop1c ac1d1ty constants were emp]oyed

-"“_”“““"":‘Eﬁa‘.ﬂ"ﬁv&‘_‘,a_;‘g '!'EEI ' e L

~in ca]cu]at these va]ues For examp]e the m1croscop1c d1ssoc1at1on‘.
constants ﬂe am1no ac1d cysteme were ca]cu]ated us1ng the macro- . - S . v
wﬁéscop1c ac1d1ty constants of cyste1ne and some of 1ts der1vat1ves 1n | | R
| wh1ch the su]fhydryl and am1no protons were rep1ace3 by alky] groups
As d1scussed by Rabenste1n (59), th1s method of ca]cu]at1ng m1cro— ,,'
scop1c constants 1s of 11m1ted accuracy because the assumpt1on that
rep]ac1ng the protons w1th a]ky] substituents d1d not affect ‘the
ac1d1ty of the other protons is not. necessar11y va11d
Kesse1r1ng,and Benet (60) determ1ned the macroscop1c and- macro-;

scop1c d1ssoc1at1on constants of 1soch]ortetracyc11ne by both

potent1ometry and NMR spectrometry A]so the three ac1d1c d1ssoc1at1on RS

LS

-~




f.'were ass1gned to part1cu1ar funct1ona] groups. Exper1menta1 cond1t1ons

e of 25 0 5 C, and drug concentrat1ons of 0. 007 O 017 M. The same

"f'_ca1cu1ated by d1v1d1ng the chem1ca1 sh1ft of the choSen ne1ghbour1ng

";constants of the tetracyc11nes, the 1ast two of wh1ch strong]y over]ap,',;

1nc1uded a 50 50 w/w methano]-water so]vent system, a probe temperature |

- samp]e so]ut1ons were used to determ1ne the sto1ch1ometr1c d1ssoc1at1onr
| onstants, as we]] as to measure chem1ca1 sh1fts on a: h1gh reso]ut1on Tb

'»-NMR spectrometer. The percentage of 1on1zat1on for a s1te was then

‘protons by the tota1 sh1ft of th1s group over the ent1re t1trat1on.n‘

| Rabenste1n and Sayer (58) ut111zed a un1que resonance to exam1ne S

'h:fthe fract1ona1 deprotonat1on, as ‘a- funct1on of pH, of the two 1on1zab1e,_;i
‘iammon1um groups of 1ys1ne and of ethy]ened1am1nemonoacet1c ac1d The,fl‘

‘m1croscop1c d1ssoc1at1on constants from th1s fract1ona1 deprotonat1oﬁ“f; 2

Afdata were: eva]uated by a. nonThnear 1east squares curve f1tt1ng method7’

wh1ch makes use of macroscop1c ac1d1ty constants determ1ned from the ,;

isame NMR measurements. | | ‘

| Nuc1e1 other than hydrogen, such as f]uor1ne-19 phosphorous 31 jd
L and carbon 13 have been used, in ?e]at1on to nearby protonat1ons, ,A
for pKa determ1nat1ons (21) | Sayer and. Rabenste1n (6]) employed bothhﬂﬂc
13C and 1y nuc]ear magnet1c resonance to determ1ne the macroscop1c s
‘; aC1d1ty constants for 2 3 d1am1noprop1on1c ac1d (dap) 2-4-d1am1no-”iu
butyr1c acid (dab), orn1th1ne (orn), and 1ys1ne (lys) The 13C )
| lspectra Were scanned at an operat1ng frequency of 22, 63 MHz us1ng the ,-f7
| Four1er transform techn1que and the chemwca] sh1ft t1trat1on curves ?"

-for a]ky]carbon atoms were obta1ned w1th the 13¢- nuc1e1 of d1oxane as"‘

,,the 1nterna1 standard
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The app]xcab1]1ty of the NMR spectrometr1c method of determ1n1ng ;'A
if pKa vaTues is. reduced by the h1gh samp]e concentrat1ons requ1red for o
'ﬁd the: measuremen% . The soph1st1cated equ1pment that is® ne%essar;vfor)
fthe scann1ng ot Tess concentrated samp]e so]ut1ons 1s frequently
*1mpract1ca] and/or not read1]y ava1]ab1e »Resort1ng-to the-use of

- wata§ m1sc1b1e organ1c soTvents, 1n an attempt to soTub111ze spar1ng]y
soTub]e compounds, y1e1ds reTat1ve or comparat1ve pKa vaTues on]y ask
:the ord1nar11y appropr1ate act1v1ty correct1ons may not be app11cab1e §
iwhen sem1aqueous olvent systems are 1nvo]ved ATthough thermodynam1c s
'.ndea va]ues are frequent]y d1ff1cu1t to obta1n, the NMR spectrometr1c _‘t

&
T,techn1que 1s a valuab]e tooT for 1dent1fy1ng ‘the’ s1te of 1on1zat1on

'and, 1f so]ub111ty so perm1ts, the ca]cuTat1on of m1croscop1c 1'T’

L

‘d1ssoc1at1on‘constants

e ‘solujbw‘1‘19-:Va>a'm'on -,‘w'_tt-h oH-

\ So]ub111ty var1at1on w1th pH is a’ su1tab1e method of determ1n1ng ;

-d1ssoc1at1on constants for substances that are too 1nso]ub1e for aqueous

. ”potent1ometry or nucTear magnet1c resonance spectrometry, or for those

" compounds wh1ch lack appropr1ate u]trav101et spectra or do not possess |

'»nat1ve fTuorescence in water The observed soTub111ty, at any g1ven

lit‘pH, 19 re]ated to the solub111ty of . the neutra] mo]ecu]e and the

_so]ub1]1ty of the salt The soTub111ty of the neutra] molecu]e 1s the i; L
f1ntr1ns1c so]ub111ty and th1s parameter 15 measured in hydroch10r1c

,,ac1d fqr an ac1d and 1n sod1um hydrox1de for a base ‘v,19 .

The procedure of Krebs and Speakman (62), together w1th deta1Ts=:'ve“'*"tu

L.Comp11ed by ATbert and SerJeant (20), commences with the measurement-fflaﬁ'm-

o.

g
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. of the 1ntr1ns1c soTub111ty of the compound at three d1fferent pH ,
| yivalues ‘ For ac1ds, 0 OT N HCT is ut111zed and 0. OT N. NaOH 1s the -
choace for bases The va]ue is- then checked by measur1ng the 1ntr1ns1c
' soTub111ty at one ha]f of a pH un1t both above and be]ow that of the -
: or1gwna] so]utlon and these thre% va]ues of the 1ntr1ns1c soTub1T1ty

;shou]d agree to weTT w1th1n the range of the exper1menta1 error 1nvo]ved

| lf1n the measurements The soTub1T1ty of the compound under 1nvest1gat1on _'“

-is then determ1ned at a pH va]ue near that of thé suspected pKa and an-
»approx1mate pKa va]ue 1s caTcu]ated The so]ub111t1es of a set«of

:seven sampTe soTut1ons, the pH vaTues of wh1ch are centered around the

iapprox1mate pKa w1th1n a range of T pKamun1t, are.determ1ned and

r

' f,the f1na1 pKa - va]ues are caquTated

The data are treated 1n a manner S1m11ar to those obta1ned by the

‘o’potent1ometr1c and spectrophotometr1c techn1ques The reTat10nsh1ps

'Abetween the observed soTub1T1ty (S );fthe 1ntr1ns1c solub111ty (S}), Tl3

5T,the pH, and the pKa are expressed by the foTTow1ng equat1ons

o pKa = pH s togfe. - for-acids, and

"

'f;pKa -'uPH‘;T"]OQv o forubases.

Correct1ons for hydrogen or hydroxy] fon: act1v1ty are not necessary'

. S1nce sto1ch1ometr1c concentrat1ons are not used (20) however, 1t is
;suggested that the 1on1c strength shou]d be kept constant and th1s ‘can-

be ach1eved by the use of a swamp1ng e]ectrOTyte such as sod1um chTor1de
-/

' tor potassuum chTor1de (20 21) S1nce a substance may be very so]ub]e atﬂ
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"fCertain pH Va1ues,‘the réSuTttng fons may. contribute'to‘the jonic’

\' strength of the so]ut1on and even w1th t?e use of a swamp1ng eiectro- o

. -
w‘*‘f

‘1yte thermodynam1c pKa values are not be11eved to bekobta1nab1e by
o the so1ub111ty vartat1on w1th pH-method (20 2]) O S
For ampho]ytes or compounds that d not g1ve consistent 1ntrinsic
so]ub111t1es, a graph1ca1 method is ava11ab]e where the observed '
so]ub111ty 1s p]otted aga1nst the rec1proca1 of the hydrogen 1on
‘act1v1ty and the stra1ght 11ne is extrapo]ated to 1/{H }=0. The p01nt
of 1ntersect1on w1th the absc1ssa y1e1ds the intrinsic so]ub111ty
"The’ pract1ca1 aspects of so]ub111ty stud1es are of interest
| s1nce the techn1ques that have been used are numerous and var1ed
Genera11y, an excess of the unknown compound is ag1tated in a thermo-
- stat1c bath with the appropr1ate buffer so]ut1on under an 7inert

&

atmosphere, usua]]y n1trogen, until there is no 1onger any change in
/

e .the concentrat1on w1th t1me The undlssolved sol1d 1s then separated

"from the suspens1on and the pH of the c]ear so]ut1on is measured ,The :

. system can be ma1nta1ned at any temperature as- 1ong as it is he]d at a
'constant va1ue because an 1ncrease in temperature usua]]y enhances

t so]ub111ty, therefore th1s parameter must be carefu]]y contro]led

| ' The greatest var1at1ons in methodo]ogy pertain to the t1me per1od

'fof ag1tat1on and equ111brat1on, as we]] ‘as the meMhod of separat1ng

the excess solid from. the so]ut1on G1111gan and P]ummer (63)‘and-

‘dB1amonte and. Schne]]er (64) ana1yzed su]fonam1des by shak1ng suspens1ons

Aflfor 18 hours and then f11ter1ng them by grav1ty through whatman No 1_
fpaper Lord1 and Christian (65) g1tated a. number of ant1h1stam1nes

rfor 30 m1nutes, a]]owed them to equ111brate for. 15 m1nutes, and then

£

s

e R S R

F 3 S W L
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Aadded butfer.unti% the cjoudydsoiutions cleared; The so]utions'were,
then further equiiibrated torfan hour, with 0ccasiona1 shaktng.and;
fina11y,.thevaere fiﬂtered:through wetted, coarse sintered glass
4funne1s | ‘ | .. p _

For1st and Chulski (66) ag1tated suspens1ons of to]butam1de and
Cits metabo11te for 18-20 hours and” f11tered the saturated so]ut1ons by
»means of a_pos1t1ye—pressure-constant-temperature-f11ter1ng dev1ce,
twhereas Baer et a]l (12) made supersaturated solutions. of ch]oroth1az1de
at e1evated temperatures, a]]owed them to equilibrate at ‘room tempera-
ture,'and then‘f11tered the so]ut1ons. Sch111 (67, 68) ana]yzed severa]
“amines .and quaternary ammon1um compounds by shak1ng suspens1ons in a :
‘closed system, or under a n1trogen atmosphere, at a constant temperaturef

for 24 hours and then centr1fug1ng the so]ut1ons In add1t1on, Sph111

-(67,68) used the except1ona1 techn1que of a110w1ng a solvent to slow]y
' perco1ate over a'column of solid drug_and»th1s_process permitted a slow
saturat1on of the so]ut1on - “ |

In an attempt to obta1n so]ub111ty data Nygard et al. (69) ag1tated
dsuspens1ons of sa11cy1azosu1fapyr1d1ne for 30 minutes and then centri-
fuged the 6amp1es, whereas Green (70), 1n'h;5'work on pKa determ1nat1ons;
’stud1ed the so]ub111t1es of var1ous am1noaka]phenoth1az1ne tranqu11-

o
lizers and re1ated compounds by a s1mp1e techn1que . Suspensions were

shaken for 3. hours and the undissolved mater1a1 was removed by '

centr1fugat1on. Furthermore, Green (70) employed the turb1d1ty
"‘method, which is a variation of the sojub111ty method and involves
the‘shaking of'suSpensionsvCOntaining known‘concentrations of drugf

v The absorbances oféthe suspensions areAthen‘measured at a wavelength

et R L e B ezt T D T
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at which’ the compound normally does not absorb s1gn1f1cant]y The
observed absorbance 1s due to the scatter1ng of 11ght by. the turb1d | v.l
suspens1on and a p]ot of th1s absorbance ygrsus concentrat1on gives |

two straight 11nes that 1ntersect at the point of so]ub111ty

So]ub111ty stud1es of estradiol by Ruche]man and Ha1nes (71) were

approached from the standpo1nt of supersaturat1on in that\suspens1ons

of ‘the drug were per1od1ca1]y ag1tated at an elevated temperature for.

1,3 days and then held for 3 days at the desired temperature Samp]es

were w1thdrawn by u51ng p1pettes w1th woo] p]ugs in the constr1ct1on,.
which f11tered out any crysta111ne mater1a1 Hou and Poo1e (72) '”_ -

a]]owed suspens1ons of penicillins to mechan1ca11y rotate for 2 hours,

’-then to equ111brate for 30 m1nutes, ‘and samp]es of the supernatants /

were f1]tered through Millipore f11ters, whereas Hahne] (73) exam1ned |

the so]ub111ty propert1es of ]73 estrad1o] by ag1tat1ng suspens1ons at
regular 1ntervals for 20 24 hours and then f1]ter1ng the samp]es through
s1ntered g]ass The d1fference was found to be 1ns1gn1f1cant when
centr1fugat1on, rather than f11trat1on .was the method of separat1on -

of any excess so]1d from the suspens1ons

"

A]bert and Serjeant (20) found that 3 hours of cont1nuous ag1tat10n

was suff1c1ent for su]fad1az1ne when determ1n1ng 1ts pKa value.

Le Pet1t (74), in the determ1nat1on of the. pKa value of medazepam,

achieved equilibration by 1nterm1ttent1y shak1ng the suspens1ons and.

;2;6r1ng the supernatant To accomp11sh the same purpose Hurw1tz and
(54) v1gorous1y stlrred suspens1ons of numerous estrOQens for 4 24

hours and then f1]tered a11quots through O 2 um Nuc1eopore filter

membranes.



In summary:of'the_preceding discussidn on solubility studies, it
1siapparent thatathe agitation and equi]ibration steps have been caryied
out in very d1verse manners. The ideal methodo]ogy wou]d appear to
1nvo1ve the continuous ag1tat1on of suspens1ons, at a constant tempera—‘ : ‘ )
B ture,_1n closed vesse]s‘or under a n1trogen atmosphere_for per1odsoof n ‘ ~\\\_—’
:time*varyingvfrom'15 minutes to 3 weeks,'depending'upon the.cpmpound' |
.under 1nvestﬁqation : The suspensionS'shou1d then be eou11ibrated tor
- approximately one hour, fo]]ow1ng which samp1es are filtered and

‘ana1y = drug content. This procedure is repeated unt11 there is

ke A

no further change in. the so]ub111ty ‘The ‘methad that has been descr1bed

TS

/ .
"f1s rather ted1ous and requires 1ong periods of time to complete. Desp1te

N L

th1s d1sadvantage however the so]ub111ty method has exper1enced an
1ncrease 1n popularity because of 1ts_su1tab111ty for certain medicinal,
‘compounds 51nce many drugs are character1zed by_poor aqueous so]ub111ty
Determ1nat1ons of the so]ub111ty propert1es of the su]fonam1des

were frequent]y performed because su1fonam1de chemotherapy often resu]ted
in. kidney damage due to the 1ow so]ub1]1ty of these agents, and their
NF:acety1"metabo1ites, in acidic urine. This]ttnding prompted further o '.~‘ o
'_solubiTity stUdies’ofydrugs with one or more sulfonamido group, as well
'as‘drUgs that exhibited poor solubility in aqueous media at a similar |
pH to that of urine (63,64 66) Such inve‘%igations can be carrted out,-
at the appropr1ate temperature, in buffers of- phys1o1og1ca] pH and the -
so]ub111ty data that are obta1ned can also bevdgr 'éo determ1ne the pKa
values of the compounds being exam1ned | gi;:ﬁ ;. | o - | :g %

| Var1ous conven1ent techniques, such as co]or1metry (64), ultra-

‘vio]et.spectrophotometry (54,66, 70 74), and gas- 11qu1d chromatography -
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"(54,7]),‘can béieﬁp]oyed in the ana]ysis of the samples obtained trom‘”

501ub111ty studies. ,High'pressure:1iquid-chromatography is also useful

as‘an'analytica1 method.'_For all of the‘aforementidned techniques, the

‘ standard curves do'not need to be derived from aqueous'sd]utions of the

_'drudh;s bn]y the‘concentration which is not inf]uenced by the solvent,
is being,ana1yzed Once the sample - so]ut1on pH has been measured the
a11quot prepared for the analys1s can be appropr1ate1y d11uted w1th a
nonaqueous so1Vent.and thevdrug content can be measured by a suitable

techn1que

The d1ff1cu1ty in obtaining thermodynam1c va]ues has been the

major reason for not employing the so]ub111ty var1at1on with pH method

for pKa determ1nat1ons Compar1sons of so1ub111ty pH and ultraviolet
spectrophotometr1c pKa determ1nat1ons have 1nd1cated that good agree-

ment, for the pKa values of severa] drugs, exists between the two

'methods (66 74) ‘Green (70) found h1s va]ues to be in good agreement'A

‘w1th the extrapo]at1on values’ obtalned by Chatten and Harris (31) for
selected phenoth1az1nes Peck and Benet. (75) descr1bed a methbd for
- determining thermodynam1c pKa va]ues but their ag1tat1on and equ111bra-
‘t1on procedure is s1m1ld§~to the 1aborious techniques descr1bed
~ previously. Anitation for long periods of time is‘f0110wed by the
filtration of sample aliquots through 0.22 un'tilter membranes and the

appropriately diluted sample is then'analyzed.by uv spectrophotometry.

The procedure for a given sample is completed when.a solubility change -

of 1ess than 3% is observed in three succe551ve 24-hour checks. The

[y

apparent pKa va]ues are corrected for act1v1ty by the calculation of

the ionic strength of each so1ut1on, which ultimately y1e1ds

LA A
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thermodynamic values. A computer provides the opt1mum means of

perform1ng the ca1cu1at1ons

Partition oeristribution Studies

A var1at1on of the so]ub111ty technlque is prov1ded by the part1tlon
»
method, which 1nvo1ves the part1t1on1ng of a compound between 1mm1sc1b1e

: aqueous and organ1c phases The spar1ng]y so]ub]e compound 1s dissolved

in a su1tab1e organic so]vent that is 1mm1sc1b1e w1th water . and as the :

"~ pH of the aqueous phase changes the solubility character1st1cs of the"
- solute a]so change Bas1c ‘compounds read11y part1tion into the aqueous
phase at Tow pH. va]ues,whereas the solubility of ac1d1c compounds
| t1ncreases in bas1c aqueous phases The ca]cu1at1ons that are performed‘;
:are s1m11ar to those for so]ub111ty data since the. mo]ecu]ar and the '
;-1on1zed spec1es are be1ng compared, in re]at1on to the so]ut1on pH
- Su1tab1e methods of ana]ys1s are ava11ab1e for the so]ub111zed T
spec1es and these 1nc1ude u]trav1o1et spectrophotometry, gas 11qu1d
chromatography, h1gh pressure 11qu1d chromatography,,and co]or1metry
Just as in the se]ub111ty method, the sample can be der1v1t1zed for
ana1ys1s because only the concentration, which is 1ndependent of so]vent
’feffects, is be1ng examined. }Both'the aqueous and the.organ1c phase can
be analyzedbfor drug contentlby gas-liquid chromatography and high'

pressure liquid chromatography, and this same principle app]iesAto uv

spectrophotometry if an orqaniC»solyent'Which is transparent to UV light:

1s usegm A known quant1ty of the compound under 1nvest1gat1on can be *_ -

jpart1t1oned between immiscible so]vents and both of the phases can be
' R -3

, .
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.‘ ) / . . - a -
subsequentf} ana]jéed for drug content and th1s procedure could p\gvide ,;
‘an assurance of the accuracy of the method. , 5 *
The choice of the solvent for the organic phase is of cons1derab]é‘ / .
importance but the se]ect1on is comp]icated by the s1gn1f1cant solu- %.f£‘°i }syé
,b111ty or M1SC1b111ty of water with many arganic solvents (21). 1& fﬁfﬁrﬁ?

A]though essentially 1mm1sc1b]e w1th water, a fract1onal proport1on

of the se]ected organic solvent may be m1sc1b]e with the aqueous phage'l”

,?_,‘,,.uz&
)
L - e
“ g
LN

and, c1ear1y, the assumpt1on that on]y the neutral or mo]ecu]ar f°"ﬁ00£'f¢;fﬁ
a compognd partitions into.the organ1c so]vent becomes invalid 1f§t?e N
m1sc1b111ty between the aqueous and orgaq1c phases is s1gn1f1cant The A ‘ »%
_poss1b111ty of the compound under study acting as a cosolvent would

'contr1bute to the error qenerated by the apparent m1sc1b111ty o

and furthermore therm dynam1c pKa va]ues cannot be obtained if the - ;_' ?“
accuracy of the me is questlonab]e The assumpt1on that the aqueous/y
buffers and buffer sa]ts do not fract1ona1]y part1t1on into the organ}c o -

phase becomes 1nva11d when act1V1ty correct1ons are to be app11ed @ﬁ‘b{

. - .
.‘/ 5 ( o 5

Dissociation Constants of Benzothfadiazines o o "

' A . N
As has been demonstrated the selection of an approprlate method
- for determ1n1ng ac1d1ty7constants 1nvo]ves a cr1t1ca1 exam1nat1on of
both the physico- chem1ca] properties of the compounds and the numerous
_techn1ques ava11ab1e to determ1ne dissociation- constants When spar1ng1y
.

soluble drugs, such -as the benzothwad1az1nes, are under 1nvest1gat1on

the number of ava11ab1e cho1ces 1s 11m1ted to those methods wh1ch are

”

amenable to compounds that possess ]1m1ted so]ub111ty in water.

' Regard1ng the benzothiadiazines specifically, methods thatvhaye.been




t1]1zed to determ1ne the1r d1ssoc1at1on constants 1nc1ude aqueous and
sem1aqueous t1trat1ons, u]trav1o1et spectrophotometry, and so]ub111ty

var1at1on w1th pH The first ac1d1c dissoci t1on constant refegred to

as pKal) has been of cons1derab1e 1nterest w 11e the second ac1d1c

.desoc1at1on constant (referred to as pRay). was) presumed not to,be of
phys1o]og1ca] 1mportance (18-19) - | | -
Benzoth1ad1az1nes are: amphoter1c compounds wh1ch possess one bas1c
. and’ two ac1d1c 1on1zab1e functwona] oroups but behave essent1a11y as
d1bas1c ac1ds The overlap between pKa; and pKa,. presents only one ,
obstac]e in the determwnat1on of, these 1on1zat1on constants The over~ .

]ap does not. a11ow “or a simple conduct’metr1c, potent1ometr1c or

spectrophotometr1c technique and the prnblem is compounded by the
l

',: extreme]y Tow aqueous 0lubility of the benzoth1ad1az1nes

Va]ues obta1ned by aqueous potent1ometr1c t1trat1on were reported

éifby Mollica et al.. (13), Ess1g (19), and Wh1tehead et a] (7), Mo]11ca —

et 1‘ (13) emp1oyed‘thefmethod of Noyes (20) for the over]app1ng pKa

&..

_values of hydrochloroth1az1de but carr1ed{hﬂt the t1trat1on at 60°C

It is assumed that the exper1menta1 values quoted by wh1tehead et a]

b i

(7) and Charn1ck1 et a1 (11) for ch]oroth1az1def.and by the Merck Index '

(76,77) for hydroch]oroth1az1de'ﬁnq_hydrof1umeth1az1de, are va11d at

o

room. temperature _ k
Essig (]9) was on]y concerned w1th0the pKay and t1trated 0 00] M

- concentrat1ons of ch]oroth1@z1de, f]umeth1az1de, hydrooh]oroth1a21dé

3

"~ and hydrof]umethlaz1de w1th avbas1c't1trant Th1s procedure accord1ng

. uf ;.,\

to A]bert and SerJeant (20), requ1res a»#ef1nement 1n both the apparatusf

and the ca1cu;%é§ons§but resu]ts are not sat1sfactor11y reproduc1b]e

1

",‘g_ .
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be]owla concentration»of 0. 005 M. The method may. provide reasonably
' accurate pKa va]ues for the few so]uble benzoth1ad1az1nes but it is’
o RS
-y
| e T
For the very spar1ng]y so]ub]e der1vat1ves, the1r d1sso1ut1on 1n

not app11cab1e to the maJor1ty of these agents

”}water m1sc1b1e organ1c so]vents, fo]]owed by potent1ometr1c t1trat1on,
"has been cons1dered Sem1aqueous potent1ometr1c t1trat1ons-1n 66% |
d1methy1formam1de, carr1ed out by Wh1tehead et al. (7 8) for var1ous |
i benzoth1ad1az1nes, y1e1ded re]at1ve ac1d1ty constants Nove]]o and
Sprague (78) obta1ned va]ues of pKal-9 1 and‘pKaz-—lo 5 for cyc]o—
' th1az1de by measur1ng the pH at the po1nt of ha]f,neutra11zat1on 1n";
,30% methano] , An»extens1on of the sem1aqueousvt1tr1metr1c'method
,wh1ch 1nvo1ves the extrapolat1on of acetone water m1xtures to 100%
’water prov1ded a pKa va]ue of 9.4 for the ac1d1c d1ssod@at1on constantg
~of methyc]oth1az1de (79) Moska]yk et” a] (80) have.expernmented v
further-w1thvth1s.procedure'torobta1n the pKa va]Ues oﬁmotheh benzofs
thiadiazines. L TR SR
v Mo]11ca _t_ (13) attempted to use the u]trav1o1et spectrophoto— f
h metr1c.method but they cou]d on]y obta1n the pKa1 vaTues of hydroch]oro—.
th1az1de and two of its ana]ogs by ‘this technjque. The resu1tant va]ues
‘_do-provide some insight'into the effect,of substttution‘bajtﬁé acidiC,‘
| 1onxzat1on constants of the benzoth1ad1az1nes v o )
Agren and Back (18) 1nvest1gated so]ub111ty var1at1on w1th pH and
obta1ned a pKal va]ue of 8. 53 i 0 05 for bendrof]umeth1az1de * They c1ted

‘.the1r techn1que as be1ng the method of Green (70) and therefore, did not

presentvany deta11s of thetr procedure;'
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Th1s const1tutes a conc1se overv1ew of the ava11ab1e 11terature

’ 5.1nformat1on regard1ng the poss1b1e methods of determxnlng the ac1dity

constants of spar1ng1y so1ub]e compounds, -as we11 as. the reported pKa -

'ifva1ues of the benzoth1ad1az1nes and the methods used in- obta1n1ng these

1s reported 1n Tab]e 1

dconstants A summary deta111ng the 11terature vaIues of the. d1ssoc1at1on

: constants of the benzoth1ad1az1nes most commonly used 1nJmed1ca] pract1ce, ’bs‘n"
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| 1app1ng ac1d1ty c0nstants and 1nstab111ty 1n a]ka11ne med1a.

T{ thermodynam1c pKal agu pKa2 values of a ser1es of benzoth1ad1az1ne :

44

A vast majority'of the drugs common1§fu5ed in-medicaT%practice

: can’be'TabeTed'as spar1ng]y soTubTe' (22 30 37) and th1s phy51ca1-

'fproperty has prevented the rap1d as ‘well as the accurate deter-
'm1nat1on of their 1on1zat1on constants. S1nce ‘the ac1d1ty constantsil'
'of drugs are often of great 1mportance b1o]og1ca11y (21 225 51),H

‘7'the ava1Tab111ty of a suttabTe method for determ1n1ng these values is

a necess1ty. The resu]tant search for an adequate method of deter-

m1n1ng thermodynam1c d1ssoc1at1on constants for spar1ng]y soTubTe :

substances appears to have produced an 1dea] vers1on of the soTub1T1ty_

lfvbvar1at1on with pH techn1que.' Recently Peck and Benet (75) pubT1shed /
-8 procedure that encompasses aTT of the poss1b111t1es encountered
'upon 1onlzat1on. These 1ncTude po]yprot1c and amphoter1c compounds,r

"vaus overTapp1ng 1on1zat1on constants.

