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o A recent Btudy on the iuhibition of the alkaline PR
Lo hydrolyaia rate of methyl trang-cinnamate by some heterﬁ- S
;é ?ififiE”cyc1i° 1igand3 (J. A, Mollica, Jr. and K. A. Connora, .‘ .v
{ ... J. Amer. Chem. Soc., 89, 308 (1967)) ascribed the inhibi- '

?Ff-tiona to a specific complexation interaction between the :fiﬁ;fi*7

ﬁ\ester and the heterocyclic moleculea, resulting in reduction

.;- 3ii_or the suaceptibility of the ester to hydroxide-ion -
,“" :iT?; catalyzed hydrolysis. This study has been extended by b f |

'rf :fjfj£§_comp1exing tendency or some carboxylic acid derivatives With '"H!j
"~ theophylline and its snion. Theophylline, imidazole,
‘.~ 8-bromotheophylline, and B-nitrotheophylline were tentative-::;fﬂﬁ

"75fly selected as ligands, but because of multiple complexes Lg;ﬂféli

~ and experimental difficulties, only the results with

'\ theophylline were considered significant in reaching -

7" conclusions. These compounds were selected as substratea:b?*?“ﬁ”“

| '“3:methjl cis-cinnamate, methyl benzoate, methyl crotonate, ' -
‘ il}i methyl acetate, trans-cinnaﬁaﬁide; benﬁamide, methyi '*': h | ?
.;fo"2 6~dichloro-trans-cinnamate, methyl prnitro-trans-cinna-_f=7Jf:3“
ﬁ:; mate, methyl 1-naphthoate, methyl 2-naphthoate, and methyl %
"hydrocinnmte. ; The spectral, aolubility, and kinetic




::  o techniquea were used to evaluate the apparent l 1 stability
"3[f'constants, diaagreement among them being taken as an 1ndi—_g;

. _'catian of non-1:1 stoichiometry. Heasurements were . ... .-

:  ;3 general1y made in aqueous buffers at 25.,0° and ionio.;fAﬁgifffﬁffﬁ
“73;_f_atrensth 0.3. j e b :f_ “:?_
" Metnyl cis-cinnamate and theophylline interact with a ;f

' stability constant about 50% of that for the interaction - ‘
' between methyl trans-cinnamate and theophylline. The__f;;gff”*“f
‘“1_;difference is ascribed to the loss of molecular planarify'éf{

I ié in the cis isomer. Methyl benzoate interacts with'f”' s
’-;f_theophylline to about the same degree as does methyl ¥

e _ j trans—cinnamate.l Hethyl crotonate interacts with theo-.;ffg
_; ;:£ilphyl1ine to a very emall degree. This result is taken as ” ii_ T
ﬂ_”_f £;ﬁ an indication of the importance of the aromatic ring in théfhf{*?ﬁ
:"?13{5Tcomplexation'intefaction. Other results which indicate the ﬂﬁ
_'ff;: importance of the aromatic ring are those for the inter- - ' 

%  ”ff1ﬁﬁaction between theophylline and cinnamamide, benzamide,lﬂ;i;ﬂV
| methyl l-naphthoate and methyl 2-naphthoate. Methyl o

; ';E; acetate did not appear to complex with thBOphylline.;;Qfg_”
) E';;fi:nethyl hydrocinnamate apparently interacted to a small

" degree with theoPhylline, but some unusual spectral changes P

V7 were | noted, and a tentative explanation for these spectral I??ffﬁ

___ 11  anomalieé is offered. Despite its lack of planarity;'

'  f?C methy1 2,6-dichlorocinnamate complexes with theophylline | \

1f.113 to a larger degree than does methyi trans-cinnamate. ‘This * _h”r_

: c_ "increased interaction may be a reault of dispersion torces ;ﬁ‘?;ii
°f:_between theophyllina and the chlorine atoms._nethyl I

Aoy .h.




| e I R e Gk L 3
o R-nitrocinnamate interacts with theophylline to about the )
: f;Ti.eame degree as does methyl trans-cinnamate, but it is i
: f?{zpostulated that these substrates form qualitatively ‘
.;i;;different complexes, and therefore the etability conetante
{”-“Eﬁieare not directly cemparable._{lgi”ff" f _' o ';  __ :
”___ .; ifi Four possible atrncturee.for the complex between 3 : |
.;;Féiemethyl trane—einnamate and theophylline are propoeed. Theirli;
ﬂi;f;'relative merits are diecueeed and some of the forces which. : e
' fimay be contributing to the etability of the complex inter- Ei
:fffactione are suggested. . ... f N ; _ '_ f' .
_E;_f} Appended is a atudy which illuetratee the relative e
,P___Jé catalytie and inhibitory effects of imidazole on the.,j;“-L
- “ifaiﬁlhydrolyaia of ethyl acetate as a function of pH. Imidazole
:.ﬂ?:}icatalyzes the hydrolysis of ethyl acetate at nmeutral pH .
{ ;*fff-while retarding the hydrolysis at high pH, presumably due
-"iiff:to a solvent effect. At some intermediate pH the two }ﬁh}ji
..'*ef.gieerfecte may cancel each other 80 that no effect on theh - £
;s ”f3ffﬁ{?hydrolyeie rate would be obeerved. s S
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. A. General Background.--The rate of alkaline hydrolysis '

(1) and by xenthines (III) (1). This inhibition has |

__”f'resultins in reduction of the susceptibility of the ,Bterf;ﬁ
;{t to hydroxide ion—catalyzed hydrolysis through stericféﬂ,,jﬁ

' I. INTRODUCTION =~ .

_ of methyl trans-cinnamate (I) is inhibited by imidazole R

" been attributed to a specific complexation 1nteraction ﬁ"fff;éttFtﬁ

" between the ester and the heterocyclic molecules, [?[i:;sztf;féia;

e L TR e ‘
O ~CH=CH-G-O-CH ' '+ i+

__} }i Theophylline:_ Ri =R, = ch' R, = R, = B ?ﬁ;”
- 7. Caffeines By = Rp =Ry = Offy, By =8 /om0
- 8-Chlorotheophylline: R, = 32 _ CHy, Ry = H 34 . Gl  ¥ tn"?;;i
ulmheophylline 7-acetio acida Rl - 32 @ cni’ EN

By - cHg-cooH, R4 -H



d“_and/or electronic modificationa.(l). The phenomenon of x
"°df_rate modification by complex formation is well documented° g

. pee (1)_and references therein, For example (and of

e posoibie practical.importanco to the pharmacist), the_.J-Jfgﬁﬂdiﬁtd

~ inhibition of the alkaline hydrolysis of some local_g“

., as readily accounted for as are the inhibitory end s
catalytic phenomena produced by & - and B-cyclodextrins

ﬁ'i;f_(5). These large molecules form inclusion compounds, with

. cavities of the cyclodextrine and the degree of ionization e;i
-yfjof the hydroxyl groups on the cyclodextrins determining f' 5

'demonstrated.' The reasons for these 1nhibitiono are not df;{i~

:ooworkers presented evidence that the alkylation.of phenola.v;

" . eanesthetics such as benzocaine by complexation with . ©

. xanthines (2, 3), macromolecules, and amides (4) has been e

:f_the extent of inclusion of the substrate molecule into the ﬁﬁ%ﬁifﬁf

' 'the direction and magnitude of the rate effects. Hart and

was inhibited by othera through a complexation mechanism

- (6). Dioxane at a concentration of 14 mole percent reduced gf;;

. phenol:dioxane complcxes._ In 1950, Allen published the ?

the apparent rate constant of phenol alkylation to about

3% of its value in the abaence of dioxane. Evidence was E;3;;;ff %

presented aupporting the existence of 2:1 and 1: 1

;a results of a study in which he measured the rate of 1;_:;. e
" saponification of methyl acetate by sodium hydroxide in

' the prescnce of various neutral salts (7). His data

 indicate a 1.6% retardation by O. 1N sodium 1actate,ifi?f§"":"mff

d;'s 7% retardation by 0.1 N aodium glycollate, and a ”i'jf:;;f?ffﬁt




"f;f difficult to rationalize the'effeeta'by sodium lactate
-'% and glyeollate as a general solvent or ionic strength

- ”:,-f- effect. In view of the percent inhibitions we have

'5e'interactien between the ester and the salicylate anion s A
: I__*'which reduced the susceptibility of the ester to alkaline _].a€g~-5

i

L:_?Iai.m% retardation by O.1 N eodium salicylate. vIt is not }jff {;?iF

: 4; observed in our systems, however, the result with sodium SRR

~ salicylate suggests to us a possible specific complexation :,;fiﬁfﬂ

g It is interesting to note that 1n none of the

. previouslys discussed references is proof offered as o the'ff?fi?

" This reflects the difficulty in experimentally determinins
? ;and measuring such forces, which are much weaker than f 4
T”;'covalent bond rorces.: That a shift in the spectrum of

“efi methyl trans-cinnamate was observed in the presence of the

it ester and ligand ‘molecules interacted with their molecular o

'f_the exact geometry ot the eomplex.(or complexes) from the_;leefﬁej

S data available.fff:ffif‘*-.&:~-**-i

' forces involved in the postulated complexation interactions;;i?"'

_;f"efi;‘complexins agents hinted that charge-transfer forces may beiif?ﬁfl
lliie;;0perative in these interactione, although hydrogen bondiﬂ3a~?"i:'ﬁ
 ;f_fhydr°Ph°bi° bonding, and dipole interactions could not be .

- excluded (1). The authors also suggested that the plamar - P

iﬁwfaf planes parallel. waever, it was impossible to describe M

i

Many intereeting questions were raiaed by this etudy

f_ with methyl trans-cinnamate and the heterocyclic ligende.;e9f;}ﬁf?

.".




" Por example, do the theophylline and theophylline anionzl;}f:¥gxi.'

G:complexes with methyl trans-cinnamate have the same'”75'i¢J

"e[7geometry? Why does the anion interact with a stability /

. constant of about 12 M'l while the neutral theophylline J;liﬁ

."’f.molecule gives a constant of about 24 M1? Can the

i "e ”3tructura1 analogy of the caffeine-methyl trans—cinnamate 2 _..; 3

. system, which possesses no possibilities for hydrogen

 bonding, be extended to theophylline and methyl trans-"-ﬁﬂ;f{ft7féf

; cinnamate, where hydrogen bonding 1a-posaible? Does -

-:[;ZTB-chlorotheophyiline anion, which interacts with the eater ¥

'I;f;more strongly than does theophylline, do so because of -

"-disperaion forces between the chlorine atom and the eater,'j:i”ige 

:if or is the stronger interaction due to the electron iR

R withdrawing effects of the chlorine on the theophyllinenf;fiie;:ld:

- molecule to which it is attached? By what mechanism does f’iff?7?f

't{:ff complexation reduce the susceptibility of the ester _f-,ffif;f?f” H
" molecule to hydroxide ion—catalyzed hydrolysis? Is the =~ =

2 :[}'rate modificatlon due to steric alterations,'electronic ;“f';:EE'ZH

';f'modificationa, or some combination of the two? We decided'fiffeg;f

754;7~that the answers to many of these questions might be

.'ﬁv:;apparent if the structure of the complex was known.

”'-Uf Knowledge of the stereochemistry involved in the

.:} interaction of imidazole with methyl Yrans-cinnamate mlght- BE

1: also provide a key to some aspects of enzyme 3P001ficity,__f%ffi“

__.' The imidazole moiety is known to reside in the active site f;;fi¥f5
ot °h7m°tr7PSin as part of the amino acid, histidine. It ffiﬂfﬁ%ﬁ'




't is possible that this imidazole molecule ia involved in -

r'substrate-imidazole complex may be unreactive toward the fﬁt
- catalytic function just as the methyl trans-cinnamate—3f55“f
 imidazole complex appears to be unreactive toward

”ih'hydroxide—ion catalyzed hydrolysis. Thus it was decided

: “ﬁ_information bearing on the structure of the complex formed'fiﬁ
;l; by the interaction of methyl trans-cinnamate with some or Bt

R validity of the appealing asaumption that the structure 1ifj.;f}¢5-

& the enzyme—substrate complex, the stereochemistry of this i&;?ﬁf?ff

;;{interaction being such that in one case the labile group-ﬁf;iiii¥f}
;Tl.cf the sﬁbstrate is positioned adjacent to a catalytic s o @
_'_f'runction in the active site, and in snother case the | iﬁh

'l;:complex geometry could be such that the labile group of ffij l;j_.v
fl{ the substrate is adjacent to a catalytically inactive f_?lfﬁéliifi

function. An alternate possibility for the case where a -

 substrate appears unreactive toward an enzyme is that the ﬁrﬁpm,ﬁi

that the purpose of this study would be to obtain

the heterocyclic molecules selected from reference (l)

. The structures of many inorganic complexes have been c,:fff*lﬁ

| _ determined and described in terms of molecular orbital .

. theory (8 9). However, examination of chapter. three of Seise e,
:MﬁjiiAndrews and Keefer 8 treatise (10) illustrates how little ll;glii?
I;_is known about the structure of organic complexes, y e

'l:l;especially those which exist only in solution. . x-ray-}
 @iffraction studies have made a significant contribution" ik
% %o the determination of the structures of crystalline irff';iqi;;;

-”complexes., Andrews and Keefer, however, qnestion the ff-?.:r




. of e'complex is.the same in the crystalline stafe'ae in _f;ff;hf”“f

_' solution. For examplo;'it is generally accepted that the f???
i bonzene—halogen complexes interact in a 1l:1 stoichiometry

;f in solution. However, X-ray data on crystalline benzene-:ff'ﬁ,;::{

' halogen complexes give evidence of a coordination number o

‘greater than one in the solid state (10).

- 'As a point of referenoo, it is convenient to propose

' a model for the methyl trans—cinnamate-heterocycllc ligand

. complex and then to modify it as the results of experiments ;; JHIT

.. dictate such changes. Since X-ray data on methyl trans-

. cinnamate, imidazole, and the xanthines show these moleculea';¢5f32

ani_to be planar, a reasonable assumption is that the componente gt

of the complex interact with their molecular planes pariﬂel.;;;ﬂf}

* There is much evidence in the literature o support this cie;f i

H%}i type of interaction. Murrell has suggested that maximum

' ”='overlap of donor and acceptor orbitals occurs in j"”

'{'chloranil-alkylbenzene complexes when the two molecular

*=-fﬁ'p1ane3 are parallel (11). Crystallographic studies he _
”5lindicate that 7 donor-macceptor complexes form by ﬂlternaf°'i.”_
.;:stackins_of the planes (12). The stability constant for th°17ffi
_ iiiiinterection of s-trinitrobenzene with biphenyl derivatives ;T ijfﬁ
m'f_decreases uith ortho substitution on one of the biphenyl .  i
rings (15). This has been attribubed to the non-plansrity = . |

of the double ring system produced by ortho substitutions,

thus inhibiting the_preferred parellel orientaﬁion of the ’_fe'f?'ﬁ
__interacting'molecules. Nakano and Higuohi have ahown that H;af?f*k
b benzamide and theophyllino interact with a stability

LA A A




|  'constant of 12 M‘l while N H—dimethylbenzamide and :
. theophylline give a stability constant of 2 M'l (14)

_: _These workers postulate that benzamide can interact with {? ;_?7_ _
‘:.th° planar theophylline molecule more readily than does e
.; the N,N-dimethyl derivative because benéamide'is plamar = .o
 while the disubstituted amide is not, With this model in ?; ;g7ff}
':g--_lmind, let us examine the experimental approach planned to'éﬁj;*? i,

~ obtain information concerning the geometry of the compléf.*}ffjfiif

 B. Plan of Research.--One of the most powerful approachegif;. .
. 'avai1ab1e to the chemist seeking mechanistic insight is :f;J;QfCE'f
_ the one utilizing structural variations in reactants, with- f;“h:"

"  observation of the effects these structural changes lead ”fff;1;;;?
| %o in the_experiméntﬁl qnanfities, such as equilibrium or H;f:h |
VZﬂrate constants.: This classical approach haﬁ been applied.:yﬁifgiif
- to the complex formation between xanthine ligands (mainlquj s
.;j' - theophylline) and methyl esters; the structural vériatioﬁ ?ﬂl_
"f; was thus concerned with the acyl portion of the cgrboxylicgff”
 acid derivative: R in R-COOCH;. The reference ester was, _"':
. of course, methyl trans—cinnamate._ It was hoped that this

S ieEet would show which features of the trans-cinnamoyl group . i
: " control tha atability of the complex.' Through the proper'jﬁii;ﬂﬁfﬁ

 design of experiments, it should be possiblo to find some A
bond angles, lengths, and °°nfisurations which are _,f' __.
critical to the interaction of the eater with these ;f;J SFE L

Lagante. [0 0 SO0




" was eliminated because of the complications introduced by

. ionized and the unionized form. Since other investigators . -

of primary importance was the selection of a ligand if 5£f“”“.f

£E (or ligauds).' It was desirable that the ligand interact;fiff?;
.with an apparent 1l:1 atoichiometry, not forming multiple ;fif;di;gii
complexes. It was also desirable that the cinnamatee";»{;fff;;fig:i
complex exhibit a relatively large stabllity conatant; ;-;E:i:;;f,}

" go that changes in this constent might be measured P f
 relatively accurately. Of the ligands that have been fij*féj{tfifi
- studied (1), theophylline, theophylline 7-acetic acid,f]jﬁ;%~~w*flig

caffeine, and 8-chlorotheophylline interacted most

- strongly with methyl trans-cinnamate. However, caffeine,;'-ffuf

".solf-asaociation of this ligand (15). Theophylline AR,
- 7-acetic acid was suspected. of producing multiple

complexes (l) The lability of the chloride in B—chloro-:iidf

. theophylline was questioned when reproducibility of some ;fif,ﬁdfff?
.of the data proved difficult to achieve. For these 1'f". |
 reasons theOphylline was the ligand of choice, since it
met most of the criteria. ' It was both an advantase and -

'a disadvantage that theophylline could be studied in the (;{;;?ff;}

s7sr in this laboratory had obtained preliminary data indi- i i

'_cating that 8-nitro- and B-bromotheophylline anions gave b

larger stability constanta than theophylline, these two -

1igands were also selected for tentative study. When ;"‘

possible, studies with imidazole were done since they.were j;;fifl?
 not as difficult experimentally as were atudies with the ﬁfﬁ)”fdiﬁf

xanthines.'ﬁif,ﬁfﬁ-*w A B e




2l of them representing some alteration in the basic acyl

T R L o g i
- The following substrates were selected ror atudy' all {;ﬁ

- structure of the methyl trans—cinnamate molecule: methyl ji?;fféwf

- cis-cinnamate, methyl benzoate, methyl acetate, methyl

Lol being taken as an indication of non 1:1 stoichiometry.-§ _ff£:

2,6-dichlorocinnamate, methyl g-nitrocinnamate, methyl 3f5*£:::ﬂ“ i
: l-naphthoate, methyl 2-naphthoate, methyl hydrbcinnamate,Iiitfiii-;
and styrene. Cinnamamide and benéamide were added later ﬁfj};'fiig
~ when a compléxins study involving these compounds andli-'::'?jlii.w
- theophylline appeared in the literature (14); the resulta.if?iigi?