The d1ssoc1at1on constants of the benzoth1ad1az1nes have been ‘.

7

-,part1cu1ar1y d1ff1cu1t to determ1ne due to numerous compT1cat1ng

: factors such as Tow. aqueous solub111ty, an amphoter1c nature over—

ADecompos1t1on occurs in med1a of pH 8 or greater and is enhanced as

e the pH and/or the temperature 1ncreases (5 TT 13)

The purpose of this work ls to determ1ne, wherever poss1b]e, the'

'd1uret1cs. A 11terature survey has revealed numerous d1ss1m1lar pKa
‘values whlch were determlned by very d1verse methods. An effort has
vaeen made to anaTyze all of the chosen benzoth1ad1az1nes by the same f

: method u1trav1o]et spectrophotometry . ,Theyva]1d1ty¥of‘theg ’
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11terature d1ssoc1at1on constants has been exam1ned and a]so,

‘compar1sons w1th the u]trav1o]et spectrophotometr1ca11y determ1ned

. J

va]ues are presented The 1nvest1gat1on of the d1ssoc1at1on con-

\

o
stants has been comp]eted with an: exam1nat1on of the effects of

subst1tut1on on the . 1on1zat1on constants ‘of the benzoth1ad1az1nes.

AT but two of the se]ected compounds have over]app1ng acidic

Q'pKa\values. The ac1d1c protons are in d1fferent chem1ca1 env1ron—7

ments and, therefore, an attempt to determ1ne the order 1n wh1ch

s Vthey d1ssoc1ate has a1so been made. From the ]1terature, on]y
‘compar1sons to foormy15u1fonam1des‘(Z,-,19) have been offered 1n-
ha;postu1atingrthe‘order,of deprotonation. This work prov1des further
-compar1sons 1nvolv1ng two benzoth1ad1az1nes,wh1ch possess on]y one

hac1d1c d1ssoc1at1on constant each,and diazoxide. D1azoxmde‘1s
S stroctura]]y 51m11ar.to the benzothiadiazine diuretics but shares
1 - oniy theirnantihypertensive’activity (1'2) Furthermore;-u1travio1et

f'spectrophotometry and nuc]ear magnet1c resonance spectrometry have

| been 1nc1uded in an effort to c1ar1fy the order of deprotonatlon of

o

'the ac1d1c hydrogens..,w"v

F1na11y, suggest1ons for the 1mprovement and ref1nement of the

Cpresented technlque have been offered Pre]lm]nary methodo]ogy for
o further research in determining the d1550cfation conStants’of'the.
-*benzothfadiazineschas a]so_beenfproposed.' BOthyof‘the.proposed.
Atechniques, uTtraviolet spectrophotOmetry and‘so]ubility-distrfbution_

studjes, can sybseqUent1y.be_app1ied to other sparingly soluble drugs.
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Apparatus

Standard laboratory\g]assware ‘

Mettler Gram-atic analytical balan

Thomas Hoover'\MEelting Point Appa/y

Perkfn-E]mer 267 Grating,Infrared Spectrophotometer
Hewlett-Packard 5981A Mass Spectrometer

Eastman Chromagram Deve]oplng Apparatus and Sheets (silica gel adsorbent
with fluorescent indicator). . :

UTtravio1et Tamp (Applied Science Laboratories, Inc.)

Dubnoff Metabolic Shaking Incubator (GCA/Precisionchientific)L
Serva]] refr1gerated-automat1c centrlfuge {

He]]ma quartz cuvettes (1 cm) .

. ~
Unicam SP 1800 u]trav1o1et spectrophotometer and recorder o

Beckman Mode1 25 spectrophotometer ‘and recorder IR Qf“

Fisher Accumet Model 320 expanded sca]e pH meter (fitted with g]ass
and ca]ome] electrodes) Ay

PDP 11-05 M1n1computer (D1g1ta1 Equipment Corporat1on, Maynard Mass. )

Bruker WH- 200 Nuc]ear Resonance Spectrometer

/

Reagents
“ . : ‘ ! N . . . . .
A1l chemicals and reagenﬁs employed in the experimental procedures
were either A;C.S.(or reagent grade in quality, pn]ess otherwise specified.
Buffers
Buffer solutions were prepared with glass d1st11]ed and de1on1zed
water, free of carbon dioxide. Tab1e’2‘prov1des further 1nformat10n
perta1n1ng to the pH range, the compos1t10n of the stock solutions, and

‘/the ionic ‘strength of the buffers used in this 1nvest1gat1on.
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Reférence Standards

|

Purification of the selected benzothiadiazines .1isted below was

achieved by recrysté]lizatiqn to a constant me]ting‘poﬁnt.

Drug
ch]orothiaZide

2

 benzthiazide

hydrochlorothiazide

hydrof]umethiazide

béndrof]umethiazide'

cyclothiazide
cyclopenthiazide
althiazide

trich]dromethiaiide

methyclothiazide

‘polythiazide

diazoxide

Manufacturer

"Merck Sharp and Dohme Canada Lihited _ //

'E.R. Squibb and Sons of Canada Limited

A.H. Robins Company Limited

Merck Sharp and Dohme Canada Limited
Bristo] Lamdratories of Canada |

£.R. Squibb and Sons of Canada Limited

E11 Lilly and Compapy

CIBA Pharmaceutical Company .

Pfizer Company Limited "

 Sc¢hering Corporation Limited

Abbott Laboratories Limited -

Pfizer Company Limited

‘Schering‘Corporation.Limited

e e i A AR A = 2
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Summary of Data for Benzothiadiazines and Diazoxide
4

O

2H-1,2,4-benzothiadiazine- -
1§ dioxide

' “rihg system

A . . . ‘ ‘

Recrystallization |

Gener1c Nam\ R X mp*(°C) - ~ Solvent
- ‘ . . 1

ch]oroth1az1de -H C1 4™ >300 " ethanol

f]Umethiazide =K CFy 329.28™.300 - ethanol-water

benzthiazide -CHZSJbehzyl C1 431;96 1241-5 eth&no]-acetone-wéter

* Al compounds melted with some degree of decomposition and three
recrystallizations of the reference standards were performed when -
melting po1nts were greater than 300°C. :

T




2. Hydrothiazides

, NH,S0, .

8

¢ ';‘3 )

v . > Recrystallization
Generic Name }gg R .. X MW . mp*(°C). Solvent:

hydrochloro- -H - | ‘€1 297.72 267-270 ethanol-water-
- thiazide \ o )

hydrof]u- -H., . ‘CF3 331.92 271-273? ethano]—water
methiazide - : T -

bendroflu-  -benzyl CFy 421.41 222-224 ethanol
‘methiazide , : . .

cyclo- —norbornylehy] C1 389.91 231-232 ethanol-water
thiazide . _ .
, cyc]bpep- . -CHy-cyclopentyl C1 .379.89 '236-240 ethanol-water

' thiazide ’ : " :

althiazide  -CH,SCHpCH=CH,  C1  383.91 196-199 ethanol-water -

trfthlbrof | -CHC1, »  . Cl1 = 380.67 271-272 ethanol-acetone-
methiazide L O - water &

| . ’
’ ’ . L

~ *A11 compounds mg?tgngith some degree of decomposition.

~

“4' ' ¥ ‘n,:v [ 4
ecrystallization
_Solvent

~

36025 218421 9

i
o Y
po1ythiazidg§ B

~ methyclothia; _ethanol

*‘43§$90,f2]]4235, Kethanp]-wpter ‘

< : .
i ) of'

MR- 2 L R T R R e A
*AT] compouﬁigkﬁe}teéwj;thme degneg of. decomposition.

s 1 |-
TR w1

- B
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“for 2 hours, a11owed to stand. for 20 houvfw

with acidified p-DMAB to produce 1emon ye]]ow spots. _%.

52
4. Diazoxide
N |
c1 *¥5§\NH MW 230.70
%L . Vp‘>'300°C
] N7 L |

' recrysta]11zed three times from
ethano]

A

"» Procedures

- A, »ﬁreparation of Reference Decomoositﬁon Products

The benzened1su1fonam1de decompos1t1on products of bendrof]u—

fis
®

1g of drug in 30 ml of 20% NaOH soluti6n. The miyture was refluxed«

meth1az1de and cyc]oth1az1de were preparg dtssolving approximately

fs-ithen acidified to pH 4

with 6 N HC1 ‘ The . resu1t1ng precipitate was separated by vacuum

f11trat10n, washed with d1sf%]led water, and recrysta]11zed from water‘

P

to a constant me1t1ng point. - g I

»

1. 4-Amino-6-trifluoromethyl-1,3-benzenedisul fonamide (I)

Prepared from bendfof]dmethiazide' fine’white"crystals (yield

0.52 g or 68.0%). melted at 245-247°C w1th decompqswt1on [11terature

(5) mp 246-247°C]. Ry value (ethylacetate: benzene)' 0. 80 and reacted

¢

5t
X




N
N

Tnfrared Spectrum (KBr disc)“ RER /

; 3460 eml - (N“H stretch of primary-aromatic amine)

© 3370 and 3280 cm ™t . (N<H stretch of sulfonamido group) - |

- 1625-cm™! - - ~ (N-H bend of pgimary aromatic amine) w
1315 and 1145 cm™ (S 0 stretch of sulfonamido ‘group) .

e .
(M) 319 (19.5) 75 (19.0) -
‘ 303 (4.7) 174 (18.4) .
© 302 (6.8) + 159 (10.0) = -
/ 255 (7.9) . 158 (22.1) ~ =A
, 239 (5.3).- 80 (94.7) .«
‘ 176, (17 9) o .

e

_ 2. 4-Amino-6-chloro-1,3-benzenedisul fonamide (I1)

Prepared from cycloth1az1de coarse ye]]ow crysta]s (y1€1d 0.45, A
/ .

: g“or 61~3%) me]ted at 254- 255°C w1th decompos1t10n [11terature mp ‘
' (4) 251~ 252 C and ( 5) 259- 260°C] Rf va]ue (ethy]acetate é/nzene)

o *O 28 and reacted w1th ac1d1f1ed Q:DMAB to produce 1emon ye])éw spots
' = S

s
4
yé

Inffared'Sngtrum (KBr disc)

5 3460 cm™l ~ (N-H stretch of pr1mary'aromat1c am1he):‘

N-H
. 3370 and 3290 cm'1 ~{N-H stretch of -sulfonamido group) .
1635 cm~! , (N-H bend of .primary aromatic amine) .
1320 and 1160 cm™t - (S=0

stretch of su]fonam1do group)

Mass‘Spectrum: m/e (%-reTathe aandahce)‘

. 2M+ C137) - 287 (40.9) - 268 (90.9) (40.9)
‘- v (Mt c135) 285 (100.0) 223 (15.9) 124 (56.8)
271 (13. 5; . 221 (40.9) - 114 (43.0)

270 (40.9) 142 (850.0) 105 (50.0)

. 269 (31.8) 129 (45.5) . :



| 3.f 4—Amtno-2-chﬂoro;S-(methylsulfamyl)Qbenzenesulfonamide-(}l})

Prepared from polyth1az1de by Moska1yk et a1 (82) The1r o
fre d1ffered only 1n the”extract1on of the ac1d1f1ed product

thy1acetate and the removalvof ‘the organ1c so1vent.us1ng a

m1n1mum of heat ~The f1ne off- wh1te crystals me]ted at 170°C w1th ‘
Udecompos1t1on [11terature mp- (5) 168 ]70 C] Rf va]ue (ethylacetate
'benzene) 0.46 and reacted w1th ac1d1f1ed prMAB to produce 1emon |

,ye]]oW‘spots. o h>i5 ? B P

B. Detect1on of Benzoth1ad1a21ne Decompos1t1on by Thin Layer

Chromatog_aphy

cA -':.Kv -
To ensure the pur1ty of the prepared benzened1su1fonam1des the _'
recrysta111zed products were d1sso]ved 1n ethy1ace?hte (approx1mate1y

1 mg/m]) and 30 u1 a11quots were app11ed to m1croscope sl1des (7 5 cm

x 2.5 cm) coated with a 250 m1cron 1ayer of s1l1ca gel G: adsorbent

conta1n1ng a f]uorescent 1nd1cator The spots d1d not exceed 5 mm in =

d1ameter and the m1croscope sl1de TLC plates were actlvated at 100°C

for 1 hour before use-. The TLC | p]ates were deVeloped for 5 10 mlnuteS'fV

(238

in an. ethylacetate benzene (8 Zﬁ so]vent system air dr1ed examined

‘ under short wave (254 nm) uv 1ight and f1na]1y sprayed w1th’ac1d1f1ed

_p-DMAB reagent This spray reagent was prepared as: fo]]ows 1 g of

"

pfdimethy1aminobenza]dehyde d1ssolved in 95% ethano1 to prov1de a 1%

) ‘so1ut1on was ac1d1f1ed by fhe add1tion of 10 m1. of cdncentrated HC]



v
.

B The 12 selected benzoth1ad1az1nes, the reference decompos1t1on

. "‘products, and d1azox1de were ana]yzed by th1n 1ayer chromatography

) Eagh compound was d1ssolved in ethy]acetate (approx1mate1y 1 mg/m])
but for those compounds not comp]ete]y solub]e the und1ssolved

, port1on was’ a]]owed to settle and the supernatant s used in all-¢f
the~chromatograph1c 1nvest1gat1ons Th1s procedurejwas cons1dered k
to be acceptab]e for qua11tat1ve purposes _ .

Eastman Chromagram Sheets were spotted with 10 ul a11quots of |
the ethylacetate stock so]ut1ons, the spots not exceed1ng 5 mim in

diameter These chromatograph1c sheets (20 cm X 20 om) are precoated

w1th s111ca geT adsorbent conta1n1ng a f]uorescent 1nd1ca1ﬁr and the

A
adsorbent coatlng of 100 m1cron th1ckness is on an 1nert flex1b1e : '
'v“po1y (ethy]eneterephthalate) support of . 200 m1cron th1ckness - Poly- . |
_.acry11c acid is the’ added b1nder and the f]uorescent 1nd1cator‘gs » Fd\_

lead- manganese -activated ca1c1um s111cateu"
The chromatograph1c sheets were deve]oped in an Eastman

Chromagram Deve]op1ng Apparatus conta1n1ng an ethy]acetate benzene

- (8: 2). soTvent system for ] 1/2 hours The sgeets were then air dried
@%ﬁgexam1ned undershOYt wave (254 nm) - Uy 11qht the- v1sua11zed spots.
were marked and the1r R¢ va]ues were: calcu]ated us1ng the convent1ona1
formu]a S 7‘ o o R IR .

Y 2 :

Re =v'd1Stanceptraue11ed byvsolute:v
" distance travelled by solvent_

H
. . o

?ina]ly} the TLC sheer‘WereAsprayed‘wjth»acidified pfﬁMAB.reagent.

L . |
L
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Summary of Data for Th1n Layer Chromatograph1c Ana]ys1s

.‘ ‘ Rf Va1ue in - o
Ethylacetate : Benzene

benzenesulfonamide (111

"Com90und o _ (8:2)
hydroch]oroth1az1de L 017
hydrof]umeth1a21de 0,20
cycloth1az1de : . 0.56

. cyc]openth1az1de = 0.57
tr1chlorometh1az1de 0.27
_althiazide B -0.55
bendrof]umethiaiﬁde - 0.68
chlorothiazide 0.05 -
~ flumethiazide 018
 benzthiazide oo
;dfaioxfde"‘ - 011
“polythiazide = - 0.60
‘methyclothiazide 0.42
'.benzehédisu1f0namide;(f)i.- 0.30 -
benzenedi§u1fonamidef(II) “0,28
) 7 0.46

Co]or Reactlon w1th

Ac1d1f1ed‘g~DMAB

Temon yelTow .

1emon ye]]ow

1emon ye]]ow

€. pKa Determinatioh bxgsglubi1i;y;varjatiénﬁwitﬁ‘pH"”

- The method of Green (?O) as 1nterpreted from the reports of Agrenp

azide and methyc]oth1az1de ;;u“'

1. StanddrdwCUrves

. %

- and Back (18), was used to determ1ne the pKa va]ues af bendrof]umeth1-

A lxlo‘*Mstock so]ution of methyc]oth1az1de was prepared 1n 95%

~sethano] and diluted wit
s o :

O

“buffers of the appropr1ate pH values to y1e1d f‘

L

i
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"jqe'_’
the standard concentratiOns, as deScribed by~the_fol]owing‘scheme:;

P gL ‘ . . . L ]
Concentrat1on ~.95% Ethanol . Methyc]oth1az1de 1x10” 4 M
(moles/1) (m) -~ . _. Stock Solutaen (m1)
1 x 105 000 2.0
.8 x 1076 -0.50° o 2.00
6 x 1076 1.00 S1.50
2 x 10-6 2.00 0.50
1 x 1076 . 2.25 0.25
8 x 1077 2.30 - . 0.20
. 6 x 1077 - 2.35 | 0.15
4 x07 . 2.40 010,
2 x 1077 . 2.45 0.05

The methyc]oth1az1de stock so]ut1on and the 95% ethano] were

s.w

' added with a 5 m] burette graduated 1n 0.0Tm un1ts and equ1pped w1th

a p]at1num t1p Suff1c1ent buffer was added to make the vo]ume equa]f

* to 25 m1 thus the f1na1 standard concentrat1ons contalned approx1-

- mate]y 10% ethano1 v Ind1v1dua1 buffers in the pH range of 8. 6 11 0

were prepared at O 4 pH un1t 1ntervals from g]yc1ne/Na0H (Sorensen)'

;‘1

i stock so]ut1ons and the 1onzc strength was ma1nta1ned at O 1 Min a]lv

1nstances

The absorbances at the wave]ength of maxj%um absorpt1on for each
pH as wel] as at the 1sobest1c po1nt were obtained us1ng a Beckman
Mode] 25 spectrophotometer.' The 1sobest1c p01nt for methyc]oth1azmde

goccqcs at 267 nm, asvdetermined'fkom,Figure‘34;



So1ubility'Determinations . ‘ o ' U "'

‘.G'

To determ1ne the1r pKa va1ues the so]ub111t¥ var1at1on w1th PH. change

: of bendrof1umeth1az1de and methyc]oth1az1de Was, studJed ‘J‘ ,f’, e

v : . R '; ”""' _“f‘f;:\
S e S ;{Qﬁﬁﬁz-;cx-
Methyclothiazide . - , ) BRI T "QJJ
R o ) R ' ' . o . ' ‘."“ ’3;.,‘ “‘. . .‘ b’{ :

An excess of the pure drug was shaken w1th 25 m] of the

g]yc1ne/Na0H (Sorensen) buffer of the appropr1ate pH and ag1tated
~ for 15 m1nutes in a Dubnoff Metabo]1c Shak1ng Incubator ma1nta1ned »-'

}‘at a constant temperature of 25 + 1°C. Aftér 5 m1nutes of equ1]1- ‘

brat1on the suspen51ons were f11tered through Whatman #1 f11ter

‘paper and the c]ear f11trate was centr1fuged at 15 OOO g for 10.
‘,.m1nutes at 25 + 1°C Immed1ate1y fo110w1ng centr1fugat1on the o
x‘pH of the so]ut1ons was obta1ned w1th a F1sher Accumet Mode] 320
n expanded sca]e pH meter and tne absorbances were read at. 267 nm |
. w1th the buffer serv1ng as the reference so]ut1on Tr1p11cate

determ1nat1ons were made for each samp]e

After the 1n1t1a1 determ1nat1om the procedure was repeated

. at 1 hour 1ntervals for 6 hours and then aga1n ‘at 24 hours

Dur1ng this per1od of: t1me a suff1c1ent amount of drug was added

,bto ma1nta1n an excess at a]] t1mes Once the decompos1t1on of =
' “methycloth1a21de was detected at pH 8. 6 9.0 and 9 4 the regu]ar:""

tmon1tor1ng of the concentrat1on was abandoned and a11 of the :
‘h suspens1ons were al]owed to stand at room temperature for 22 days_~
_‘W1thout ag1tat1on Aéggﬁe end of the 22 day equ111brat1on perlod’

v the suspens1ons were f11tered through whatman #1 f11ter paper and_»



q”'that descr1bed 1n Procedure B.

“

;centrifuged; AO0.01Tm a11quot was p1petted 1nto a 1 cm He]]ma
quartz cuvette and then diluted w1th 2.9 m] of buffer and the
absorbance was then read at 267 nm w1th the buffer serv1ng as

'\

,the reference 1n a match1ng cuvette

§

b.  Bendroflumethiazide ERE /” S o Ci}

.

{fz.

An excess of the pure drug was shak@n w1th ]O m] of borate

v
-

'.buffer of the appropr1ate pH va1ue and ao1tated cont1nuous]y for
3 hours at a constant temperature of 25 + 1°C Bor&te (Sorensen)

) buffer has an ionic strenqth of 0.1 M and the pH va]ues exam1ned
were 8 4 9 0 and 9.6. Tr1p11cate determ1nat1ons~were madevfor

each samp1e 'f : 2 S S ) ' }'}

“3. .Detectﬁon-of:DecompOS1tion‘by_Thin Layer Chromatography

‘The suspens1onsof'methyc]oth1az1de were mon1tored for decomp051t1on

at 15 m1nutes, 30 mznutes, 45 m1nutes, 1 hour 1 1/2 hours, 2 hours,\

3 hours 24 hours, and 22 days fo]low1ng ‘the 1n1t1a1 exposure of" the

. Va
fdrug to the buffer so]ut1ons, whereas suspen51ons of. bendroflumeth1az1de ;/°

‘ were o%ly monitored for 3 hours

At the appropr1ate time 1nterva1 a 50 u] a11quot of each samp]e'

Was removed and d11uted to 150 y! w1th acetone The acetone- water
B : On
{'allquot Was then app11ed 1n 10 and 30 u] quant1t1es to a s1]1ca ge]-

”coated m1croscope s]1de and the subsequent ana]ys1s was - 1dent1ca1 to
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D7 Ultraviolet Absorption Spectra of Benzothiadiazines and Diazoxide

@

Solvent effects on the absorptlon maxima and the var1at1on of- the

absorption spectra with pH were examined for each of the se]ected

'benzoth1ad1az1nes and d1azox1de ~The analyt1ca1 wave1enqth for each

druq was also determined.

1. ' Solvent Effects on the UV Absorption Maxima

" Stock solutions of each drug (1 x 107% M) were prepared in 1%

ethanol, 95% ethanol, and dimethylformamide and a S'm1 atiquot of each

-stock solution was then diluted to 25 ml, in a ro]umétric_f]ask} with

4

e1theL 1 N HC1 or 0 1 N KOH. - This technique provided acidic and basic

2 x 107° M sample so]ut1ons, whereas the reference so1ut1ons conta1ned

4
5;m1 of the solvent (either 1% ethanq], 95% ethano], or d1methy]form-

amide) in p]ace of the’stock solution. Each samp]e’was then scenned

against . 1ts reference on a Unicam SP 1800 spectrophotometer The
wave1ength range was 200 390 nm for the ethanolic solvents.and 250 390 :
nm for samples contalnlng d1methy1formam1de A matched pair of 1 cm

Hellma quartz‘cuvettes with caps was»employed in the seanning procedure.

2. “Variation-of UV Absorption“Sgettra with pH

. The appropriate‘quantityfbf‘drug was dissolved in a sufficient

| volume of:95% ethanol to prepare a 1 x 1074 M stock solution. A5 ml

a]iQuot'ofneaCh”stock solution was then diluted to 25'mi-with the‘

'buffer of the desired pH value and reference solutions were prepared

by the snbﬁt?tution of_S ml of 95% ethanol in place of the @rué;stockn,-'




P

- pH un1t,cover1nq the pH range of 0-14. The pH was modified by the

61

solution. Each sample was scanned against its reference-on a Beckman

Model 25 spectrophotometer over the wavelength range of 200-360 nm. ..

Th1s procedure was carried out for each drug at 1nterva1s of one

)ﬁ ,

addition of acid, buffer or base as follows: | - g
‘ }_{
pH Buffer
0 1 N HCT
1 - 0.1 N HC1
2 0.01 N HC1
3 0.001 N HCT
4 'succinate
. 5. phosphate (Sorensen)
6 phosphate (Sorensen)
7 phosphate (Sorensen)
8 phosphate (Sorensen) "
9 ‘glycine/NaOH (Sdrensen)-
10 - glycine/NaOH (Sorensen)
1 i glycine/NaGH (Sorensen)
12 glycine/NaOH (S orensen)
13 0.1 N KOH )
14

1 N KOH

3. Determ1nat1on of the Ag@&yt1ca1 wavelength

Lo %
S1nce the UV absorpt1on spectrum at each pH va]ue had been scanned

on the same page of the recording chart, these superimposed spectra

‘were used to determ1ne the analytical wavelength The wave]ength at

'wh1ch the ab§q#§ﬁnce d1fferences between the d1protonated monopro-
wv

tonated and§ponprotonated species were the greatest appeared to be

270 nm de all of the benzoth1ad1az1nes and’ d1azox1de

,\s

W'

o @; "%}*

B e
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E. Determinatfoh of Benzothiadiazine Acidity Constantsﬁby uv

Spectrophotometry - 4 . ) i

The acidic dissociation constants of diazoxide, méthyc]othiazide,
| and po]yth1az1de, as well as the overlapp1ng acidic 1on1zat1on
constants of selected benzoth1ad1az1nes were determ1ned by the |

,ultraviolet spectrophotometr1c method.

1. Diazoxide, Methyclothiazide and Polythiazide

"The acidic ditsbciétion-constén§§'of methyc]othiaz?dé, p@}y—
'thiazide, and.dia20xidé were determiﬁed»by thg conventiéna].fechnique
f descr1bed by A]bert and Serjeant (20). Approximate pKa values wer;

| f1rst obtained from the- super1mposed UV absorption spectra and then

the exact pKa values were determined in the fo]10w1ng manner:
\

'S

a. Stock SoTUtioh

Al x TO'“'M stock'ﬁolutibn»of each drug?Was’prepared in
approkimateiy 1% ethanol by first'diésolving‘a sufficiént quantity
of the drug in 5 ml of 95% ethanol and then d11ut1ng the so]ut1on‘

,<to 500 ml with q]ass distilled, deionized water free of carbon ’

. dioxide.

b. Exact pKa Determinations

A 5 ml aliquot of the appropgiate']Ax‘lo‘“ M stock solution.

was diluted to 25 ml while 5 ml of a 1% ethanol blank was used

il
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in fhe reference solution. Seven 2 x 1073 M samp1es, which
covered the rénge of the approximate pKa + 1 unit;vWeré prepared;
The pH of‘each solution was obtained with a.Fishen Accﬁmet'gzol |
exbanded scale pH heter at the recorded temperature and tﬁe
absorbances were réad,ét the’géﬁected analytical wavelength on

a BeékmanIMode1 25 Spéctrophotqmeter. Absorbance readings and

pH values were also obtained for the nonprotonéted Species in

jO 1 N KOH and for the monoprotonated species in an appropr1ate

‘ buffer. The buffers for the monoprotonated species were seleééed
after examining the UV absorpt1on spectra obta1ned in Procedure D,

namely pH 5, 6 and 7 for diazoxide, methyc1oth1a21de and poly-

thiazide, respect1ve1y

2. Determination of Overlapping Dissociation Constants

et

Generally, the initial steps in thg)proceddre were similar to’
tho;e previously deséribed. AhIaCCUrate1y.wejghed quantity of the
-drug was disso]yed in 10 ml ‘of 95% ethanol and a sufficient volume
of,g}aSs distilled, deipnized, carbon dioXide-free~Qater wés'added‘to j
-méke thebvo1ume eqUé]jto one liter. This:provided‘a 1 x 107" M stock
solution in 1% ethanol.

7From the stock 301uti6n 2 x 1075 M §émplé§ were prepared at 0.2
pH‘uﬁit intervals to coVer the pH- range between the’diprotonated and
the nonprotonated species.b Idéntica]‘reférence sb}utions contained" .
5 ml. of a 1% ethanol blank. | | |

For chlorothiazide and f]umeth1az1de the buffers used were of
.0.01 M ionic strength wh11e thevbuffgri,for the hydrothiaz1des were

maintained at 0.1 M jonic strength.