~of this study aroused our interest because the stability '
jr.canstants reported seemed inconsistent with the results e
- we had obtained for benzoate and cinnamate estera.; Thelaffi;g?f%
'tl'kinetic, aolubility, and spectral methoda of studying the ?f;;

k interactions were utilized, disagreement among them ffyggzggyf




' with methanol. The product was purified by distillation [?f}*
_under reduced pressure, bp 73.5° (3 mm); bp 233° (1it.(16)
©232°), The purity was checked by determination of the Fal

_g.saponification equivalent. Found: 163 7, 164, 2. ffV?‘ff
. Theoreticals . 164,21, | S e

| alf 1.514 (1it. (16), bp 199°, n3° 1.517).

_cfA. Materials.-—ﬂethyl hydrocinnamatc was prepared by ,
' greating hydrocinnamoyl chloride (Eastman Organic Chemicals)

L A

Hydrocinnamic acid (Eastman Organic Chemicals) wagziﬁaiﬁ

 mecrystallized from water, mp 47-48° (1it.(17) 47.5-48° ).ii feen
_i . HMethyl benzoate (Matheson, Golcman and Bell) was _it?i:e'-'
. distilled through a packcd column, bp 196. 5_197° 7 =

2

Ny Methyl acctatc was prepared by treating acetic ”';iﬁi'fi:‘ffvn
anhydride with methanol. TFinal purification was accoﬁpijf;fj;;;t_
. plished.by distilling the crude ester from phosPhorous.tfiﬂflf;j;;Q
_i] pentoxide through a packcd column, bp 56 5° (lit. (18), -a;ﬁffﬁfi%f
__t ' Methyl crotonate (Matheson, Colemen and Bell) was cfr; e
ﬂ;;;;?purified by distillation through a packed colum, o J
' bp 117-118° (744 mm) (1it. (16), 119 ). TR TR s )
| The synthesis of cis-cinnamic acid was attempted :f;j;_f?Ml“'
u-by the following three methods: . (i) a series of  '
E stcrcospccific rcactiona which convert phenylpropiolio

,- Yo

e




 acid into cis-cinnamic acid (19); (ii) ultraviolet .
" irradiation of dilute solutions of trans-cinnamic acid ;

© (20-22); (iii) catalytic hydrogenation of phenylpropiolic . . '~

acid on Lindlar-type catalysts (23-28). Such poor yields fg?l:”?g‘

 were obtained by method (i) that it was abandonod._w."Qf :
Although the literature abounds with reports on the | :
- production of ring-substituted cis-cinnamic acids by

- ultraviolet irradiation of the corresponding trans acida;;§f75'333ﬁ

' we failed in all attempts to convert trans-cinnamic acid Pt

 _ to the cis compound by this method. The only method to

. meet with moderate success was that of catalytic hydro- LS Eele S

~ genation of phenylpropiolic acid. A large number of

hydrogenation experiments was carried out before reasonable f;,jtig

'ljl”yields were obtained. The previously cited references on

"this method did not list all of the critical experimental

~details such as ‘temperature, solvent, rate of hydrogen S

'Q-up-take, substrate/catalyst ratio, and catalyst poisoning
" agent, if used. Better yields were obtained using the
Parr low-pressure apparatus than with the atmospheric _

 'hydrogenation equipment. Details of this procedure are

w.s;ﬁjias follows.ﬁ _

A solution of sodium PhenylPrOPiolato was prepared jf.. R

by dlssolv1ng 10 gm of phenylpropiolic acid in 90 ml of
water containing 4,1 ml or aaturated aqueous aodium :
E hydroxide aolution.' This was placed in a 250 ml Parr

hydrogenation bottle with 0. 300 gu or Lindlar 8 -_'i;jgf_!“w* o




catalyst‘ and five drops of synthetic quinoline (J. T.r

'L_la'ﬁjpii;gf

. Baker Chemical Co.). The hydrogenation was initiated by fffffﬁf}f

shaking at an initial pressure of 40 psi at room tempora-;:fpf?“flp

_rturo. In this particular experiment, the pressure _ﬂ'¥' 
dropped to 34 psi over a period of 1.5 hours and was'
constant for 30 miﬁutos.‘ The calculated pressure drop oo

for this aystem was 5.8 psi.

 The hydrogenation mixture was removed from the Pars ik e

 bottle and the catalyst filtered off, The filtrate was - .

~ acidified with concentrated hydrochloric acid to a pH of.f;fjj;i_f

. 1 or less (pH paper). The precipitated free acid was o

PR e

"fp extracted with three portions of ether, the oombinod'fwﬁ-f“:’“f”’"

.:: ether extracts dried with anhydrous masnesium'sulfatos ' S

~ and the other evaporated to give a yollow, low-melting
__:solid, which was purified by a modification of ;

 Liebermann's aniline salt precipitation (30). This method.}%af;ﬁ 

| utilizes the fact that tho aniline salt of trans-cinnamic
:_aold is soluble in cold benzene while that of ols-clnnamio

© geid is insoluble. Approx:mately 10 parts of product was

oo dissolved in 15 parts of cold benzene and 7 parts of

‘h%jﬁ?anlllne was added (quantities are not critlcal) The"

precipitate which formed was suotion-filtored, and more
aniline was added to the filtrate to obtain a second crOp_

" of crystals. The two'crops were combined and the

~ *Lindlar's catalyst was prepared aocording to Reference 29,

. which contained a translated portion of Lindlar 8 orisinal i
monograph (27).“5; i 5o s T i



cis—cinnamic acid was released from'this solid with F: G

aqueous 5% hydrochloric acid. The free solid acid was fﬂffﬁiﬁ?*?“f

| extracted with three portions of ether, the combined - D o
ethereal extract dried (HgSO4), end the ether evaporated.; iﬁi{ﬁﬁf

| The residue was recrystallized twice from ligroin %o

 gcis-cinnamic acid with diazomethane in ether (33). The

 yield 6.2 gn of cis-cinnamic acid, mp 67-68° (1it. (31), X

,.68°)-' Cis-cinnamic acid exists in at least three polyh_;f:qf}';ﬁj;
morphic forms with melting points of 68°, 58°, and 42° --h.e.lge.:
(32). Although we never obtained the 42° polymorph, ee;jif;:;_iui;
_ occaslonally the 58° form would crystallize, but the  a;f;f;?f?Li;f
‘reason for this was never clear. = T

' Methyl cis-cinnamate was prepared by treating

" ester was purified by distillatien under reduced pressure; efF;ii”i
bp 126.5-128° (17-18 mm) (1lit. (34), 129-130° (corr.)/17 mm-_;'];fé
(28) 125-130°/0.01 mm); bp 247°; mp -3° to -2° (lit. (19), =

- =3.5%; (28) -2°). The nuclear magnetic resonance spectrum
:'in deuterated chloroform gave a singlet at'T'6.55 (methyl

protons), two pairs of doublets at 4.10 and 3.12 (olefinic
- protons, J =13 Hz), and a multiplet at 2.61 (eromatic )

e protons) . Integration gave a 3:1:1:5 ratio for the four

HWN&f? types of protons in the molecule. o

g AL Methyl 2-naphthoate was prepared by treating

2—naphthoy1 chloride (Eastman Organic Chemicals) with

 methanol in pyridine. The ester was purified by fq]f?ff _
Irecryatallizing twice from ethanol-water, mp 78° J;;;Liff:fL;;;.L
(lit. (55) 77 )"#figjfj!;ifff'ﬁ3.157*"’“‘” T



| _; Hethyl l—naphthoate was prepared by treating o
1-naphthoyl chloride (Eastman Organic Chemicals) with

| methanol‘in pyridine. The ester was purified by distil— Tﬁjtff?fef

lation under reduced pressure, bp 171-172° (17 mm)
(1it. (36), 159-160° (10 mm) ) e | | |

Trans-cinnamamide was prepared by treating cinnamoyl-235f.f}-

" chloride with ammonium hydroxide. The amide was purified

by four recrystallizations from ethanol-water using Norit“?jfffjfi
during the first recrystallization, mp l47° (lit. (55)3 .
147°, l44°, l4l°)

g
j

Benzamide had been prepared 124 K. A Connora, mp 130‘- flijf_:

(1it+,. (35), 130°). _

~ Styrene (Aldrich Chemical Co.), to which 0 5%
hydroquinone had been added, was distilled through a packed
column under réduced pressure, bp 66-67° (49-51 mm)

(1it. (37), 65° (50 mm)). It was stored under nitrogen in ;fij"'

a dark bottle at refrigerator temperatures. _
Methyl 2,6-dichloro~trans-cinnamate was prepared by
refluxing 2, 6-dichloro-trans-cinnamic acid (Aldrich '

~ Chemical Co.) with methanol for ten hours in the presence |
... of a small amount of sulfuric acid. An attempt was made

to purify the ester by vacuum sublimation. During thig-dfi" g

attempt, however, the crude ester melted since it was

‘necessary to warm it to 110° before any crystals appeared E

to collect on the dry ice-acetone cold finger at a preasure
or one millimeter. - This could be described as a Bhort-path
vacuum dietillation although at no time did the melted



- ester appear to boil.* The compound-collected on_ the cold cf*.ﬁ5l7f

 finger as white needles, mp 51. 5-52°, . | e
Tt éggl.__Calcd. for C,,HgC1,0,: C, 51 98 5, 3. 49, R ot
c1, 30.69. Found: C, 52.11; H, 3.55; Cl, 30.72. .
The nuclear magnetic resonance spectrum in deuterated'%ikéfg.;
chloroform yielded a singlet at 7 6.15 (methyilprOtoﬁB)' aﬁ::rf%?a‘
' two sets of doublets at 3.42 and 2.20 (olefinic protons, ttiflfiicj
J = 16 Hz) and a multiplet at 2.72_(aroaat1c protons). 'f“"““f
The integration yielded a 3:1:1:3 ratio for the four tyﬁes_ijyf;i_
of protons in the compound. ' SR >

The acid chloride of Ernitro—trans-cinnamic acid

N e ey e

(Eastman Organic Chemicals) was prepared by refluxing the
: acid with thionyl chloride.' Methyl prnitro-trans-cinnamate r{;7f}f
was then prepared by refluxing the acid chloride with ’

methanol. - The solid ester was recrystallized twice from f[

e ethanol, mp 163° (1it. (35), 161°).

| Theophylline (Merck & Co., U. S.P. ) was recrystallized
once from water., It was then dried at 150° for 12 hours, :;f;;??j*
- mp 271—272° This was the anhydrous form as determined by fiffffl

- non-aqueous titration in N N-dimethylformamide with. ki

:;¢¢standard lithium methoxide in benzene-methanol, using

> SR R

thymol blue as the indicator. R
‘Imidazole was purified aa previously described (l)

4 | B-Bromotheophylline (Aldrich Chemical Oo.) was used f'.

- as purohaaed.l Its purity was found to be satiafactory by

the same titration technique previously described for ;f_



. theophylline.* | . IR
. 'rB-Nitrotheophylline dihydrate (K & K Laboratories)' ¥?5?7?”?°[

Potentiometric titration of the compound with standard ey S
a sodium hydroxide,‘and loss of weight on drying at 150°, S R
ghowed that (a) the compound was the dihydrate although:f'i:J?2 “
__-not so labelled by the manufaoturer, and (b) the °0mpound ff]{fif;’

 was at least 98% pure as purchased.

| Acetonitrile and isooctane were purif;ed as describedrf;ilfli
| by Mollica and Connors (1)  Buffer chemicals were of |
 reagent grade quality, all water was redistilled from f _
alkaline permanganate, Standard buffers were prepared as ;fff:fif;
directed by Bates (39), while other buffera were prepared
" as indicated by Bates and Bower (40). _" : S
': Table I lists useful spectrophotometric data for some ﬁiffaiff
of the materials described in this aection.--' i

B, Apparatus.--Conatant temperatures were achieved with
water baths controlled to a claimed precision of $0.01° by
_ Sargent Thermonitor Relays. Some solubility determinations

~+-+, were made in a bath controlled to £0,05° by a mercury -

- ¢olumn regulator. Bath temperatures were checked with _“'
- thermometers carrying A.S5.T.M, or National Bureau of
Standards calibration certificates. = - f

*This determination was carried out by Mr. Paul A. Kramer. _ﬁjfgj;?
or this 1aboratory.,i_¢3,lh, S R N i R n i AT i oA




5 _ TABLE I *,{. ,:5 e . e SN
Ultraviolet Spectrophotometric D&ta ;   _

. Compound Amax 10° € max __ Solvent

" Methyl hydrocinnamate = 258 mp coa0 0.2l water o
. s 259 . 04196 . isooctane ?ﬂff

Methyl benzoate . 251 14 water

i Lo T 2R N e 1201 4 B dgoockane it
Methyl cis-cinnemate = 272 f;lﬂfffL10.4 T 95% ethanoi  :if;ci
| | culo e 268 L0l B.63 v water S i

cis-Cimnanic acid . « 262 . 10.2% . 5% etmamol '
cis-Cinnamate fon = - 254 . = 11.7° 0.1 N NaoH
' V: Methyl 2-naphthoatve ~fl 279i?:;f;ffi 6.82 :5Q¥ isooctane
- Methyl 1-naphthoate ;;  2§7:; 1€& £; 6.45 iﬂif isooctane

trans-Cinnamamide fi753,275 5f¥ﬁ3:3_20.0 :; ;- chloroform _;f55ﬁ}T
| s tf _i.;--f 276 L?J;;?l_21.7 f3 ﬁ_ water ;
 Styreme' - 2475 .. 124 .. water .

oo o ou8 0 7 15,0  isooctame .-

Methyl 2 6-dichloro- - - LE sy I At
trans—cinnamate _;»'313265 R 11.8 f;_igoocfgne SRR

"ﬁ*”Methyl prnitro-trans_i S SRR - L
g cinnamate . 302 o - _”‘I;l.watgrth _

= Theophylline S0 272 10.6 . water .

. aLit. (43) 6256_7 1.288 x 104 Ty
bLit‘. (43) 6254 1. 202 x 104 ._'_ 3 o



pH Measurements were made on a- Sargent model DR pH

18 ok

meter equlpped with a combination glass-calomel electrode,if{iffﬁ;f

| or on a Radiometer model 25 pH meter with scale expander._ffﬂ5qﬁﬁaf

and a wide range glass elect:ode.’ For all measurements
the meters were standardized between pH 7.413 and 9.180
uaing the standard buffers previously described. |

All spectrophotometric measurements were made on & j”fh?"f” :

N Cary Recording Spectrophotometer, model 14, equipped with ;ifﬂﬁj?ﬂ

a thermostated cell compartment and circulating water bath_f;gfﬁgx

that maintained temperature to -0 1°,

Solubility determinations were carrmed out in an o liint AR

apparatus described by Mollica and Connors (1). Melting';ﬁ?gﬂ-§€jﬂ

. points were determined on a Fisher-Johns or Thomas-Hoover .

'_Capillary Melting Point Apparatus. dFor the éccurate 5

delivery of very small volumes in spectral and pH-stat
' experiments, a 2.0 ml micrometer burette (Roger Gilmont 'ET

Instruments) was uaed.

C. Kinetic Measurements.;;unless otherwise noted, kinetic_f i

- studies were done at 25.0° C and ionic strength 0.3, with S St o

“ptﬂhyﬂrOxlde-lon activity establlshed by pH measurement as _.p}JfﬁTﬁ.;

described. The reaction media were aqueous phosphate or V:;p;r;{;f

hydroxide burfers at pH's from 11 to 12.6.

" Rate studies done in.the absenoe of acetonltrile were ~Tffffff

conducted in one of two ways. - If the ester was soluble f¥:1“7-?"°

enough in water, a stock solution of the ester in water .

- was prepared to be 100 times more concentrated than the



gesired initial concentration. Theh this solution was

diluted to.l/IOOIof its original concentration with a't
buffer of appropriate pH to initiate the reaction., For -

examplc; methyl benzoate was studied in this manner. For--l*“”“"*

less soluble esters, a solution of the ester in water at

the desired initlal concentration was preparcdo Initia";?f"““"°

tion of the reactlon was accompllshed by adding, in the o

amount of one percent of the final volume, a concentrated }f}f?&fff

'stcck solution of alkali hydroxldc or buffer Balta.
Methyl ggg-clnnamatc was studied this way. .-
- Kinetic measurements on mcthyl_hydrocinnamate werc'f“tb
made utilizing the second tcchnique,~but; because of thc. |
very'small absorbance changes which occurred upon clkalinc;i“f

hydrolysis of this ester, it was necessary to use the :

expanded scale slide-wire (0.,0-0,2 absorbance unit) on the.ﬂ7-.ﬂfrf

- Cary 14; Since the actual absorbance throughout the j’t'-5*iﬁ?'”