Thiazides o 'Hydrothiazides

.pH range . buffer . H range - buffer
- 4,00-6.20 succinate t -7. phosphate (Sorensen)

4.00 5.0- 7.6

6.40-7.60 . phosphate 5.8- 9.2 sodium borate/HC1 (Sorensen)
7.80-8.40  TRIS . 9.4-10.6 sodium borate/NaOH (Sorensen)
3.60-9.60: borate 10.8-12.8 glycine/NaOH (Sorensen)
9.80-1 : .

-10.60 - carbonate

" Buffers in the pH raage of 4-7 furnished the medium for the
udiprotonated sbecies and buffers in the pH range}of TO.Z~12.8 were
adequate for the nonprotonated spec1es .To demonstrate combtete
1on1zat1on the nonprotonated form was a]so exam1ned 1n 0.1 N KOH.
Samp]e pH and absorbance, at the analytical wavelength of 270 nm,
were read at.the recorded témperature and the cohputer input data wefe
selected from the 11near port1ons of the. graph1ca1 representat1ons of

' absorbance versus pH

F. Determinations of Deprotohation Order

To determ1ne the order in which the two ac1d1c protons of the

benzoth1ad1az1nes 1on1ze, methycloth1az1de and hydroch]oroth1az1de,

\
in sem1aqueous so]ut1ons, were examined by NMR spectrometry

\

1

1. Pre]iminatx;Titfations

A ]0 ml samp1e*bf méthye1othiazide 0.02 M was prepared by tkans-
ferr1ng 2.5 ml of a 0. 12 M methycloth1az1de acetone stock so]ut1on to
a a 50 ml beaker and then add1ng 4 ml of acetone and 3.5 ml of d1st111ed

water to the_t1trat1onvesse1. The initial pH‘of the samp}e was .
: regkgjxqed and then' 40% NaOH was added in 0.01 ml portions. After each

) i



&

SANG f§e so]ut1on was
: R B B " “"W’ ’
~ measured and' the t1tra€Hon Was té§m1nated at*pHﬁ13 i

The t1trat1on procedure was r%peated o sma]]er sagpl gplumes

\*“ e e m.:ﬂ‘ fet?

| ~using 2 5 ml beaker az the t1tration s A ‘ml “and & 0 5 ml
.. sample was prepared amd the t%tramt wasﬁgiltvered‘using‘a 1 pt .

‘ pipette W1th ‘disposable p1pette t1ps. The'ph was measured'With N
Whatman- BDH narrow range. pH paper. and adequate stwrr1ng of the

sample so]ut1on was ach1eved w1th a cap111ary tube 1 .6 mm in d1ameter

A s1m11ar m1crot1trat1on ‘was carr1ed out for hydroch]oroth1¥

-az1de A O 0134 g quant1ty of the drug Was we1ghed 1nto a 10 ml

- ‘beaker and 0. 75 ml of acetone was added to the vesse] Once the

drug had complete]y d1sso]ved in the acetone .0.75 ml of d1st11]ed
water'was added to give 1.5 ml of a 0. 03 M so]ution The titration
“and the pH measurements were performed as prev1ous]y descr1bed for

%

methycloth1az1de ’ L v "'!{“f'$ «":%

2.  Sample Préparation for NMR Spectrometry

' A]] of the so]vents employed in this sect1on of the procedure

“i_were of spectral grade quality, spec1f1ca11y manufactured for NMR" and

@

IR spectrometry;- Proton NMR spectra were obtained on a Bruker WH-ZOOv;-«af 1

h1gh reso]ut1on spectrometer us1ng the pulsed Four1er transform mode
The- probe temperature was ma1nta1ned at 30 .+ 1°C, the thin- wa11ed NMR

tubes were 5 mm in d1ameter and the internal standard was TMS
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a’ Mghyclpthiazide ' o , | ’

‘:‘_A:0.0106O g.qﬂentity of metﬁychth?azide was weighed into
alo ml BeEker ahd“]ﬂm};of;deutera;ed aceteee'ﬁes edded to
'dfssolye'ehe drug. The-addition of 0.5 ml of D,0 yielded 1.5 mI
of a 0.02 M methyclothiazide soiuﬁiog},'A 0.5 ml aliquot of this
solution Was trehsferked‘to en NMR tube end the sampTe,was

scanned. The sample'waS‘theh brought to pH 13:by the-addttion,

directly into the NMR.tube, of 2 ul of 40% Na0D. de
o r.o - o ‘ o .

b.  Hydrochlorothiazide

Av0.0]34 g quantity of hydrocﬁlorothiazide.WAS weighed into |
:’a'10 ml.ﬁeeker,"0:75 ml bf.deuterdted aCetone was adeed and the
solution was stirred unt1] the drug had comp]ete1y d1sso]ved
1The add1t1on of 0 75 ml of 020 brought the sample volume~to
'.1.5 ml/and the drug go?centratjon‘tho.oq M- A 0.5 m} aliquot
of th/ soiution was transferreduto.a?.NMR tube and the-samb]é ,
“.was'Scanned : L |
, The rema1n1ng 1.0 ml of the samp]e was: t1trated with 1 u]
of 40% NaOD and a 0.5 ml a11quot (conta1n1ng 0.5 ul of titrarit)
of this solution was scanned. Fyrther 1 p] add1t1ons of t1trant
'direct1y‘into thé NMR tube were %011owed by the-rescann{ng of
- the samp]e unt11 a maximum of 4 pl of titrant had been added.
o - Only 0 3 m] (conta1n1ng 0.3 ul of t1trant) of the rema1n1ngl
sample cou]d be accurately de]1vere4ﬁto the NMR tube SO the

:vo1ume was\brought tQ 0.4 m]/by.the add1twpn‘ofv0.1 ml of

E-

L ab




4

deuterated acetone The. t1trant was, added in 0 5 u] port1om§

unt11 approx1mate1y 3 uieb\d been added to the samp]e and an S

CNMR spectrum was obta1ned fol]ow1ng each add1t1on of t1trant

v"xJ*Th1s port1on of the procedure was only qua11tat1ve s1nce the

- titrant was added 1n est1m§ted vo]umes of 0 5 u] These
(est1mated add1t1ons of - the t1trant were necessary to prov1de r'
add1t1ona1 p01nts for the~t1trat1on curve and a1so to observe
:‘the effect of. concentrat1on changes on’ the NMR spectra .r ;
R The est]mated vo]umes of the t1trant requ1ﬁgd for the .

-O 0225 M samp]e of hydroch1oroth1az1de were converted to the

COmparat1Ve vo]umes wh1ch would be requ1red fpr a 0 03 M samp]e ;

to obta1n the same, degree of 1on1zat1on vi,J~ R

Comparat1ve volume of 40% }f

3' ~Volume of.40%SNabD (u1) added NaOD (ul) required .for
%o hydrochlorothiazide 0.0225 M hydroch]oroth1az1de 0.03 M
' 0.8 | | SR
- 1,3 1.7
1.8 \ 2.4 ‘
- 2.8 | 3.7 g
RRRECIE \ 4.4 -
—— - “ie . i .
T ‘v : ('f"};’ x f"‘.'f-. r\,\
KA ‘ f B L*J :

o

p
B
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hhe‘Decomposition of'Benzothiadiaiines'

' In the sechh for the 1dea] method of determ1n1ng the d1ssoc1at1on

'constants of the benzoth1ad1az1nes the ut111ty and app11cab1l1ty of

.prev1ously reported methods were f1rst exam1ned Agren and Back (18) E

8

w'1’1rst ac1d1c 10n1zat10n constant of bendrof]umeth1az1de The1r\

fexper1menta1 cond1t1ons were such that s1gn1f1cant decomp051t1on wou]d

*

be expected but they do not. appear to have taken th1s 1nto account 1n c

;the1r pub11cat1on »
Accord1ng]y, some exper1ments were des1gned to study the eff:ct
bf pH on the stab111ty of the benzoth1ad1az1nes The 1nvest1gat10n

was 1n1t1ated w1th the oreparat1on of the three d1fferent decomp051t1on

B S .
%products that cou]d result from the var1ous benzoth1ad1az1nes and »/k’<”\\\\

these reference decomposxt1on products were obta1ned by the a]ka11ne
hydro]ysws of bendrof]umeth1az1de, cyc]oth1az1de,‘and polyth1a21de
-Bo111ng w1th a]ka11 read11y proMotes the open1ng of the th1ad1az1ne

”v'vir1nq system, as has been observed by C]ose et al. (5)3 w1th the -

formatlon ofqa benzened15u1fonam1de This type of hydro]ys1s react1on '

under bas1c cond1t1ons has been stud1ed by. Mo]11ca et a] (13,83), who
1nvest1gated these effects on hydroch]oroth1az1de at 60°C in 1 N NaOH

‘Hydroch]oroth1a21de is synthes1zed by the condensat1on of 4 am1no 6--
F

ch]orog}‘B benzened15u]fonam1de w1th forma]dehyde under ac1d1c
"condit1ons and the a]ka11ne hydro]ys1s of hydroch]oroth1az1de resu]ts

~in the reformat1on of these 1n1tga1 reactants Therefore,.revers1b1e

"‘k1net1cs explalns the react1on .«” o dh”,/ffi*

'.. gt

emp]oyed the so1ub111ty var1at1on w1th pH technlque in determ1n1ng the

[N
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"The postu1ated two step mechan1sm (13) 1nvo1ves the 1n1tla]
.Jth1ad1aznne ring opening to form an imine wh1cﬁ can undergo attack _
by hydﬂbx1de 1on or zfter to produce a carb1no]am1ne | The amino- |
'ea1coh01 then decomposes to forma]dehyde and 4- am1no 6~ ch1dro 1 ,3-

'benzened1su}fonam1de,_as,out11ned'By“the;fo]]ow1ng_chem1ca]'scheme:‘

" HCHO .

L CHg(oM),




1} }.\ :

‘The r1ng open1ng can occur via severa] pathways and th1s makes poss1b1e :
the format1on of an- 1m1ne w1th the . cyc11c su]fonam1do n1trogen or w1th the . -
'bas1c nwtrogen at the 4 pos1t1on, a1though the end resu]t of e1ther

'pathway 1s the format1on of the or1g1na1 benzened1su1fonam1de and - . .

~

'forma]dehyde

Subst1tut1on at the 3 pos1t1on affects the overa]] rate of the .

freact1on (13) but when 3 subst1¢uted benzpth1ad1az1nes are ref]uxed

O

,1n ZOA NaOH a comp1ete hydrp]ys1s, to produce the correspOnd1ng

; benzened1su1fonam1de, can. be expected The mechan1sm descr1bed for

hydrolys1s of hzdrochloroth1az1de -can a]so app]y to bendrof]u-'

. T .
e meth1az1de, cyc]oth azide, and po]yth1az1de 1ead1ng to the des1red '
'benzened1su1fonam1des (I IIrand‘LII)a . ,a_l @ ;’ B - ; h'vf't e,;'ﬁ l_ 4;

A




Ly oo : S

NH,S0, | SOZNHCH3 »
-, o+ HCCHZSCHZCF3
Cl CNHy ¥
- A
pgdythiagide . o oqp

Ay

.»._“‘ v gd;%

The th1n 1ayer chromatograph1c ana]ys1s 1n an ethylacetate benzene

spectra, and mass spectra : ,;’ " v,h'v'Q’

(8 2) so]vent system prov1ded Rf vaFues for I, 11 and' 111 and. the
S ="{ presence of the pr1mary aromat1c am1no group 1n the three benzened1-_;
“ su1fonam1des was conf1rmed fnom thelr react1on w1th ac1d1f1ed_p—DMAB

L)

pray reagent Demon yel]ow spots wh1ch 1ncreased 1n co]or 1ntens1ty

o t& as the concentrat1on of the substrate 1ncreas‘F, 1ndacated the reactiéﬁ

;;;f” _"7> of the pr1mary aromat1c am1no group of each of the three benzened1-
e su]fonam1des w1thlprMAB to produce a <ch1ff base

4
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The Schlff base extends conJuqat1on to produce a coTored compound and .
‘Q

e the resu1t1ng sh1ft to a Tongervabsorpt1on waveTength means thaf the .

compound now absorbs 1n the v1s1b1e range of the spectrum
The ultrav1oT@t absorpt1on spectra of the three benzened1su1fon-
am1des are very. 51m11ar to the spectra of the three pariat compounds

because the baS1c chromophere has- not been aTtered suff1c1ent1y to »

CEIRIE S .

effect a change in the waveTength of maR1mum absorptlon The benzeneT e

r1ng, together w1th the two su]fonanniz,groups,'f;hwtheamaaor groups’
L whe T

contr1but1ng to the conJugatlon and therefore t0 the, waveTength of

?&

max1mum absorpt1on The bas1c am1no group becomes a«gh
‘u

vpr1mary

%grlonger wav@Tength but the sh1ft is not s1gn1f1cant and it does

- not @hst1ngu1sh between the three: parent benzoth1ad1az1nes and the;r

o

- decompos1t1on products :‘5@

i

v §
S In contragm

examined*vhe UVdf-sorpt1on spectrum of the decompos1t1on product

obta1ned in a basic med1um and observed a 30 nm sh1ft in waveTength

. "’Th‘\hxggoTysate absorbed at 261 nm while chToroth1az1de,'1n dilute ; .

~ base, a sorbed at @ nm Th1s sh1ft 1n the%ﬂ&tmaxmum

absorpt1on is s1gnif1cant and hehce a Uy absorpt1on spectrum can ;vfjgj*'

prov1de a reT1ab1e 1nd1cat1on of the presence of the de%omp051t1on,
at L : 1, e o

product of ch]oroth1az1de . f % f:ﬂ.‘igff:' ’lj?--~‘

'];Lar 1nformat1on

i', UTtrav1Q1et absorptlon spectra woqu provif

for fTumeth1az1de and benzth1azfde\\ The decompos1t1on product of.

benzth1az1de 1s 1dent1ca1 to. that of ch]oroth1az1de and cycToth1az1de s

and the decomposit1on products of flumeth1a21de and bendrofTumeth1az1de

\Sﬁ} . R
P -

A

" oqat1c amino group and th1s may cause a- sh1ft of a few nanometers ;'

;,Baer et al. (12), in the1r study of chToroth1a21de, '

_*‘,«gi" .

.
a

B S
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"iof“benzthlaz1de is a chromophore in itself and conta1ns a sulfur atom

.'1n dilute HC1 Once the r1ng open1ng has occurred the doub]e bond

'r.approx1mate1y 270 nm:

\” | | | - S a

T a.

“ are 1dent1ca1 Th1az1des (ch1oroth1az1de flumethiazide, and benz-

th1az1de) are 3,4- unsaturated benzoth1ad1az1nes and this double bond

‘extends conJugat1on, resu1t1ng in max1ma at 292 nm 1n 0 1 N KOH and

ZQN\nm in 0 1N H04 for ch1oroth1az1de F]umeth1az1de has a tr1f1uoro-.

el By

: methy] group at” the 6- pos1t1on and, therefore it exh1b1ts broad peaks

-at 280 nm: 1n d11ute base and 270 nm 1n d11ute ac1d The 3- subst1tuent

| '”,'wh1ch causes a sh1ft in the absorpt1on to 1onger wave1ength

=

fNﬂiﬁpz

L sy ey L
e ugiy - 0l bt 3. R
S TogR AR e Ty
"A“." kRN '

s

o

- behzthiazideA '

© : ’,a

The structure of the 3 substltuent read11y exp1a1ns the absorpt1on

h'max1ma of benzth1az1de at 292 and 31a nm in d11ute KOH - and at 280 nm

17

d1sappears, reduc1ng the extent of the con3ugat1on and the decompos1-

’V

t1on product absorbs at the s1gn1f1cant1y shorter wave]ength of

¢ , BUFEER

Hydroth1az1des, such as bendrof1umeth1az1de and cyc]oth1az1de,
and Nz-methy1hydroth1az1des, such as pe]yth1az1de, are. 3,4- saturated

benzoth1ad1az1nes and the reduct1on of thIS doub]e bond 11m1ts the N

“extent of conJugat1on ; For these benzoth1ad1azines the yv absorpt1on <

r:maxima occur at approx1mate]y 270 nm 1n both d11ute ac1d and base a

.
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shorter wavelength than for the th1az1des, and their decompos1t1on
products (benzened1su1fonam1des I and II, and benzenesu1fonam1de III)
also absorb at this wave1ength S1nce the hydroth1azldes and the1r '
decompos1t1on products have similar MV absorption spectra, the lse
©of u]trav1o1et spectrophotometry to quéﬂ‘htat1ve]y measure the drug
. content of samples in the so]ub111ty variation with pH techn1que w1f’5”'
not perm1t the detect1on of any decompos1t1on that is tak1ng p]ace in
the bas1c‘buffers The pKa va]ue u]t1mate1y der1ved from the solu-
‘b111ty data may be thagbof the decomposiﬁ?ﬁh pnpduct or, more 1ike1y,
-a mixture of the parent hydroth1az1de and 1tsahydr01ys1s product

The occurrence of dec0mpos1t10n dur1ngﬁ§he so]ub111ty stud1esy
was evident from the TLC ana]ys1s of the so]ut1ons wh1ch\was performed
"at various time 1nterva1s dur1ng the procegyre The TLC analysis.

revea]ed the presence of the decompos1t1on products of bendroflumethi-.
'az1de and methyc]oth1az1de The use- of GLC or HPLC, rather than uv
spectrophotometry, to quant1tate the drug content of the solub111ty

| sample so]ut1ons wou]d be advantageous s1nce these detect1on methods
‘make possibte the mon1tor1ng of not on]y the drug concentrat1on, but
pa]so any decompos1t1on products. ;

Samples of methyc]oth1azade and bendrof]umeth1az1de in buffers
h1gher than pH 9 obta1ned from the solub111ty stud1es were analyzed -
by TLC. The resu1ts of the analysis 1nd1cated the presence of the

benzoth1ad1az1nes and the1r decompos1 jon- products, as was conf1rmed
.f-by the Rf va]ues and by the react1on ;&th ac1d1f1ed prMAB spray
- ,reagent (84- 86) After the app11cat1on of the ac1d1f1ed ETDMAB

: fv1o]et purp?e spots appeared at the same Rf va]ues as methyc]oth1azide
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and bendro unethiazide and these uiolet purple spots exhibited

. increased kolor intensity as the pH values ot the buffers were
increased. ‘The aqueous samp]es*from the’sO]ubi]ityvstudies:were
'di1uted With acetong before they were spotted onto the TLC plates,

whereas bendroflumethiazide and methyc]oth1az1de were d1sso1ved in

<

b'ethy]acetate prior to TLC analysis.. Since the v1o1et purple color

was not produced with samples from the ethylacetate stock solut1ons,‘
. b

the ecidifi§3‘p4DMAB must react with the benzothiadiazines only when
they are in their ionized form. This is demonstrated by the fact

that the color only appears whén~buffers'higher than pH-9 are used

P .
in the solubility studies, an this “is in the PH reg1on fo]]ow1ng > 1;@

— e .

the first ac1d1c pKa va]ue. The purp1e co]or fades soon after its
The type of colored complex that s formed between the benzoth1a—
diazines and b- DMAB is difficult to postu1ate s1nce there is no apparent

Ea
record of Sch1ff base format1on with th n1trogen of a su]fonam1do group

Schiff base- fprmat1on w1th pr1mary aromatlc ahd a]1phat1c am1nes .

'y1e1ds ye110w, orange red, or brownacolored products but a. v1o1et
color occurs when pyrro]e reacts w1th prMAB‘(87), and this product
rearranges into a quinoidal compound. eu i ‘

The functional group of the benzothdad1az1nes that most c]ose1y
resemQJes a pr1mary amino group is the exocyc11c su]fonam1do group, 3*IA:"
and the rap1d fad1ng of the color 1nd1cates an unstab]e complex wh1ch
dissociates 'soon. after format1on The cond1t1ons for Sch1ff base

:format1on w1th the exocyc11c su]fonam1do(group are not 1dea1 and this

% ot

- ’hmay exp]a1n the rap1d d1ss1pat1on of the purp]e color ~In edd1t1on,
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Ar458 and 570 nm, respectively (88).

77

it is noted that the co]ored complex only appears when a salt form |

|
. of the benzothiadiazine has been ach1eved and this may confer some

stab111ty on thegcompound thus alTowin, the momentary complex

format1on The trans1ent complex probably extends!conjudation and,
consequent1y, shifts the wave}ength of maximum absorpt1on inta the
visible range of the spectrum |
“ The co]or?d\comp1exes that have been| observed in TLC ana]ys1s
transmit yellow and'purple 11ght therefore, they absorb blue and

yellowish-green Tight. T]‘1r wavelengths |of maximum absorpt1on;are."

_ The formation of the decompos1t1on products has served a usefu]

purpose in the quant1tat1ve anaT}§1s\for ‘the benzothT€U1az1ne content

of dosage forms and b1o1og1ca1 f1u1ds F1 st the benzoth1ad1az1ne A
)

was hydr ed in.an alkaline med1um at bo111ng temperatures to
produc ened1su1fonam1de then, a co]ored azo compound was

formed. through the pr1mary anpmat1c,@m1no group of. the benzenedi-

sulfonamide. The- d1azot1zatw0nwandaeoupl1ng oﬁlthe aromatic amine
was achieved by the Bratton-Marshall method (89) and the co]ored

product was analyzed at 518 nm. This type of a procedure was used

.in the quant1tat1ve analysis for chloroth1az1de b1oava1]ab111ty

_studies (15) and 1n the determination of‘ch]oroth1az1de 1evels 1n '

plasma and urine (12)

AX




Solubidity Studies

The presence of the decomposition.product in th?‘samp]e solut?ons
from the solubility stud1es is not des1rab1e The so]ub111ty var1at1on
'w1th "pH method of determ1n1ng acidity constants was carr1ed out with
methyc]oth1az1de and bendrof1umeta1az1de_to determ1ne the‘extent and
significance of decomposition in'bdffers of high pH.

For methyclothiazide, the standard curves at each pH.ere determ1ned
in 20% ethano11c so]ut1ons to ensure the comp1ete so]ub1]1ty of the drug L
and it was found that one concentrat1on curve, prepared at the 1sobestrc
point, was su1tab1e for’ the solubility studles (Figure 1). The isobe;t1c )
po1nt is 1ndependent of- pH and the absorbance therefore, is on]y affected
by changes 1n the concentr%tkon and th1§ 1s ev1dent from the standards at 3 !
each individual pH. The ethano]1c content and the 1ncrementa1 pH ' \”fﬂ
.changes of 0. 4 pH unwts showed a m1n1ma1 effect on the absbrbances of | : W
- the standard, and on the 1sobest1c po1nt of methyﬁ]oth1az1de at 267 nm.

“Table 3 compares the calibration curve data at each pH level to those %*~\'

at the 1sobest1c po1nt o - ‘, a\;ff _ : L \

- \

. . The. mon1tor1ng of the methyc]oth1az1de so]ub111ty samp]e so]ut1ons fo
by TLC 1ﬁﬁ1cated ‘that at the pH va]ues of 8.6, QgO and 9.4 a detectab1e |
degree of deoompos1tlon had. occurred after one hour -of ag1tat1on A |

second spot was v1s1b]e'under short wave (254 m) ultravio]et light'iiﬁ

and this spot had the same Rf vd]ue as the correspond1ng reference .

‘decompos1t1on product (benzenesu]fonam de IﬁI) The*spot d1d nbt e e
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t1me. The color 1ntens1ty 1ncreased as the t1me 0f exposure of\th o /’"“ A
. I

b!déoth1ad1az1ne to the bas1c buffers was extended B RIS

At pH 8 6 after one hour of exposure to the buffer, the degrada-
}lt Ti‘ t1on product was only v1s1b1e under short wave UV 11ght but after 3
L hours of exposure a fa1nt ye]?ow spot appeared aftegﬁthe app11cat1on »
of ac1d1f1ed E;DMAB The spot 1ncreased 1n co]or 1ntens1ty after )
nfurther exposure of the drug to° bas1c buffers Tr1p11cate samp]es
‘were examined. at each pH 1eve1 and deéompos1t1on was observed before
5?7 equ111brat1on had been ach1e9ed Equ111brat10n 1senot complete uht11 J‘"v_b: o

any further change in the drug concentrat1on is H!Ss than 3%, as N

SRR determlned by a su1tab1e method of analys1s The three hour 11m1t FC "‘_".:h a'
'gff‘( | of ag1tat1on t1me set by Green (70) and used by Agren and Back (18)
was not adequate for bendroflumethlaz1de or for methycloth1az1de, as V'd' | }ht
can be deduced from Table 4, s1nce the drug concentrat1on was still
chang1ng once decompos1t1on had started. After 22 days of equ111bra-
t1on the drug content of each of the three samples was the ‘same but _
decompos1t1on was ev1dent from the 1ntense1y yellow spots that appeared
upon TLC ana]ys1s \ | | '
The observed decompos1t1on obv1ous]y prec]udes the use of the
so1ub111ty method as 1t was descr1bed by Green (70) and Peck and
Benetw (75), for the benzoth1ad1az1nes since the 1ength»of the'agitationle‘
’~v per1od and the bas1c buffer cond1t1ons requ1red for the equ111brat1on
Lare not 1dea1 for ach1ev1ng equ111brat10n before decompos1t1on beg1ns.
S1nce the th1ad1az1neur1ng open1ng under basic cond1t1ons at a pH

h1gher than 8 (]2 90 91) is Gommon to ‘the benzoth1ad1az1nes, thé S

exper1menta1 cond1t1ons requ1red for the so]ub111ty stud1es wou]d
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> ‘A1fébTé-4 Absorbance Changes fbr Methyc]oth1az1de Relat1ve to - R Y

Equ111brat1on-Agltatlon Periods S S

o e p ‘Absorbanc
. f\ T]meAjhours)* S pH #1
05 86 1.138
oo w0 w220
w30 e
- 40 n297 1.354
5.0 . 303[ 10 S -7 -
B 133700 .33 1390
*24}) | ,\*f\<\\!, 1.410,,,»-1.416 1840

:ié;szs.q\ SO 0:105 0 0,105 0.1100 |
w l R T ;://" ‘ T \ .

R B 9 o \/1r1¥y}~ 0.882  0.893
S e 152 1,040 . 1.088

1
3.0 : 1.263 1.133 j’ 1an |
- 8,0 ©1.386 0 1.239° 1.256—
5.0 .. 1.412 \J;§33* 1.324 - |
607 1,400 1.393 0 -1.435
280 " 1.516  1.571  1.597°
. 26.0 1710 715 1,697 -
280 1.790 - 1.s08% 1745
528.0 0.

- 030 94 1799 1.850  1.890 . .
B 523;0 R "5052435' | 0.280 - 0.232

‘ - .* The absorbance va]ues at 22 days of equ111brat1on are for
~diluted samples. (0.1 ml of f11trate plus 2.9 ml of the .
: appropr1ate buffer). ' ,

e

175 0202 078 e




‘readiTy promote this'deCOmposition. Equ111brat1on Jﬁy be reached more |

.‘rap1d1y 1n buffers of h1gh pH becauge the. benzoth1ad1a21nes are more

B

‘*soTubTe 1n bas1c med1a, but decomp051t1on aTso occurs more read11y in

7.bas1c med1a. R I LORTI

N

Methods of Determining Benzothiadiazine Acidity Constants'

-

The other methods ava11ab1e for determ1n1ng the d1ssoc1at1on .v.
‘constants of the benzoth1ad1az1nes are potent1ometry (both aqueous ~
'fand sem1aqueous), uTtrav1oTet spectrophotometry, and d1str1but1on |
.‘stud1es. The most conven1ent method 1s aqueous potent1ometry and a

“Few of the beﬁ&oth1ad1az1nes have been anaTyzed by this techn1que (7,

q',f13 19). The compounds exam1ned were soTubTe at 0. OOT M concentrat1ons f:

1n water but most of the benzoth1ad1a;1nes are - spar1ngly soTubTe 1n ﬁ.
water and a‘nonaqueous soTvent must be added to ensure that the f |
'compounds rema1n 1? soTut1on.s Th1s woqu sUggest sem1aqueous poten— o

. t1ometry as a TogﬂﬁhT\cho1ce for 1nvest1oat1ng ac1d1ty constants but |
the method is onTy useful as a comparatlve means and the data\obta1ned,..
~may not represent a true aqueous ac1d1ty vaTue. - : . "fJ‘
' ‘The second ac1d1c pKa appears to be espec1a11y affected by .