'_reactlon was groatcr than 0.2, a neutral density screen e ngi

(A = 0.473) was used in the reference compartment to bring

. the pen on scale. The ﬁcn was balanced at approximately -

A= O 01 with the neutral density screen in the rcfcrence'};:ff;i;¢

Nﬁfcompartmcnt and a one ccntlmeter cell contalnzng the

estcr 3olution in the sample compartment. Thc reaction ji;-
was then initiated and thc incrcase in absorbancc at
260 mp was followcd. ‘ e _ '_ '
v The details of the spectrophotomctric procednres used

' for kinetic measurements of reactions with various half- =

lives have been described (1) and were genmerally folloﬁed':;o;?gsz

Lo




20

" during this.stud&._ The direct speotrophotometric methods frrs?iazi
'..were useful in studies with imidazole, since its absorption iﬂf¥i”5

was rarely appreciable at the analytical wavelengths. i B

__ A1l kinetic studies employing theophylline as & = .-

'f:'ligand, and that were followed spectrophotometrically, ii”.i -

required a preliminary isooctane extraction of the ester i

 from an aliquot of reaction mixture taken at known time.:tlishggsle

' The theophylline was not removed from the aqueous buffer

. by one isooctane extraction, while the ester was essential-iiff{iﬂ;
1y completely extracted. “The pH-stat equipment and methods if”

~ have been described elsewhere (41). 'Rate constants were

-'.'determined from plots of log (A -A.,) or log (A -A ) vs.
t.‘time as well as by the method of Guggenheim (42)._ Table II i
- is a compilation of the second—order alkaline hydrolysis I;qi;;;gﬁ’
" rate constants for various esters.' s R

D, Solubility Measurements.-~An amount of substrate known

to be in excess of its solubility was added to each of f
several 4-dram screw-cap vials. To each vial was added | é
] 10.0 ml or-buffer solution containing varying amounts of _é
| ligﬂnd Parariln ® was used in addition to the screw—cap T
to seal the vials.. The vials were tumbled in a constant- ;H}f;?iré

.temperature water bath for 24 hours or 1onger." i
| “The method of separating ‘the excess substrate from _'i |
~ the aqueous solution varied with the physical form of the -

substrate.. If the substrate was a solid the aqueous ?rf}{ jJi?;f;ﬁ

AN S




TABLE II ,

- 'jjf{i=?

Second-Order Rate Constants for Alkaline Hydrolysis

- eoncentration

Ester _________ Method®  109(M) Mean _ N.D.°

Ne

Methyl benzoate §1t‘B .:"35 0.10 “ﬂfif 10 24 0.04
Methyl acetate ~ pH = 23.5 264 2.0

~ Methyl hydro--i§ Tf ﬁ"fi r;:jsg,ol;i;;ih_17_9 _:0.54 |

cinnamate . - T 00

+

Methyl crotonate_'; pH f?sf; “26.0_}:i?Yf“|3.44.'0.12'

cinnamate - . 8 ;:"f 0.16 “'f;;a 6.55. 0.12

Mothyd adtens to Chm e s B
 grans-cinnamate S . . 0.02 185" -

. 22.782  -f_;i

8See text for details. S - Direct spectrophotometry;'*'

- pH - pH-gtaty D - Differential Bpectrophotometry.

J.b25 0°, ionic strength, 0.3; solvent, water; baaed on ?.

- activity measurements (except as noted)..
°Standard deviation. ey
~ Y%umber of determinations.

... ®Ionic strength, 0.l; solvent, water with 1% acetonitrile. - i

¢ £25-0 5°- ionic strength, 0.06; solvent, water with -

1% acetonitrile, based on concentration measurements.

._gBased on activity calculated from 'XbH- = 0.815 for ff‘ |

0 05 M sodium hydroxlde. L

R

N
l SR
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Tk | s HERH 22
phase was removed via a pipette with glass wool coverzng .fff;id -
the tip—as a filter. If the substrate was a liquid which
tended to pass through the glass wool during sttempted
separation, the following technique was adopted. A typical
guction filtration apparatus was used in the form of a :ffu.g;“ffl;
500-ml suction flask, a 15- or 30-ml ultrafine sintered - G

. glass funnel, and a six inch test tube inside the flask as i

 a receiver, The system was connected to a water aspirstor,.
l.snd the saturated solutions with excess substrate were 5‘Tff”fiif;d
filtered in the usual fsshion.' The 1iquid substrate was ;j*{ T
" retained by the fritted disc of the funnel while the
' aqueous solution passed through readily. This method vas i
also successful in breakiug'emulsions when occasionally ;,j'gf,#fef
they formed between the liqudd-substrate and the aqueous'ff;dtsdji
:. Phase.zf”:-' T R l B
B Analysis of solubillty samples was done by one of - iy
| three methods depending on the properties of the substrate':,fffif
- and ligand.' Where possible an aliquot of the aqueous '_ £
:_phase was diluted with the appropriste amount of water or dHJ..T"
\' 50-50 methanol—water mlxture ‘and the absorbance measured Sty
o ab a wavelength where the llgand did not absorb. When the .
ligand absorbed light at wavelengths of analytical u’cility, TR
~ the substrate was extracted with isooctane and the ;
isooctsne phsse was then measured spectrophotometrically
| or, when necessary, diluted and then measured._ A third
method was adoPted specifically for cinnamsmide in the ljf';iu;f{d



presence of theophylline.* A 1.0 ml aliquot of the

~ aqueous phase was made alkaline with one drop of

saturated aqueous sodium'hydroxido'aolution.' This was f;fj-~f35“"”

extracted with 10. 0 ml of chloroform. Then 1,0 ml of

the chloroform phase was diluted to 25. 0 ml with chloro- '

- form and tho absorbance due to cinnamamido moasured at .{ff;r;:f;fi

275 ma. | | T B i
In all solubility studios analyzed by preliminary
extraction of the substrate, a portion of the vials

containing no ligand was scanned spectrophotometrically =«

 before being extracted. This proved to be a check on tho'ff{,i;ff”

accuracy of_tho extraction technique as well as a useful.f;_c=:_arz

means for disclosing spectral anomalies masked by the

-_organic solvent after extraction..155 _ .
- Because of the relativoly large initial solubility

of methyl crotonate and benzamide in aqueous solution,

3°1ubllit3r°°mploxation studies were conducted with these =~
oompounds as ligands and thooPhyllino as the substrate. j:”'
Table III is a compilation of the ‘equilibrium e

 solubilities of the various substrates under our

”;'experlmental conditions. =

E. '.§222§£2l.§ﬁgéig§---The techniques used for spectral. ;?ﬂ'
studies have been described (1), but some minor improve--lf;'f”'"

" ments will bo discussed._ The micrometer burotto (as

*This method was developed by Mr. Jordan L. Oohen of this Zfﬁ e

ERRAY Y

1aboratory.:_g_;;fu~ et
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TABIE IIT * e

Equilibrium Solubilities of Substrates in Aqueous Buffer uj;ffifffj;

Analytlcal

. Bubstrate = - _ method® ~ Solubility x 103(M)b : ;"f%fff

Methyl cis-cinnamate ~ Iso-Ex = 5.18%0.25
5.05t0,09 -

. a.78-5.08° ;;ffjf1j

Methyl 2-naphthoate  Iso-Ex -  0,0809-0.0835
| Methyl l-nsphthoate :5-119°?E¥' 5 - 0.320-0.340
| brans-Cimeamsmide CHGl;Ex - 8.49%0.02
© Theophylline ' Diln. '\ . 0.324-0.328

" Methyl 2,6-dichloro- - - T R T s
. trans-cinnamate ._:_-;Iso-Ex. ';'gff_9'06?5"0'074? 

Methyl p-nitro-trans- Y i;_;;ﬁ_"' 7 _
- cinnamate - Dllp. e 0'04§1—0f0028

83ee text for details. Iso-Ex - Isooctane extraction; ;;;f:gkffj;f

Diln., - Direct dilution of aqueous phases;

CHClz-Ex - Chloroform extraction. - . e ifj'5 ~'?ﬂJ€f;ﬂif*?f*

;.b25.0°;'solvent; pH 6. 4, 0.05 M aqueous EhOSphate buffer.;:.fgl,é.

ionic strength, 0.3; expressed as mean -1 standard i -*fffff-ﬁ

s dev;at;ons or as experlmental range.__‘;ﬁ.akFﬁ_ ]
©35.0°, IR Sk el R e oy -_i'  ‘_.'ﬁ\'
.:_.'_,"[.' 02.00._. ’ ."-:" P )

et b o i



“previously described) used for the delivefy of smell i

E 2'5. P et

| be superior in reproducibility to any pipet used. -

- Where the absorbance changes due to complexation

.:.were too small to be measured accurately in 1.0 centimeber i

__-cellsi.celle o£.2'0, 5.0, and 10. 0 centimeter pathlensthtififg*ifif

~ were resorted to. At times it was necessary to increaee jf;i;-f;ff

the substrate concentrations to the point where the

substrate was initially insoluble in the aquecus buffer, =

. _'Upon etanding for 12-24 hours, the substrate eventuallyvv,5£$dififﬂ

- dissolved as long as the final concentration did not e
 exceed the equilibrium solubility. Where undesirable
complicating reactions were possible during this

dissolution interval (hydrolysis, oxidation, and dsomepdo < i

zation); the flasks were stored at refrigerator tempefa— eT -

_ tures. The samples were then brought to 25° 1mmediately

'”before being read spectroPhotometrically.- L
F. Treatment of Data.--The mathematical methods, .

assumptions and approkimatione for the evaluation of

¢ i stability constants by the three experimental methods have s

" been discussed in detail elsewhere (44). They were applied

- in all cases to the data from this etudy. A summary of the

finei"equations, plotting forms, and method of computing
Kll s from the plots is presented here. All concentratione |

are molar* all methods assume a l l Btoichiometry.;?{:fg




a) Solubility Method. -,'7r“:}?}éff?;fff7?!f:*7““”

._Plot'St'vs. Lt’ then,‘;,;

" (L):i.%

~_;_113and

_f total solubillty of aubstrate in presenco:ngfi AR
: of ligand i i e ; S, e ' PR L

apparent 1:1 3tability eonstant. gl it

aifiL; 11 i;f"intercept 1-310pe)

‘7:; bAAA ; Lml

Klls I' +S et e
B _ o ‘ :

aolubility of substrate in absence or

‘total molar 1igand concentratian jf:f-finlf':V7””'ii

slo

b) Spectral Method. .,*%" :

Aa(L) + l/S Aa

cell path-length . | 5
‘difference in absorbances of substrate in . . .
-~ absence and presence of (L) moles/L of - - oanich
oy ligande. o RO e e e
= total substrate concentration  “

: .'difference in molar abaorptlvity between tho'-,-fj-ﬁr
. complex and the substrate and ligand°§-~-- et

,concentration of uncomplexed lisand- fjﬁl_ij,73-'ff



Plot b/AA V8. 1/1'1: (where the assumption is made that _' |
(L) = L ), ,jai3-- v | A

then, . "”ih“f. e - e
' | {- € Kll';'-' Y;intercept/alope;.

c) Kinotic Method.

. ks L 1 R -_1 v
i where’ ' 5 i L T AP

e ?:-ﬂ'rate constant for reaction”of Bubstrate in

  fa_$;Ld@.absence of ligand

: ks!t'- ‘rate constant for reaction of substrate 13515553?ff?1
.. . “l.  presence of ligand ' g ST

"'f §q1i" -: fractional decrease in reactivity of ff;fi;ﬁ ;;f;““
. 777 complexed substrate e RIS

”:(L) f;” concentration of uncomplexad 1igand ¥ .;; ?<'“.
Plot k /(k - k') vs. l/Lt, T LA Tay
then, ____:; el o e Mt

| "';:,".k11' ';. Z:i%§§%§233 - _x—interdept. J : ‘_f_
wheré a'éisniricanﬁ amount 6£ scatter was'é#ident on &l
~ linear solubility plot, the method of least squares was B
. applied to determine the best line through the experimental B
" points. The mefhod of weighted least squares was applied BkE o
to all double reciprocal (kinetic and spectral) plots with ...~
the aid of a digital computer.* The slope and Y-intercept jy;,fj;:
of the wgighted least squares line.are cdmputed by the f,Li;;Q7 2

*The program for this numerical analysia was written by
J. L, Cohen and P. A. Kramar.:, ””“F ; _ 500



. following equations..ee

Y-intercept _‘, Imcexw wa; x e
: T ZWwaZ - (!wx)

e \.-310'_'pe - Zufwcy - 3
- Iwrwx? - (Ewx)

- The computation of the "Bishtins factor,' , is based'on'lﬂ,'"':a

experience with each experimental system. Our experience ?;f?ffif

with these systems indicated that as the value of the

quantity plotted on the Y-axis increased the accuracy of | eﬁ;fg
its determination decreased._ Although it is preferable G

to base w on the variance of the dependent variable,-

_this information waa not available from these experiments.,;*efffl

However, it was observed ‘that the square of the dependent

' variable was proportional to its variance., Thua, the }lﬁ R

value of w was computed by the formula :'

: where d is the denominator of the fraction plotted on

the Y-axis, this denominator beins the dependent variable.

: it 2 A TR L .
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. IITI. RESULIS-

.A. Methyl cis-Cinnaﬁate.--A comparison of comple '_@f,tex* L

~ tendencies between methyl trans-cinnamate and methyl EEE-_;if'iif?E

cinnamate is certainly deairable. The cis compound

| represents a change in confisuration about the double bond 5*7?7f?f

- resulting in a loss of planarity. (The trans isomer is
planar.) It would be interesting to observe the changes
in complexing tendency brought about such stereochemical
alterations in the basic cinnamate structure. f-'

Methyl cis-cinnamate exhibited second-order kinetics

" under conditions of alkaline hydrolysis. Isomerization of trf';t'

the cis isomer to the trang was investigated since the cis

_ compound is thermodynamically the less stable of the two, ;'I:ié%%]

and equilibrium:btheen the cis and trans acids has been
shown to éxist_in.aqueous acid solutions (25). Isomeri-

zation appearé to be catalyzed by normal iaboratory g

illumination. When flasks and vials containing solutions M

of the cis ester were wrapped with aluminum foil, thez{'-

;5 isomerization rate was reduced to a negligiblo level., In ftfigiifj

ﬂ_;_unprotected glassware, the 1somerlzation reaction wasl',._ _fﬁ;},_;

- never significant during the period of a kinetic study,

the longest of which was about 3.5 hours in duration. = -
The isomerization reaction did interfere in solubility r_

Btudies where equilibratlon times of 24 hours and longer oy

were necessary Again, however, protection from 1ight ;f;3j~. g




with aluminum foil reﬁdered the isomerization rate
| negligible. ef" X . _u e
' The rates of alkaline hydrolyais of methyl cls-.'m{:'j}:
| cinnamate in the presence of acetonitrile and imidazole (o)
were determined under pseuﬁo-first order conditions
directly in the spectrophotometer cell at 285 mu. | |
Tabie IV is a cbmpilation of tﬁe relative rates in fhe i

presence d: these two additives. At 0.50 M concentrations;'ﬁQVEE,

imidazole caused a 24—25% decrease in the rate relative to :fe{igg

the no-additive rate, while acetonitrile reduced the rate ;fféf
~ by.17-18%. This suggested to us that the effects of . .

imidazole on the alkaline hydrolysis rate might be more;;;?FE:fﬁff

than just solvent effecta. However, when the data for ;;_,_;_1,ﬂ_

imidazole were plotted on a k /Ak, vs. 1/Lt plot, a~¢wﬁhhﬁ?i*ﬁ7”

. straight line intercepting the Y-axis very near the originj:}feifg

was obtained, .The K,4° calculated from this plot was'

0.07 wi, e R e R
Theophylline anion (hereafter referred to as FiFiot

theophyllinate) was observed to inhiblt the rate of

~ alkaline hydrolysis of methyl cig-cinnamate, so & kinetice

v complexation study was conducted on this substrate-ligand ¢¢51 ;,1

: peir.. Figure 1 is an'example'of the first order plots
obtained for this system and Figure 2 is the kinetic
reclprocal plot of the apparent second-order rate

constants compiled in Table V.._The Kl1 caleulated from

‘this line is 7 M';.f_The experimental uncertainty is about,:fj;fff

30%. From the intercept of thie'plot we can compute the
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Figure 1. First-order plots for the alkaline hydrolysis
. .+ .. of methyl cis-~cinnamate in the presence of
' el theophyllinate. The lines from top to bottom =
. are for the following molar theophyllinate . - .
Bt gogcentrationaz 0.075, 0.050, 0,035, 0.020,
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,_-Apparent Second-Order Rate Constants for tho,f"\'”"'

}fiAlkaline Hyﬂrolyaia of nethyl cis-Cinnamato_v7
. in the Presence of Theophyllinate

"73 Theophyllinate

M x 10 )
’ - 0'0 i A

. 102153 '-(H-lgec-l)a :
u :3-6'29’_6‘14 '{:
'_'5-67.'5 51
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ion activity, ester conce

f;j‘5.1o Sl
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CN’ 25 0 . baaed on hydroxide-  'J?;jT;{

ﬁtratlon = 2, ? x 10-4 H.__f'_
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'decrease in reactivity of the complexed subatrate.

'_ Hathematically it is defined.

 cis—cinnamate—theophyllinate system indicatea that the'

value of qll‘ This symbol represents the fractional ; f|g5fT*:”¥?.

o = -yl

where, kli is the rate constant for reaction of the

complex with the reagent (in these syatems, hydroxide ioﬁ)i_?**quﬁ

" and kg .is the rato constant for reaction of the substrate i

with the reagent. Within the limits of experimental error
the q;; of 0.96 (1/Y;intercept) obtained for the mcthyi

complex has very little susceptibility, if any, to =

'_: hydroxide-ion catalyzed hydrolysia.

- The interaction of methyl cia—cinnamate with

theophylline was studied by the solubility and spectral |

techniques.'_mhe results of the solubility study are 3iven S
in Table VI and Figure 3. The stability constant computed
from the least-squares line through the points is 11 i,
Even though the experimental uncertainty in this system is

. about 10%, we cannot ignore the possibility that the data- -7f*F51f
'™ in Figure 3 could perhaps be better fitted by a curve with Ry

& negative trend at high theophyllinate concentrations.
The reason for this type of curvature in solubility plots
is not always clear (45) Regardless of the reason, &

- 8izable increaae in the solubility of methyl cis—cinnamate' ' e
is obvious, this being about 40% at 0,035 M theophylline., ~ = .-

O R R




Solu'bility of Hothyl cis-Cinnanate in the = |
Presence of Varying Amounta of Th30phyllina
. Theophylline ?"%¥f Me cis-Ginnamate'f“fffF.f
; 0.000 150 5.13"_;. e
. 1.05 ST SO e T e e
¢ ._1.40 fﬁpu:;?T ':; 5.80,.5.38”:$:?fk;ﬁ?ﬁ;;;?ilfi?;f'fi
,: jij_ 1-75_;ﬁ? ;figj §fg6.12g 6-09_fifﬁ*;i¥ ;:fii;??5I .
Rl a0 e 6.29, 6.30 s e
i 245 6.31, 6.46
T 2480 ST 6,65 1 Db
o i;_3-15' -; E f;'?;f.6.68; 6-75;a¥ ity
| 3.50 i 6.76,_ 6.89 ‘

- %5, oo’ pH 6 4 phosphate burfer, P - 0 3'ﬁ? if? i”£" - A
. bHean from Table III, ?_ ff?ﬁ'7" FEoDE T,
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St CErE s o sgly e
Ths curvature, if real, will not chénge the °°n01usion3 : ;i:.ﬁ.,p

which we will later make from this result.

In an effort to determine some of the thermodynamic

. Parametcrs controlling the interaction of methyl cis- fif"'"”f

cinnamate with theophylline, solubility studies were also. :
' conducted at 2°, 15°, and 35°, the results being shown in ?f: ff;i 

Table VII. The stability constants obtained from these-
studies were then plotted on a van't Hoff! type of plot
-as shown in Figure 4., For purposea of compariaon, the'

results of similar studies with methyl trans-cinnamate and ﬁ:{;;~~~

thcophylline are included on this plot.

It is obvious that the data for the cis compOund do 1;4:;ﬁ_j?

not fit the ven't Hoff relationship nearly as well as do =

the data for the trans ester. Except for the study at 2°,

- the investigations were done at least in duplicate, and -

~the stability constants were reproduced to limits of error = .

which were much less than the deviation of some of the

points from the leaat-squares line, For example, the |
stability constants obtained from three studies at 25.0°
are 11.9 M1, 11,1 n‘l, and 11.2 M™, The fesﬁlts of two
h, studies at 15.0° are 10. 5 M—l and 10.6 M1, The results |

of three studies at 35.0°. are 9.1 rrl, 9.7 n-l and 9.4 n-l

That the stability constant-temperature data do not appear

to fit a van't Hoff relationship may be an.indication of_g_. 7*”f'=

change in the geometry of the substrate of the complex with i :

'*The data ror the trans eater were obtained by Hr. J. L.. _' ;,.~“5

Cohen.a”




"'Fi'Apparent-Soiubility of Methyl gig-Cinnamate'_ fﬂ?;fE5sﬁ1

:.};,at Various Theophylline Concentrations =

\

-~ as a Function of Temperature
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Figure 4. Plot of log K11' vs. the reciprocal of the
~ . . absolute_ temperature for methyl cis-cinnamate SR
-7 .. (circles) and methyl trans-cinnemate (triangles). -
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values of‘[&G‘ and.ZSS' were then calculated for each  j;_f3fl:5f?f

changing temperature. However, such a conclusion cannot i;;ifﬁi“

ve fully justified from the available data.

For purposes of comparison, a least-aquarea line was ; ff€¥f

Qrawn through the pointa for the cis compound and the
- thermodynamic values were computed for both the cis and

the trans esters. " An average A H® was calculated from the

slopé of the log Kllt VSe l/T for each compound. The :

,experimental point- see Table VIII,

Theophylline was observed to cause an apparent ahift Tii”vqfi'

' in the spectrum of methyl cis—cinnamate.z The data from.

the spectral study are plotted in Figure 5. The apparent }ff;;f;f?

stability constant calculated from either line is 16 M1 ~

with a probabla experimental uncertainty of 30%. That the .

i stability.consténta obtained from results at two different .

wavelengths agree might be taken as evidence for 1:1 .
- stoichiometry. However, when we compare tho st&bility

constant of 16 ML with a Ky,' of 11 "> obtained by the
11

~ solubility method, combined with the possibility of
curvature ih the solubility plot and the anomalous behavior

.;, of the solubility—tempgrature_studies,,it becomes difficult L tir:L

to conclude that a single 1:1 complex is responsible for ;;”:'“'""

~ the methyl g;grcinnamate—theoPhylliné interaction. On the - A, FE

| othéi-hand, our'experience with fhese systems has shown  'f-fjfﬁifL

that stability conatanta can rarely be determined from
~kinetic or 5pectral data with a precision greater than

230%. The constants obtained for this system range from iffjiiﬁ
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described by 13.5%2.7 H'l, the range here boing 320%.?f:_?f_gt{fi”5

Since we are interested in the values of the apparent

1:1 stability constants relative to methyl trans—oinnamate,"é~fllft
these disparities will not significantly alter the con- ;lftf:ff{ff

clusions we will make from these results. e
Preliminary data obtained by other workers in this
1aboratory indicated that B-bromotheOPhyiline anion '

(hereafter referred to as 8-bromothe0phyllinate) interacted.f?;;;i?
with cinnamate eatora more strongly than did theophylline-'ijgaf““'

therefore a study of the interaction between this ligand -

and methyl c¢igs-cinnamate was attempted.. 8~Bromotheophyl_ ;}io;jqu
linate appeared to be Btable at high alkallno pH's as . :

determined by apectral measurements.; It was found that

-8-bromotheophyllinato reduced the rate. of alkaline 2

hydrolysis or mothyl cis-cinnamate; Table IX lists tho-
relative rates at various 8-bromotheophyllinato concentrap

tions, ”he stability constant calculated from a plot of

_these data is 8 M'l with a qll of 1. 06..;A_ﬁ'

The Btabllity constant for this aystem was' also S

'iﬁ determlned by the solubllity technlque. Figure 6 is a - | ‘
 plot of the solubility data from Table I.. Kll' determined

from the least-squares line is 13 Hfl B3k t_ ;A:mﬁﬁfhf;]-"' '

The spectrum of methyl cls-oinnamate was apparently

| shifted by 8-bromotheophyllinate.t A spectral study was
~made at 318 mu and at 322 mp in 2 and 5 cm oella, e
_reSpectively._ The.data are plotted in Figuro 7. From tho

11 M1 to 16 M1, Thus the stability constant could be -
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h-'”if?fRelative Rates of Methyl cis-Cinnamate :iﬁf”fb*””

e

et _:fi Alkaline Hydrolyaié as a Function of
" 8-Bromotheophyllinate Concentration

Gt B-Bromotheophyllinate.E;_f :

(H x 10 )

A
kg'/kg

L bing L5 B |
s vajj 2.5 ﬂf:} i

5. : X

8Second-order rate constanta based on hydroxide-~ion |

. 0.933, 0,920
© o o.8s4, 0,890
o, 807, O. 830.'__,“_€fiff?%55
o, 807, o. 775_
0.733, 0.724 7

activity; 25.0°, pH 11. 5 Eph&ti buffer, n = 0,3,

1% CHzCN, k, = 5 81 x 10“ sec™

2.7 x 10‘4n

ester concentration =




© MABIE X .

S

f f; Apparent Solubility of Methyl 215"01nnaﬁat°.:}_iiil;ﬁy_fﬁ?ff

CORI T

B-Bromotheophyllxnate _:i
(M x 10%)

(M x 10 )

-'3 at Various B—Bromotheophyllinate Concentrationsa_ﬂ#ﬁﬁf,fffq{fa-

Methvl cis—cinnamate *f?.)l

SN 0_0.._-ﬁa-;
0,0 S
it
ff5.f5.0{ff'fi;{ i' %

Rl Ry
"'jﬂf?;lu.O'ff;i“
o as

8.0 e A

5.89,

' 6.151.
" 6.40,
vl 6.79,
e, i
jF

7.39,

.5¥ 7.98’

bMean value from Table III. @,3,}2ﬁfﬁf,,.

6.9 71 F iyl
2.0 ey

f- ey '."

80.05 M pH 7.8 phosphate buffer, 25 0’, y.- 0.3. ; : . 
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Figure '?. Plot of spectral data for the methyl cis- :

-« .. cinnamate~8~bromotheophyllinate system

~ 0,05 M pH 7.8 phosphate buffer, n = O,
1% CH5CN, 25 0°, ester concentration

_A- 5 cm cell,




.; two values is considered reaeonable in view of the

o R et B B T L S T
data at 322 my is computed a K,,' of 24 M'l; while that idf_ |
- at 318 mp gives & Kli' of 27 ML, Agreement between these *3 i

;unoertainty in such a determination. However, the

~ disagreement between the eolubility Kll' of 13 H‘l, the
kinetically determined Kll' of 8 H'l, and the spectral _
' of 24-27 M1 cannot be attributedlto erperimental pgﬁzﬁi»i:uf

S H
error snd is probably evidence for the existence of fﬂf*"fc
multiple complexes in this eystem (w4). .. o e
" Preliminary data obtained in this 1abo§atory'oﬁ.jj?ffcf;f}ffé
~ 8-nitrotheophylline anion indicated that it interacts Ry
I_with oinﬁamatee more strongly thaﬁ do the0phylline or '.' T
~ 8-bromotheophyllinate, | This compound was reported to havef}f?ifif
PKa of 3.58 at 25° (46). It was found to be etable'at::i“f:??'f
pH 11.6 for one ‘week as indicated by spectral meaeuremente.i;;ﬂﬁ;f
The anion hae & A pax 86 387 mp and a minimum at 303 qy._;[é7ff§§f
A disadvantage to the use of this oompound is that its e
 solubility (as the anion) in pH 6.4 phosphate buffer, ff;ffif;;;it
ionic strength 0.3, and 25.0° is relatively low, being p;p.?f;p;ﬁ

approximately 1.5 x 10”2 M. A solubility study was = - :

i;fconducted on the methyl cie-cinnamate-B—nitrotheophylli—Ei.p.w'h_i

nate system and & K;;' of 18 M"! was obtained. An 18% T
increase in the apparent eolubility of methyl cis- L O

cinnamate was observed at a maximum ligand ooncentration g ;

of 1.2 x 1072 M, A preliminary calculation based on a et ﬁ

Kiq' of 18 H' and qll =1 indicated that a 22% decreaeeif:i"fif¥

- in the rate or alkaline hydrolyeie of methyi __grcinnamete f:f::;:




should be observed At a concentration of 1,2 x 10~2 M t?;ff;f;;hﬁy
s-nitrotheophyllinate.' No such decrease was observed, tll
however, when a kinetic study was attempted on this t;i
aystem.' This may be an indication that q11 was not one
”tas assumed. Because of its low aolubility and the small

inhibitions observed during the kinetic measurements, a;fJQ:f _
~ this 1igand was not used in rurther studies._" '7;13~7439£;;f;ffﬁf

B. Methyl Benzoate.--Methyl benzoate (CgHSCOOCH,), was

selected for study in an effort to discover what effecté_:ét;;;;f;;
~ the double bond has on the complexing téndencies of the.fEiEf;ttait

.cinnamoyl function. This compound represents two changeé ?:ﬂf -
- in the cinnamoyl portion ot'methyl-tgggg;cinnamate. One fg}f;flj;f

is removal of the double bond, and the other is reduction:aﬁ;; g

of the distance between the carbonyl group and the ring - |
while maintaining conjugation between the two., It was ”:&}igfﬁf;ie
observed that methyl benzoate exhibited aecond-order i‘ ‘it_-? e
klnetica_. under Oonditiona of alkaline hydrolysis in P
aqueous buffers at 25.,0°, .The reaction was followed

under pseudo-first order conditions in the spectrophoto—ltu'

“: meter cell at 235 mp.h Imldazole appeared to inhibit the ;'i:;:*5t5
rate of hydrolysis as observed under pseudo-first order ,'_ffig”ﬁ
conditions at 282 mp Table XI presents some typical s
data for this system, end Figure 8 is a plot of the ';ff
kinetic data.: The stability constant calculated from this' iw_
Plot is 0.9 n'l_ with a 30% uncertainty. 'Nine kinetie- .

' complexation studies were conducted on the imidazole ?"i?%f fffﬁ}Qﬁ

P




TABLE XI

. A-Pparent Second-Order Rate Conatants f7'7 S .
for tho Alkalins Hydrolysis of Methyl Benzoate 1;i?ﬁiék ¥ i
Paay in the Preaence of Imidazole G :

S TRTEL
‘. 0,15 e
i 0.20 |
0.25
Sl 0038 s
;Z?l 5. 50 ;¥; 

425,0°, pE 1.1 phosphate bugs
- ester concentration = 7,7 x 1
hydroxide-ion activity. T
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Figurg 8.“ Plot of kinetic data for the mothyl benzoate- 71"
L imidazolo Bystem-a (See Table XI for conditiona )




s

system.under slightly varying conditions of acetonitrile'}f{iffﬂ

concentration, ionic strength, and ester concentration;'}iﬁrn
The stability constant evaluated from these nine runs, :;Hfﬁf

expressed as & mean value ¥one standard deviation, is f!i;g;;

©0.91%0.30 M™1, Acetonitrile at 0,50 and 0.35 M concen- .-

trations caused 18% and 15% diminution, respectively, in

the alkaline hydrolysis rate, while imidazole at the same’)fifﬁ*ﬁ'!

- concentrations gave inhibitions of 24% end 19%. The ?lf
~ relative magnitudes of these inhibitions suggest that |

_ imidazole may be acting by some mechanism besides an P |

activity ooefficient effect, though the difference between_:ﬁ.

~ the effects of acetonitrile (taken as a non-specific

nedium effect) end imidazole is certainly not striking, . . .

' Theophylline anion was observed to inhibit the.

alkaline hydrolysis rate of methyl benzoate; Table XII and_fi;?i?fJ

Figure 9 present the data for this inhibition. The Kll
computed from Figure 9 is.16 M1 with an estimated 30%
_ uncertainty., There is sbout a 45% decrease in the rate at
- 0,075 M theophyllinate concentration. = ' |

Theophylline appeared to increase the solubility of g

.Te-methyl benzoate in aqueous buffer; however, no success was

- obtained in plotting the data on a solubility isotherm.

~ The solubility data beh&ved in a very irregular manner; it T

was not possible to obtain an accurate equilibrium - :
solubility in buffer, so the theophylline was not the

cause of the irregularitiee.: Regardless of the unpredict-';fm'”

able aolubility data there was no doubt that theophylline




'_ ApﬁaientISecohﬁ-Order Rate Constants.for'the_
. Alkaline Hydrolysis of Methyl Benzoate
"”ffj;at Various Theophyllinate Concentrationaa,:_

| Theophyllinate  10% k_'(Mlsec™l)

.60 e

8,5 11.1 phosphate vutser, 25.0"," p’ - 0. 3, 0.25% CH cn,
. ester concentration - 5 8 x 10 H.:, ¢=u g .
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did increase the solubility of methyl benzoate, but no N

peliable stability constant could be obtained from the
data;' Unrortunately it was also not'possible to atudy' i i
the methyl benzoateétheophylline system by the spectral.fifiifﬂzft
technique because theophylline did not appear to cause a:l“. :

.. shift in the spectrum of methyl benzoate at analytically

 useful wavelengths. This cannot be construed as evidence t;ftf?iiﬂ

~ for mno interaction, as we shall see in the diacuasian of

- methyl pfnitrocinnamate. ;lﬂ
~ We observed that B-bromotheophyllinate reduced the o
rate of alkallne hydrolysia of methyl benzoate- Table IIII_fg .

and Figure 10 present the data for this aysten. The
significance of such a curve has not been described, bnt e
it is probably an indication of non-1:1 stoichiometry. ﬁ;ﬁjﬂff;ife
Connors and Mollica have shownlthat the kinetic double}::fli*ftffé
‘reciprocal plot is linear if the system contains two lzlff?ff?;lnf
complexes of different reactivity (44). - The methyl : 2
'benzoate-B-bromotheophyllinate system certainly does not (i
 fit this situation, as seen by the curvature in Figure 10.5f9fli{;
These workers nave also shown that for an 82L'ayatem; the.;iﬁf i

F ffapparent rate constant may vary with time becsuse of its

dependence on substrate concentration. The rate data for ;:3?:
this system were intentionally plotted over a larger time r.
interval (three nalf-lives) than that routinely used to ].
obaerve i kg ' changed with time., The first-order plota

were, however, linear over this interval, and therefore Ll
we believe that this is probably not en 82L aystem._ Thef'5;1*757'




' TABLE XTIT

?zﬂﬂlPBeudo-First Order Rate Constants for the'éf;;i:f
L __;.f'_f'-'-j-'_-_llkaline Hydrolysis of Methyl Benzoate S
1°”'fjf;_in the Presence of 8-Bromotheophyllinate® = .