. d1methnyormam1de, as has been observed by wh1tehead et al, (7),

o \Chloroth1az1de when t1trated in’ water, gave pKa vaTues of 6.8 and ‘ﬁ

‘9 T\But when.iiprated in . 66% d1methnyormam1de the vaTues were 6 9 and
/ 12 1. The h1gh second pKa vaTue has been attr1buted to the soTvat1on -
(of ‘the exocyc]1c squonam1do group. Subst1tut10n at the 3 pos1t1on wh1Te

T‘Teav1ng the 3,4- double bond 1ntact resuTted 1n s1gn1f1cant var1at1ons

A

P
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- of the f1rst ac1d1c pKa wh1ch ranged frOm 5 3-8, 2 (7}. On the other-

i N '

hand, the second pKa did not exh1b1t any var1at1on at aTT but rema1nedeev

‘v7w1th1n a range of 12 0 12 5 w1th an average of approx1mate]y 12.2./

These are exceT]ent comparat1ve vaTues for the f1rst ac1d1c group but

"they cannot be d1rect1y reTated to thOSe vaTues obta1ned 1n aqueous \

A

‘med1a.' For comparat1ve vaTues each benzoth1ad1az1ne must be suff1c1entTy -

soTub]e in ‘the chosen soTvent to aTTow t1trat1on and 1t 1s not aTways Y

' poss1b1e to find a su1tab1e soTvent that 1s water m1sc1bTe 1n aTT

a . v

The extrapolat1on techn1que was not 2, v1abTe cho1ce s1nce spar1ng]y

| soTubTe benzoth1ad1az1nes WOqu not be suff1c1ent1y soTubTe in m1xed

: soTvents of Tow organlc sdﬁvent content to perm1t a reT1abTe extrapoTa-'_ -
_t1on to TOO% water. The method, 1f 1t must be empToyed may have some 4
'mer1t 1f the Towest poss1b1e organ1c soTvent concentrat1on is used and |

Va very concentrated t1trant 1s added ’ ThlS woqu keep the voTume of

, abTy constant and thus prevent the prec1p1tat1on of the

ion. B «'f._ fi<i e .‘b,'vt

The rema1n1ng ava11ab]e cho1ces for determan1ng the 1on1zat1on T
- constants’ of benzoth1ad1az1nes were uTtraVIOTet Spectrophotometry and
Vthe d1str1but10n method Dlstr1but1on stud1es may be 1deaT for com- _:.

‘»pouqu such as’ the benzoth1ad1az1nes because the method overcomes

Q

._; decompos1t1on and soTub1T1ty probTems. A smaTT amount of drug can bgh, ‘T
added to the so]vent and the 1on1c strength of the buffers can be kept T-f”w
constant S0 that the concentrat1on of drug w1TT not affect the 1on1c

',vstrength of the sampTe.. The ag1tatlon and equ111brat1on t1me can be

—

controTTed to obta1n reTat1ve vaTues ﬁor the part1cuTar exper1mentaT

e L SR AT e e L

~
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= cohditions OnIy one analys1s for drug content in the samp1e needs to %

. be performed rathér than constant mon1tor1ng unt11 no further change '{;-

in con\\htrat1on is observed Ana]ys1s for decompos1t1on and concentra-‘
'5,t1on can be ach1eved s1mu1taneous]y by exam1n1ng both the aqueous and k

"_ the organ1c phases by a suﬁtab]e detect1on method such as HPLC or GL.C.

- Two of the 11m1tat1ons of the d1str1but1on method deemed 1t to be .

' »1nappropr1ate for 1nvestlgat1ng the ac1d1ty constants of the benzoth1a-b'
'id1az1nes F1rst1y, 1t was d1ff1cu1t to f1nd an organ1c so1vent that
fwas 1mm1sc1b1e W1th water yet wou1d a]so so]ub111ze al] of the compounds

iof 1nterest It is des1rab1e to use the same so1vent for a]l of: the »;f

compounds as comparat1ve va]ues cannot be-obta1ned-otherw1se Second]y,
RE.

) . : L
.the d1str1but1on method could not prov1de any 1nformat1on regard1ng the o

3
[N

) order of deprotonat1on of the ac1d1c protons Thermodynam1c pKa va]ues

- are much more eas11y 8eterm1ned from UV spectra] data and the spectra

may also prov1de an 1nd1cat10n of. the order of deprotonat1on 'fForth.
}':.comparat1ve va]ues, a}l\gfaﬁhe benzoth1ad1az1nes shou]d be exam1ned by
kdwthe same method and pre11m1nary stud1es revea]ed that u]trav1o1et

l spectrophotometry was the techn1que of ch01ce\ L

3 v
In v1ew of the fact that benzoth1ad1az1nes are spar1ng]y solub]e

o
A

:f1n water the add1&10n of ‘some. water m1sc1b1e organ1c so]vent wh1ch s,

- preferab]y,transparent to UV 11ght would be requ1red to complete]y

so]ub111ze these-drugs

‘»55}effect of the organ1ckvo1vent on thggd!\ipectra | Compar1sons of 0 2%

:The 1n1t1a1 step wou]d be to examine the

o and 20% v/v ethano]1c so]ut1ons showed no s1gn1f1cant chanqe 1n the B

LS

;-wavelength of max1mum absorpt1on (anythlng 1ess than 5 nm.was cons1deredf o

-sto be 1ns1gn1f1cant {92) and a sma11 sh1ft in wave]ength cou1d be due to"-e

Ré

-
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a: sh1ft of the recorder chart p per since all other exper1menta1
a\

;cond1t1ons, such as temperature and the t1me of the exper1ment were -

'kept constant The 20% d1methy1formam1de content did not appear to

sh1ft the wavelength of max1mum absorpt1on from approx1mate1y 270 nm

~in e1ther ac1d1c or bas1c med1a but th1s solvent is not‘transparent .

be]ow 250 nm because of" the presence of a carbony] and a tert1ary 1

“n1trogen wh1ch absorb 1lght in the UV reg1on. }f

The 1ns1gn1f1cant effect of ethano] on the uv spectra perm1tted the

. use of 20% ethano]1c so1ut1ons to determwne a11 of ‘the UV spectra at _1

- th1ad1a21nes. Th1s spectra] data was also used to se]ect the ana]yt1ca1 .

» .:'energy, exc1tes va]ence e]ectrons and promotes them from s1gna—; p1-, and’

: 1ntroduct1on to the UV spectra of

1 pH unit 1nterva1s over the pH range of 0- 14 for the se]ected benzo-'

\wavelength and the approx1mate pH reg1ons where the 1on12at1ons of. the

compounds occur
- .

-]

UV Absofption Spectra of"Benzothfadiazines o

A~brief review of UVspectrat\\tructure re]at1onsh1ps, as an -

he benzoth1ad1az1nes, is 1n order

“The. aec!ﬁted theory, as summar1zed by Dyer (93), 1nvo]ves e]ectron1c d..
L trans1t1ons caused by the absorpt1on of UV 11ght Irrad1at1on of a

"molecu]e w1th the appropr1ate wave]ength prov1d1ng the correct quanta of“

o n- orb1ta1s Jin the ground state to hlgher energy states The movements

of e1ectrons to. h1gher energy 1eve1s are ca]led transit1ons and the

h1gher energy state is termed a star orb1ta1

‘The types of ex1st1ng electrons are s1gna- p1-,and n-electrons

and the1r exc1ted sta es are sngma star, p1 star, and n star orb1tals

JEURSRPTTRTEEReS
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The exc1tat1on of each of these eTectrons requ1res a d1fferent amount":
~of energy, wh1ch is supplied by the commonTy used deuter1um Tamp, agd
the quanta of energy 1mp1ng1ng upqn the ¢ompound depend upon the
wavele th se]egted x : ' S |
. S]gma eTectrons form part‘of:aistable bondiand, thereiore, require
the greatest~amount:offenergy to become excited.,'MoTQQuTes consisting -
Aof stgma bonds abSOrbvat very short wavelengths and’{he;:‘absorpfiﬁﬁs K
are not observed in the practlcaT Uv range of 200 340 nm. The absorpt1on
‘b of UV T1ght by, such compounds can be seen in the vacuum UV. reg1on, beTow
: 200 nm, where T1ght absorb1ng oxygen has been fTushed out with n1trogen
 Less energy is requ1red to exc1te fi- electrons, wh1ch are more o
TOoseTy bound These eTectrons compTete the outer orb1ta]s of. hetero—
;atoms (94) and compounds w1th atoms T1ke 0, N 'S or haTogens, wh1ch have
.nonbond1ng eTectrons, usuaTTy absorb in- the pract1caT uv range
P eTectrons are assdt1ated w1th doubTe and tr1pTe bonds and are
free to move over the atomic centers of the const1tuent atoms. These
eTectrons requ1re the Teast amount of/energy to be promoted to the next
’ exc1ted orb1taT S0 compounds w1th unsaturated centers absorb uv. T1ght
' of Tonger waveTength | | o
“The probab111ty of exc1tat1on and the quant1ty of energy required

.‘to eTevate an eTectron to 1ts exc1ted state is d1agrammat1ca11y d1spTayed
F*

energy
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: . The nomenc]ature used 1n UV spectrophotometry cons1sts of some

. b h1stor1ca] terms that have not as yet become obso]ete. The term
chromophore re]ates to the visible part of the spectrum of electro-
magnetic radiation and describes a group of atoms or a funct1ona1 group :
that imparts coTor{to a'holecule. The express1on was then extended to

descr1be a functional group that 1s not in con3ugat1on ‘with any other.

group,but exhjbyts‘a characteristic absorption in the UV or visible

~5f range. _
Auxochromes,are functional groups.thatado not absorb in the Ui,or

2 5. S

“visible ré@f YN they are attached to a chromophore-a shift of

the - absorpt1on‘to 1onger wave]ength and' an increase in- the\?ntens1ty
N 'of the absorption peak, is usua]]y observed Examp]es of auxochromes
are n- e]ectron conta1n1ng groups such as am1no,hydroxy1, su]fhydry] (and
the1r der1vat1ves§ and the ha]ogens |
A unique chromophore is the benzene mo]ecu]e'which is surrounded'byj
two“clouds of p1 e]ectrons and conJecture as to 1ts absorpt1on
spectrum certa1n1y suggests am-> Tk trans1t1on with an intense absorp-'
t1on in the pract1ca1 uv range Eeaks at 184,,203;and 255 nm are
observed for benzene and'a11 are associated with = > n* transitfons ’
S1nce the vast maJor1ty of med1c1na1 c0mpounds contain at 1e“§t,’ 3
one benzene ring, a further ana]ys1s of the absorpt1on peaks is of
1mportance. The 203 om peak 1s a]so ca]]ed the 200. band K- band E band,
and 1° band and the 255 nm peak has been termed the-260 band B band
and 2° band. These tWO peaks” appear in the pract1ca1 UV range and are
characterlstic of benzeno1d compounds.' The peaks at 184 and 203 nm

il

have a]so been attrlbuted to dipolar forms of benzene that result from

’

/

\
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an electron transfer type of transition wh1ch occurs when the mo]ecu]e

is d1srupted by h1gh energy 1rrad1at10n at a short wave1ength
. In summary, the result of electcap1c trans1t1ons is a redﬁstr1but1on
of e]ectrons w1th1n a molecule and protonat1on or deprotonat\on creates

- )
a change in the-e]ectronic structure of the mo1ecu1e wh1ch is wa

e

chromophor1c change represented by a’ sh1ft in the absorptlon spectrum
of the’ compound | | | .

_ Benzothiadiazines are tetrasubstituted benzenes with sulfonamido v_ _ _, {
(-SOZNHQQ,'halogen (-X), amino (-N-), and sulfamyl (-50,-NH-) auxo- x\
chromlc groups wh1ch should sh1fthhe pr1mary and secondary bands of ‘ V
benzene to longer wave]ength This. does, in fact, occur since the:

majority of benzoth1ad1a21nes absorb at approx1mate1y 230 and 270 nm

and the shou]der at about 3]0 nm 1s due to n -+ q* trans1t1ons The

effects of individual subst1tuents on tne benzene r1ng are listed

be]ow (93).

5
o N -
! it
L
#
¥
5
1
:
.

" benzene _primary band secondary band
‘substituent . max = &pa Amax  Emax
H 2035 7400 258 204
-1 2005 7400 263.5 190
- =SO,NH, ©217.5 T9700  260.5 740
~NH2 230 8600 280 1430

The e]ectron ‘donating halogen and amino group and the e]ectron '
attracting sulfonamido subst1tuent cause a bathochrom1c shift of -the

pr1mary and secondary bands of benzene and they are respons1b1e for

th1s effect 1n ‘the benzoth1ad1az1nes. The benzoth1ad:az1nes can be



sybdivided into three ca}egories:l thiazides, hydrothiazides, and N2- :

methylhydrothiazides and their spectra’should exhibit characteristic
absorptions that will identifywtheir-étructura] differences.
Thiazides have a 5,4-doub]e bond while hydrothiaaides and N2-
methythydrothiazides are saturated at th’g position. The unsaturation
- extends ;anjﬂgat1on and the molecule absorbs at a Tonger wave]ength just
as d1azox1de which c]ose]y resemb]es the th1az1des, absorbs at a. 1ower
enengy. The UV spectra of the‘hydroth1az1des and the Nz-methy]hydro-_'
 thiazides are sinﬁdar but distinct]y different from’the,spéctre bf‘the
. thia;ides. - S | /
The ionization of the acidic sulfonamido protons can be traced by |
examining the UV absorptidn spectra at intervals of one pH unit. If
the benzoth1ad1az1ne has only one- ac1d1c pKa on]y one 1sobest1c point
is observed. The degree of wave]ength shift that occurs w1th ioniza-
.tion is dependent upon the e]ectronlc effects of the subst1tuents at

the 3- p051t1on, as this is the region of benzoth:ad1az1ne structura]

d1fferences. The most prominent changes in wavelength and/or intensity
of*absonption are in the pH range where the first acid?c‘deprotdnatidn
dccurs » : |

When the 3-substituents are strdttura]]y 51m11ar as the. cyc11c
groups 1ncyc1oth1az1de and cyc]openth1az1de there is an obvious
s1m11ar3ty\between the UV spectra. Manyhof the subst1tuents are, in
themselvee, chromophores and they‘mEy aiso contgjn n-electrons which.‘ | | j
~ultimately have an effect on the UV spectra. 'The/benzy]<group within
the benzthiaiide moledule shifts the absorpt1on to 1onger wave]ength

and th1s shift 1# augmented by a sulfur atom *As another e}emple, :




o J 91
'beneroflunnthiazide‘is elso substituted with this strong chromophoric
benzyl group. Weak chromophores such as vinyl (~CH=CH,) and
norbornylehy]( ) are the- 3-subst1tuents of a]th1az1de and cyclo-
thiazide, whereas halogen atoms with n- e1ectrons are conta1ned in the
3-;ubstituents of trich]oromethiazide, methyclothiazide, and polythiazide.
,fThe substituents atvthe 3-position should, generally, impart.
electronic effects onto the molecule and these effects should a]so
affect the nearest 1on1z1ng groug which 1s the ac1d1c proton on the
cyclic sulfonamido group. Theoretically, the effect on the UV spectrum
should also explain the otder of deprotonation. Chlorothiazide (Figures
5-7),at moderétely acidic conditions,exhibité a maximum abéorptioh at
‘280 nm and the isobestic poiht shifts, ipd%catinglthe end ot'one
ib&ization process and the start.of another, as the pH is raised.
With increasing pH, the wavelength shifts to Tower energy until the
acidic ‘groups are;completely ionized. In stroﬁg1y'a1ka1ine conditions,
| bothﬁacidic groups are deprotoneted and the wavelength of maxim&m
absorption \is 291 nm with a shoulder at 310 nh. |

The extended cbnjugation ofbchlorothiazide, as compared to the

conjugation of hydroch]oroth1az1de can be ut1]1zed to hypothes1ze the \
~

‘order of deprotonat1on of the acidic sulfonamido hydrogens

/ . o
' 0.0 . : O 0 _
: X7 Xz
H S NH,SO S: .
o de B - » /J
- Cl. N co C1 . N -7
. | :H ;
ch]orothiaéide o S hydrochlorothiazide
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The deBrotonation at the 2-posit10n is apt to alter the electronic . }
distribution of chlorothiazide more then tﬁg.‘!f'hydrochlordthiazide, ‘
as this hydrogen ts attached to aerteroatom that extends the conjuga? |
tion over one more atomic center ig chlorothiazide. Thendeprotonation

of the exocyclic sulfonamido grouplshould have a minor. effect on the
electronic structure'nf chlorothiazide since that'hydrogen is not.

involved in a disect extension pf the‘conjugated system. The.

corresponding hydrogen in hydroch1orothiazide is in essentially the

same chemical enrironment, thus supporting the theory-that it is the

least acidic of the protons.

NH,S0, Pid
- NH
>
. CF3 ‘N
. > /‘ K
flumethiazide . , : benzthiazide /

F1umeth1az1de and benzth1a21de follow the same type of. spectra]( ‘/'
' changes as ch]oroth1azgde but further evidence of the deprotonat1on

order is prov1ded by d1azox1de which c]ose]y resembles the th1a21des,

both structura]]y and spectra]]y.' Very 11tt1e change in.the UV spectra
of d1azox1de is observed in. the pH range of 11 14 (F1gure 4). The

AN




- k\zﬁfaghaﬁTﬁéz at about 310 nm is also evident in d1azox1de and 1t is

&

wavelength of maximum absorption fs. approximately 280 nm. a shorter
wavelength than for chlorothiazide because the replacement of the

exocyclic sulfonamido group w1th a halogen reduces the extent"*

due to n -+ n* trans1t1ons. In the UV spectra of the hydroth1az1des
and the N2-methy1hydroth1az1des this shqulder becomes a- peak of Tow

intensity which appears to bp due to an isolated chromophore This

effect is, character1st1c of the d1m1n1shed n > ¥ trans1t1on of the RO

nltrégen at the 4- pos1feon when the 3, 4 doub]e bond 1s reduced

* ' >
. conjugation . | o ' ,”(r; A
» v 'l L ® $r
v . . =4 a
~ r 1
o\ //.0' | 0 0 é
NH, S0, L N4
N, ~N . Cl S :
SO ¢
~ NNZ =
C] » ¢ N CH3
. .
chlorothiazide , ‘ | ?déazoXide : by ‘g |
E s * ’ ‘ - ‘ - - [ =’ g
L : P #*

The Uv: sgsctra] effects caused by the deprotonat1on of d1azox1de=U

are similar to those caused by the 1on1zat1on of the f1rst ac1d1c group
of chﬂoroth1az1de, namely the proton at the 2-position. n

| The Nz-methylhydroth1a21des, methyclothiazide and polyth1az1de,»
possess the basac group and the exocyclic sulfonamido group. The1r

UV spectra are s1m11ar to those of the hydrothlazides but only one

wave]ength sh1ft occurs becafse only one acﬁd1c 1on1zat1on 1s tak1ng

-5

4 . .




94

;,fdplace’and'the'mfnorkspéctrai'changes-are due io the'e1ectrohfc effect‘:

o of th1s deprotonat1on Both methyc]oth1az1de (F1gures 33-35) and
;'polythlaz1de (F1gures 36- 38)exh1b1t an isobestic po1nt but in alka11ne

so]ut1ons an unusua] effect on the spectra is ev1dent The- 1sobest1c‘\j/

'p01nt 1s obeyed but a med1um effect or- decompos1t1on (21) may be d'

2y orespon51b1e for® the s1gn1f1cant1y d1fferent absorpt1v1t1es of these :

S oan 1on1zat10n pro ess as a second ac1d1

ﬁfcompounds at’ pr

a]ues of 13—14 The‘e ct tannot be attr1buted to
:f}on1zab]e group is not present‘,
" in either of these benzoth]ad1az1nes | L | j o |
ﬂ» The pred1ctab1e uv spectra of the hydroth1a!1bes exh1b1t two
1sobest1c po1nts wh1ch usua]1y are ascr]bed to the non1zatqon‘of the
'ac1d¢c groups. “The 1onizat1on of the bas1c group is often character1zed
by an 1ncreaSe in the 1ntens1ty of absorpt1on, rather than a sh1ft in.

v..the wave]ength but the 1on1zat1on of the f1rst ac1d1c group resu]ts 1n :

: ;a def1n1te sh1ft to a 1onger wavelength

The spectra of hydrochloroth1az1de (F1gures]4 1$ and hydrof]u;“':A
meth1az1de (F1gures]6 18)are 1ndlst1ngu1shab1e SO’ the two d1fferentlﬁ
f'halogens have s$m11ar effectSon the e]ectron1c structure w1th1n the
‘molecule Subst1tut10n at the 3—p051t1on brings about changes in

-vaconJugat1on and character1st1c UV spectra are often produced The‘1

" 'add1t1on of these subst1tuents usua]]y enhances or extends the chromo-

(phore, resu1t1ng in a sh1ft to a 1onger wave]ength The- e]ectron

| attract1ng or. donat1ng effects of the subst1tuents a]so affect the

strength of the bas1c group and of the ac1d1c cyc]1c su]fonam1do group
Tr1chlorometh1azlde (F1gures 31 32) is an examp]e Qf a hydrothiaz1de

and its uv spectra1 characterlstlcs can be . described in relatlon to PH.
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As.. the. pH 1ncreaseg a sh1ft .to Tonger wave]ength, aTong w1th a decrease

”1n absorpt1V1ty, 1s ev1dent until the 1on1zat1on of the second ac1d1c

group beg1ns$ ’Then the 1ntens1ty of absorpt1on 1ncreases and the

fhwavelength of-maxsmum absorpt1on shifts to- h1gher energy The chTor1ne

L . ,», . -

””atoms of ;}e 3-subst1tuent aTso have an effect on the eTectron d1str1bu—
herefore “on the UV spectrum of the mo]ecuTe. | |

The other hydrothlaZ1des foTTow a s1m1]ar pattern of wave]ength

- sh1ft w1th the protonat1o\;and deprotonat1on of the bas1c and ac1d1c
‘groups Theﬂgreatest spectraT change aTways occurs upon the deprotona- .

It1on of the f1rst ac1d1c group

Uy SPECTRALSDATA (f%gures‘z-38)

The peak he1ghts of a11 the spectra, except those in F1gures T9 20
33 and 34, are an average of 25 30% hIgher than the T1terature va]ues

'(12 76 77 79; 92) but the pos1t1ons of the max1ma and m1n1ma cTose]y

'f*correspond to the reported waveTengths These unusuaTTy h1gh moTar

';gabsorpt1v1t1es are due to a m1sa11gnment of the recorder to the spectro-
'Z‘photometer wh1ch resuTted in an 1ncreased spectralTy recorded absorbance\
'w1thout affect1ng the d1g1ta1 absorbance output of the spectrophotometer'}

Th1s caT1brat1on error does not affect the quaTitat1ve vaTue of

:'the UV spectra and the -only maJor d1stort1ons ev1dent are_; F1gure 18.

for hydrofTumeth1az1de, F1gures 21 and 22 for bendrofiume;h1a21de and
- @

"F1gure 35 for methycToth1az1de These spectra were obtained under ‘J}"

dlfferent exper1menta1 cond1t1ons (1 e. varying temperature a :’*t"

d1fferent stock soTution, and/or a different ca11brat1on of the



‘spectrophotometer and:recorder) and, therefore, these spectra do not

correspond in al] ﬂlbport1ons to the other spectra of the respective

‘fcompounds |
_A1though the distortions are present the'spectra are arranged<in
"a manner wh1ch does not require the super1mpos1ng of ‘one’ f1gure onto
another and each f1gure is to be examqned as a separate ent1ty ~ The
fspectra cannot and should not be used for quant1tat1ve purposes and
: the1r qua11tat1ve aspect, as a means for comparison, 1s empmas1zed

»

The f1gures containing these spectra1 d1stort10ns have been 1abe1ed

with an asterisk (* ) to fac111tate 1dent1f1cat1on Any other d1screp- R

ancies between the spectra are dUe to. common]y encountered 1nstrumenta]
errors such as the record1ng of spectra on more than one chart paper,
Hshifts 1n the chart paper dur1ng the course ofothe scan, filter changes‘

";Within the spectrophotometer and the sh1ft of the base11ne during the

. course of the scan.



" UV SPECTRAL DATA -

(Figures 2 - 38)
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Figure* 5, Absorptwn Spectr‘a of Ch”iorothlazlde 2 x 10° =5 M
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‘ at Vamous pH Values ‘
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Figure 6. Absorption Spectra of Chlorothiazide 2 x 107°

<
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at various pH Values ‘
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Figure ‘8. Absorption Spectra of Flumethiazide 2 x 107" |

at Various pH Values
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—-Flgure ]4. Absorptlsp Spectra of" Hydrochlorothlaz1de 2 x 10 S

at Varlous pH Values
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Figure 20.. Absorption Spectra Qf Bendrof]umethiazide'z X .10-5 M

at Various pH Values
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“* Figure 21, Absorption: Spectra of Bendrof]umeﬁh1az1de 2 x\JO 5
' ' ~ at Various pH Va]ues '
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Figure 24, Absorptidn» Ibectra of Cyclothiazide 2 x 10'5 M-

- ’ .at' Various pH Values ‘
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Figure 25, Absorption Speqtravof Cyclothiazide 2 x ]0'5 M
~ at Various pH Values
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", Figure 26 Absorptmn Spectra of Cycf‘“_‘%@thmude 2 x 10 =5 M
at Various ‘fH Values R %

- 1
~ L=

1.0

0.8 : p

©
-

ot

<y
PO
—

R
e T

O.
. .. 'r""
e

st

"ABSORBANCE.
(Yo

!
i
H
i

: ¥ 0.0 ‘ ' '__. o . . | »
G T R IR |
200 260 280 300 - ..320°

® . WAVELENGTH. (nanometers)




ABSORBANCE

.2

1.0

0.8

0.6  .

0.4

0.2

0.0

?

. Figure 27.

-

Absorpt1on Spectra of Cyc1openth1az1de 2 X 10
at Various pH Values - :

Ve - ]‘23 .

s

12,13,14

IR

-y

-5

M

240

280 300°

wAVELENGTH‘(nanometérs)

320

R IAC Bk bR A i

.....