8-Bromoth00phyllinate shs N e e
(Mx10%H 0 10 obs(“" ) e

"; 1.233; it '“h:f;l 49, 1. 49
1.5 '.-._:-':_ff _ ,;?";_;_":'1 47. 1.46
Cme S e 1,08 Sk

aij 11,32 phosphate bu,ffer, p - 0.3’ 1% CH CN, 25 0°,
. ester concentration - 4 x 1o M.a,3;¢¢,‘, j e AR R
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Fisure 10.' Plot of kinetic data for the methyl ‘benzoate=
: i B-bromotheo;ph;yllinate ayatem._ (See Table XIII -~
for conditions.) e e S e e s e




apparent linearity of the first-order plots may algo';é;fj?fjlffﬂ?f
eliminate most of the other possible multiple-complez f}délﬁsﬁﬁfﬁc

aystems evaluated in reference (44).l

We were convinced that multiple complexes were
present in the methyl benzoate-B-bromothe0phy111nate A
_ system when we obtained the results of the spectral 8tudy.g?§f;f€;ﬁ
Although theophylline caused no shift in the spectrum of - f"' o
methyl benzoate, 8-bromotheophyllinate did. Btudies weré.f;
done in 2.0 and 5.0 cm cells, and the results are plottediif;; 5f;;
in Figure 11, -The stability constent evalusted st 322 ma = = .
~ (triangles) is 23 H'l, and that calculated from the data[}f}ﬁ _
~at 317 qy'(circles) 13 13 M1, Even taking into account ﬁ”i;i”ﬁﬁf;
~ the possible 30% uncertainty in such a system, it is A

difficult to rationalize the difference between these two,??;;i}?i
stability constants on any basis other than a maltiple ﬂff;?ffafﬁ‘ﬁ
complex aystem.' Several authors list variation of Klli.c:fm

with wavelength as one of the criteria for classifying . |
~ system as possessing higher order complexes (44,47). The_%ﬁ;jil,
_veriation of K,,' with wavelength, along with the curvef_d'
: obtained from the kinetic data, certainly justifies the.d'-

'elfconclusion that this. system 18 not described by a simple e,;
- 1:1 interaction. . i '_ "_' Ei

| - A solubility Btudy was conducted on the methyl IR

benzoate-B-bromotheoPhyllinate system with the hope that iﬁifd?;g?”

the shape of the isotherm might be a clue to the = Al

: gtoichiometry of this interaction. As with the methyl Coaiintes

.benzoete-thecphylline solubility srudies, however,_there ;iﬁ}fidﬂ:fﬁ
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Fig;uré 11_. Plot of 3pectra1 d.ata for the methyl ‘benzoate-

: 8—'bromotheophyllinate system: 1% CHzCN,

. i 25,09, ester concentration = 5 x 10="3 M; .
e O=2 om cells, 517 mp, A= 5 cn cells,
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was much scatter in the data. The inconclusive nature of'fff73?i(f

the data obtained in this syétem as well as in the methyl'g;ﬁir
 cis-cinnamate-8-bromotheophyllinate system led us to ?,..

. gbandon the use of B-bromotheophylline as a 1igand for
future studies. ERE ; |

C. Methyl Crotonate.--Methyl crotonate (CH;CHsCHCOOCH;)

R

was selected for study to observe the effect that 3
| replacement of tha aromatic ring with a methyl group '
would have on the complexation tendencies of the cinnamoyl
: moiety.. (Methyl crotonate has the trana configuration S
' about the double bond.) The rate of alkaline hydrolysis ~
| of this ester was studied under paeudo-firat—order ¥ _fsif:"\ ,

conditions using a manual pH-stat method (41). Imidazole : . | . -
appeared to inhibit the rate of hydrolysig- thcrefore’ -;fE fZ;EE3€
studies were carried out at comparable concentrations of

imidazole and acetonitrile to see if solvent effects might

be responsible for the observed inhibitions. Table XIV jff;:?t
gives a comparison of the relative rates in acetonitrile‘{ﬁfﬁtf;i f
and imidazolo.i From this comparison, which shows that |  .1 _:
'%;imidazole'in a more effective inhibitor then in acetoni—  ;:i:;ilt:;
'trile, it seems poasible that imidazola is 0perating o '
through a more specific mechanlsm than a medium effect i
alone. When the data for imidazole were plotted on tho i}fvlfgi:?f
usual kinetic reciprocal plot, a Kll' of 0 5 H'l was __,-;.': : :
Obtained. jﬁﬂfgﬁ_i*rﬁf?7if,<"" PR L T T g R

ol e ."




. ;i;;ﬁé;{ %i:;ft: - TABLE XIv.f T.--  3?;}';3’f "_E¥  {:f;,
lenelétive'ﬁﬁtea for the Alkaliﬁelﬁydrol§sié  : ;:.h. o

ot Hethyl Crotonate at Various Acetonitrile i
and Imidazole 00ncentratiqns ﬁ;f__a y

r“LQV;QﬁgAcetonitrile::Q . }'. a 3?w T“"l
N (M) | /kg"

ﬂFfImidazole ﬁffT:,,f;;17pﬂ'“

4.28 5.517
e, et
20,50 evnlt 00795 T L
":f“;;¥iifffffggf1.00'if?;}  0.620,;? :a .

. aSecond-order rate constants, pH 12. SQEP.i'O 3, e L]
= 3,44 x 10™ 2 M lgea” l, based on hydroxide-ion 9;?*i?.?ﬁ*2%?5
activity, eater concentration = 2 6 x 10“3’H. s S e




e
' The hyﬂrolysis rate of ﬁethyl'céotonaté wg§ also _
‘inhibited by.thcophyiline anion. Rate data for this 7 "ﬂiim_._H“
system are shown in Table XV, At a maximum theophyllinafe ;iifefw
concentration of 0.10 M a 23% decrease in the hydrolysis g:;fiisii
rate is observed. A straight line drawn through the - atiiniais

‘points at high ligand concentrations on & kinetic- BSCr
reciprocal plot gave a Kj;' of 5 M, indicating a ‘small "iifffif
degree of interaction betweén these compounds. ”::f;ﬁu-:
- Because the solubility of methyl crotonate in aqueousligksglj
- buffers is rather high, a solubility study was att@mpted .. ?

using theophylline as the substrate and methyl crotonate -

as the ligand. Table XVI and Figure 12 present the data-;élf
and the solubility isotherm. The K,;' calculated from f;; (_J
A_the plot is 2.1 Hf;. Since the total increase in the i F;;ii,"_;;
theophylline solubility is only about 5% at 0.03 M mathyl?jffffi'"
| crotonate, it is difficult to say whether ‘the calculated ;f;fi5;fﬁ
stability constant represents a real interaction or   .._; fo,;i:
 whether the solubility increase is due to solvent effects. s

The conclusion which can be made from this study, however, f;f;;fz

 1is that methyl crotonate and theophylline, if they interact-;i;;:f
;;ﬂat all, do s0 to a very 8mall extent. o _ . :. w: -
. An attempt was made to study the interaction of methyl;f-'ﬁ
crotonate and theophylline by the spectral technique.: o
'change in the apectrum of a 2 x 10'5 M theophylline ;5'“.

e AT LT T

aolution was observed in a scan from 320 m to 295 mp in. _- 551£3ﬁ
~ the preaence of 1 x 10 2 M mcthyl crotonate.' Aa 7*-351*‘”'h!' '

el i
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_ _.Lpééréhf Second-Order Rate Conéfﬁntd for fho
; ':;f Alkaline Hydrolysis'pf Hethyi Crotonate .
5 3 1n_the Presence of TheOphyllinateg;Ef}'

-Th“l’mma“ 12k r(rleeely
C (M x10 ) NS IR -

Sl

;:_2.95;t2.91 ?

2,68 N

855, 0e 'pH 12 e, p' - 0.3, baaed on' hydroxide-ion =
activity. e T i e e G A e




(H x 10 )

e S | maBIE VI flujff?“’_ R v
(g Apparent Solubility of Theophylline in tho -
e Presence of Methyl Orotonate 2 B

:; Methyl Grotonate

Lfl*P_°°°°° |
U 04305

T2
©lo1.83

~ 925.0°, pH 6.4 phosphate buffer, p = 0.3, » o .

_kfgs%.ss
i G e
0,91 U

W ER R
easy
' v;f?;{;a.741g},;ffgj},

” :}; 3.05f;§£;;“f' 'f'5-44_€$if;;

Theophylline .

3. 30-;ffgtff7L"”-
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previously mentioned, thia is not necessarily an ffﬁ'f;“

| indication of no interaction.;ﬁ;;‘:Q-,fo?* ne

- D. .Methyl Aéetate;;-ﬂefhjl.acetate, CH5COOCH3, represent§ ;;égfi 
the extreme in modification of the cinnamoyl portion of =
. methyl ggggg—cinﬁamate;_ Here we have complete réplacement:}jQ
‘of the cinnamoyl group with an acetyl group, which - A
contains no‘TT-hlectron system, ‘Since methyl crotonato-' b
appeared to interact to a small extent with imidazole and b
B theophylline, it was necessary to assure ourselves that | _
| ‘this interaction was not a nonspecific one which any methyl
ester could undergo, _ A i : e
' The alkaline hydrolysis of methyl acetate was studied ?;fE
o under paeudo-firat order conditions by the pH—stat method._g_
. The effects of imidazole, acetonitrile, and thoophylline :ff?

_ anion_on the rate were measured; the data are presented iniff 

Table XVII and Fisﬁfa 13.' It is obvious from these datg ;;;;i; f:

- that imidazole and acetonitrile are affecting the g -- J~'--»J-,

‘ -h7dr°lysis rate to about the same extent. Whether both =
‘compounds are operating by the same mechanism, L.e., sy.ﬂﬁ At?;f:g

" medium (activity coefficient) effect, is difficult to .

determine- and a more detailed diacussion of this will

be presented in another section of this thosis.  nf? ;”-- :'"J'iikﬁ
E. (Cinnamamide and Benzamide.--Nakano and Higuchi have .~ .~ 4

recently published the results of a study concerning the ;;iffi;i
interaction of benzamido and cinnamamide with -ﬂfff”vﬁff"tgtffi
. it | _ s | |




- TABLE IVII .

The Apparent Second-Order Rate Oonstants for E;;i
the Alkaline Hydrolysis of Hethyl Acetato o ‘ ;
i in tho Preaence of Various Additives ?{

”:;iii 0.00 ;:1 ﬁt" 0.264  ¥{;§  ;-; 1"' A
 _._ £ Inidazole ff;ﬁ?',"""
000 BT 0,08 (i
B RT :3}f ;7§i,;o.245 y B
;10.25 ;;,]’fj;_{ 0,236 7 Tl il
00 -;éﬁ‘ 0.219
'ii Acetonitrile il
035 - L0231 G il
o 0.50 --f ' 0,220 71t T
. __: 1'f"; Theophyllinate -  f~;ﬁ'
”Jjﬁl; 0,075 ';;j; 0.257 ;5?3 i

f'AdditivB i Eé'(n'lsec'l)&'nf”glés

aBased on hydroxldo-ion activity, 25 0°, p - 0.5, pE 11.7,;¢1ﬁ¢g»
ester concentration =- 2, 35 x 10 S R e
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,Figure'15.-'Apparent second-order Tate constant for the_'; 1;. i

- oonoweo 0z alkaline hydrolysis of methyl acetate as a ~ .
oo function of various additive concentrations Gl
N (see Table XVII for conditions); 3

’V.QT

~ O- imidazole, [J=- acetonitrile, .. =
-0 “h“Pthlinate, A-- no additive.




 stability constant of 12 I while cinnamamide and

theophylline (14). Theso results indicated that _
theophylline and benzamide interact with an.apparent

heophylli.ne interact with a Kll' of 32 H-l The results
of our study on methyl benzoate and theophylline indicated ‘

.f that methyl benzoate interacted to about the same degree'f;f
as methyl trans-cinnamate. This conclusion is based - Jf;i;;}ﬁiff
prinarily on the results with theophyllinate, although the g
magnitude of the increase in the solubility of methyl i
benzoate brought about by 0.035 M theophylline indicated 5; -
a degred of interaction similar to that between methyl ;[;i;{}é< g
B trang-cinnamate and thOOPhylline." The results of Nakano }?}fffﬁﬂﬁf

~ and Higuchi indicate that cinnamamide and theOPhwlling Q,ﬂﬁa?*“"'W

interact with a stability constant nearly three timea P-fif‘_'l X
 larger than that for benzamide and theophylline, It was f{f;j;;?;?
_ difficult to rationalize that such subtle differences in;t;ff ;f*?u
 bond angles, bond lengths, and electronic properties whichlif;fifﬂgé
 exist between.amidea and estera of the same carboxylic i3.i;,z7f5;i

‘acids could be:responsible for such drastic differences in:,ff?55Vf

~ complexing tendency with a common ligand. Because of il vy ;

,¥ithese discrepancies, -and because Nakano and Higuchi did’__,_,w;;ﬁ;;

not present experiﬁcntglldetails, we decided to study the
interaction of theophylline with benzamide and cinnamamide

undeé our eiperimcntal conditions., 'The data might provide ?
& comparison ‘between benzoates and cinnamates since tho ::i 'ﬁ
results of our studies with mathyl benzoate and theophylline i
were not quantitatively reliable.-jkﬁ-**“ﬁ;fr' | '_ Al '?
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. The interaction of cinnamamide?and_banzamide.with ;;Iff5?”

data for these ayatems._ The stability constant for the f;f;gff G

" theophylline was studied by the solubility technique.fi;; ;i;v
Tables XVIII and XIX and Figures 14 and 15 preaent the ;fﬁﬂaﬂ?i

clnnamamide-theophylline interaction calculated from ff}{f?[{

: Figure 14 is 28 Hfl ~ The apparent solubility of

cinnamamide is increased by 57% at the maximum i ;'*1311~4f

; theophylline ‘concentration of 0,035 M. The atability
~ constant for the benzamide-theophylline interaction is iﬁ

| 15.n‘1; the apparent solubility of theophylline is Ty
" increased 55% by 0,08 M benzamide, | |

' The spectrum of cinnamamide appeared to be ahifted

shown plotfed in Figure 16.:_The stability constant
 calculated from this line is 17 M™,
‘between this value and that obtained by solubility

1, The diacrepancy~f{

' multiple complexes. '

~ Since amidea are quite resistant to alkaline

| ;i;spectral methods to study the interaction between Sty T R
- cinnamamide and theophyllinate., (With the less stable -ﬁ;;ﬁ“ o

ester subatratea it has been posaible to measure .

interactions with theophyllinate only by the kinetic_;*
method.) The solubility and apectral techniques were

- applied to this ayatem, and the data are presented in L AkYAT
Table XX, Figure 17 end Figure 18, At thoophyllinate,_z*f;;l:;ffr

by theophylline, ‘The data from the apectrai study are i-i*'

_meaaurementa is taken as evidence for the preaence or 1??fﬂf”°"

hydrolysis, it was possible to employ the Bolubility and ii;ﬂ_:“_;

£ E. 3




B e TABBE XVIII o S
Apparent Solubility of- Cinnamamide in the

| :i'Prosence of zarious Concentrations of Theophylline
Thédphylliﬁe;é- cinnamamiae""f-ﬁaﬁ“
(%) v _fmy
000 . o.eag®
©L05 . 1.0, .o
| ____i?f 1.4012; _u.-i; 1'09'?ff;';;:”'\'
R R O RRTE
o200 0 1.2, 1.8
Co2as 1,1, 30
T 2,80 0 i 1, 38, 1. 39
S 050 T 1

925,00, BH 6.4 . phosphate buffer, pe03.

bMean of seven determlnations,_ &i;H:%_T,_a



e | DABIE XTX ,,”"' ' s
Apparent Boluhility of Theophylline in the e

Prosence of Varioua concen'brations of Benzamid.e

(M x 102)

Benzamide (L )

' 1?¥}1;6f?f
2.4}_ . ".

e R R
F B8R L

L el R
e g R

--------------

.“Thﬂophylline (s )

(M x 10°)

408

.  fﬂ4.96 fif.i** o
: ;j35.09f1jgﬂ5; 5
2 Uisg0 Teaiy

S 3. 28, 5 24
£ 5,97
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10°5;

Figure 14. _ Plot of apparent solu'bility of cinnamamide ;-,-:;,.;-:.;";:'_-:.
... a8 a function of theophylline concentration. i
Atk (See Table IVIII .f.‘or conditiona.) o g s T
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Theophyllinate 5
_(10%m) |

Ay 2&5&24&5 S e 5
= Apparent Solubility of Cinnamamide in the s
Erbaenco of Various Concentrations of Theophyllinafa?;;

Oinnamamide ”ffEfit

..'”E: 0.0 . &
0
5.0
iﬁ6.0 b
7.0
e
_,3;~9.0-r |

& o.as_giia}ﬁff‘f* '
';;0.98:{;:-
L33
1.25
L 137
.82
12;1.58';
.
e s

e
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g Figufe 17. Plot of apparent solubility of cinnamide as a

.~ function of theophyllinate concentration. L 3j“3j4fff
: (See Table xx for conditiona.) o e
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Pigure 18. Plot of spectral data for the cinnamamide-_f 771*3*§
. G theophyllinate system: 25.09, 1% CHzCN, =
"51 qp, gmncell, amide concentration Q,jﬁjjgfn

.45




) concentrationa greater than 0.05 n the BOlubility ...ﬁepi | ..
isothern (Figure 17) obviously changes slope; the reason ;{;fﬁf;ii

- for this is not known. The initial portion is linear, 3;:
 however, and the stability constant computed from the .
line through these points is 17 M~l, The stability

" constant calculated from the apectral plot (Figure 18) -
18 10 Hfl The discrepancy between these two constants _?fﬁ;
is 1arger than the experimental error for such a system,i;?3;“
e and it is taken as evidence for the existence of multiple;j
complexes., It is intereeting to note that when methylwfﬁﬁﬂ
cis~ and trans-cinnamate are used as substratea, ‘the . SRR
stability constants for the interaction with theophylline';;:;
" are sbout double those for the interaction with theo- '
_ phyllinate, With cinnamamide and the two forms of
theophylline no simple relationahip can be diacerned

becauae of the apparent existence of multiple complexes.ff_g

| F. Methyl 2,6-Dichloro-trans-Cinnamate,--This compound f{ﬁiiiifif

- was selected for study because it is non-planar’ but thg ep;xiuu.

.4; trans configuration is retained about the double bond of f:f?f}mﬁ"
~ the side chain, The two relatively large chlorine atoms _ ;§ﬁ;g;5

cause the side chain to be forced out of planarity with _:{p';ﬁiff
‘the aromatic ring. Solubility studies were attempted with {g;?f;f
this compound and theophylline, but small, irreversible, 553&"547*

spectral shifts occurred when the ester was equilibrate&
with burfer. For example, a freahly prepared solution of
the ester in buffer had a UV maximum at 270 qp while';f‘f”-f




- Figure'19._ The apparent stability constant computed from jﬁ

S __ T e
.'isooctane eolutions of the egter had a maximum at 263 mu.l?f}i;_fg
- After equilibration of excess ester with buffer for 24
~ hours, the spectrum of the saturated solution had its ff;{lﬁl e
 paximum at 276 mp while an isooctane extract of this ﬁ'ignﬁh'””
solution had its maximum at 268 mae Numeroue experiments.fjj

.~ on this system failed to discover the reason for these .

gshifts. There was no doubt, ‘however, that theophylline ftLv s,

-'increased the solubility of this ester,'end with the hope.“
ilthat the minor spectral shifts did not represent grose’f‘ﬁ
| alterationa in its etructure, Bolubility studies were';;
conducted on the eeter-theoPhylline syetem.. The resulta-;
~ of one of these studies sre presented in Table XXI and g
this least-squares line is 39 w1, Another study
~ duplicated this comstant o within 5%.__,=-*“-"' ”'i o
.i - Spectral atudiee were attempted on thie system, but;;:$
”n'the0phylline did not shift the apectrum of methyl 2 G-di—f#i
.chlorocinnamate in the wavelength region of analytical }??f
utinty. R e e SR ¥he g

\ .
\-

""i‘G.f Methyl B-Nitro-trans-Cinnamate._-This ester wag RS

selected for study because it presented an °PP°rtunity tO.i?fjiffﬁ
. observe the effecta of an electron-withdrawins ring e A

_aubstituent on complexation._ Solubility studies were '
attempted on this ester in the presence of theophylline;

~ however, several experimental difficultiee were ’5'*

encountered., The firet was an unexpected amall epectral




TABLE XXI

Apparent Bolubility of Methyl 2 6-Dichlorocinnamato
”-fin tha Presence of, Various Ooncentratiqna or
' Theophylline

£ Theophylline ¥ He 2 6~Dichlorocinnamate
D 10%m) "f_;; (10

L o oo_;_ ' '5?;:0 675, 0. 721

- 0.35 Loz

| ; o. Bus

. 0.986

.09

1,15 1H”

2t 30 BB

136
Lk

S 1,51

156

825.0°, pH 6.4 phosphate buffer, j = 0.3.
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- shift upon equilibfdtion with buffér. ' Freshly prepared {:;Q,gu.w,

~ solutions of the ester had & A pax 8% 302 mu while those

equilibrated for 24 hours or longer had a amax at 306 m};.

- As with methyl 2 6-dichlorocinnamate, the reason for thisffsz'

.shift was not apparent; therefore aolubility studiea were f ﬁ

- conducted with the hope,that this spectral shift did not ?;;zlL““ 

represent any gross alterations in the properties and ;,_z-_

structure of the ester. The other difficulty encountered }f{

- was that abnormallj'long equilibration times were required_ff

for solubility studies. With most substrates, 24 hours .
was enough time to attain solubility equilibrium; however,

‘this ester did not reach stable saturation concentrations gli

in this time interval as evidenced by marked scatter in'i“:l;
the solubility data. Even after a four day equilibratioﬁ it
" period, there was still some scatter to the data, | '_‘ £
presumably due to non-equilibration since the analytlcal

- technique used for this ester employed no.extractiona‘?:ifﬁﬁﬁ

(which tehd to intrbduce larger experimental errors due to'q;§”=‘

multiple volumetric transfers and dilutions).*

~ The data from the solubility studies with methyl

LR s o

‘-Q-nltrocinnamata in the presence of various theophylline = ..

- concentrations are presented in Table XXII and Figure 20,

The values for Sﬁlat the two highest ligand concentrations '-';:f“ﬁ

: *Subsequent work by Miss H, Stelmach reveals that the
absorbance of a solution of this ester decreases upon ity R

~ exposure to light, perhaps as a consequence of trans-cis =
isomerization; thus some imprecision in tho results m&y ; o
be ascribable to this causo.-g;.fh_.,:, O




- DABLE XXII

Apparent Solubility of Methyl g-Nitrocinnamato'f
'5Vf5-at Various Theophyllino Oonoentrations

Thoophyllino;fg

(1o M)

Methyl R-Nitrocinnamato
9 (10°M)

. 0,00 -
0,35
ff9-7° ¥
1,05

1.40 -

1.75

2.10
a5
- 2.80
3.5
3,50

ff,4085’ 5.05_;;;I
'5.4Oi_5.445¥

6,15, 6,19
:6.12; 6.10 1,,
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L Il el R . A o A .p 9°psf
; wene not included:in.the 1east-squaies cslculations sinceiif%*
it is quite possible that they represent formation of an.d;;?
“ insoluble complex. The Kll' calculated from Figure 20.__.:dp
i 21 M1, The structural implications of this stability .
. constant will be discussed later. e '.___ :d'
The results of attempted spectral studies on the'?iu__ C i
methyl p—nitrooinnamate-theOphylline system are quite f{f}f;?%77j”f
 interesting. A UV scan from 350 m to 290 mi of &
2 x 1072 H ester solution in buffer produced a spectrum f{;f;z
with & Q.. of 300-302 mi. A scan of a solution ;
f'containing the same amount of ester and 0,032 M |

;_theophylline produced & spectrum which was essentially o e
 identical in shape and intensities with the one in buffer i
. from 350 ma to“525 ma., From 325 mp to 302 m1, however,_f?ﬁ;i.”d:.
. the spectrum of this solution had slightly lower ' R i
 absorbances than the solutlon containing no theophylline. ﬁf;; ;;i
In addition to this, the pesk was at 307=309 mp, see f': Sy
Figure 21._ This is the only substrate we have studied -

- that oould be scanned near the "in the presence of

- theophylline. This is also the first piece of evidemce . .

.. that a bathochromic shift in the spectrum of the substrate o i

occurs upon complexstion, slthough this 1s an unusual

compound in that the spectral shift occurs only near the
'oAmsx' With previously studied substrstes, spectral ¥

studies have been performed by measuring intensity ? id
differences on the long-wavelength side of a spectral f}fi;d;fi?iti
'_.band._ It was never.estsblished whether these intensity ?:fdf3ﬁ5-?t




T i,

- methyl p-nitrocinngmate in aqueous buffer, T
. Spectrum 232 x 102 M methyl p-nitrocinnamate = - - = -
3,15 x 10~

310 330 o

“'Plot of absorbance vs. wavelength for_methyl |
- p-nitrocinnamate. Spectrum 1:2 x 1072 M . ...

M theophylline in aqueous buffer. ;_ﬂrﬁf_




-Jng-isothenms with increasing ligand concentration has been &

_ _ A g
diffenences were dne'tn batheehromic.spectral shifts or ;_3_.

. absorptivity chsnges. There is little doubt with methyl -_a?
p-nitTocinnamate that there 1s a bathochromic shift of . G
A mex* | Unfortunately the magnitude of the absorbance - : e
- change brought about by this shift is too small to be ;g;gj;*j@;};
 measured accurately 80 that it was not possible to s

- obtain a stability constant for the interaction with

theophylline by the spectral technique.'5g;;.i“ i
t_H.. Hethyl_l-Naphthoate and Methyl 2-Naphthoate,--These g?@ﬂt.}ff

~ compounds were selected for study because of their"""

31milarity to benzoates, because they contain a condugated
system of aromatic rings, double bonds, and ester carbonylsgf%
~ similar to that of cinnamate esters, and in addition, they Iﬁ

~are relatively large, planar molecules. Solubility studiesdﬁfj
with these two compounds and theophylline as the ligand ' h;:lyh_
_ were attempted. The data are presented inm Tables xx:x:’»i”jfif“df'
- and XXIf and Figures 22 and 23;_ Notice that in both'cases, ii;“;;;
~ the solubility of the ester is increased nearly 800% by __'_ F
:;“0 035 M theophylline.- The positive curvature in solubility_fiiff;

fobserved by other workers (48-50) and is ascribed to the.
presence of complexes contain;ng L to a higher order than']ftgif;
~ one (45).. As a first approximation, the assumption was _ d d;
.made that both systems contained 8L and 8L, complexes,d{jﬁiﬁf*:
and the treatment of the data as discussed in reference (45) |
was applied.; This treatment consists of plotting the data f“f%ﬁﬁtt
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(10 M)

Theophylline | Hethyl l-Naphthoate

Qo M)

© 0.000

4

L1405
5;1.40 :

};[o 700*?*':_ :
. osm
_,.ffj:1.75:fxqi,;§;
"'735;2,10ﬂ7?i}*

25 o° pH 6.4 phoaphatﬂ 'bu.ffer, }1- 0.3.

. 0.320, o. 540

;’0.5?9_j !

1.11

149
172 -

X
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.;Apparent Solubility of Methylﬂe-ﬂaphthoate
1; at Various Theophylline Goncentratians P

'TjﬁThédphyiline : Methyl.2—Nﬁﬁhtﬁoaté.iff:5;'¥
Ghpeedioo Qo Ee oty o C b
e 0,00 3 70,809, 0,835 1T
'i;' ”7f'o.175..-.:' f1.o1';Eiff_”””
'jfﬁ_O.aso'{j $fff1.181f§ﬂf;F“
i 1,05 02400
fﬂ;ff;.;;;?iv1.4o ;;L.;?:j2.5o j; .
s N e
.”t% ifi:t5.15 €??j?i7]5.46}iff
3450 U 8410

. 825,0°, pH 6.4 phosphate buffer, = 0.3.
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‘,¥_brought about a 6% dev1ation in the value of (S - S J/L .jeé; i”.

- as (8 -8 o)/ Ty Vs;'_L ; which should sive a atraight e

\_‘.-..-

line if the system does indeed contain only 8L and SLa
--complexea.f From the slopes and intercepts of these plots ;
may be estimated the values of Kll and 3(12); - siven i;;zj;ryjh
by the following equatiena._w_ T
,?ff'x(laj - '31ope/YLintercepf
Figures 24 end 25 illustrate this treatment of the =~
- 80lubility data for the naphthoate esters in the'presenceff,ﬁ
of theophylline. 'Both plots are described reasonably well f{d
by straight lines. . Although experimental data were o

obtained at ligand concentrations below 0.01 M theoPhylline;:5
- these data were not used in Figures 24 and 25. It was - ¢

i ;found that the calculation of (S - 8.)/Ly 1in this reglon ff;yfy
| 'waa subject to much error, even from relatively precise

“_ data. For example, a point which deviated 1.8% from the
'-esmooth curve in Figure 22 at 0. 00? H ligand concentration f.ffv

. Because of the expanded’nature of the Y-axis in Figures je)_¥  3
24 end 25, a 6% fluctuation in the’ value of (8 - S))/L; {_{:5ﬁf5e
?is quito apparent and misleading.' The atability conatanta”
- evaluated from Figure 24 for the methyl lunaphthoate-ﬁf.”g;_' ghis
theophylline system are Kll = 104 Hf and K(12) = 16 M' . o

e ER

The constants computed from Figure 25 for the methyl

i
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~ studies on this ester would provide information on the

e e _ TRy 102
2-naphthoate-theophylline interaction are Kll - 116 H'l :
 end K(12) = 17 M-, Some implications of these values ?Vf

'will Dbe discussed later. Because of the complicationa i;lﬂ_

e introduced by the apparent presence of the higher order
. complexes, kinetic and spectral etudiee were not attempted :ﬁj5

'I.’ Netgx_ Hvdroclnnamate.--Thie compound (06 503203 COOGH5), fﬁ ;

represents an interesting modification in the basic 'i”""fjf'
* cinnamate structure. It was hoped that data obtained from :

 importance of the double bond in the complexing of qu'?r_“
;'cinnamates. Methyl hydrocinnamate exhibited eecond-order

d kinetics under conditions of alkaline hydrolysis at 25 0°. :
- Imidazole appeared to inhibit the rate of hydrolyeis; "Ji_
_ therefore kinetic studies involving imidazole and "_L".t'i

”'-acetonitrile as additives were carried out, Table XXV is Sy

ij a compilation of the results from theee experimente.. At an i{fliﬁ
'-_additive concentration of O. 50 M, acetonitrile apparently AT

(_'.

~ inhibits the hydrolyeie rate to a greater extent than does ;d

-_felmidazole._ At the lower additlve concentrations, the: e

~ magnitude of the inhibitions caused by the two compounds |
is about the same._ Since we have assumed in previous ;’ PN
~ studies that acetonitrile is exerting its inhibitory action ff7¥f
'.by a non-specific ‘medium (activity coefficient) effect, ,J.‘}ﬁﬁéi?
 the tentative conclusion dramn from theae results ie that.

"imidazole, 1£ it interacte with methyl hydrocinnamate at




-Alkaline Hydrolyais of Methyl Hyﬂrocinnamate
.;.in the Presence of Imidazole and Aoetonitrile ;

= Additive
RPN Q)

- 0.00 :
o Imidazole'_ o i
fi_o.lo A 0.168. 0. 1?5 il
0,35 0.154, 0,159 };7- o
0.6, 0,149

Aoetonitrile ;jj;?:ﬁ.”_;f

o, 164, 0. 172!}

oae
0,130, 0,136

235,00, pH 12.4-12. 5, pi-fo.s;_basedléh activity =
' measurements.- o F L ST R S e s b g




e presence of theophyllinate proved to be difficult

:pi:,ture, oxvgen, Parafilm, and other factors were responaible  : 

all, doea 80 very weakly, and the inhibitory °ffectg i ?ﬂ€;?,.
_  brought about by such interaction cannot be distinguiéhed }ﬁ
 _ from solvent effects. ' : g

-Kinetic studies on methyl hydrocinnamate in the i

experimentally and wereﬂtemporarily abandoned in favor or ;
solubility studies with theophylline as the ligand.

‘However, apectral anomalies were encountered with thia_jffw

.ester that were not as subtle as those which we observed
for methyl 2, 6-dichlorocinnamate and methyl B-nitro-:fu;fﬁﬁ
cinnamate. In Figure 26, the spectrum labelled A is that R
. of methyl hydrocinnamate in aqueous buffer and at a ' : 
l concentration below that of saturation. Spectrum B is i:;i3?
. that of an aqueous buffer solution saturated with respect

to methyl hydrocinnamate. Our first assumption was that {53

the ester was undergoing self-association at Baturation :% .

s :concentrationa; however, dilution of saturated aolutions i;fa

 failed to change the shape of the spectra from that of B

spectrum B. Numerous other experiments were conducted onsyf?f

- these systems to determine if nydrolysis, 1ight, tempera- - o

- for the spectral anomalies. None of these, however, i¥‘?_:§:;|_;f
- appeared to be the cause of this spectral chansQ..ﬁ. i};iﬁ,f;,

_ Spectrum A was reproducible to the extent that several 2
' Beer's Law plots in buffer were carried out in which this G

spectrum was the one meaaured at various concentrationa..@{ﬁff




F:.gure 26. Plot of absorbance vs. ‘wave- "
- length for methyl hydrocinnamate in aqueous
. buffer at 25. 0 Te v (Spaatra shifted vo:t;anlly




' The molar absorptivity calculated from these plofs was ;;f?'
i Batisfactorily reproducible. We never were able to_ {3f;,,_
~ convert spectrum B into spectrum A, however. It was an ﬁ”i*i

" easy task to convert A into B, for all that was required

0 was to place a solution having spectrum A in contact with «ﬁo;

"':Jline drawn through the points has no clear significance

excess ester for a few minutes; & scan of the supernatant ;?Fi
- liquid always produced spectrum B, One final point to be:?ﬁ?5
:made is that only one spectrum could be.obtained for 'd”ir
Imethyl hydrocinnamate.in iaoootane. ‘When agueous solutioﬁe ;;L
having spectra A or B were extracted with isooctane the ifdff:
‘same spectrum resulted in either case, and it was identical :

- with that obtained from solutions prepared by dissolving ffi;; :
:Jd methyl hydrocinnamate in isooctane. '"_” _' '_"__;i.
~* In spite of the spectral anomalies, curiosity led to a-: ‘o
solubility study being made on the methyl hydrocinnsmate- . - f e
theophylline gystem, the analyais being performed by Al el

o isooctane extraction of the eeter._ The results of this :ff*
- study are presented in Figure 27+ The inoreaae in the - _
- apparent solubility of methyl hydrocinnemate appears to be L

_linear with increasing theophylline conoentration, but the fofj

. because of the disagreement between the Y-intercept and s
- the experimentally determined values of S, . The trianglea  {;?;€;

‘on the Y-axis represent values of 8/ ] determined by [
meaauring spectroPhotometricalxy at 253 mP the aqueoua ;..“;ﬁ;-l
phase before extraction with isooctane, The apparent.__ff}jffi;éré

at&bility.conatant oalculoted froﬁ theniine in Figure 27




srre o

‘sm Yo v

oY 10 8o

b

i

=T
R

Y
[S S

e Slbg e

dALIW 10

sedllosn g3 -\ so

Pq._

&’

S

it mE edroinc

Sy ey T W
LIE® B R A

9
GBI o Do

-,

a $noraann

ry

1
i

"~

Jo

107






e WETe quite scattered. when plotted on a solubility isotherm,” :;?;j

- is 6 H'l but ita meaning is certaiﬁly questionablo.' The
'1.spectral anomalies also cast doubt on the validity of the -
kinetic studies with imidazole and acetonitrile. Although
the kinetic measurements were consistently made on *f'fﬂ”
- solutions having spectrum A,'the significance of suchlifi
measurements is questionable since the identity (or ﬁi7;"‘”_

identities) °f the species giving rise to spectrun 4 is not¢;?
| known._wk possible explanation for the origin of these gf{fruf
.spectral differences will be offered in the diacussion :é;:
section or this diaaertation. _' e, | 2

'-_:J. Btz;ene.-—Styrene, (C6 5-CH-CH2), ia a logical member ;{
" in this series of substratea, since cinnamates are '

.;} derivatives of styrene. We had hoped that the results of i
 f complexing'stﬁdies with styrene would provide insight intoffa
_ the importance of the ester functional group in the inter-  2f;
" action of cinnamates with xanthine ligands. Unfortunately f;
:}[ styrene was experimentally very difficult to study under ,_iff;

'e'the conditions used in our systems., Solubility studies iﬁ ff;';ﬁ

.;tho preaence of theophylline were attempted, but the data el

" This is not surprising in view of the many poaszble modes i hitis
: of styrene decompoaition referred to in reference (37). . .