AR R




1.2

ABSORBANCE

- 0.0

o
.o
o

0.2

1.0

0.8

LA

Q
.
‘-h‘

-

124

Figure 28. “Absorption Spectra of Althiazide 2 x 10-5 at
| SR | Various pH Values ‘ 5
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© Figure 29, Absorptﬁon Spectra of Althiazide 2 x 10'5 Moo
| at Various pH Values ‘
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F1gure 30. Absorpt1on Spectra of A]th1a21de 2 X 10 M
SRy at Vamous pH Va]ues |
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at Var1ous pH Va]ues

Absorpt1on Spectra of Tr1ch10rometh1az1de 2 X 10 -5 M
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Figure 33. Absorption Spectra of Methyclothiazide 2.x 107% y .
o at Various pH Values. ‘
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Figure -34. Absorption Spectra of Methyclothiazide 2 x 10”

. at’ Various pH Values
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*Figure 35. Absorption Spectra of Methyclothiazide 2 x 1075 M
at Various pH Values 1
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~v1n F1gures 33 and 34. : ,
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Figure 37. ‘Absorption Spectra of Polythiazide 2 x 107> M
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-*Figure 38, Absorption Spectra of Polythiazide 2 x 10'5 M
' ‘ at Various pH Values
* Obtained under different experimental conditions than the épectra
~in Figures 36 and 37. \ ‘
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ing ionization constant as: *

These are thermodynaqu fonization"consténts, K% h‘and are independené

- stronger than 0.01 M, the concentration ionization constqnt will

135 ]

¥ , . ‘ - R f T ,/ ¢
Acid-Base Chemistry o s e %i 2
" -3 i &

;&, i

C i

. . v
. - . Y
B

b AR A A ot

The process of ionization can be expressed by t:f Br¢nsted Lowr"hf:”'r

SerJeanﬁ ng}ia
LE AN &

i :
The d1ssoc1at1on or deprotonat1on of an acid 1eads téh ppédu%ﬁ@b

theory and the nomenc]ature as out11ned by A]bert an

', . as ook
of at least two.ionic species, HA T—™— H+‘ A ?Q?Cé;szaCtualx
papn BN H D "s"’" R

represents the hydronium’ 1on in- the aqueous; so]v?nt,ba;@%dr s1mp]1d1ty,

& c; .

the term HY will be used throughout the subsequgnt equat1ons. The

.

in the following tenms:

t {H+} {A-} . E
Ke = —————,  where { } represents the activity
{HA} - ’

of the particular species pregent in solution. The iomiiafﬁog:of

a monofunctional base is depicted as BH'==H" + B and the correspong]

¢ Yy B)
: Ke = —7,
- (BH*)

4

of concentration. When the braces are rep1aced by squdre brackets,

)

st01ch1ometr1c mo]ar concentrat1ons, rather than act1v1t1es, are

p I3

involved and the values obtained are concentrat1on onization constants; :

oy
or K§. If on]y un1va1ent ions are present and the so]utlons are not

o

corresbond é]osely to the thermodynam%c'value. At infinite dilution,

K§ = ki,

e
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- For convenierice, the negative logarithms of the ionization constants

=arerusedk ‘ ;
: SR R R
= pH + 1 Thoq f cid | .
’pha ) ’o T og [A-] .or aci sf and' .
‘ S . [BHY] :
pKa = pH +. log for bases. .
g oo [B]" s

";These pKa va]ues are then eva]uated on a numerical range of 0-14 wh1ch

is re]ated to the convent1ona1 aqueous pH sca]e Strong ac1ds and weak
bases have low p/a vaTues wh11e weak ac1ds and strong bases have h1gh .
pKa values. RN |

The pH meter measures hydrogen 1on in terms of act1v1ty and
“herefore, the ionization constant obtained 1n thlS manner is composed-

of a m1xture of concentrat1on and act1v1ty terms and is a m1xed"<

‘ 1on1zat1on constant Km The m1xed' pKa va]ue 1s on]y constant for‘

the concentrat1oh of the 1on1zed spec1es present at the part1cu1ar jonic o

i)

strength of the samib? soTut1on used in’ the determ1nat10n and the concen- "

-‘0
tration term must therefore be converted to, the act1v1ty term The activ-

V\» > =

dty of the non1on1zed specves is approx1mate]y equa] t06the concentrat1on,_

fa

The oﬁnxers1on of concentrat1on to act1v1ty 1s ach1eved by ther

equatlons _ ‘ _ | k‘;
Wy < [A1fp-  for acidsy and ;M;??fz%\ R
R4 ‘ : B R _ | ‘
e + = ‘ + 7 H S i i ’ . . o .
- {BHT} = [BH Ifg .+ for bases, -where fA‘ and fBH* are,the

vr-‘ri’
oy

act1v1ty coeff1c1ents of‘the 1on1zed species, and they are usua]]y

“3& less than one in numerwca] value The act1vity coeffiéient; designated

L

Ry
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s CeT .

as f1 in genera] term1no1OQY, depends upon the 1on1c strength of the
so1ut1on o ‘. '
I = 0.5z C1Z2 where I is the 1on1c strength C1 is the

concentrat1on of an 1on, and z is its va]ency The act1v1ty coeff1- ‘

c1ent, as’ re]ated to the 1on1c strength of the so]ut1on, can be 47

def1ned by the Debye Huckel equat1on

_]Og fi = A_Z*‘/___._ . = ‘ - "’\ L n
'where A and B are constants wh1ch vary with the d1e1ectr1c constant
and the. temperature of the so]vent “and aj is an 1on1c size parameter

for wh1ch an average va]ue of 5 x 10-% cm is common]y used. Thus;

-]og f1 = ?_5125 J{ ‘1s va11d at 25°C if monofunct1on1ng acids-or

bases, w1th a va]ency of. one are under 1nvest1gat1on The ca]cu]ated

'term equa] ‘to —1og fi is positive for ac1ds and . negat1ve for bases and
t1s used t0°obta1n thermodynaggc 1on1zat1on constants | |
. | o512 &4
.‘ng = pkKQ ;f:;_z;"zf ) at'25°C.
In add1t1on to obta1n1nq potent1ometr1c pH measurements, the
bspectrophotometr1c method of determ1p1ng 1onlzat1on constants also
1nvolves the read1ng of the absorbance of thé samp]e d, in Wthh

d = dm +d1, w ere both the mo]ecu]ar and the 1on1zed species contr1-s

bute to the otal bsorbance The fract1on of each spec1es present

, varies w1th the pH of the so]ut1on and the pKa is ca]cu]ated from

- pH measurements and absorbances of the samples, together w1th th €e

absorbances of the pure]y 1oaned and the pure]y mo]ecular Specwes

K

" The fract1on of eqch spec1es, and thus the pKa, is ca]cu]ated on the )

. Cow S 2 oe,
NG R S E S S A o .
L R * S .}:'\»- N * ! |
' . b X i .
)

%y
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bas1s of the equat1ons o o , )v

ng. = ‘pH’+ Tog _17° dI -d or ng T = pH + log d'di _for acids,
: . d dm S ’ " » dm»—d ,' ‘ 7
. mo d-dm . L 5 dm-d '
~and  pKa o nH + log d-d or. pKa\ pH + 109 d-d7 - for‘beses.

Activity corrections necessary’ for the buffer salts can be applied to
the 'mixed pKa' values using the bebye-Hﬁcke1 équation, as previously
~described. | | | .

The method is- re]at1ve1y s1mp1e as the absorbances of the comp]eteﬂy

'1on1zed and mo]ecu]ar spec1es can be ut111zed 1n ca]cu]at1ng the1r
,'.fract1ons, FI ‘and Fm, present in the so]ut1on If d-= ect, then . - ';’:fv
‘d =‘(éj : FI’* Sm - Fm)ct, where e is the mo]ar absorpt1v1ty, C is the™
concentrat1on, and t is the 11ght path]ength

The u]trav1o]et spectrophotometr1c method has been emp]oyed in the

determ1nat1on of the acidity constants of e n?loth1az1de po]yth1az1de,

and d1azox1de (Tab]es 5—10).' Actlylt' bns Were app]iedfand*‘
thermodynamic pKa va]ueédwerefca] aetermine the.scatter of

‘the values, first the anti]ogafjt ggJUe in the set was‘téken,

then’the‘antilogarithms*were avefeged, ann finally the logarithm of the
averagenwas taken. The Targest,deviatibn between,thie value and any

value 5h the set is the scatter fZG). it was'apparent that, with'the |
data for'methyc1othiazide (Tab]e‘6 ),'the averegfng'ofﬂthe'antilogarithmﬁ
did not offer an édvantage qven the,simpTe avereging?of thevset'of pKa""
-values when determining the scéttéh; The ng valnes renqrted for
nethycldthiazide, po]ythiaztde,and dfaszidet(Tables’ﬁ,B and 10) are within
the.range of the average-pkg-t 0.06, as determined b} the'atorementioned'

method of Albert and Serjeant (20).:



™

DATA FOR METHYCLOTHIAZIDE,
POLYTHIAZIDE, AND DIAZOXIDE
(Tables 5 - 10)
and

- ~(Figure 39)

4
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Table 6. Determ1nat1on of the Ac1d1c D1ssoc1at1on Constant of
Methycloth1az1de L . .

P

Methyc]oth1az1de Z x 10” 5 M
Analytical Nave]ength 272 nm
Pathlength: 1 cm _
Tonic Strength 0.10 M

- Temperature:. 22 1°C

dy = 0.273 -
A = 0.537
o ;_iL___ okl = pi % Tog j d; o = pkd + 0.1092
9.00 »'_;‘0.484' o ee0* 9.71*‘
9.2 - 0.430 939 9.50
9.41 D037 936 R 9.47
9.9 0.366 [ 9.3 9.4
0.77.  0.330 9. 2ar o
000 037 930 e
| 10,18‘ B - 0.304 a0 e " 9.5j'
ok - 9.36 £ 0.06 - BRI

using 5 values ‘in the,set,(*omitted‘valués)

+

pkk = 9,47+ 0,06

SRR
pKa. = 9.36 + 0.24

St

: using all 7 values fn the set..
0.24 ' :

=+

ok < 0.7 e

S
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- . o ' i .
Table 8. Determ1nat1on of the Acidic Dissociation Constant of
' Po]yth1az1de o '

Po]yth1az1de 2 x 1075 M
Analytical Wave1ength 270-nm
~Pathlength: 1 cm

Ionic Strength: 0.07 M
Temperature: 24 +.1°C-

d; = 0.208 R
d. = 0.273 SRR -
» d-d;
: ‘ pk¥ = pH +logdp-d  pk& = pk¥ + 0.0445

pH d - .

8.23  0.265 . 9.08 93

8.47  0.260 . 9.7 . 912
8.8 Q.249 9l 9.16

9.10 o241 9.07 R

9.25  0.234 9.07 . . 9.12
19,42 . 0.228 o 9.07 | RN

9.60 - 0.223 - 9.08 o daz

+

B}

pkd = 9,08 +0.03 . : R \
y ‘ using all 7 values in the set.

1+

k& = 9.12 + 0.04

4 ’ : = S ~
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Table 10. Determination of the Acidic Dissociation Constant of
Diazoxide ‘ , -

Diazoxide 2 x 1075 M .
Analytical Wavelength: 280 nm
Pathlength: 1 cm .

Ionic Strength: 0.0T M
Temperature: .24 = 1°C

d.-d

o g KE-pHe log 7 P& = pd + 0.0445
7,5  o0.041 837 | . 8.41
7.81 0.086 8.37 - . 8.42
8.03 0.3 83T 8.41.

' 8.25 0.062 Coe3s 8.3
8.45 0.067 8.42 . 8.47
8.68 0.078 . - 8,37 - 8.41 -
8.88 0.084 8.39 L 8.3
9.10 - 0.090 8.37 - 8.42
okl = 8.38 £ 0.0 ’ " L

: ' using all 8 values in the set.
pkk = 8.42 + 0.05 ' :

¥

@
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The theoret1ca1 Tines in Figure 39 weré calculated from the equation
em[H*] + EIK
[H+] + Ka

to fit the expepimental po1nts. The terms ep and €]

.represent the mo1anigbsorptivities of the molecular and ionized species

respectively and 't is the observed molar absorptivity at eac¢h pH value.

.
[T . R

Overlapping lonization Constants \

3

The re]ationship between the jonized and the molecular species in
wv spectrophotometry becomes more complex when the 1on1zat1ons of two
funct1ona1 groups in the compound over]ap The acidity constants are
cons1dered to be overlapping when they lie within three pKa  units of
‘nnélanother. The %bsorbances of the pure]yvmo1ecu1ar species and one

- of the ionic forms can usually be measured without difficulty but the
absorbance ofwthe 1ntermed1ate ionic spec1es may not be so readily

obtainable.n, :%H

=is due to the fact that the 1on1zat10n of the second
fUnctiona] groii'--gins before the titration of the first group has
- been completed. | | |

" The aeneral nomenclature 6f Albert and Serjeant (20) can be app]ted
to all polyprotic compounds ands therefore, the benzothiadiazines with

overlapping pKa values can also be examined in this manner:

2

oo Kai - i Ka, 4
djprotonated po——— monoprotonated + H+ ——— nonprotonated + H+_

If Ka; and Ka, are the acid dissociation constants of the benzothiadi-
azines then the‘diprotonated form'is the molecular species.and the
nonprotonated form is the comp]ete]y 1on1zed species, w1th respect to

/
the ac1d1c 1on1zat1on processes, only.




e
-

" The observed or measured molar absorptivity is € at a given pH

and, therefore, € = ¢ec Fc‘+ em - Fm+ ea - Fa~ (equation'l),
&

. Where ec, eq and ep are the molar absorptivities f the djprotonated,

“§?; ~monoprotonated, and nonprotonated species, respec ively, while F¢,

Fm and Fp are the fractions of each of “these species present in the
solution.

The fractions of each of these species can bg further defined as
S \ '
+72 + ‘ : ‘
Fc = Lﬂﬁj—-, Fn = El%ﬂ—l » and Fp = 5%51 , where the denominator, D,
is [H+]2 + Ky [H*] + K{K,. Substituting these fr ctions into equationﬂ

1 and mu]tiplyino throughout by D gives the formula:

(H]2( £- ec) + Ky [HI( - €q) + KiKp( - £3) = 0,

- which can be rewritten as:

s

',¢>‘£E_+13-(%:—§°) + K, = c[rEfm) (equation 2),
I S L) "

1’Upon‘exam1n1ng equaé?on 2 it is apparent that the three variables

ﬂnd K2 #J0 Hal sk s these ‘terms the absorbance- pH data,
Do TR e oy >
: nternai% Hetween the d1protonated and the

| | Mgﬁon of the 1on1zat1on of the stronger

’ group:'one can.assume that the predom1nant species in solution will be
pi ;7:; the d1protonatéd and the monoprotonated forms, therefore the fract1on
A of'the nomprotonated spec1es that is present will be sma]l though not
L neg11g1b1e The substitutlon into equation 1 is performed in the same

manner as before but 1eav1ng the eaFa port1on undefined:
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1D = e [H']2 '+ epk [H*] + epfpD, - ’ a
| | _ .

This form of the equation is then rearranged to: : N &

. o | g%
(1 + fﬁ%])(él = EAFA) = € + LEIL{EC - g + EAFA)(equation sh). -

R 4 y
S1m11ar adjustments to equat1oﬁ 1 are made for the second ioniza-

tion process, where the fract1on of the d1protonated specwes present

s considered to-be small, but not neg]1g1b1e ' - B

€2D =-€mK1[H+] + EAK1K2 + EQfCD'

and “a {earrangement of this equation yields: . P

(11+ L%Tl)(ez-ech) = gy + Ié%T (ep-€, + eCFC)(equation 3b)..

/

Eqdationsv3a and 3b'are used to obtain estimates of the molar

.absorpt1v1ty of the monoproton&ted specTes. The process is 1g1t1;"

4[égr) and (] + [H+]/K ) equal to unity am#

by sett1hg the terms -

the terms EAFA and e qual to zero.

C.
- Fay the absorbance pH data of the f1rst 1on1zat1on process, the

mean e value obtained from equation 3a is subst1tuted inte equat1on

\

2, and K; and K, va]ues are ca]cu]ated us1ng all of the data un1form1y. f

These Kj and K2 values are then used to calculate correct1ons for .the _

. (1 + Kz/[H+]) and EAFA terms, which are subst1tuted into equation

3a to calculate a new Em value. This new & value 1s used in équation

‘2 and the aforementioned process is cont1nued re1terat1ve1y until no

significant difference between succe§s1ve R‘\and\Kz va]ues 1s ‘observed,
The absorbance pH data of the second 1on1zat}on process is treated

in the ‘Same manner using equat1ons 3b and 2,7and the correct1ons are

&

°



A
Y

"gcalculated for the (1 + tH+]/K ) and ecFe terms. The final e values

'from the two sets of- data are._ averaged and the average va]ue is used

Tn equat1on 2 for the ca]cu]at1on of the pkaf and pka2 values. Th1s B *

. f1na1 step is carr1ed out w1thout reference to the 1terat1on process.

.Act1v1tyvcorrect1ons hdve been app11ed to equat1ons 2 and 3a and e

b thereby account1ng for the ionic strength of the buffer sa]ts

‘ emp]oyed in the exper1ment Equat10n 2 can be wr1tten in the form ) "v/

g'y1EId1ng X and y coord1nates y Ko + 21, where the derived K; and

Tr

activity terms.

Ky va]ues are 'mixed constants » @ combination of concentration and

. _ ' ' g .
_.-Jhe dissociation of dibasic,acids can be représented as:
K : Ky '

1 e ; : /
CHA /== H+. +HAT == HY + A"2 AN /-

and activity correct1ons 1nv01ve the act1v1ty coeff1c1ents of the : _ | »'?

ionized spec1es so that K1 , Kl * fyp. and K2 KT - FR-2

._-.-,..._.__.___.«

SV fHA- -

Ca]cu1at1on of the correction factors for: act1v1ty is ach1eved by

/

the DebyefHuckel equat1on, as prev1ous1y descr1bed for monofunct1on1ng

- acids and bases, and the thermodynamic acidityﬂconstants are,expressed

asai.

.‘The rearrangement of ‘these equat10ns to Kl = Kf . ]o(° 512FS)

‘Kz = K,
'mod1f1ed version of equat1on 2, -yields the corrected form of the equat1on

'for d1bas1c ac1ds

[
o

KE = 5—*—-———-—- and K§ = @———-————— at 25°c where FS = —/—I—-——-—— .
10{0.512FS).. 10(2-536FS) R L R

6 .
t. 10(1 33 FS), and the substmtut1on of these terms intq the N

&




<L R | | B 13
g . S ‘
y | R X
- : —_ = “ + Kt . v
]0(1..‘536 FS) V‘Ktl ) ]0(2.01+8’.F‘:S)‘_ 2 -
Co e ~ 0.512 1.53% |
If the express1ons A, A 0 and A def1ne 10( FS) 10( ’ FS);
‘ “ .
, and 10(2 048 FS), respect1ve1y, the s1mp11f1ed form of mod1f1ed
. equation 2 1s : —7r-~= - * K2 , where the y-1ntercept is
_ 1 Kl‘Az fb' ; .
. Kt and thews1ope is -%7 . S
2 : KD R N
1 BT v

The ca]cu1at1ons requ1red for over]app1ng 1on1zat1on constants
Jcan be 1ncorporated into a computer program that accepts absorbance—
pH input data and g1ves pKa and pKa values . as output. A]bert and
. Serjeant-(zo) have pub11shed such a program in FORTRAN Iv wh1ch, in
fact, performs the appropr1ate ca]cu]at1ons. This program was emp]oyed
in the;determ1nation of the ovSrTapp1ng ac1d1c 1onization constants'of
A se]ected benzothﬁadiaiinesdand the compUter 1nput data‘was derivved.W
}from the 11near port1ons of the p1ots of absorbance versHSApH
(F1gures 40-48), The data se]ect1on was made from the linear sectﬁons
on]y‘because these are the reg1ons of the graphs where the maJor port1ons |

of the 1on1zat1ons take p]ace. In certa1n 1nstances the reg1on(of the

-

second acidic 1on1zat1oﬁ process was not clear]y def]ned because the :

‘ d1fference between the mo]ar absorpt1v1t1es of the monoprotonated and
theknonprotonated_specles is extremely small, vSuch is the s1tuat1on
with althiazide (Figurel43) and cyc]openthiazide’(Figure«48),wfor_which.

- the region of‘the second dissociation had to be'estimated'from a'combi—
‘nation of‘absorbanCe-pH data and’UV spectralepH data. " This estimation

was necessary to obtawn reasonab]e computer 1nput data so that a pKa

.J'*' va1ue cou]d be ca]culated for these part1cu1ar benzoth1ad1az1nes.
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The first difficulty encountered with the FORTRAN IV.computer program
was the failure of the'Kl and K, va]ues to converge. In an attempt to
eliminate this prob1em,a new computer program 1n FOCAL]] was wr1tten w1th-

out reference to the FORTRAN IV program The new pr6§ram 1nc1uded act1v1ty

correct1ons for 20 C as well as for,25 C. The prob]ems prev1ous1y exper-

‘1enced appeared to be al]ev1ated but only for 6 of the 9 benzothiadia-

z1nes exam1ned Compar1sons between the ey, K and K, - values obta1ned from

the 61 and e, data are d1sp1ayed n1the computer pr1nt -out (Tab]es 20- 29).

Bendrof]umeth1az1de (Tab1e 27) exh1b1ted convergence on]y for the-

€1 set of data and therefore, an. ey va1ue was ca]cu]ated The errat1c |

'computer output for the nonconvergent €2 ?ﬂta was then scrutinized fon

mean1ngfu1 Kis Kp and em; values and.when 0.164099 x 105 was utilized as

‘the emzfva1ue,‘and'averaged wﬁ'ith'the'em1 value, a pKa, of 9.0 and a pKa,

of']O 5 Were manually calculated " These. experkmenta1 ca]cu]at1ons
sy1e1ded pKa va1ues which=were in good agreement w1th those of approxi-
mately 8.8 and 10.2 estimated by v1sua11y inspecting the graph of
_absorbance X§£§E§.PH of bendrof1umeth1a21de (F1gure 46) A1though.thev
manua]]y ca]culated pKa, value is not re11ab1e, the stratagem was a -

a reasonably accurate pKa1 value.

'neceSSary step in obta1n1ng, L
. «The SCatterrof the{pofhts along the 11near portions of the plots.

of absorbance versus pH)was 1n1t1a11y suspected ‘to _be the reason’ for
the lack of convergefce.. A least squaresrapa]y51s becomes d1ff1cu1t :
to perfdrm'since the computer perceives the possibility of more than

[ "

one 'best. fit'" 1ine/and_an oscillation, which may also bebdependent

" upon the degree of,scatter, between the possible values results

. ] :
sa a Cyc]openth1azﬁde and cyclothiazide de not exhibit convergence‘
. B 1 . : ) . ' K . K .
B

. : ) L . 5 .
/ . s . B ) . K3

/

R

SRR S SR A e e

T
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for e1ther of the 81 or the € sets of data and, therefore, their pKa
va]ues cou]d not even be’ manua]]y calculated, s1nce the rejterative
. Correction” process must be completed before a usefu] m, va]ue can be
obtained. The errat1c computer output cannot always be attr1buted
to the scatter of the absorbande pH data as may appear to be the
"prob1em with cyc]openth1az1de (F1gure 48) because the sameﬂtype of
ugraph1ca] representat1on of the absorbance pH data of cyc1oth1az1de
(Figure 47) exh1b1ts m1n1ma] scatter S

Other factors that cou1d, in part be respons1ble for the non-

convergence are the smaT] d1fference between the molar absorpt1v1t1es

of the monoprotonated and the nonprotonated spec1es and thﬁk',f
the strong]y basic buffers of O ] M 1on1c strength used }p determ1n1ng

the weaker of the: ac1d1c d1ssoc1at1on constants, The former wou]d be

expected to be the maJor contr1but1ng factor s1nce the chosen graph1ca1

po1nts are few in number, and perhaps a]so scattered and the stra1ght

line Fitting. process may not ach1eve a concrete va]ue. Wlth the
'poss1b111ty of more than one stra1ght line, the y- 1ntercept and the

. slope w111 vary so. drast1ca11y upon each reca]cu]at1on that no f1ha]
va1ue Will be ach1eved Th1s occurrence 1s often due,to one or.more

, {of the chosen po1nts be1ng equa] to, or a]most equa] to, the va]ue of

leather the mo]ar absorpt1v1ty of the d1protonated spec1es (EC) or that

coof the nonprotonated spec1es I A) In ~either c1rcumstance a valuye -

of - Zero or an 1ns1gn1f1cant d1fference w111 resu1t wh1ch may not be
' acceptab]e to the computer and so erroneous K1, K2 and € va]ues, that
do not and never w111 converge, are eventua]]y obta1ned

Another prob]em that was encountered w1th the computer program. was

LA

D
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the ca]cu]ationEOf‘negative 1ogar1thms. A1th1az1de, f]umeth1az1de,
and ch]oroth1az1de presented th1s type of d1ff1cu1ty and, aga1n, the
pred1cament arises from the cho1ce ofg1nput data. For flumethiazide

dand chTorothiazide manual Calcu1ationsvprovided'cred1b1e pKaj and

i
PKa, - va]ues, respect1ve1y, but the s1gns of the mod1f1ed x- and y-

-va]ues and the K-va]ues ‘are responsible for the negat1ve logar1thms. VA

For example, as a-resu]t of thefnegat1ve mod1f1ed x-va]ues, the pos1t1ve
mod1f1ed y- va]ues, and a KQ value of 1ower numer1ca] value than the
'mod1f1ed y- va]ues obta1ned for ch]oroth1az1de, the pKai value for
.th1s compound could not be calculated since the 1Ogar1thm of a
negative number is mathemat1ca11y undef1ned and s cons1dered to be
zero, This prob]em is 1nherent in the metho@ology and will occur 1f
’the 1nput data does not sat1sfy the numer1ca1 requ1rement of the
v'computer; | | _ |
In:general the computer method wou]d be usefu] 1f a program
cou]d ‘be dev1sed that would permit operator 1ntervent1on when oscill-
at1on,due tg the prec1s1on factor required by the 1nstrument begwns.
Th1s wou?ﬁ be the ideal s1tuat1on but the computer must be adequately
‘progranmed while tak1ng 1nt%§account the pract1ca1 aspects of such
vprocedures. The PDP 11-05 Minicomputer used in this exper1ment
requ1res prec1s1on to the. sixth post dec1ma1 digit and th;s requirement

can affect. the convergence check., If 'perhaps,'the successive K ; and

K, values obtalned are. not 1dent1ca1 to the s1xth d1g1t tha compu\\\

~

tation canmmot proceed past th1s po1nt A s1mp1e average however or even'

the ex1st1ng va1ues, could be extrene]y accurate and very usefu1 for

further ca]cu]at1on. To a11ev1ate‘th1s'§rob1em the cond1tlons of the

:

YAt Sl

AR
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program can be re1axed to a lower preciSion requirement by the insertion

of a new command into the already ex1st1ng computer program, o

,“‘ﬂa .
The remedy for the osc111at1on§or lack of convergence may, 1tse?f

T - produce errors. - A 1ack of prgc1§1bn wou]d ar1se if too- few 1d'!”;“"

-~
to have 'an opt1ona]

“w

d1g1ts are requ1red by the program for thijconvergence checka ForA
this reason it would be-much mo#e des1rab

command wh1ch wou]d permit the computer to accept operator 1nspected

2

va]ues but th1s ideal mechan1sm is not a pract1ca1 so]ut1on 1n

. computer programm1ng

-

The u]trav1o]et spectrophotometr1c exper1menta1 procedure 1tse]f

presents prob]ems since there is 11tt1e d1fference between the mo]ar
absorpt1v1t1es of - the monoprotonated and the nonprotonated spec1es of
the: benzoth1ad1az1nes. Th1s d1ff1cu1ty can be attributed: to the site
of the second acidic deprotdnat1on which exerts only a m1nor e]ectron1c
effect on the chromophore. The resu]t 1s a m1n1mum shift in wave]ength
’ and a 11m1ted degree of change in absorbance 1ntens1ty “The s1te of - 9
th1s deprotonat1on has been postu]ated to be at the exocyc11c su1fona-'-
| “mido group (7, 9, ]9) because this funct1ona1 group is more remote from
the ring system than the cyclic sulfonamido group and it is in a o
,usémilar.chemica1 environment in all of the'benZOthiadiazines. There-

o

*fore, the deprotonat1on of the exocyc11c sulfonamido’ group should

effect on]y a minor- red1str1but1on of e1ectrons wfth1n the molecule of
I

‘the part1cu1ar benzothiadiazine. 4 % :

2%% a]most 1ns1gn1f1cant d1fferences between the,mo1ar absorptt“ : ‘;
v1t1es accounts for the scattered absorbance -pHd data (F1gures 40 48), ) :'flg_ |
which 1s espec1a11y ev1dent in the reg1on of the second ae1d1c 1on12a- ‘“':;" i

@ S
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S tion process. Due toi the 1ns1gn1f1cant absorbance d1fferenc%§§ the

| values obta1ned for the second pKa may b@31nva11d but the values
obtawned for the first pKa (Tab]e 30) appear to be- cons1stent w1th
the approx1mate va]ues that are procurable from the UV. spectra
' (F1gures '14-32) and the values that can be estimated from the plots .
" of absorbance !grsgs_pH (F1gures 40—48) for each benzotn}ad1az1ne.
~ Furthermore, these pKa, va]ues when compared to the 11te“a§Lre values a
in Table 31, are in near agreement w1th the*prev1ous1y reported va1ues.1> ”3u;’
The h1gh pKa, values of greater than 11 that were 0bta1ned may = e %
A also be artefacts of the extremety basic buffer solutions and their
high}ionic strength of 0.1 M. ‘This results in a'nUmeriCa]ly iarger
vactivjti"correctton factor -being added to{the fmixed_constant' when
' thermodynamic’values‘are being,calcuiated "~ The pKa, values*of ‘
'ch]oroth1az1de and- f]umeth1az1de, determined. at an ionic strength of
| 0.01 M, were graph1ca11y est1mated from F1gures 44 and 45 and were
. found to pe 9.7 and 9.¢, respect1ve1y;, These values seem to fall
'within the;expectedrrange,.even after activity corrections have been
“applied. B | |
The. effect of theforgahic so1vent, }n semiaqueou; so]utionst on the
‘dissOCiation constants of benzothiadiazines has been exami;ed=by
;whttehead‘rt . (7,8). Exper1mentat1on w1th ch]oroth1az1de and some of
its ana1ogs revea]ed that the first ac1d1c 1on1zat1on constants were ’ .
'usually unaffected by the 66% d1methy1€brmam1de so1vent system but the i \

) second ac1d1c 10nizat1on constants were elevated 'to values wh1ch -averaged

f”at approx1mate1y 12 5, The resu]ts of Nove11o and Sprague (78) indi-

cated tha 7 -g manoT had 11tt1e effect on the pKaz of cyc1oth1azide __'
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o

since the,va1ue of 10.7 estimated ffom the midboint of the line of_the
graph of absorbance versus pH (Figu%e_47) is in-near agreement with
theiruva1oe of 10.5. Furthermore, the extrapolatiooLtechniquerf
Moska]yk\gi al. (éO) has yielded pKal'va1ues, for various benzothia-

. diazines, that approximate those which were'determihed by other tech-
niques (Tab]ee31).