. i.The volatility of styrene also presented many difficulties. e

 Bteps were taken to reduce the problems brousht about by ' m_“_ |

'volatility, and nitrogen was used 1n the headapace of the :ii*f?ﬁf



f_solubilit& vials with the hope of reducing the:.f- i3
- decomposition rates. These measures had no notieeable.fftf_
.g effects, however, on the success of the solubility etudies.;
Theophylline sppeared to increase the solubility of '.
_styrene in aqueous buffer as indicated by the trend 1n the ‘ff
_” solubility isotherms. ' The magnitude of thia increaseﬁ_li:fit 
| suggested a high degree of interaction with theoPhyliine;\%;i:i
" but no effort was made to calculate stability constants
,;'from the data because of its poor reproducibility. Spectral
etudiea were attempted on freshly prepared solutions of
~ styrene in the presence of theophylline.‘ However,;f_;f-}f
. theophylline apparently did not shif¥ the spectrum er S
 styrene at analytically useful wavelengths, and therefore QE
{ it was not possible to evaluate a atability constant by the
f ; spectral technique. W B e | S



'"l'interaction is favored by a parallel orientation of

 a planar conriguration- the side chain double bond end -
' ,H:aromatic ring.- This configuration is supported by the ;f"yi

. Table XXVI indicates that approximately a 50% reduction in

\ 3athe degree of interaction between cinnamates and theo-fﬂ%5££;$

. IV, DISCUSSION .

| A Coﬁgléiétioh Dependence ég Acyl ggggg StrﬁctureQ-—?hs“%
- following discussion will be based on the results of the-fie‘
_interactions between the various.substrateé with theophyl-fé
line relative to the interaction of methyl trang-cinnamate -
. with theophylline. Table XXVI is & compilation of these .f"f
:; results. ff"f*?fﬁif : , .._ _ 2 St i _I,Tiii
4 ' The results of the methyl cis-cinnamate-theophylline ;}
‘fsystem support the pr0posa1 that the xanthine-substrate e

.._molecular planes.' Holecular_models indicate that me.-thyl_';'-_:53i
 trang-cinnamate can assume a planar configuration;_ These fffé
y models also show that methyl cis—cinnamate cannot exist in :ff

_carbonyl can be coplanar with each other but not with the

~ recent nmr study of Wittstruck and Trachtenberg (51).

<+ phylline occurs when.the configuration is changed from }g~¢;;;g¢gggq

trans to cia. This decrease can be rationalized on the

basis of steric effects and/or electronic properties. F°rlfkﬂ??f;¥
example, one possibility is that the loas of planarity in i?ﬁrﬁ&f:j
the cinnamate structure and ‘the reaulting decrease in ' _ ;1; ;935
.conjugation between thp aromatic ring and side chain may f{,f5=5k <

R




csnscn-ca-coocas (tran g)

- CgHsc000H;

* trans-cinnamate

Apparent Stability Constants with Theophylline

ok _ — Theo§hzlllnatg Theophylline
Substrate netic olubilit Spectra

bl_‘ s 22%

fé_lsd.;i

Cg 5cH-CH-coocH (_ci_s)

| H.COOCH e
 CHy=CH=CH-~COOCH, ('trans) -
| 00,

Cq 5 H-CH-CONH2 (trans) _

CH00NE, T

_ 2_Hethy1 l-Naphthoate 5?:5:.?_
~ Methyl 2-Naphthoate .~ =
Methyl 2,6-Dichloro- * i

 Methyl B-Nitro-trans-'fj5{;?"'“
cinnamate Sk i

06H CH:CH?

8Expressed as Kll' in M'l.' .

~ PData from reference (1). e
"7*°Uhpublished data from Mr. J. L. Cohen.~9*“'j"f'”

{ Dl RGBultBo '1-1 - (T

. Bgolubility methods =

_ Evaluated at two different wavelengths. f;:iﬁi" LR
“ieCpefinite aolubility increase, but no Kll' evaluated- see

" T¥o spectral shift at analytical wavelenatha. w;ﬂff e

:Spectral methgd._5
K(12) = 16 M ._.:..I .

kg =17t
o Ksee Reaults.fﬁ




: fan eleotron aooeptor (aasuming this to be a requirement

' l_bond can be oOplanar._ The, reduced interaction could then .

i 115?f}

A

. lead to a reduction in the ability of the ring to act as

_: for interaction). A second poaaibility for the reduced -
interaction with the cia iaomer arises if. we assume that fj
the coplanar double bond and carboxyl function are | _:”__
© primarily responsible for the cinnamate-xanthine 1nter;a7fff37
: action. In the cis isomer the carboxyl group and doublelfiﬁ

:l'reanlt from steric hindrance by the ring to the approaoh e
of the xanthine molecule. A third possibility is that._a_ig

.l the combined steric and electronic prOpertiea of the

planar tr ang isomer are necessary for optimum interaotion;ffg~ﬁf?ﬁ”

When these are altered, as in the cis compound, reduced .
interaction results, L-_,':-t;f~

. In the recent literature have appeared many studies . .

~ which indicate a preference for parallel plane orientation g

~ between the interactants of a molecular complex (52-55)._e‘7

Most of these interactions have been postulated to reault S

from charge-tranafer rorcea.i if oharge-tranafer is

rasponaible for theae interactions, it is not difficult to f;iﬁj

'“i'understand the reason. for the parallel-plane orientation, p;:i;i_:;;

since maximum orbital overlap is achieved by this confi--:fﬁ}fq:ff?5

- guration. Much recent literature on charge-tranofer
complexes indicates that electron transfer may be important

in the exoited atate, but that in the sround state, van der_:f[_gap

Waal's forces appear to be primarily reaponaible for the

, interaction. In 1961,_Hallwork concluded that polarization”ifiafﬁiﬂ




I acceptor complexes in the ground state, It is 1nteresting

f:;ﬂsome cinnamate esters. interact with theophylline is not

1

~ bonding* was more important than eleéctron transfer in 4Rt
" interactions betweeﬁ.afomatic molecules in the cryatal'ff'i::
'._:lattico (56). Le Fevre, ég gl., measured.dipole momenfs'féif
of hexafluorobenzene in benzene and mesitylene, but found 'f f

~ mo spectroscopic evidence for charge-transfer interactions_ifi
(58). They conclude that stabilization of the ground state

. of donor—acceptor complexes is determined to a greater ;-'“”f{:
" extent by van der Waal's interactions than by charge-' .” '
trensfer. Henna (59) end Matsuo snd Higuchi (60) also

~ propose that van der Waal's forces are 1mportant in donor-75

to note that maximum orbital overlap is not required for -
1:dipole interactions to occur., The only requirement is that
the dipoles (or induced dipoles) be aligned in an 3%"f'i?‘
electrostatically favorable orientation. In proposing a f%
structure for the methyl trana-cinnamate-the0phylline_?X«VEFT
: complex, it would help if we knew which type of forceé are |
': largely responsible for the interaction because of the e
different geometrical requirements of charge-transfer and

- . dipole 1nteraction. That a spectral shift occurs when

' evidence for charge-transfer interaction alone ‘since ~'fﬂ5?:;m (ot
spectral shifts obviously can be induced by other typea of .  :fg;
interactions. With the hope of resolving some of these i”; f :; .
.'uncertainties, let us examine several or tha other resulta 7

*Polarization bonding is a eﬁeric:ferhICOihéd by HcKeowﬁ,iﬁ ;

Ubbelohde and Woodward (57) to describe induced-dipole as el
well as charge-transfer interactions. PR S s el




':t'the coplanar, contiguous double bond and carboxyl group

~ may have been sterically blocking the approach of the e,

- In diacuasing the resulte of the methyl cia-cinnamate-lf'
| theophylline interaction, we offered the poeeihility that _ff:

- may be responsible for the complexation and that the ring

xanthine molecule._ The results of the interaction betweenf;:
o methyl crotonate and theophylline should determine if thia”i°
is plauaible, since this molecule poaeeaaes the coplanar, irr
contiguous double bond and carboxyl group, and the methyl E
group on the acyllportion'of the ester should offer little
' steric hindrance to the approach of the xanthine molecule.;
" Methyl crotonate does not interact nearly ‘to the extent e
 that methyl trans- or cis-cinnamate interact. This reeulti;;
af.stronsly 1mplicatea the aromatic ring in the interaction tjf:_ ’
p process. Other results in Table XXVI which also emphaaizep¥faplfii

jthe participation of the aromatic ring are those with S At

 methyl benzoate, cinnamamide, benzamide, and the £

_ naphthoates. The literature certainly supports the

E importance of aromatic rings in molecular complexes. Nmr - jf?iéff

. data suggest that N,N-dimethylformamide interacts with /= -
“v aromatic solvents (61). The anhydride, esters, and amide .. .-

o 3 5-dinitrobenzoic acid all form colored solid complexes ii"?{?;
~ with polycyclio aromatic donors (62). oz nistorical and .p,?;ié
. theoretical eignifidance are the many 'benzene-haloGen ;ffg?iiiﬁ'__
-complexea (10)0. A large tabulation of the'interactionazf}7“¥5.upﬂl

~ between many aromatio compounda and other aromatic and

N heterocyclic moleculee appeara in rgforence (45). Eﬁ;pe;ta__zg,

'_ Tagr ety el e VB et




s the interaction of the naphthoatee with theophylline._ The Ef

S values . RN AT L

-~z~;3f The reaults of the interaction between methyl

_ The.impontanee of conjugetion between the ring and nﬁ”dﬁj
N some other group containing 77ie1ectrone is illustrated by-i
. comparing the results for methyl benzoate, benzamide," ‘iﬂ
j,methyl hydrocinnamate and methyl acetate.' The contributiond?f;.

- of the carboxylate group to the interaction is shown by thee;f
" low degree of interaction (if any) between theophyllinate - d;w

and methyl acetate. Placing an aromatic ring in the same ffit

molecule with a carboxyl group apparently increases the ff?ff
:“ddegree of 1nterection, as seen by the result with methyl?dfu
- hydrocinnamate, but not nearly to the extent as with methyldi

'f'_benzoate and benzamide, where the ring and cerboxyl group f;
are conjugated. __Z_J ;'.'ﬁ ST .'e 3 ;i:

'_ l' It is not difficult to rationaliZe (though 1t is not ﬂ;;
80 easy to predict) the higher stoichiometry (8L,) T

increased planar surface created by the addition of another _-:'-_'.-i
- aromatic ring to the substrate acyl group is probably o
responsible for the additional interaction. What is moat oy
| difficult to explain, however, is the larse increase in theszfif;j
~ degree of interaction as indicated by the large Kll ijf'ﬁdik e

2,6-dichlorocinnamate and theoPhylline raise some , e
interesting questions. Models and x;ray data (63) indicate

d'that the molecule'cannot be planar and, hence, the reso--ffnff
nance interaction between the aromatic ring and the gide . i

chain is reduced. On thia baeie we uould not expect thia Q}f{;f;dﬁ;




'f._our prediction does not bear up under the experimental fiif

o~ results. We have neglected several other important =

© - withdraw electrone from the ring. If the interaction with ki

S

"ester to interact with theophylline to the same extent

'r”ae did methyl Yrans-cinnamate. However, we can see that "Ef

- contributions of the chlorine atoms to the ester molecule.'f;

If the aromatic ring were acting as an electron acceptor,{ﬁif;ii;il

- the chlorine atoms would tend to increase the degree of

interaction in such a situation because they can, in effect,

theOphylline were a dipole-dipole interection, the chlorineiﬁj
‘atoms might intensify the dipole of the ester molecule end_fv
increase the extent of interaction. A third possibility fﬂfﬁ
is that of direct interactions between the chlorine atome.€“f
* and the theophylline molecule. This interaction may be of ' "
a donor-acceptor nature similar to that between acetone f;?
"rand bromine moleculee, where the oxygen atom of acetone
eervee as a non—bonded electron donor for the acceptor f:'.

bromine mOleCﬂlGB (64). Robinson and Jencks observed that:;ﬁj;;if

" the preeence of chloride and iodide substituents on anions

”,' augmented "salting-in" effects which they later ascribed _f;ff:
.;g,to a specific complexation interaction (65).

~ Several timee in the course or this discueeion we .
_have suggeeted the poesibility that the aromatic ring 'in-

~ the cinnamate esters may be acting as an electron acceptor.

It this were true, then methyl p-nitrocinnamate should

interact quite etrongly with theOphylline becauee ‘the i;."“
electron-withdrawing nitro group ehould enhance the ffﬂ



7.'; cinnamate in a typical dipole-dipole manner with the ¥

* to the side chain of methyl trans-cinnamate. The dipole ?fgﬁ

S p-nitrocinnamate these moments are nearly directly opposed,

".;; of .ethyl p-nitrocinnamate is 3.53 D (66); however, the

vt egsential point is that the gense of the moment is reversed

SRR Al e e e e T e
electron-accepting pfdpertieé of fﬁ; ring;f Thé results ;f;;

 .in'Tab1e XXVI do not support this, however. It appears f;??
that methyl p—nitrocinnamate_interddta with theophylline AL
to ébout the samglextent as does methyl ggggg-cinnamate.ii
There is a plausible explanation for this result based on;;?
dipole-dipole interactions. Methyl trans-cinnamate is a o
- polar molecule with its negative pole directed toward thé.fii;:
' carboxylate portion of the molecule and its positive pole ﬁa_
in the vicinity of the aromatic ring. Theophylline is :_
" also polar, and it would interact with methyl trans-ij’? ;ff

dipoles opposing each other., Now place a nitro group p

" moment of methyl trans-cinnamate is 1,95 D (66). The group
moment of an aromatic nitro group is 4,01 D (67). In methyl

f so the vector difference,'or 2.06 D, may'bg taken as an :0
- estimate of the net dipole moment of methyl g—nitrocinnamate;ij i}i

. Thig happens to be a poor estimate, for the measured momenﬁ-¢;f

in the B—nitro ester (relative to the unsubatituted ester)
This dipole reversal probably changes the geometry of the -
complex with theophylline, ‘80 that n compariaon of stability

constants would no 1onser be valid.i?” FERAEI R S



' hydrogen bonding as a possible influence in these inter-;if_,

;E;.that such forces could aid in the interaction of two P

At no time in this diecuesion have we made mention of

" actions. Although we cannot rule out hydrogen bonding as ii?
'f a coﬁtributing raetor, we do not feel that it is of mador_i?
= importance in these interactions. The strﬁctﬁral 51'1‘_“fi;
variations made during this etudy were primarily on the 1? 5
' acyl portion of ester molecules. The carbonyl oxygen of ,;;3;_
- the ester would be the atom most likely to participate in o
hydrogen bonding; it is unlikely that some of these ifl ’¥: 
:variatione could bring about such drastic changes in the-jif;
~ hydrogen-bonding acceptor properties of the carbonyl oxygen i?
i 8o as to cause the observed changes in Kiq! Y __ i _”i\. 13
. Hydrophobic bonding is certainly a possibility in S e
~ these interactions. It may be that hydrophobic bonding is
the major force holding together the complex while the ;_pra

o dipole-dipole interactions merely determine the general

£ orientation of ite componente. It is intereeting to note'

- that liquids exert a mechanieal pressure of 105-10
' ; atmospheres on dissolved molecules (68). 1Is it not poesible

..~ favorably oriented dipolee?_f,-:~a

B. Related Studies.-(l) B-Bromotheophyllinate.-No useful

conclusions can be drawn from the results of the inter-  7i¥?f #H??
actions between aeveral substrates and B-bromotheophylli-'jj;;}jﬂi§
~ natej; see Table XXVII.- Agreement between the solubility

e RN A S S vl PO AL LN S
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. CH,CH=CH~COOCH
- (trans)

. cE COOCH

"frj aExpreased as Kl 1“ Mrl R E R R e
if;bDetermined at two different wavelengths. f'jytﬂ PR
. "®Definite solubility increase, but no Kll evaluated 590

-;f-dxinatic reciprocal plot curved. ;f;f“' j;"\

B esee Results R a\ SR RN
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TABLE XXVII

e Apparent stabj_lity Constants with Imidazole

-1Q;, and B-Bromotheophyllinate

s = W

U T Tnidazol B-Bromotheophyilinate — .
.- Substrate Einetic golubilitx Spectral Kinetio::ﬁ S
| SeRemmuam, i 009 it 0 AN o L nemi

: 06H5-CHhCH-GOOCH5 . .0.07 B 13

?  BH COOCH

> .3;€3A}% ,

06115 0Hp0H000CH, Pt Wl

I:; FU0.T!ﬁ£1ﬁH ~“ ﬁ;f

> 3 3 QQé f;a

Results. :

LR S .