‘The~Va1ue$‘of the first.acidic jonization constants of the thia-
zides and hydrothiazides, when determined bycultravio]et spectro-
photometry, appear to be re]iabie but the values of the second
ionization constants may be jnva]id. Mo]]ica,g§ gl,_(13) also-
experienced difficu]ty‘in determining the pKéQ‘va1ue of h&droch]oro—e
thiazide, therefore, one woo]d expece thisvparametef of'otoer benzo-
thiadiazines, with an even'smé11er difference between the mo]ak ab- |
sorptivities .of the monoprotonated and the nonprotonated species,:to
‘be difficu]t.to determine. This may explain the unusually‘oﬁgh
figures of 11.3 ,\12.0 and 11,2 obtained for hydroch]ordthiazideﬂ
hydroflumethiazide, aﬁd.tkich]Oromethiazide, nespective]y, If the
UV\absorbptfon spectra aod the'absorbancepr data of the compounds
ere examined, it can be assumed that th\ese*‘pKa2 values Shou]d be
below J1 and the va]ueé estimated from the graphs of ebsorbance
. !gﬁggg‘pH (Figures 40-42) would be more reelistic.:

The'vaTues for the first pKa renge-from 6.0 -9.5 ,» with .the
f‘thiazides yieiding'the 1owe¥ valuee and the hydrothfazides yielding
- the hiQher‘va]ues; The first acidic dissociation consfanfs exhibit

T greater variation than the second jonization consténtsoand this

effect*cah'be attributed to the substftuents at the 3-position. The
fact that the pKa, values of the benzothée%ﬁazines are similar is

“

e an s
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pred1ctab]e 1f the site of deprotonat1on is assumed to be the
exocyc11c su]fonam1do group. S1nce the only var1at1on 1n the ne1ghbour—

ing substituents of,the é§ocyc11c su]fonam1dg«group is the presence

‘of either a chlorine or a trifluoromethyl group at the 6fposition, one

would expect the pKa, values to be similar,

Hydruthiazides, such as hydroch1orothiazide and hydrof1umethiazide{"
with a:hydrogen at the 3-pqsition appear . to béhéwe as weaker a¢ids since
this hydrogen has little, if any, electronic effect on the cyclic |
sulfonamido group. The replaéemen£ of the hydrogen with a'bénzy1
group, as 1n}bendrof1umethiazide, decreased.the pKa, va]ue‘only glightTy
since the e1ec;ron withdrawing effect of the phenyl group is. diminished
by the intervening methy]ene group. } :

The 3-substituents of " tr1chlorometh1az1de and althiazide probably -

exert an e1ectron withdrawing effect on the cyclic sulfonamido group,

[

‘producing stronger acids. The long chain substituent of althiazide may

%, ‘
form a more stab]e-pseudo-fiye or-six membered ring through hydrogen

bohding at the 2-position:

0. 0
_0\/)0 H c\ | N H.
NH,S0, SN CH NH2 S0, SN :
| S-CH,CH=CH,
. /,S ’ ///L\CH’//
C1 N CHY C N 2
| " H
pSeudo-six membered or pseudo -five membered ring systems

Thisuhydrogen is attracted to either of the nucleophilic vinyl or

sulfur components,

Absimilar hypothesis can be expressed for trichloromethiazide

s
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since its 3-substituent contains nucleophilic chlorine atoms:.

Q. 0
\ \ 7 “
NstOz S\N/ H'..

//J\\ €1 : trichloromethiazide
NScn”
H g .

-
c | : ’

al

In contrast, the cyclopentyl and norbornylenyl substituents, as
: cbntained 1n cyc]opénthiazide and cyclothiazide, contribute e]ectronsiE
to the acfdic funcfiéna1 group, fhe”effect of this is\to weaken the B
acidic property .of the compounds. | o |
The'effect of substitution at the 3-position on the pKa, values
of the thiazides coﬁ]d not be stﬁdied in bredominant1y aqueous sb]u-
tions beéause benzthiazidg, tpe’availab1e réference compound with a
3-substituent, precipitated from the solution when water was added fo
an ethanolic stock so]u;{gp of the drug. The experimental conditions"
for ultraviolet spectrophotometry in this investigation required a
0.2% ethanolic saﬁp]e.so]ution and any‘greater'concentrations of.orgahic
solvent were not:acceptable. , ,
Whitehead et al. (7) studied 3-substituted thiazides in 66%
dimethylformamide and, as they observed an almost negligible effeét
éf thg organic solvent on the first acidic dissociation constant,
~their‘conc1usions may also be valid for thiazides in predominantly
aqueous solvents: '
| "the fonization of the cyclic sulfonamide is effected

by the 3-substituent. Cycloalkylmethyl groups decrease

the ionization. A double bond in the ring of the cyclo-

alkylmethyl group appears to lessen this effévé if the

double bond is in a position nearest the methyl ®arbon

- attacheéd to the ring. Introduction of an electronegative
element, i.e., oxygen or sulfur, between the methyl
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carbon and the cyc10a1ky] ring pract1ca]]y nullifies
the effect of the cycloalkyl group. The cyclic sul-
fonamide s a much stronger acid, pKa 5.4 and 6. 3 :
when the 3-substituent is ary]su]fOnylmethyl and aryl-

- oxymethyl," (7)

“ .
The UV absorption spectra of benzthiazide (Figures 11-13)

indicate an approximaté pKa, value of 6, Thisusﬁggests that benz-

‘thiazide is a slightly stronger acid than ch]oroth1az1de and that 1t is
of comparative ac1d1ty to f]umeth1az1de Although the reso]utﬂon of |
the ov ing pKa values of benzthiazide was not achieved Gnder the

experimental cond1t1ons of this 1nvest1gat1on, the" pseudo five or -5ix

membered ring theory could also app]y to. th1s compound

§m4

NH, SO0, ~ ‘ "stoz
//L\ S benzy] ‘
CH -

Cl

benzthiazide

The theory is applicable because the same type of effects caused‘by
the 3-substituents of the hydrothiazides should also be observed with

thiazides substituted at the 3- positién{

The d1ssoc1at1on of the ac1d1c hydrogens of methyclothiazide

| and po]yth1az1de occurs at the preposed site of the dissociation of

the second ac1d1c hydrogen of the th1az1des and hydroth1az1des. The

“ pKa: values. of the Nz-methy1hydr0th1az1des are approx1mate]y one pKa

~unit Tower than the correspond1ng pKa2 values of the hydrothiazides.

A possible exp]anat1on is the effect of the 3—subst1tuent on the
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exocyclic ;u]fonamido group. A]thou‘ﬁ fhe 3-substituent is at a site
remote from the ionizing group, NMR evidgﬂgefhas ihdicated that a
significant shift of the\protons at carbon 3 occurs when the acidic
su]fongmido hydrogen is titrated with baée.. This NMR evidence suggests
that. the 3-Sub$tituents of the benzothi;diazines have a considé;éble-
influence on both of the acidic protons. ‘

The acidic exocyc11c sulfonamido hydrogen of the hydroth1az1de{

is 1eav1ng a negatively charged jon and this anion may be a weaker

acid than the N2-methy1hydrothiazides ; Th1s factor wou]d tend to cause.

- the pKap of the hydrothiazides to be h1gher than the correspond1ng pKal

~{

of the N2-metny1hydroth1az1des . o 1y
In-summary, the electronic nature of the substituent at the
3- pos1t1on of a benzothiadiazine appears to be primarily responsible

for the 1ncrease or decrease in the acidity of the funct1ona1 groups



ABSORBANCE-pH DATA -

(Figures 40 -48)

and

(Tables 11 - 19) -

162

=



| L - © 163
ddﬁﬂ ' - " ; o
\ " The theoretical lines in 'Figures 40-48 were calculated from the

equation e W12 + epky[HY] + epkyKy
[H+]2 + K [H+] + K Kz

to f1t the exper1menta1 po1nts " The terms e, em.and €A represent the
nmo1ar absorpt1v1t1es of the. d1protonated monoprotonated and nonpro-
tonated spec1es, respect1ve1y, and ¢ is the gobserved molar absorptivity
at each pH-value. | Absorbance and molar absorptivity are intercHangeable

/

in th1s equat1on as. long as the drug. concentration is not altered.

r The computer program did not provide pKay. and pKa, va]ueS‘foriL |
all of the benzothiadiazines under investig;tidh. The theoretica1
lines for these particu]ar compdunds were ca]cu]ated'using eStimated
values of pKa, qnd pKay. For althiazide and f]unethiazide'the'pKaz

- values were estimated to be 11 and 9;lrespective1y (Figures 43/and 44)

and a pkal value of 6.81 (an average of the 1iteratUre values in Table

" 1) was used for chlorothiazide. The theoret1ca1 lines calculated w1th
these est1mated pKa values are represented by q dashed line (---).

\
The theoret1ca1 11nes for cycloth1az1de and Eyc]openth1az1de could

not be ca]cu]ated s1nce the computer program did not provide €m> pKaj .

or pKa2 values for e1ther of these benzoth1ad1az1nes (F1gures 47 andéég)

v
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Tab]€:11 Data for the Determ1nat1on of the 0wgy1app1ng pKa Va]ues of
- : Hydroch]oroth1a21de
- i

- Hydrochlorothiazide 2 x 105 M

_ Analytical Wave1ength 270 nm- -
Pathlength:- 1 cm .
Ionic Strength: 0,10 M
Temperature 22 + 1°C

‘ - . - Absorbance ) : :
pH . #] : #2 . - #3 _Average
5.47 0.357 . 0.358  0.3%7 Y 0.357
574 0.379. 0.379 - 0.379 - 0.379
. 5.94 0.360 0.360 0.363 0.361 - :
-~ 6.15. 0.352 . 70.352 -0.355 - -0.353 T
. 6.40 0.358 - 0.357 0.356 . .- 0.357,
. 6.53 ,0.423,  0.424  0.429 ' ' 0.425 ot
6.76 .0.357  0.354 o 0.355 0.355, :
6.95 '0.366. . 0.364 ° 0.365 0.365° .
7.4 0.361 . 0.362 - 0.363 »0.362 . - o
'7.35° 0.358 - 0.357 0.358 0.358 ‘
- 7.55 0.365 " 0.366 . 0.364 0:365.
7.76 0.365 (366 . 0.364 | " 0.365
7.98 - 0:373 - 0.370  0.362 0.368
8.20 -0.352 0.347 0.348 0.349 - :
8.46 .0.351. . .0.351 0.355 "0.382 2
. 8.73 0.347 0.344, 0.345 01343 L Tpiage w ﬁxgg;
8.75 - 0.372 0.372 | - 0.372 0.37@ .+ “HF £ T T g gEeT
8.94 0.340. - 0.339_ 0.338 0 0.339 B
9.09 0.328. ~ 0.329- '  0.329 0.32¢9 - T
'9.29 0.320 : - 0.320 - 0.328 0.323 R : oy
9.49 - 0.299 0.299 - 0.301. 0.300 , N
9.67 0.275 0.287 10.290 0.284 . : -
. .9.82° - 0.280 0.245 - 0: 280: ., =0.268
- 10.02-¢ °  0.269 0.262 ° 0.265 0.265
~10.28 0.259 0.260 ~0.264 - - 0.261 : ; o
10.41 -0.270, . - 0.270- - 0.271 . - 0.2700 - S w
110.62. 0,270 0.271 - 0.270.  0.270 LTINS
210,77 0.272 0.272 . 0.272 C 0272 s
10.96 -0.270 0.270° 0.270 - .0.270 :
- 10.97 0.28] 0.282 0.280 0.281
11.21 - 0.277. 0.278  0.276 o 0:277
11.31 - 0.296 0.296 -, 0.296 - 0.296 - .
11.58 0.296 0.294 ° , '0.295 00295 0 Gl
11.79 10.303  0.306  0.306 ., 0305 S
- M.95 . 0.284 0.291° 0.302° - 0.292 . o, T
PR . ’; "
v i W
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Tab]e 12./Data for the Determ1nat1on of the Over]app1ng pKa. Va]ues of .
]Hydroflumeth1a21de ‘
/
Hydrof]umeth1az1de 2x10° SM ‘
Analytical Wavelencth 270 nm - .
- Pathlength: 1 cm : -
Ionic, Strength: 0.10 M

Temperature: 22 +1°C
- Absorbance _ ,
pH #1 #2 #3 . Averaoe .,

© 6.51 0.346 0.345 ° 0.346 0.346 <
6.75 - 0.374 0.376 - 0.375 0.375 /
6.94 0,379 0.381 - 0.383 0.381 / .
- 7.16 -0.350 - 0.350 0.339 . 0.345 %
.7.37 -0.353 0.353 - 0.353 . 0.353 '
7,52 -0.325- 0.323 0.337 ° 0.328°
- 7.73. 0.353 - 0.352 . 0.352 0.352!
. 7.95 .0.359 0.358 0.360" -0.359
©8.16 - 0.354 0.353 0.353 0.3
8.44 0.350 . 0.350 0.347 0.
. 8.72 0.329 - 0.33% 0.330 0%
.9.09 - 0309 -~ 0.309 0.310 . 0.
~9.27 ©0.309 0.305  0.304 0.
9.47 0.287 0.294 - 0.292 0.
. 9.64 ©.0.286 0.287. - 0.287 0.

7 9.78 - 0.285 - 0.270 0.279 0.

‘ 9.97 - +0.272 0.272 0 0.275 0.273
10.21 ~0.263 0.263 0.270 0.265
10.38 0.266 0.26¢€ 0.267 .+ 0.266
10.55 0.273 - 0.274 0.272 0.273
10.71 0.272 . 0.273 0.271 0.272 ¢
10.92 1 0.278 0.278 0.279 ~ 0.2/ /
10.93 -0.277 0.276 0.275 - 0.276.
11.22 0.290 - 0.293 0.292 0.292
11.36 - 0.292 0.291 0.290 0.291
11.58 - 0.291 0.292 - 0.292 0.292
11.89 . .- 0.310 - 0.310 .. 0.309 "0.310
11.93 0.304 0.303 - --0.304 - 0.304
12.21 - 0.290 . 0.291 -~ 0.290 0,290
12.35 0.308 70.399 0.308 10.308
12.62 0.318 . 0.320 0.320 - ‘0.319
12.82 '0.320 0.323 0.320 .0.321

0
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Table 13, Data for the Determ1nat1on of the 0ver1app1ng pKa Va]ues of
Tr1ch10rometh1a21de
Trichloromethiazide 2x 10> M ‘ o o : } .
‘Analytical Wavelength: 270 nm. ’ - : _ R ' ‘
‘Pathlength: 1 cm « TR * IERE =
Ionic Strength: 0,10 M . ' :
Temperature: 24 +:1°C R
- . .7 Absorbarce | Y
°  pH_ - # O #2 #3 Average o
5.55 - 0.401 - 0.400  0.400 0.400 S
5.82 0.389 - 0.389 0.391 ' 0.390 . . v
6.01 0.399 .0.389 . 0.390 0.390 i :
6.24 S 0.375 - 0.374 0.375 . 0375 i SRE
6.44 "% 0.388°" 0.386 0.387 _“_,0.38‘7..»%‘ w0
- 6.63 - 0.375 0.375 0.375 ©0.375 " B
- 6.84° . 0.375 - 0.375 9.372 ©  ~ 0.374 :
. 7.03 0.361 © 0.360 0.359. - 0.360 .
o 7.8 0.355° - - 0.355 0.355. » ~ 0.355 '
&-43 0.339 . 0.340 0.341] . 0.380 _ -
7.62°. 0.334 .. 0.334 0. 0.334
. 7.84 ,".0.13“16% 0.315 0 v 0,315
; 8.05. 7 0.383. 0.304 .0 - 30.304
- 8.21 0. 310 £0.311 0 o 0.31T1
. 8.50 0. Zgg 0.293 0 0.293 .
ug.77 0. 2em w 0.287 0 0.287 -
. 8.79 0 295 - 0.295.  0:294 ,0.295
9.00 '0.296 0.296 0. 0.297
913 p.293 0.293 .~ 0 0.293
» 8.35 0.285° - 0.289 - 0.288. - 0.287
9.54 . - . «0 293 = 0.293 . 0.295 o 0.294 -
9.72. oy, - "0.283° 0.284 10.286
..9.80 0.291 . Q. 289 0.290 - 0.290
9.80 0.310 ' 0.310 0.310 0.310
9.99 - 0.300 , .0.300 0‘30]¢- . ,.0. - , ,' - e
- 10-.23 0.301.. - 0.300 0.301 LR 300 Ce
-10.31 0.298 . ".0.297 0.299..-. 0,298 N ‘ : -
10.70 ~0.304 .0.304 .o.3o3~.a~_>,~_!; 0.304, T |
. 10.90 - 0.311 .. 0.309 0.308" ©0.309 \
10.93 ° 0.312 0.3 0.305- -~ 0.309 : - B
11.10 ~0.315 0314 0314 - 0.314.
C11.220 - 0.325 ° 0.325 -:0.325 . 0.325, ‘ T
11.42 0.324 0.325°  0.320, 0. 323 S L
11.62 0.320 - 0.324 - 0.321 . 0.322° % e
11.96 °0.33%2°. .0.333 - 0.33  0.3%4.. . -
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“ Figure 42. Grapmca] Representatwn of Absorbance-pH Data of , .
’ £ / Tmchlorometmaude 2 x 1075 M '
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Table ]4 Data for the Determ1nat1on of the 0ver1app1ng pKa Va]ues of

Alth1az1de

"Eﬁ.Alth1az1de 2 x107° M
> «xAnalytical Wavelength: 270 nm

‘Pathlength: 1 ¢ _
Tonic Strength: 0.10 M . :
Temperatyre: 23 + 1° C o ®
T I “ b - Q‘KP
. eaﬁ.:,.4 N . »
pH i«ﬁ“ﬁa : _#3 Average
' 5.74 "0.387 0 387 02387 .. 0w387.
5.94 0.367. - 0.369 {, 10,369 « ¥5." d?%ﬁg;i‘
6.22 0.365 0.365=w ;0.365 77 © 0.365.
. 6.42 0.368 0.365 .- “'70.366 " 0.366
6.60 0.379 0.378 0.370 0.376
6.80 0.366 0.365 0.360 - 0.364
7.00 0.370 0.378 0.378 0.375
7.21 0.370 0.369 0.370 0.370+
7.42 .0.355 - 0.356 0.356 0.356
7.62 0.355 0.356 0.356 0.356
7.82 0.355 0.355 0.355 0.355
8.07 . 0. 0.340 . 0.341
8.32 0. 0.343 0.343
8.39 . 0. 0.331 0.331
8.59 - . 0. 0.326 0.328
8.73 : 0.317 0.317,
8.91 0.321 0.319
9.09 . 10.294 .0.297
- 9.26 . . . 0.295 " ° . 0.295
. .9.30 . 0. ..0.294 *  0.294
g% 9.54 . 0 4 J.297 0.297
e - 9.69 . 0.3 0.306 -y 0.305
7 9.73 ). ©0:295-.. 0.296 w2 0.295
‘ 9.86 0 . 0.28% , 0,288 - 7 0.286
10.23 - 0.284 " 0.284°%" 0.284 .- 0.284
10.35 0.281 .?o;a§t5w+g 0.282 . - 0.282
10.40 0.287 . - 0¥87- - -0.285 . 0:286
10.57 0.279 : °_ Q.279 ~0.279 $0.279
10.68- 0.283 %5 + . .0.285 0.284"
- .10.95 ©0.285 . . 0.285 .  0.286 - 0.285
ST M3 0 0.283 . 0.287 0.284 0.285
S 118 57T 0,258 ., 0.269 0.268 0.265
11,16~ 7, 0.279 0.279 0.280 0.279-
11.53° 0.290 0.29] 0.290 - 0.290
= _
. ' &
C . ‘

e

> <
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Tab]e 15. Data for the Determination of the Over]app1ng pKa
Values of Flumethiazide

Flumethiazide

Analytical Wav
Pathlength: 1
Ionic Strength:

2 x 10‘5 M

elength: 270 nm

cm

0. ok
24 = gg

Temperature:
. Absorbance .
pH #1 #2 - #3 Average
4,15 0.160 .+, 0.159 0.152 ° 0,159
¥ 4,33 0.160 % 0.159. 0.159 -0.159
4,50 0.159 i 0.159 0.154 0.157
4,73 0.157 ., #+'0,158 0.156 0.157
4,88 0. 15433 . 0.155 0.154- 0.154
5.05 ,0.15T%g 0,157 0.149. 0.150 -
5.21 0.147 0.146 0,149 - 0.147
5.56 0.142 0.142 10.139 0.147
5.75 ~0.139 0.139 0,133 0.137
- 5.93 L %.0.106. 04102 0.100 0,103
6.12 0,082 0,081 0.079 0.081
6.30 0.071 ~  0.071 0.072 0.071
6.46 0.070 ** = 0.069 0.071 0,070
6.61 " 0.068 0.069 0,069 0.069
" 6.80 0.065 10.065 0.065 0.065
6.99 0.051 0.051 0.050 - 0.051
7.26 0.049 0.050 0.049 0.049
7..55 0.051 0.048 0.049 . 0.049
7.64 0.042 0.042 0.041 > 0,042
- 7.80 0.033 *  0.034" 0.035 [f/ 0.034
7.98 '0.033 0.030 0.031 0.031
8.22 0.029 0.030 0.031 0.030
8.45 0.032 0.033 0.031 0.032
8.68 0.036 0.036 0.036 0.036
8.86 0.046 0.047 0.046 0.046
9.08 0.050 0.050  0.049 0.050
. 9.29 0.051 0.051 - 0,051 0.051
. 9.55 0.057 0.057 0.057 0.057
- 9,79 0.059 0.057 0.056 10,057
10.01 . 0.060 0.059 0,059 >  0.059
10.10 0.067 0,066 - 0.065 0.066
10.50 0.068 - 0.068 0.069 0.068
10.76 0.066 0.067

0.067

y

0.067

172
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Fi‘gure 44. Graphical Répresen‘ta'tion of ‘A‘b'$or‘b‘ance_-pH Data

- of Flumethiazide 2 x 105 M
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< Table 16. Data for the Determination of the Overlapping pKa Values
‘ of Ch]orothiazide ‘ S

Chlorothiazide 2 x 10=5 M

Analytical Wavelength: 290 nm

Pathlength: 1 cm

Ionic Strength: 0,01 M

Temperature: 24 + 1°C C .

0

“’ Absorbance
pH A #2 "#3 ’ Average
4,17 0.090 0.090 - 0,091 0.090
4,37 0.111° - 0.108 0.108 0.109
4,55 0.113 * 0,112 4 0.709 0.111
4,76 . 0.104 0.103- "  0.103 0.103
4,92 0.102 0.103  0.102 . 0,102
5.25 . 0.094 0.094 0.093 . . 0.094
5:42 0.102 0.103 0.102 0.102
5.57 . 0,108 - 0.109 0.109 0.109
5.94 o.M4 . .14 0.114. . 0.114
6.00,, * ~  0.116~>  0.115 0.114° " 0,115
6.23 @ s 0.120° 0.119 0.120 0.120
6.42 . o 0.123 . 0.122 0.125 0.123
s 68 9w02123 N (L 125 0.126 < 0.125
6.86 0,130 0.131 0.130 0.130
7.04 - 0.124 0.125.. . 0.126 . .  0.125
7.25 0.129 0.128 0.129 0,129
7.42 . 0,144 0.144 - 0.144 0.144 .
7,57 70,147 0.147 - 0.150 0.148
7.69 0,150 0.150 0.150 0.150
7.72- 0,149 0.149 0,157 - 0.150
8.05 0.149 0.150 . 0.149 °  0.149 .
8.25 - 0.155 0.154 0.155 - 0.155
- 8.45 0,175 0,176 0.176 0.176
8.69. 0.183 - 0,183 . 0,183 - 0.183
8,90 - .. 0.187 0.187 0,185 . 0.186
_3.11 7 0.190 0.189 . . 0,189 0.189
.31 0.200 0.199 0.200 -~ 0,200
9,52 » 0.207 0,206 © 0,205 0,206 .
9,79 . 0.254 0,254 - 0,255 0.254
9.99 0,305 "0.306 0.305 0.305
- 10.10 - 0,316 0,317 0.315 0.316
10.45 0,333 0.332 0,333 - '0.333
10.65 0.337 - 0,338 0.334 0.336

_ '13.57 . .0.339 0.338 0,340 - - 0.339
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+ Table 17 Data fdr the Détermi',nation of the Overtapping-pKa .Vaiués v
. . oﬁ,Behg!-ro,fl_‘umeth‘iv‘avz,-de e ‘ | | s

- S : S g
Rzige 2'x 10-5 L o )
dength: . 270 m o C
cm - PR ST |
o 0.10 M
Tempera 23.5 + 1°C

o , Absorbance s -
. '@Jﬁ #1 #2 #3 ‘Av‘ﬁgi/f
: 5.32 -~ 10,3900 0,388 0.389 0.389 e
5.55 . 0.377 0.377 0.378 0.377 o
5.74 0.385 0.382 0.379 - 0.382 0
5.94 - 0.411 0.408 0,408 0.408 o
6.14 -~ 0.39 0.394 0.393 1 0.394
6.35 0.300 0.296 0,297 0,298
6.55 0.419 0.408 0.406 . 0,411 -
6.74 0.407 = 0.403 0.403 0.404
6.93 0.405 0.401 0.402 . 0,403
7.13 0.384 - 0,380 0.383 0.382
7.35 . 0.415 . 0.412 0.234 7 0.414
T 7.56 - 0.426 0,417 g.412 0.418
7.77 0.427 0.422 0.422 . 0.424
7.99 0.415 0.412 0,413 0.413
. 8.18 0.416 . 0,416 0.415 0.415
€3.40 - 0.403  0.401 0.402 © 0,402
- 8.57 0.395 0.{393 0.394 .~ 0.394°
8.76° ¢ 0,390 -0.384 0.387 .+ 0,387
8.91 0.370. 0,373 0,370 . 0,371
9.09 - 0.361 - 0.360 10.362 "0.361 .
9.28 - 0.353. 0.353 0,353 (353 o
9.47 0.337 0.336 0.336 - 0.336
9.67 0.335  0.333 0,333 . (.33
- 9.8 0,33 0.331 0..331 0.331
10.06 0.337 0.337 0,337 . 0.337
10,25 «0,332 0.330  0.332 = .33
10,40 0.346 ~  0.346 0.347 0.346
10,53 0.345 0.344 0,386 - 0,345
- 10.69 . 0.346 - (.346 0.346 0:346
13.78 0.374 0.374  0.374 . .374
. . ) ) . . N . ch ,'-"‘-f,.,,; PR 2 S S
SN, SRR SR TR TS oA ¢
\ | o B
|
- \\/
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‘%Table 18 Uata for the Determ1nat1on of the Over15prng pKa Values

a1‘1Cyc1oth1az1de 2 x 107 5 M e T e
-~ 'Analytical wave1ength' EZQ,nm S e UL SR
... :Pathlength: - 1.cm- : SR ) R S
: ~Tonic: Strength-'vo 10M .- R R
. ..Temperature: -24 + 1°C »j“ B

S . . O

Sy w
5 p‘, .

of Cycloth1az1de o

o s
The—a

- .- Absorbance =

UM A 2 | #  Average .

7,07 o' 0.268 . 0.269- - 0.269 - 0.269°
7.8 - 70,265 0,265 0.263 . 0,264 . -
7.37 0,269 ° 0.269 . 0,271 .0.270 oy
7.58 0 0.269. . 0.268|° 0,268 .- .0, 8
7018 0 00271 00,2730 0,271 0,272
8,05 0 0.271  ;0.271: 0,270 0. 271A
o822 .0.263 . .0.265  -0.266 . 0.265 |
' 8.46 0,268 " .0.269 . 0,270 . 0.269 .
o861 0,270 - 0271 L 0,269 0 0.2700. T
8,75 | 0.265.  '0.267 ..0.268. . 0.267 .
8.95 0.274 - °0.273 . 0.273 0,273 -
9,10 0.267  0.267 - 0.266 0.267
7 9.25 0,265 - 0.264 - 0.266 ~ .0.265
© 9,30 0.258  :0.257 0,257 - 0.257

Sy

.« 9,40 . 0.258  0.259 - 0.260 = 0.259

9.67 - 0.248 .. 0,250 0,250 .. "0.249
9.80 . 0.244 - 0,244 - 0.244 . . 0,284
9,95 © 0,23 0.236 " 0.236 . 0.236.
10,10 -~ 0,228 -~ 0,229 - 0:230 . . 0.229 .
10,25 0,224 . 0,223 ° - 0.222. . 0,223 . e
10,35 . 0,219 0,218 CQ.219. . 0.219 oot
.0 10,45 0,219 0.217 0.216° - 0,217 - = = . |
© 710055 0 0,217 .- 0,217 0,218 0.217
. 10.65 0,219 0,220 . 0.221 - 0,220 - ‘
10,76 - -0.225 0,224 0,225 . 0,225
10,85 . 0,225 - 0,224  0.224. Q.224, - i«
10,95 0,230 .. 0,230 - '0.230 - - 0.230 RIS
- 111300229 0,229 - -0.231. . 0,230 v
11,32 - 0.229 .. 0.230  0.231 . o0.2%0 .
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Computer Input and Output Data for F]umethlaude

e e we

INPUT -l FDR DIBASIC ACIDS:B FDR AMPHOL.YTLS:I FOR DIACIDIL -
. . o:‘,_. ' o R : B > . DAbLS--l
ABSORBAICE OF DIPRUTauATED“spﬁcxzs te 159
“ABSORBANCE OF NOJ- PRDTONATE.D SPECILS .-ﬂ67
IONIC STRENGTH x-ﬁl ' : : o
"PATH LEJGTH 14 Cd° o ’ ~
CO\ICENTRATIO‘J IN MOLES PER L.ITRE. .-BBBBQ
-TOTAL nlUMBER OF PAIRS OF DATA :18

‘ NLMBER OF PAIRS OF DATA FOR THE STRU.JGLR SE.T 16

~d - y -
® . .

'IJPUT DATA IN ORDER OF IdLHEASfdh PH T T
PH:5,93 x+;‘a.117assc-as ‘Aas:.lea EPSLLUJ= B.515068L+ 04
PH: 612  H+¥= B.758545E-06 - ABSIVE81  EPSILOJS UIAUSOYBEYed
- 'PH: 6430 H¥= 050118286 AbSITE71 . EPSILONZ &7 3556@6£€Bq'\,”
PH: 6- 46 . H+= 0-346730£°06 = ABS:@78  EPS1LON= BU35pubvives
- PHz 6- 61 g&:,32245H57E226;~ABSI2989ﬁ,:LPSILQué‘u 345000c¥ Q4
© PH: 6-88. H¥= B 1SB4BBE- as»TAbssraas' EPSILOJ%,B 425uuu;*ba
PH: 8. 68  H+= 9‘29891857331 ABS;~B36 aPsipu~=.a.zaueuah+ua'.jx
- PH:8-86 |H+= @3 138830BE-@8 ABS: @46 [ EPSI_OJ= @-2300UREvu4
;Pa;g:asg_‘u4=re“331733£—a9‘ ABSiT 8508 EPSILON= @7250000E¥ b4
'PH:9-29  H¥= @-512819E-09 ;ABS.-@SI..'LPSILUN—“G 255@00;?%4
UKL S ; K2 - - CEPSILON o .
=~z.1seaaez—65f‘= §-242118E-97 = B.265824E+04 -
= gI176634E59S = B 218631E-@7 = 0B-2639S8EFQ4 -
= @J1T7174E<8S ' = 8- 222@62E-067 = BJ264230EF04
= @J1T7@97TE-95 = @7221S73E-B7 3 @8- 26419 1E704 . <
= B-177188E-8S - = @-221648E-087 = 026419 7E¥04
=-a.r?7197£~zsv #,a.zznssahrav- 5 6-264196£¥94
'3‘0.83612lE-26"5"0-1232SBE~06 = 30164484L+94
= @-83B683E-Q6 = P-1P2554E<96 = @8.165861E¥04
;= B-838672E-86 = @ 182557E-936 = B 1650S9E¥ ¢4 : i
= 04838672E¥66v»éfﬂ-182557£—ﬁ6 ~5~a.165959£+04 T DRI
= @. 113831E-85 =fa.aa1974£-a7 = a 214628L+64 '

CHe X oY COPKA
= ‘G. 117485E-05 =-0.142482E-11 =-0.144146E-85 = 8-601698:t+01 .-
A @ 7SB545EX@6 =S@U212736EC11 ET@U1S1678E595 3 DUS36443E6 01
= @-501182E-086 =2-0-366713E~11 =-097258653E°05 -3 @IS85504ExB1

= @J346738E-Q6 3T@I236681E-11  ST@I230873£795 3 @UB99521EF 1

- a 0-245457EL66__4362[799t9EF11J_f:a;2;52863395¢:i P- 61238 6270l
=4o.ﬁfsases-a6' .- 0-7833505;12‘;%*QTI2BGBBE:657 5:0:6291562:01;73
717 AT 135.10 .. “AVERAGE pKaj = = 0. 6009506401



-Table 25. :Computer Input and Output Data for Chlorothiazide -
' I SN Tl R B

C CHLORDTHIAZI DE

e N

'w**¢ RESOLUTION oF . OVERLAPPING P&A VAbu;s y#;
xmﬁur -1 roa DIBASIC Acxns,a FOR AMPHULYILSal FUR DIACID1L~/
| L B R ‘ ARG ua:n:.fl_
'f.ABSORBANCE or«oxpnorounzsn spzcxzs ..339
"ABSORBAVCE OF NON~PROTUNATEL - SPLLLLS":.gaa
IONIC STREJGTH .@} ~ ~ . = = 77 =0

. PATH LENGTH Id CM 21 =~ Sl i
'COVCEQTRATION 1& MOL ES' PER LITR& ; aauaa o -
. TOTAL NUMBER OF PAIRS OF DATA :8 ~ = R W
WUMBER OF PAIRS OF DATA FOR THL STanbER sar :5

- — . -

INPUT DATA LJ_URDLR UF LJLREASLJG e S T R
PH: 5.94_ ju+-az.114816£-es ABS.-114 - EPSILUd= @. 570000UE+04
PH: 6 08  H¥Z B 99998SEZ26 L ,3_EPsIkbdélﬁrs7SBBB'"Bn'”

PH: 6523  H¥= @ S88BITE-86 - ABS: - . EPSILON= BU600BRREYLA .

. PH: 6542  H¥: @I38@I83E“86  ANS:Y | CEPSILONE Y. 615000EF04
 PH:6/68  H¥: @ 208926E-@6 EPSILONZ 876250005404

PH:9.79 35%#,9;16217zz-z9 ABS: <254 - EPSILUN= 2.127686E+85
. "PH:9T 99"’Hfé«0-162326E-B9f _ABS$#73@5 - EPSlLONE @7 152588:¥05.
- PH: 10-18  He= 9.794287E-18 ABSI. 316 TEPSILud= e.xssaeea+es

AR K1 o 3(2 o  EPSILOd 11 R

“'=-¢.173887£—@A' 2.317696E-08 = Q. 635827E+04
=-@/169880E-04 = @B 4728483E-03 = B.6374lUEFG4
=<@ 168 1@9E-84 = @S543782E-03 PI638139EF V4
=-z.167313£—aa‘v B7576161E-83 - 63B4TIEF DA
=TQ16695SBE- 04 25909905~ 28 g 638 622E¥ b4

z-edse9a£+aaw
p< 638 722E¥ B4
B- 638737+ B4

-.B- S97611E-@8 -
D 6@26862.'—83 '

<@. 1 66789}:- 04'5
-0.166714£‘en,

N ‘u‘

=@ 166679E-84 = @ 602148E-@8 =
2= @.166663E-84 8. 68278 6E- 08 0- 638 T4IE¥ R4
2U@ 1 66656E-04 = @ 683U30E-08 @< 638 T4E6EFX D4
= @ 166654E-84 = @.6063181E-08 Q- 63874TE¥ B4

-n‘uwpwiru-wugup'uitu

-uiu-wlun(wjvurm1unuWWL

=<@J166651E-04 = 0. 68330708 8. 638 T43E¥ 04

=@ 166652E-04. = @.603243E°028 = 0-6387T48E¥D4

Bicdile: T e Rt R o

2~@.212329E-85 = 0.4761@3E-06 = @8-111959E+05 )

22@.212375E585 = @ 475987E786 = @-111947E+05
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o vaverage pKa2

 Table 26,

-

s .

"_:,Chiorothiézidéf o
"y _::?T»

62]480E ]0
483549E - 10
386]75E 10

73299 - 19;f
17528E-20
454185E 21

'_. H+' ."'4‘ i v .

0. 162170E 09;';
= 0,102326E-09. =
= 0.794287E~10

: ‘n “n ne
n-u e

-0. -0.
0. -0.
-0, -o

B ll II

'ufrévgfagefpKdé;éuQ.968823E+01”i»uf*:J o

}fBeﬁdkofjumethiaijag»j{*:">-y Fon sk

| S (Egs11on .f"’”lb_'
Epsilon M, =0 157471E+05
Eps1]on M2 ' ,164099E+05

-

Average Eps110n M

S
L= 0.1218835-08_

= o 1507 45+05

Eps11on M ‘

0. ]60794E+05

&é;o;zszéossedg

1

- .r' ’

e |
]4269]E 17

0.269153E~08  =-

qf

=1 O = 0
.0,173780E-08 - =-0, 883884F-18 == :0.129860E-08.
0.123027E- -08. ."=-0. 107876E-17 == 0.113892E-08
0.812831E-09  ..=-0, 944993E-18"  3-0. -100032E-08.

vz..o =...0

] u'uln -

958613E - 18;}- «110306€ - =08

-0;5248075509;_
- T.4208086-10
0. .8

'. _‘X;A , |
0. 450780E ]Q.u
0. 254392£ 19

i
0.144544E-09 -
\0,8709645;10,;

S N"ug

TR TR
o

896116E+01
104%?5E+02

'average pKal

0
0.

SN

B Computer 1nput and output dat;\?or ch]oroth1azwde

were used 1n the manua] ca]culat1ons.

Manua] Calcu]at1ons for Reso]ut1on of tﬂ@ Overlapplng pKa'
o V&]ues of Ch]oroth1az1de and Bendroflumeth1az1de |

o 0 958670E+01

LR

190182E 08

98584E-10

a _f}95‘ ‘

ol

’bK;u"w:.”
0. 979360E+01
0.968440E+07

< . e

: pKa S
0. 90523E+01.j~v*
'0.90566E+01
0.88948E+01.
0.88747E+01 -
0. 89274E+01 L

;-in’ TR

’”5pKa5
0. ]06653E+02
0. 103098E+02

'u;u

'/i

e
[

and bendroflumethiazide

FLE T



L ‘A‘.lé‘

;lTabTe‘Zf Combuter Input and Output Data for Bendrof]umeth1az1de

e, . _n

el asvoxaFLunsruvaIuE o v~:
=t RESSLUTION 4F iVERLAPPlVG PKA quuss e

5 1qu1 -1 FOR DIBlec ACID:.@ r.n AMPHoerEa.n FDR uxqc1p1c‘ :

ﬂ;"qaaaaaavcr ar oﬁﬁaarovarso ;PECIES 1.Aea j;{y;glgjg;;,[ﬁ{ﬁgf
- ABSIRSANCE 9F vsv'PRJT:vAT;u SPECIES ..346 R &

- TINIC .STRENGTH. L R .__,1__,A_ e S
;PATH LENGIH INCM oz T e "”*Ij;-..{,»fw‘i';
| "CSYCENTRATION xv MDLE; PER Lxrxa,..aoaa> o ,
U T3TAL NUMBER 9F PAIRS 3F DATA 27 e T x
s NUMBER SF PAIRS GF DATA FOR THE STRaOGER >E LT e R
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4/present the sh1ft of one.representat1ve group is expected to beg1n

~can be descr1bed‘by the fo]10w1ng deprotonat1ons O

{ deta11ed aecount of the dJssoc1at1ons 1nvo]ves the 1nd1v1dua1 groups,

201

) Nuc]ear MAgnet1c Resonance in Determ1n1ng T
the Order of Deprotonat1on , &

\

Benzoth1ad1az1nes are not amenab]e to pKa determ1nat1on by

» convent1ona1 NMR spectrometry because their 11m1ted water so]ub1]1ty -

\f does not perm1t concentrat1ons of O 1 M in pure]y aqueous med1a. :

}\Aqueous so]uttons of 2 x 1075 M can be ach1eved but this concentrat1on

\

‘Gan be 1ncreased(by the add1t1on .of organ1c so]ventg although. only
‘re1at1ve or comparat1ve pKa values wi]] then be determ1ned

\ NMR spectrometry is espec1a11y usefu1 in dec1d1ng the order of
protonat1on or deprotonat1on when over]app1ng 1on1zat1ons occur, there-

fore this method shou]d be part1cu1ar1y va]uab]e in determ1n1ng the

‘order of dissociation of the two acidic hydrogens of the th1az1des and of
7 .

the hydroth1az1des., Theoret1ca]1y, 1f more than one 1on1z1ng group is.

before the sh1ft of the other- representat1ve group beg1ng but th1s is

not necessar11y va11d when the 1on1zat1ons strong]y over?ap because
v ; : -k ) L

s1mu1taneous ‘shifting will occur (59). o ‘ . e
| The ac1d d1ssoc1at1on constants of th1az1des and of ﬁydroth1az1des

K}

o IK].‘\, :‘ v [(2 < . 2 ‘ .

where Kﬂ and K2 represent the macroscop1c acidity constants. A more

as descr1bed by Rabenste1n (59)

n D . . A 2
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. where K represents a microscopic dissociation constant,'the last

number in the subser1pt des1gnates the group 1nvo]ved in the part1cu1ar'

' 1on1zat1on step, and the first number in the subscript des1gnates the
group from which a proton has already 10n1zed . ’ P
The 1on1zat1on schemes forthenwcroscop1c constants and the

m1croscop1c constants can be expressed in the fo]]ow1ng termS'

L\.{']_:LH’L]([HA PLa)) Ltfiﬂﬁl_
b= [HAH] and 'KZ,. {HA- 1+[-AH]

Therefore, the re1at1onsh1p bef&een the macroscop1c constants and the

'm1croscop1c constants‘1s K1 = kl + k> and K2 = El&—l—E;L and it is
k12+k

- ev1dent that the macroscop1c constants are a compos1te of the m1cro-

scopic constants.-

Py

The chem1ca1 sh1ft of the group adJacent to the 1on1z1ng group - may

depend on the prdtonat1on or deprotdnat1on of only one of the funct1ona]
A

/
groups (a un1%ue resonance) or on the 1on1zat1on of both groups, (a

1common resonance{458) Idea]1y, 1f a uh1que resonance cou]d be 1ocated

\

H ][ 1, s I F[HA" 1 . Lo
» HAH ,’ Sl
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| benzothiadiazines methyclothiazide and hydrochlorothiazide were

' chosen as the model compounds.

“ +

: two t1trat1on curves would be ev1dent and one wou]d begin before the

'other, providing evidence~of tbe order of 1onization. The order of .

jonization 1s' not directly evident when a common resonance is 1nvolved

To determine the order of deprotonat1on,the representative ',‘%

‘a P

‘methycTothiazide o 5 hydrochlorothiazide

The z-methyl group in methyclothiazide shoqu provide information on

The NMR spectra'of methyc]oth1az1de and hydrochloroth1az1d were

obta1ned by the Four1er transform techn1que. Th1s method has - een

-deve]oped for the detectLon of weak s1gnals from d11ute samples and -

adequate spectra can be obta1ned for only 10- 50 ug of. sample. Instead

i

of a cont1nuous s1gna1 a pu]se mode app11es a ser1:? of, short rf pulses h

at sult/bﬁe 1ntervals and one pulse (only a m1cr05 cond in. durataon)
encompasses the}frequency range 1n,wh1ch the part1cu1ar nuc1e1-absorb
energy (95) AI] of the absorbing nuc]e1 become exc1ted and then

return to the ground state releasing energy wh1ch produces the free .

~induction. decay (FID) Four1er transformat1on oﬁ the FID yields the

a
frequency spectrum and the repet1t1ve output 51gJals obtained are '

stored by computer and converted 1nto an NMR spectrum
: /

1

te
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Vhe t1tration of hydrochloroth1azide was performed directly 1n the \".

ﬁNR tube (96) with 40% Na0D_as the concentrated titrant, whiqh mini-
mi zed dilution\(Gl) AN :
1nternal Standard TMS..

“

The spectrum of each COmpound was - examined before any titrantﬁwas

added and‘the resonances were assigned to the protons of the appropri-- -’ ;

A .
. ate functiona1 groups, as presented in Table 32. The exchangeab1e

e protons are not visible on “the NMR spectra since DZO was part of the
solvent system.h The spectral ass1gnments did not present any. diff1cu1ty
other than d1scern1ng between the aromatic protons at carbons 5 and 8.
Theoret1ca11y, one would expect e]ectron w1thdraw1ng groups to shift

the absorpt1on of an aromat1c proton to lower f1er, a desh1e1d1ng

effect and e]ectron donat1ng groups to shift the absorpt1on to higher p

f1e]d a sh1eFd1'g effect fherefore, the aromat1c proton at carbon 8
should be at lower field since.it is f]anked by e]ectron w1thdraw1ng
_ su]fonyl groups, whi1e the aromat1q proton at“carbon 5 should be at

higher field since it is f]anked by e]ectron donat1ng natrogen and

chlorine atoms. - These assignments were, in fact made by Egan (79) for

methyc]oth1az1de and by Boaz (97) for cyclothiazide.
o : The NMR spectnzsof methyc1o§h1az1de indicate that the aromat1c :
| proton resonance at 7. 198 ppm sh1fts significantly to h1gher f1e]d
(7. 014 ppm): when more than two equ1va]ents of base are added, whl]e
the aromat1c proton resonance at 8. 194 ppm does not exh1b1t a s1gni- i
f1cant shift under these- bas1c conditions, S1m11ar~1nformat1on for the
aromat1c,protons at,carbons 5 and 8 was obtained for hydrochlorothiaifde
from the titratign»NMR $pectra, 0 | o

o

.
[
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The proton at carbon 8 1s adJacent to the exoé&c11c su]fonam1do

“fgroup and nearby the cyc11c su1fonam1do group and th1s prox1m1ty

"“gshould resu]t 1n a sh1ft of the aromat1c proton resonance to h1gher

"f1e1d Ihe 1nf1uence of the§£ 1onlz1ng groups on the proton at

KON

o -carbon 5 should be neg11g1b1e. The NMR spectra] ev1dence obta1ned by

t1trat1ons w1th base led to the ass1gnment of aromat1c proton reson-

,~ahces at h1gher f1e1d to carbon 8 and the aromat1c proton resonanCes

at- 1ower f1e1d to carbon 5, for both metvyploth1az1de and hydro-

' ‘-:ﬁch1oroth1az1de. These part1cu1ar ass1gnments are contrary to those

”r_~made‘by Egan (79) and Boaz (97) for the aromat1c protons of methycTo-

L:th1az1de and cyc1oth1az1de respect1ve1y. - .' o

From the NMR spectra obta1ned dur1ng the t1trat10n»of hydroch]or0¢

th1az1de the chem1ca1 sh1ft of ‘the aromat1c proton at carbon 8 (H-8)

1was mon1tored for the 1on1zat1on of the exocyc11c su]fonam1do group

| f;wh11e the chem1ca1 sh1ft of the methylene protons at carbon 3 (H2 3)

+for hydroch]orothlazlde.

‘,was mon1tored for the deprotonat1on of the: cyc11c;su1f9nam1do group._
‘Due to the structura] pos1t1ons of these representat1ve groups, they

'were expected to exh1b1t un1que resonanCes w1th respect to the 1on1- L

zat1on of ne1ghbour1nggroups A common resonance 1nv01v1ng H- 8 was

‘ ant1c1pated but the H2 3 protons were expected to be unaffected by the
..deprotonat1on of the exocyc11c su1fonam1do group. The NMR spectra

vobta1ned for methyc]oth1az1de 1nd1cated a cons1derab1e effect on the

'methyne proton at -carbon 3 as th1s resonance sh1fted to h1gher f1e1d

' (5 441 - 5 367 ppm) when the exocycllc su]fonam1do group was. t1trated :

‘Ev1dent1y, both of the representat1ve groups of methyfloth1az1de

exh1b1t a common resonaﬁce\and th1s phenomenon can a]so be ant1c1pated

9 AR

o -
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The percent of totaT sh1ft for a partlcuTar resonance was determ1ned

’“*-by d1v1d1ng the chem1ca1 sh1ft of the resonance by 1ts totaT sh1ft over

S “than H-8" after the add1t1on of the first voTume of t1trant In the Y

‘dfthe entire t1trat1on (60) The percentages of the totaT sh1ft for. the ‘

'_two mon1tored resonances of hydroch]oroth1az1de at each add1t1on of '

’

. t1trant are presented in Tab]e 34 H2 -3 appears to have sh1fted more ‘ﬁ

the resonance for protons nearest the. more ac1d1c group shoqu sh1ft
’f1rst but subsequent ‘additions of t1trant to the hydrOChToroth1az1de
soTut1on reveaTed that the two resonances sh1ft more or Tess s1mu1-

taneousTy, since comparab]e percentages were obtalned for each. resonance

“’ unt11 2. 4 uT of t1trant had been added Approx1mate1y 20% of the total -

'shnft of H2-3 occurs when. a further 0.1 uT»voTume of t1trant 1s added

;at wh1ch po1nt the t1trat10n is v1rtua11y compTeted wh11e H 8 has

L sh1fted only. 89% after thg_add1t1on of the same amount of t1trant

The exper1menta1 procedure woqu have to be expanded to 1nc1ude o
the compTete t1trat1on of a methyc]oth1az1de sampTe and, aTso, the
.)t1trat1on of a modeT compound that 1s subst1tuted at the exocyc11c
‘ squonam1do group is necessary for a compTete 1nvest1gat1on. The
modeT compound ‘would" prov1de 1nformat1on on the effect of the 1on1za- f
*t1on of the cycT1c sulfonamido group on the aromat1c proton at carbon 8. v
:The supposedTy negT1g1bTe shifts observed with the t1trat1on of the '
two modeT compounds coqu ‘then be subtracted from the chem1caT sh1fts, L
of each site ‘of hydrochToroth1az1de, during the t1trat1on procedure.
Correct1ons for the effect of one 1on1zat1on on the shift of: protonsv

5remote from the s1te of 1on1zat1on can then be made as descr1bed by

_ Kesse1r1ng and Benet (60) The percentages of 1on1zat1on caTcuTated

(
Eo4 o




;from th1s data, thether w1th the m1croconstant equ111br1a, wou]d
:-represent a much more accurate p1cture of the order of deprotonat on
| of the ac1dic hydrogens of the benzoth1ad1az1nes. ' '

The 1nformat1on from the pre11m1nary NMR stud1es suggests that -

,the proton at the 2- pos1t1on (the cyc11c su]fonam1do proton) comp]etelyh:'““j"'

hd1ssoc1ates pr1or to the comp]ete 1on1zat1on c e exocyc11c ,\"
su]fonam1do group;,‘The eV1dence from the UV absorpt1on spectra of
.'the benzoth1ad1az1nes and d1azox1de, as. we11 as the effects of the
__subst1tuants at the 3 pos1t1on on the pKa va]ues, tnd1cates

"that th1s hypothes1s 1s correct , .,<;‘7' f - h'..,t<‘ h:‘_ﬁgfj' 
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NMR Ass1gnments for Methycloth1az1de and Hydroch1oroth1az1de (o B
Before the Add1t1on of T1trant SRR

Number of

'-sh1ftgpp_),*

7,,»»;8.194

Sy

o 7.198
5,437

4,057

: group at carbon 3“:f E

2.708

" Chemical

v“.SihgTét"*"

singlet

trip1é£br

doublet

'singlet

Protons

Number of

- Hydrochlorothiazide
" aromatic proton
- at carbonJS e

aromat1c proton R
. at carbon 8

‘ methy]ene protons

at carbon 3

Shift(ppm)
862
7003

- 4.889

 Multiplicity

.siﬁglet: 

rf.sfn§1etfuﬁ , 

"‘51ng1ét'“"'

Protons -
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~

The attempts to determ1ne the reTat1oﬂ§h1p between the 1on1za—

‘bt1on propert1es of the benzoth1ad1az1nes and - the1r mechan1sm of

diuretic act1v1ty and durat1on of act1on have 1nvoTved the determin-

vat1on of thab1on1zat1on constants of these drugs. L
‘The solubility studies of methyc]oth1az1de and bendrofTumeth1az1de

: have confirmed decompos1t1on of these agents .which occurs under the

experimental cond1t1ons outlined by Green (70) and used by Agren and

Back (18) to determ1ne the pKal va]ue of bendrof]umeth1az1de. These

'exper1menta1 cond1t1ons refer speC1f1ca11y to the ag1tat1on equ1T1-

"brat1on time per1od in bas1c buffers and 1t has ‘been observed that

decompos1t1on beg1ns before compTete equ111brat1on can be ach1eved

: ATthough Whltehead. et al, (7) and: MoskaTyk.etraT (80) found that the

.‘t1trat1on of sampTes w1 th a high organ1c so]vent content d1d not -

ser1ous]y affect the pKa1 va]ues of var1ous benzoth1ad1az1nes, semi-

v aqueous t1trat1ons wou]d not prov1de 1nformat1on on the order of
-deprotonatlon of the two. ac1d1c hydrogens. ATso the va]1d1ty of the
_resuTts would be qUest1oned N - | '

vThe uv:. spectrophotometrlc method of determ1n1ng 1on1zat1on constants

rea]1zed the determ1nat10n of thermodynam1c vaTues and prov1ded some

".1ns1ght 1nto the order of depretqnat1on. The h1gh1y conJugated r1ng

system of the benzoth1ad1az1nes 1nd1cates a high moTar absorpt1v1ty,

_‘a property benef1c1a] to, obta1n1ng su1tab]e UV absorption spectra. '

The pKa, and pKaz vaTues ofC number of benzoth1ad1az1nes were

.determ1ned and ‘the pKa1 valuis were in good agreement w1th the 11ter--

ature va]ues, but the d1ff1cu1ty 1n determ1n1ng the pKa, vaTues is

'due to the sma]T d1fference between the moTar absorpt1v1t1es of the
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"that is su1tab1e Fo
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. monoprotonated and nonprotonated ‘species. This problem can be-

alleviated somewhat by the use of buffers of Tow ionic strength (0.01 M)

but the ease of’determining the pKap values is not necessarily assured,

The pKa2 va1ues of the benzoth1ad1a21nes are probably best determ1ned

by the d1str1but1on method. A known amount of drug can be~part1t1oned

b tween a su1tab1e water 1mm13c1b1e organ1c solvent and buffers of ,

P

‘1ow jonic strength. The ag1tat1on and eQu111brat1on time per1ods can

- be COntr;' ed and it wou]d be deS1rab1e to se]ect an organ1c so]vent

,v

]l of the compgunds under study.' This wou]d

'proV1de a bas1s for comparat1ve values.l Both the organ1c and the

'aqueous phase can be ana]yzed for drug content by GLC or\HPLC and A

tHese methods wou]d detect any decompos1t1on that may occur.
uv- absorpt1on spectra of the th1az1des, hydroth1az1des, and d1azox1de‘“'

have prov1ded ev1dence that the more acidic hydrogen is the one at the ‘

'
.2~position. NMR studwes have suggested that th1s hypothesis 1s correct

and that the two 1on1zat1ons occur almost : 's1mu1taneously. In

o add1t1on, NMR spectra1 ev1dence has ‘indicated that the. 3- subs1tuent

'of each of the benzoth1ad1a21nes has a: cons1derab1e 1nf1uence, not
‘_on]y on the acidity of the proton at the 2 p051t1on (7Y, but a1so on

thebac1d1ty_of the exocyclic su]fOnam1do hydrogen. The order of

deprotonat1on can be conf1rmed by the mon1tor1ng of the varlous

chem1ca1 sh1fts dur1ng the. t1trat1on of a mode] compound wh1ch has a

, substjtuent'1n place- of.One of,the eXOcyc11c su]fonam1do hydrogens.



/

Essig (19) found that benzoth1ad1az1nes ok,

0y
R
St

N

1nh1b1tors of pgam1noh1ppurate (PAH) - transpoﬁ A-han are ana]ogs of

Tow pKal are better

h1gher pKal. The fact that benzoth1ad1az1nes wh1ch are apprec1ab1y=
ionized at the pH of the medfum are bette?*ﬁnh1b1tors of PAH transport
5suggests some type of 1on1c bond1ng. The 1on1c bondlng to the- carrier
seems to be an un11ke1y mechan1sm of 1nh1b1t10n because the more 11p1d
so]ub]e drugs such as hydroch]oroth1az1de and cyc]openth1azide (16, 17)
are more potent d1uret1cs and they have a longer durat1on of action, -
Accord1ng‘UJAgren and Back (18) hydrof]umeth1az1de and bendroflu-
meth1az1de are more prote1n bound when 1on1zed and that for bendrbf]u-
meth1az1de a ten -fold 1ncrease in 1on1zat1on resu]ts in a three- fo]d
increase in the degree of b1nd1ng A Hydrof]umeth1az1de b1nds far ]ess
than bendrof]umeth1az1de and these 1nvest1gators suggest that this |
is because hydrof]umeth1az1de 1s ]ess 1on1zed and/or the bu]ky 3-_ ,
vsubst1tuent of bendrof]umeth1az1de contributes to hydrophoblc bond1ng.
Ev1dent1y, the degree of prote1n binding 1nf1uences the rena] excretlon
of hydrof]umeth1az1de and, therefore the 1ong durat1on of act1on of ©
bendrof1umeth1az1de may be due to 1ts h1gh degree of prote1n b1nd1ng._ ”
| Duggan (17) has proposed a dual” mechan1sm in wh1ch both an- act]ve
. transport process and- a pass1ve part1t1on process contr1bute to- drug -
fuptake. The act1ve process is of 11m1ted capac1ty and wou]d predom1nate
at ]ow drug concentrat1ons, wh11e the part1t1on process, determ1ned by
vthe po]ar1ty of each compound becomes preva1ent at h1gher drug con-

‘centrat1ons. -



"The more po]ar thiazides wou]d thus resemble PAH, in

that the bound pool would be in a facile equilibrium with
. the mobile one, and metabolic inhibition would resu]t in

a rapid net efflux of drug from the tubule, The' bound

pool of cyc1openth1az1de, ontheother hand wou]d be
.ma1nta1ned " (17)

[

This suggests. that thellipid'solubi1ity of the beniothiadiazine

determ1nes the extent to wh1ch 1ntrace11u1ar drug 1evels are part1-

| t1oned among the cytop]asm and subcellu]ar organe]]es. o /

7
' In any event the exocyc11c su1fonam1do group appears to be

‘essent1a] for s1gn1f1cant d1uret1c act1v1ty (1 6 9) and the ha]ogen

°
<

at the 6 pos1t1on is vital for ‘adequate ch]or1de jon excret1on (1, 9)

“
°

RN
There<1s.a def1n1te_re1at1onsh1p between the nature of the«3-subst1tuent

and diuretic activity'(7). Since the exocycliclsu]fonamido group is

vita] for diuretic actiVity, and‘this“group b?nds favorab]y to car-

bon1c anhydrase the hydrogen at the 2= pos1t1on woqu be free to

d1ssoc1ate and therefore, it would be the more ac1d1c hydrogen.

-
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22

23 S . i
2&"n986'REPD(3.XO)V,K.DCADA.CONC:KTYPE.*‘L:STHFV.(VSUBS(!J.I-lrhO)i
25 | 10 FORMATC215,2F10.3,F14.:9,2145F10- 4,7, 40A2) . B
26 - WHRITE(®,20) (NSUBSCIY»Il=1,40) R IR PR
-4 2dgr0annrc1u:./z//.30x.xzusuDSTANCE- '.aonzr =
28 C s ;
.29 €. READ'N. VALUES or pn Avn narxan LFVSITY(D) b :
31 . IF (NY 999.999.99 v S ‘ "
'32. 99 RAFAD (3. 230) cpucx:.pcx:.x-x.v> LT
"33 30 FORMAT(2F10%3) " » S ‘
3. . EFSC=DC/CONC . o ‘
- '35 . EPSA=DA/CONC . .. " S b

Toov

Tab]e 35 Computer Program Repr1nted from,“The Determ1nat1on of
Ion1zat1on Constants" (20)

*

L1ne 63 presented an: error message and CEPT2 0> was changed to

CEPT2 0 0 The computer program was uégd, w1th th1s a]terat1on, 1n_

a11 of the 1nvestlgat1ons.'

L : D ews L » g B AR - » N X%

 Table 43 Compulu l’rogrnmnu jor rnlrulanng overlapplnx tonlzauon conﬂan“ U"”t lﬁf"m’"""‘ d“"

‘GIVEN 10vIC. srnzvcru ASTREND . o0 R

B

1¢c “PROGRAH SPECPK :

2 C : LT Coo 5 A
3 c - CALCULATES OVFRLAPPIV PK~UALUES;FH0M_SchraoscquC[:v; N
a4 ¢ ?>DATA - ;h‘_ ﬁ_ - S ‘5';’; fi S TR TR

5 c : o : 2 co

& cowwou PH(SOJ.D(SO)pFPS(SO),HACT(SO).X(SO).<(50).v

7 1C(SO)aA(SO)oY(50).NSUHS(QOD.DENO%(SO).FC(SO).F%(SO):

8 < 2FACS0), PFLTAI (5035 DELTAZ( 503, CC(S0)»AACS0), SS(.50)» .

9 ‘arncrl(so>.rnc1?¢50).xx?so:.rrcsoz,rxlcsoa.rx?(sox.

10 ';“apxl(soa.ancsona R , B
e SRR e |

12°:C RFAD. THE NAME' OF THE susswchschuas>.rH£ rouAL _

13 C . 'NUMBER .(NY OF '‘RFADINGS AND THE. _NUMBEH (K) USED FOn -

14.C “THF. IONIZATION OF THF srhovczn ‘GROUP. HPAD THE
15 C ‘CONSTANT ‘VALUES ' TD BE USED.’ THESE 'ARE JHE. OPTICAL'

16 C .- ‘.prvsfrrts OF THE DIPROTONATED SPECLES (DC),-AND THF

17.C°.° _NOVPHOTOVATED SPECIES (DA) FOR THE .GIVEN CONCENTRATION

18°C. . . (CONC) ‘AT  THE ANALYTICAL- VAUELENGTH (MWL) . ALLOCATE . . .

19-C . CHARGE TYPE (KIYPE) AS FOLLOVS- znnofseﬁ AMPHOLYTE,: LPOSITIVE

C ' INTEGFR FOR DIACIDIC BASES, NEGATIVE INTFGER FOR ‘
21 C DIBASIC ACIDS TO CALCULATE 'THE cosascrxovs FOR ‘THE

c

i o
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Tab1e;35 (cont1nued) *i“‘: e SO S
..»Ialnk-lll « muumrd) R ) i S RO UR

- 36 ‘Frs-srazwovu 5/C1, 0o1.5-(,1anv--o 5>>
‘:37‘; . 'ACT=)0.0¢%(0.5099FS) .

o 38 ACTI®10.0%%(1.527¢FS)
3% ACT2%10.0e0( 24 oas-rs» ) S :
40 DO 1 I=1sN Cd T e

41 0 FACTICI)=1.0 . e ' SRR
42 UFACT2C(Id=1.0 )
- a3 . DELTAI(I)=1.0.
Ciab. 0 DELTA2C1)=1+0
. 4S5 ' EPSCI=DC1)Y7CONC RIS S ST T
L4 H‘r HACTCI)=10.00a(~ PH(I)> o ;;_-t_a,“' ERERER
(470 CWRITEC.. 393 gl EPT
48 39 FORMAT (//.2ax.17Hco~vznGE~cs CHECK, 7/, 16X>»
_upqi,_ - 12HK 1. 11X, 2HK2,. 9x.7nspsn<1).3x.7HzPsncz),
CUs0 23x.8HsPsn(Ava.1x.|un.3x.1HJ> o
..S1C
" op
%
. sa
.55
56
'L e 58 S
- 59 ;;',; AV=040 S - RN
- 60 . CK1=0.0 ;; RS (R RS
61, ' CK2=0.0" L e R o
e - - CEPT1=04 o Co T e
630 U CEPT2=0> . L P S O
-5 R L M=K=1: ("
65. T JE0 o o
66 . 'CHEGK=0. os'DA'1f~; Lo . L s
67’ ‘456 BT R ~_ﬁ : _-_"f' Lo ‘
CEB - d2sNRK T T T e T s
69 11 IF(DC.6E.CHECKY GD . 10 301 =\.;.H--; BRI *1’}
70 .GD 'TO 221 . : o v RINETEET - ,
71381 1F (J2-0) 252, 21,252 e S
S 720221 IF (M=KD 21.21.252 ‘ o S
S® 73 217 .SUME20.0 : SR N
LT 'StMC=040
75 77 SUMsSC=0.0 -
L ua16 . SUM52=0.0
ta7 0 suace£0.0
78 . CKIA=CK1:
79 .7 .. CK2A=CK2 .
.80 - . DO 2 I=tem
Bl .SSCI)=(DC1)/CONCI- DELTAI(X)
SB2 . SCIY=SSCII*FACTICI) . '
g3 3),f‘ CCCII=HACT(I)e(EPSC-55C1)).

COMPUTE HOLAR ASSORBANCE OF THE MONOPROTONATED
SPEC]ES CEPSM) USING K ﬁESUL.'lS IN"EQUATION (4. 'l)
“THI S - VALUE: UIQL EE KMO\JN ‘AS CEFT1. IF THE- OPTICAL
’ DENSITY OF " THE", IPROJ’ONQTED SPECIES. ¢(PC)Y 1S VERY
SHALL OR ZERO. AUSE- (N=K) RESULTS IN EOUATION ’
(b TR AS DETAILED ‘BELOW' (STA‘TEHENT 106 .. T

annonaann

AN

v

B4 - 1F C(KTYPE)- 31, 32,33
"85 31 CCIY)=CcCCiIZACT . -
.86 . GOTO 12 .
BT 32 C(I)=CC(I)tACT

.88 GO TO 12 '

T P et s oo
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W e
Tab]e 35. (cont1nued) ;
vﬁhtu\«ammmd)' TR _ .
- oee -7 33 gudscctideacTs e
~ .90 " 12 SUMC=SUMCeC(]) ' o ‘ o
91 \SUMSESUMS+SC1) - B
V92 ‘SUHSCFSUHSC*S(X)OC(!)‘
793 . SUMS2=SUMS2eS(1)e942 .
.94 2 suncz=$unc9»c1:>-c2 e o o ’ o
95 . FNaM ' ORI : Ll LN
.96 Dznon1=(FNcsuncz—suwr~-z) ' ‘ o L T
97 SLOPE1#(FNe5WSC- SUMCe SUMS) /DENOMI S
98 .CEPTI=(SUMSeSUMC2- SuiCes SUMSC)/ DENOMI e {
.99 -~ CK=ABS(1.0/SLOPE1). . v : - :
joo - EPSM=CEPTL . T - y
101 S GO TO 145 s A ; ‘ , L
. 102 C L ' L e ' : ; 3
. 103 C "'COMPUTE. MOLAR ASSORBANCE (EPSM) stnc ECUAT]ON - b
104 C (42 7A FOR C(N-K) RESULTS- THE . VALUE 1S KNOWN AS czpra. _ 4
©105.€ o ) :
106 252-J=N~K S S
107 . MI=Kel o ‘ : v :
108 , 253 . SW”MS=0.0. .. oL e _ F
109 . SUMA=0-0 .- P @& :
110 - S SUMSA=0.0 . - . . R P } S Tk
11 0 suMs2=0.0 < s : R = S
S o112 o SWMA220.0 - o0 L : e I
S 113 “CK1A=CK1 o S - B : RS |
114 CKBA=CK2. - N ; v ~ ‘ e el 4
S 11s . poaI=MIL.NG ‘ - : C . ' ' 3
ORNIED § T IR SS(!):(D(I)/CONC) DELTA2(I)', coe LT : RIS
Ny SCIY=SSCI)*FACT2(I) o : o S R ' o
: © 118 AACI )= (EPSA- ‘65133 /HACTCI) Ly .
I O L R C(KTYPE) 34,35,36 : i K
L 20 34 ACI)=AACI)*ACTI : Y Co L e
12l e .GD*TO . 13 - T O R v ' " _ S -
122 . 35 AtID= AA(:)cncr’ T TV " b
“f1e3" - GO TO 13 v - -
1128 - 36 ALLD=E AACIdZACT. PR o LS
©125 0 13 SUMAS SUMA+ACLY . S . o -
128 - - SUMS=SUMS+SCI) E 5 ; S , .
- v127>,;. _su159 SUﬂSA*SJI)‘A(l) oy B Lo - : o
e 28 SUMS2=SUMS2+5C(1)s=2 o ’ : : S
129 . 4 SUMA2= SU‘AZ*K(I)*‘Z S
130 4er=J : e
13 ’DENOﬂ2=(FN¢SUMA2-SUﬂAt-2).~ B
‘132 SLOPE2=(FN*«SUMSA- sunntsuﬂs>/ptuona ,
133 . CEPT2 -(snus~sunA2-SUﬂA'SUﬂSA)lanowa .
13a. . . CKK=ABSCSLOPE2) S
13S. EPSM =CEPT2.
136 J2=0, ’ '
137 C L S . ‘
{38, €. USE THE MEAN. VALUE OF "EPSM IN EQUATION ¢a.5A)
139 € TO CALCULATE K1'AND K1 USING ALL RESULTS (N)-
140 C _THESE VALUES ARE KNOWN 'AS CKI1 AND CK2- ' '
14y 'c , L
o P ’
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Tab]e 35 (cont1nued)

'lelcl 8 ((.pnlmurd) : :
- yaz2 ‘145 SUMX=0.0 . o .
183 °  SUMX2=0D.0 ]
144 < SUMXY=0.0" & . .
145 SUMY=0.0 ‘ i
146 SUMY2=0.0
147 . DO 6 I=1,N =~
148 XXC1)= HAcr(IJ-ta.(EPstxa EPSC)/(EPS(I) EPSA>
149 YYEIDd=-HACTC(I)*(EPS(I)~ EPSM)/(EPS(I) EPSA)
150 "IFCKTYPEY = 44,45, 46, .
151 44 XCI1)=XXCI)/Z7ACT2 P
152 YCI)=YYCI)/ACTI
153 . GO .TO 14 .
154 4S5 XCI)= xx<r>
155 YCI)=YYCI)/ACT
156 . GO TO 14 oL
T 157 46 XC1)=XXCI>*ACT2 ‘
£ 1SB . YCI)=YYCID*ACT
189 L 14 SUMX=S5UMX+XCI)
‘160 SUMY=SUMY+Y(I) .
161 SUMX2=SUMX2+X(I)# 2
162 . SUMY2=SUMY24YC(1)*%2 R
163 6 SMXY= SU1XY+X(1)¢Y(X)
164 . FN=N ot
165 ,DENOﬂB-(FN‘SU4x2 SiIXve2)
L2166 SLOPE= ( FN#SU4XY- SUMX*SUMY )/ DENOM3
C1e7 CEPT= (SUMX2¢SUMY- SU’X'SUﬂXY)/DVNOﬁB .
16y CK2=ABS(CEPT) F : :
169 CKI=1.0/SLOPE - . . = p :
170 - ‘WRITEC 4,740) CK!;CKa'CEPTl.CEPT2,EPSﬂ.M.J~
171 40 FORMAT( 8X,2E14.5, 3F10-2,214)
172 - IF (AV.EQ.EPSM) GO TO 121
173 C B , e
“174-C 'COMPUTE CORRECTION FACTORS TO BE USED IN - :
175 C "EQUATIONS (4.7) AND (4.7A>. THESE ARE DELTAl} AND
176 C ‘AND FACTl» DELTA2 AVW FACT2 RESPECTIVELY.
r917C T o Lo .
So178 ‘Dosx—l,n S ' / AU -
179 FACT1C(13=1. o+cx2/HAdT(1> - —
180 FACT2C(I)=1. O*HACT(Ip/CKl o ’ ‘ R
181 ; DENon(x>=<Hacr<1>--2+cx1onAcrcx)4cxx-cx2> o
182 "FCCIY=HACTCI)*+*2/DENOMCI)
183  FAC1)=CK1*CK2/DENOM(I) .
184 . DELTARICID)=EPSA*FALI)
18S . 8 DELTA2CI)= EPscn-c&
186.C- - :
‘187 C . xcchx CONVERGENCE OF SUCCESSIUE VALUES FOR EACH
188 C CONSTANT. . :
189 C° . v S
190 "EPSILA = ABS(CK1#10.0*¢(-5))
191" EPSILB = ABS(CK2¢10.0+*(-4)) -
192 DIFFA=ABS(CK1A-CK1) : _
193 . DIFFB=ABS(CK2A-CK2) o -
194

IFCDIFFA-GT-EPSILAYGO TO 11 .




Table 35 (continued) R E

V)
 Table 4.8 {Continucd)

195 - IF(DIFFB.GT.EPSILB)GO TO ll
196 : IF (DC.LE.CHECK) GO TO uls
197 IF (M=K) xss.les.nae

» 198 166 DD 456 I=1,N
199 FACTI(I)=31.0
200 ;° FACT2CI)=1.0

. 201 .- DELTAI(1)=0.0
202 456 DELTA2(I)=0.0

203 . GO TO 156 _ ' ]

- 204 - 315 AV=aCEPT2 -

205 GO TO 147 s o _ ‘ v
206 146 AV=(CEPTI+CEPT2572.0 _ o , : ' o
207 . 147 EPSM=AV E oL S : : o

208 . GO TO 145
209 C ' .
210 C PREPARE FINAL OUTPUT.
211 C .
212 121 vaxrsta.a:>c~su35(x>é}-1.40) , ‘ i
213 4l FORMAT, cxnx,///.aox.aona.//,32x.7HRESULTs.//> o i
214 WRITEC4,111). EPSC, CONC, EPSA,MWL .. EPSM, STREN o/ N
215 111 FORMAT(/, 10X, 31HMOLAR ABSORBANCES*DIPHOTONATED= Fs.f
216 - 112X, 14HCONCENTRATION= , El11+4s/,27Xs
217 ‘21 4HNONPROTONATED= ,FB+1, 15X, 1 IHWAVEL ENGTH= .14.2nﬁb.
- 218 43/.26x.xsumonopaoronarzn= » Fi8< 1, 12H(CALC ABOVE), /61X, _
© 219 415HIONIC STRENGTH= ,F6. a.//.x1x,2HPH.ax,1HD.7x.3HEPs. '
220 5 9x.1Hx.12x.1HY.11x.3npx1.ax.3npx2> N
221 C
222 C “CALCULATE PK}Y AND PK2.. _ :
223 ¢ _ ‘ ' _ .
224 [ ' sM=0. o R . AR
225 . 'DD1B I=1,K : : 4
‘226 ~TKICI)=XCI>/CYCI)-CEPT) . . ' . . .
227 . PK1CIN= ALOGIO(],O/TK](I)) . B : :
228 18 SUM=SUM+PKI(I)
229 “FN=K
230 © AVI=SUM/FN .
‘231 ‘ wner(A.xxa;cpncx).Dcx),zps<1>.xc1).Y(:).PKl(I).1=1.K)
232 112 FORMATC(10X,Fa4. 2,F7. 3,r9 1,2E14.5,F9.3).
233 .SUM=0.0_
234 . Kl=Ke¢] _
235 ‘DO 19 1=K1,N .
. 236 - TK2(I)=Y(1)>-SLOPE*X(I)
231 PK2CIX=ALOG10C] « 0/rxacx>>
238 19 SWM=SUM+PK2(I)
239 © FN=N-K i
240 " AV2=SUM/FN
241 WRITEC4,113)CPHCI), DCI), EPSCIY;iXCI), Y(I).PKZ(!):I KI.N)
242 . 113 FORMATC(10XsF&2,F7«3,F94152E18:5,9%X,F7.3)
243 WRITEC4,132) -AV1, AV2 sl
244 132 FORMAT(//, 64X, ) 2HAVERAGE PKI- »F5.3,/»
245 172X, 4HPK2s »FS«3) , .
246 GO TO 986 -

247 999 CALL EXIT '
248 END




t Tab]e 36.ﬂ Computer Program for the Resolut1on of Overlapp1ng pKa Mglues

a T 229
Y. AR | o

!

¢

C: FOCAL- 1 I:LFUCA-

1. ﬂl

1.2 .
1. 03

“1.85
1086

1-10-

115
120
125
1. 30
1.35
1540
1545
150
1<55
1- 68
1< 61

163 .

1-65

1-70

- 14775
1.8¢

2.10

2.12

2.15

2. 20 .

3.18

3415

3.20°

3-25
3-30
La lﬂ
4. 15
4.29
S-10

. 6. 10
6.15

. 6< 20

7.18

715
1-20

.m’qh'm

beﬂ-m44w>>>M>>>::acam

W0

nme

L )
. 8X=8B3S SY=0;S5 SS=¢;S SP=p
“Ce GS*DA-DL)Z.IS;S \-r"l;b 6.

KT=FAbLSC(S5S# SY- SXx S5P) /RT)

uimt-_iiiminﬁfc'

111"sss RELSOLUTION OF OVELRLAFPING PKA VALUES TR

“FUR 20 LEub U REP_LMCE L 25 ud ol leB BY L 2o’
“I4PUT -1 FUK DIBASIGC ACLLS, s FUR mPnulYTes, | Fur™
" DIACIDIC HASLS™, T, i1 {Y' |
1"ABSURBAICEL UF DIPROTUWKTEL SFEULLLS ™. LL
I "ABSURBAICE UF WUW-PRUTUSATEL SFELLES s un

1“I0NIC STRENGTH *.'SI, 1"PaTH LEdGTA I4 TM *, P
I“CONCEI TRATIUN I3 MOLES Pzh o1TRL 'S Pd  ~

‘DC=DC/(PL*PM);S LA=LA/ (P_xP1) | E

1"TOTAL NUMBER (UF PALRS UF LATA",W

I"VUMBER UF PALRS UF LATHh FUR THE bTRuJbLH SLT b
114 PUT LDATA 14 URLEK UF ldbhahbldb Pd";S L=¢ ~
ISI+1;A l"PH".ucln.s H(I)=beR(lA;-d-JU439¥H(1))

“ H+ L HUIIIA " ABS", LCLISS LCL)E FLC1)/ (PosERS

e EPSILOY s, D(I)-J A’ * U‘?";LJ 1 ( FHDS(L D) ‘ 6Jl l 63

"

1=1-13T "XR'"6G 1.5
(-FABS(I= =425 1. 65,1 1
(I-N)1.5"

e

g T KL K2 . EPSILON m"

SI= FSQT(SI)/(h-l S*FSLIT(&:I)J;: u—-l
25" ‘ oo '

1S1,K5U° 20

vMA-(SY*SS .S)(*SP)/(:(*bb-be 2)5 5 U—ld

2.

CI=1,043D 21 ’ .

KT=(N%S5-SX12);S Lw= z{T/(.\I#SF 5Xx 5Y)

1z,xh,r “SAT,™ L MAT

C- QEZBI’-FABS((K\': :(a)/n\d))a. 2

« FABS( (x{T—t(b)/z{T)-- Qloﬁl) S. f

&S KB=LT] G dox
Afs LA=4W3 S t(b t{T:b Q— 1>T ¢

271

‘I =K+ IJNJD 22
'MA"‘SY*SS-SX*SP)/( (.\l :()*SS bX' d)ab Q 1

“1'
331 ¢ aaezx FAhS((Ah-KA)/dW))?.
FABS((KT-nE)/KT)-.BBﬁl’&-BS ""a

KA=KV5'S rnT.cr,(. 81 b

%
x
N
B
RY
&

T e G e e
Sl P Man

S
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Table 36 {continued) AP S . ‘ e ‘

8-85 I (W)8% 1,8.1;S Mb=MA : / .
Ha=<na+ms>/2.1 15D 38 Ar-css*sy-sx;sp>/cu;ab - SA12) 3

810 S
8J15 § KUBI/&U&S $Q=0;5 SR=9 o ‘
817 Tty C H+ . X ) o PKA™
828 F I=L.k;D 23 | ’ - o _
8.22 T | LR o . B S
325 F 1=x+1,u,u 24 . . : ,
830 S SQ=SQ/A5 S SK=SR/(A-K) . ’ - e
835 T l!"AULRAbL PAAI“:SQ:I"AVLHA&L PAH2“:bhall!lah '
14.19 1 <&r2-.ax)la.2,s &=8/2;5 L 14; S &-ataaﬁJ L
14-20 S &=1+ &+ &t 2/2+ 4T 3/ 6+ &f U/ 24+ a1 5/12131- «t 6/720
1S- 10 1 (&rz—a.ea*a+1>xs.2,s &—FS&T(&).D 15 S s=zxai k- 5
15208 S &=(&-1)/(&+I),' a=d¥(¢+&'d/3+at5/b+a'7/7) o )
20-18 S Y=D(I)-1;S X= u<1>*<bc—ucx)+1),1 (- 20. 2 3
-22512'S'G-KA*AE/(H(I)!2+&A*H(I)+Ru*xn). = ;
20<15 S Y=(1+KB/7HCI) )% (Y+ 1-LA%GY; S X= (X+H(I)*(Uﬂﬁu—l))' E
28.28 1 (T)20.25,28.3;S X=XsAUs G 20.35 " T :
20725 S X=X/AA;G 28735 : ¥
:208.38 S X=X¥AA
2835 S SX=SX+X; S SY= SY+Y5'S 55~55+xrz;s SP= sp+x*v 3
&
21-18 S X=(H(I)T2)x(LC1)- LG /CLCL) - LAy 2
21215 S Y=-H(I)* (LC1)-MAY /(DY) LAY RERE ]
21720 1. C(TY21.25,21.35S XEX*ATSS Y=SYxhis b 21.35 , v i
2125 S X= xxat,s Y= Y/AU,b 21.35 .7 : :
21538 S Y=Y/AA T -
21535 D 28. 35. o S T , : )
- - . . : ( '
22.18 S Y=uc1).s X~(DA-D(I))/H(I).1 - z2.2
22512 S G=CHCIDT 2) /(HCY)T 2+ AcHUL Y4 K 6% LK) ‘
22,15 S“Y~(1+H(1)/RA)*(Y—DC*G);S X= x+Lc*u/dc1) E
227208 1 (T)22.25,22.3;S RX= x/AA,u 2235 7T e
22,25 S X=X¥AW; & 22.35 ' R
22.30 S X=X=xAA
22735 D 28.35
- 23.18 L 21;5S Q=FSBR(15, (Y-KT)/X)/2. 30259 o
23-20 T 1 HCL), " %, X, " T, ys e T S \
23.30 T @S S@=sQe@ 7 T 1T < - '
24. 10 u.ax.s a=Fsaacxs.x/cY-Au4x))/a.3uzs9
24. 20 D 23. 2.7 RS sa-§a+n
25.85 C FUR 25 DEGREES
25-18 S AA=FSBR(14,SI*1.17892);5 S Ab=FSbR(l4;beJ.SJ677)-
. .25.28 S s

AT—FSBR( lll) 51*40 7’509):

. 26.85'C FOR 2@ DEGREES SRR R |
1 26¢ 18 S AA=FSBRC 14, S1%1. 17282); S AL=Fsbn<14,sL;3.516us) O B
26. 23 S T=FSBR( 141 SI*‘]O 65820): R : o B

°