~ “Inhibitions of same masniﬁﬁdéwha'with'com?afable CH;CN iy A
;.3; concentrations..,f,_ R s T N

R




. 'presence of multiple complexea. Although we did not f5'

L fidipole, and donor-acceptor interactions. ' Since this dtom‘}l_

j 72 constants for imidazole and various substrates are prosented

| ... through a non-specific medium (solvent) effect while

e et vy g g mgmr et b e 1, e 41 (T e et et e

Rt R I e U U _”'121ff
: and apectral stability constanta sugsests that this ligand - 2
- may be interacting in a 1l:1 stoichiometry with methyl fjf*“f
.trana—cinnamate- however, the data for nethyl cig- -

cinnamate and methyl benzoate moat certainly signify the -

- predict this behavior a priori, it is no¥ too surprising f;* o
- when we consider the highly polarizable outer orbital of 'H ””
~ the bromine atom. These electrons would certainly enhance f

ﬂthe tendency of the atom to undergo dispersion, induced

~ is attached to a theophyllinate molecule,.it maj increaae“?f;5

11 the tendency of thBOphyllinate to unde:go'interactions of };f

if_a higher order than 1l:1. . L o St e
' (2) Imidazole and Acetonitrile.-The apparant stability

in Table XXVII. The significance of these results is not :ﬁ? 0
easily ascertained.' Throughout the Results section of this .

dissertation we have compared percent of rate inhibitions j;‘afffa

" for identical concentrations of acetonitrile and imidazole.:fff;f;

" The assumption was that acetonitrile was acting only :

imidazole, in addition to the inevitable aolvent effecta, e
.was undergoing & Bpecific complexation interaction with.the'jfi;fi
ester, thereby reducing its susceptibility to hydrolysis._f;mnwwlj
| The results of comparative studies on methyl acetate fif

_  appeared to lend aupport to this assumption since imidazole LR
| .lf and acetonitrile inrluenced ths hydrolyais rate of thia f5”_fff:;f




“z_ester to the same extent at comparable concentrations.y~
"3; however, met with questionable succesa. For example, 1;75;?

-]f.tion of the Setschenow equation (69). This equation =~

~additive concentration (70). Although they do not

ﬂ-Attempta at finding literature support for this assumption,;fl
5 301vent effects can sometimes be accounted for by applica=

'.predicts' that a plot of log Y y__s.."concenjbration of added i
”'.Bubstan‘ce will be 1ineﬁr if solvent effe‘cts alone are Hiionda
responsible for changes in th_e méasured. property 'of a -
'dilssolved solute, ~ We could not apply theh-Setschenow :

' equation directly to our data because we had not measﬁred_¥?
- activity cberficients in our sys‘tems..' Menger and Portnoy
have applied the Setschenow etiuatio_n‘ to rate data for an

ester hyﬂrolysié by plotfingzlog of the rate constant 22. ,;5

. elaborate on this treatment, such an application is valid 7{;é
"'only if the ratio (¥op=)(g)/ }rx.' is constant, where . -
the Y 's are activit-y coerficienta and the subscripts OH ,

" E, and X* ‘signify hydroxide ion, ester, and transition

~ ‘state, respectively. This ratio apparently was constant . .. -

,.1T_for their system because they claim that the plot was  “--

..__.'our da.ta on methyl acetate with imidazole and aceto nitrile' PRI S
' was hot iinear- this signifies either that solvent effects

|   : alone are not responsible ‘for the observed rate decreaaea,

'.,_- s i

or that the ratio B’ g/ Vxs 18 not constant for our - i .
 gsystem. - The latter_possibility is given some support 'by




;h;the work of Villermaux, et al., uho attempted to correlate il

:];activity coefficients and eecond-order rate constants ror

rf the alkaline hydrolyeie of e hemolegoue acetate ester

'~ series (71). Methyl ecetate did not obey the same *’ffiii
 relationship as did the higher members of the series. .

" These workers conclude that this may be because the ratio ;5
Yor~/ ¥y 18 not constant throughout the series. That
our data for methyl acetate does not obey the Setschenow '”_«

' equation cannot be taken, therefore, as conclusive evidence o

”}tthat some effect other than eolvent efrecte are operative ;]“

 in this systen. R

In an effort to find eupport ror our aeeumption that

' :i.only solvent effects uere reeponelble for the observed

ti:inhibitione of methyl acetate hydrolyeie, we turned to the;f

" literature for data on the dielectric constant of dilute

'f-f'equeoue imidezole and acetonitrile eolutione._ Devoto

.",:.measured the dielectric conetant of aqueoue acetonitrile i

-. eolutione and found d€/dc  to be -1, 74, where € is

. the dielectrie conetant and ¢ is the molar concentration”_?ffs

(72). Huckel et al. did the same for imidazole solutiong '/ i+

.o and found a€/de to be zero (73). . On the basis of these = = =

‘data, one might conclude that 1midezole and acetonitrile = =

cannot exert their influence by the eame mecheniem.;e

i However, Kosower warns that extreme caution must be used £a st

in interpreting macroecopic dielectrie conetente as a
reference parameter on the microecopic 1evel“ (74),1 The7f

| methyl acetete eyetem mey be an example ot a eyetem 1n




hypo‘bheSiB- _. ..
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 which this warnins should be heededae'In aqueous solution,;fe
d-??.methyl acetate is solvated by the hydrolytic epeciee.' It
eieppeere from the dielectric constant measurements that 'fi:
".'imidezole fits rather easily into the structure of weten;iie
._Is it not feasible that several molecules of imidazole jff?;
- will be included in the eolvent sheath surrounding a nethylﬁi
 acetate molecule? Thus imidazole could interfere with the fie
movement of the catelytic epeciee through the solvent jTJ,:”
sheath, since imidezele could not participate in the
- transfer of hydroxide ion through water in the'mennerl £
 proposed by'Frank and Wen (75). Another poeeibiiitj is ;;f
i that incorporetion of imidazole inte the solvent eheethiﬂ"fm
reduces the activity of ﬁater in the vieinity of the ester ;
molecule.i However, a plot of mole rraction of water vs. g
~imidazole concentration for this eyetem ie linear up to 12?
0.5 M. Since the plot of koy ¥Ys. additive concentration \_'-_-_'
is hyperbolic, we feel that reduction of water activity | s |
is not solely reeponeible for the observed retardation. ;iifﬁe;fj;_
The result of these rationelizatione is that we still haﬁe T;filiiﬁ

no firm evidence for or esainet the solvent efrect

It might be poseible to Bupport the solvent effect :c.d”ﬁidf'“
‘hypothesis by demonstrating the absence of a complexation ARl
interaction. In attempting to do this, we plotted the ?Miﬂ?ﬁihlif'
methyl acetate-imidazole data on a k /Ak ¥s. l/I't plot ‘
The trend (except for one point) wes reaeondbly 1inear, B i

| and a Kll' or 0 6 n"l vwas celculated. Here we haye ff"
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_' évidence that some sort of specifi; interactidn betweaﬁ:f;ﬁf
“ ;'methyl acetate and imidazole may be occurring. We are ﬁ3f

f' also reminded of Allen 8 work in which 0.1 N sodium .

~glycollate ceused 6.7% retardation in the rate of methyl
- - acetate saponification while 0.1 §¥ sodium salicylate Hopr

o i'retarded 17% by 0.5 M imidazole or acetonitrile. It ia';ﬁL

-  ‘rate effects, the dividing line between aolvent effects 3fﬁ5

:'fif_l) Methyl acetate cannot be used as a model compound for

" retarded the rate by 35.4%1(7). This may be.evidence:'
for a specifio_interaction between methyllacetate and
- sodium salicylate. On the other hand, Blackburn and i

i Jencks, in a recent study, showed that the rate of methyl
_ formate aminolysis by morpholine is retarded 12% by 0.5 n s

dioxane* (76); they attribute this to a solvent effect.'if*:
i In our system, the rate of methyl acetate hydrolysis is_;}lf

- difficult to determine, on the basis of these relative‘

' and specific 1nteraction. ;;*;_ _ S _ e
| .. In view of these many contradictory results we make f
'f the following concluaiona..uw % G

.’-. .

_ﬁf discriminating between solvent effects and c°mplexation: :;:mﬁﬁ
~due to imidazole and acetonitrile. £ | v

'rf_2) The complexation hypotheais for esters such as ﬁethyl

;?.l trans-cinnamate and methyl benzoate with_imidazole may . o
- . still be valid, but if it were possible to subtract . | i

_  *Estimated from a graph; data not given.




 n?ﬁ:5o1§eht effects from the observed 1nh1bitions;_the'&;¢ff1;
:;E?Japparenf stability conatahts might be of very small ﬁ 3
':-masnitudd} For a detailed discussion on the validity
':;f;_of complexation v3. solvent effects based on very st iy
If i_sma11 differences in measured properties, see : 53lr”35
“f‘:_reference (77. e R T

' 3) Because of the uncertainties in theée ayﬁtema, no g;f i?'3
' attempt will be made at this timo to postulate
structures for a methyl trans—cinnamate-imidazole

complex._’i

_ (3) Hethyl Hydrocinnamate.u—This discussion will bear ;;f
”'-on a possible explanation for the two different uv 3peotra';k.
 ' exhibited by methyl ‘hydrocinnamate in aqueous solution. ' 5

Methyl hydrocinnamate is a disubstituted.ethane- its ;:;jﬁf

2 conrormations can be illustrated by the familiar Newman fﬁﬁ%“4

i prodections, below.iﬂ[g;g';sgj-; jfj_ ;fggJ_w;;;;aL




' . omitted because the Probability of the molecule'existiﬁs';nw
;f in that rotational form is extremely tow' " Rovasion about

| position of the equilibrium being determined by the free T

" moment meaaurements (78).:-

.5]_ could assume a oonriguration which placed the carbonyl x'ﬂ“fu

. o k;fa:. _{ ;_=-_ ”:ffﬁfif“f   ;_3'}£.127.:w
' ~ A third possible conformation (eclipsed) has been Ao

- the carbon-carbon single bond of the ethane molecule is 3
 now somewhat restricted due to the non-bonded 1nteractiona:?gjﬁfﬁpi:
between the phenyl ring and the ester group. Thus there W

is an equilibrium between the two conformations, the' “;ffiﬁci

‘  energy difference between them, For example, 1 2—dichloro-:i
 ethane prefers the trans conformation at room temperature,-f;
but as the temperature is increased, the equilibrium is :1;”'
~ shifted to favor the skew conformation as ‘shown by dipolo :L?.

Holecular models indicated that methyl hydrocinnamate ?:;v.

__-oxygen near the aromatic ring in such a manner that one RN,

' could envision an interaction between these two functional Lfi?*QE;

~ 'groupB. Interestingly, support for thia proposal was

found in the literature. In their numr atudy,tWittBtruck

... and Trachtenberg propose just such an interaction (they :Tjgjﬂl;ngg

" 0all it an intramolecular acid-base interaction) to explain

‘the unusual behavior of the chemical shifts for the X~ ot
.and Ls-protona in hydrocinnamic acid (51). On the basis ? ?  :.i&?
or'the Newman prodectibﬁa; we proPose-that the equilibrium;if[é:iff
: for mathyl hydrocinnamate favors the skew conformation. = :

~ The input of energy into the system in the form of 1ight,l=;

 'heat, mixing, and perhapa other mechanisms unknown to us ;;; “ {{?




" have been discussed in the recent literature (79,55). The i{f

,1;; between caffeine and 5—chlorosalicylic acid has been _;_Jﬂ_ﬁ;,L ;¥d

':at fhia timé, Qould cause a shift id the-éQuilibrium toward 5}
.'ﬁ'the trans conformation. It is likely that the two conror;'fir
mations have different UV spectra gince in the skew conrorn':;
mation the proposed interaction involves the only two E ;“;;w+
chromophores in the molecule, and in the trans oonformation,?ﬂ
little or no interaction should occur. Unrortunately, the :
experiments conducted in connection with the anomalous UV i
spectra were not performed with this hypothesis in mind..._._'"_."'i
;_Thereforé, the data dbtained do not.éllow us to support orif1~
refute entirely the hypothesis at this time. Move detailed
studies using nmr techniques would probably 1ndicate S
* whether or not our pr0posa1 is reasonable.ffﬁ

.

C. Pr0posed Comp Structures.-—The atructurea of two

~complexes involvins caffeine and carboxwiic acid derivatives

caffeine-benzocainelcomplex structure has not been deter- 3€7¥
f mined exéerimentally, but was proposed by Schnaare and_iﬁ   _4u
 Martin on the basis of electron density calculations for .;; -J? g
f:.each mole;ule (?9) The crystal structure of the complex-;}:f_.jff

" determined by the X-ray diffraction method (55); ‘Shefter 7{}[{H S

& -admits that crystal structures may not represent the

exact structure of the complex in solution, but certainly Lol
this work is valuablo in inﬂioatins possidble nodcn of 1_: g
| interaction. (See also Wallwork's series on complex. fiff;Lﬂ.*




. -i; etructures in the cryatalline state. ) Ue wish to propose

~ Shefter in that it is neither a direct structure deter-

g 4) The alcohol moiety of the ester does not participate ?'l' i

.-_aome possible atructurea for the methyl trans-cinnamate-zgf
theophylline complex in aqueous solution. This approach'Tff
is somewhat intermediate to those of Schnaare,‘nartin, and f

' mination nof a purely theoretical treatment; instead it-iﬁ
involves construction of models constrained by the ,.iflizﬁ
experimental reeulta obtained, mainly in this laboratory, .i
- from solutions of interacting components. 5_-. ¥
| ff The pr0posed structures are depicted in Figure 28 i
.i (I-III) they were constructed by utilizing the rollowing ;hi
'f:common reatures and aesumptiona" o | ki
ii;'l)_The molecular planes of the interactants are assumed to
i”if;: be parallel.r'_ﬁ;?** 5 i Rty for L R AR

;f_gZ;Soﬁe portion of the theophylline molecule is closely.

 situated to the ester group; this is based on the i
| Observed kinetic inhibitiOns. which we have ascribed

% . .
to complexation.-f;_,-'

ﬂi“:5) The eromatic ring 18 directly involved in the interaction.pgﬁﬁQ

directly in the interaction. p**:~75&-1

T

| 5) The aromatic ring ie not eterically or electronically i O
. aisturbed %o a 1erge extent 6 by the interaction._ This 1ajLQ"%;,

i_*Unpublished resulte or Hr. n. H. Inreld..L
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© wvith theophylline amion; i.e., ¢ < 1.°

: iR o o5
‘ ;.baaed on the fact that acetoxy sroups, substituted at ey
_Et.varioua positiona on the aromatic ring of trans-lt,?f_:f,
" oinnamie acid, are not totally unreactive to hydroxide-'?‘

. ion catalyzed hydrolysis when the molecule is complexed ff”

.. 6) The general orientation of the interactants is based-on_;f__Wth

'ttt dipole-dipole interactions rather than the maximum tf-:;fj=
. fT-orbital overlap required for optimum charse“trﬂnﬂfer‘;;:
t?interactions, however, slight changes in orientation fiﬁit

~ from that for maximum dipole-dipole 1nteraction are t:tiw
" considered when local charge-transfer torces can conrer.}
;:_t.additional stdbility.; I | -

" 7) Attempts were made to place one of the carbonyl oxygens t:.
:‘*;.of theophylline near the center of the tubstrate phenyl't;}.

t*ftrins{- The 77 electron density is lower over the center e

. than at the perimeter of the aromatic nucleus (10) while ?fffﬂ?;

_' * the carbonyl oxygens of theophylline are the two most
Fin electronegative atoms in the xanthine molecule (79).':itv

We have atated that the general orientation in our

ph'pr0posed structures 13 baaed primarily on favorable dipole-'fiffff

 dipole interactions. Although dipole moment values are

- available for both methyl trans-cinnamate ‘and theoPhyllins,-frfif?f

-'__they do not indicate the sense or the moment.: This we haveji.ffif

 *Unpublished rosalte '_ of Miss H. stelmach.'




‘o f@tionalized on the basis of favorable resonance structures';'"

:":5:for the two molecules. It is reasonable to ‘assume that the f

- negative pole of the ester is near the carboxylate group

*f because of its strong electronegativity.  Resonance f B L

structures for theophylline indicate that a negative chéfgé.iQ fﬁ;
q”i!;: is more readily accommodated by the carbonyl oxygens of thotig;
;-“;"' six-membered ring, while the positive charge can be f;g.f;ﬂ

 favorably localized on the five-membered ring. Based on:fzé

" the above reasoning, we would tend to favor structures .

e 28-II and 28-III over 28-I because the latter may have

:f somewhat less favorably Briented dipoles. Based on local i;.
 “:'interactions, the author tends to favor structure 28-III  # 2
.ﬁ._over the other two.1 For example, in structure 28-III the ;?;

__;;  electronegative 2-oxygen of theophylline ia situated  ; ;
i centrally over the aromatic ring of the ester while the

__ _f_relatively positive 2-carbon is over the relatively nega—f f;f,h”:"
ﬁ-,- - tive perimeter of the ring. The interactants in structures ]15{ :
. - 28-I and 28-II are not quite so favorably oriented. Notice f:i Vi

‘f also in structure 28-III that the relatively positive-i: L
e 7-nitrosen of theophylline can interact with the relatively:”ﬂﬁa;hi

L*" negative carbonyl oxygen of the ester. Another possible, *fftff?ﬂ”
= '~; but admittedly minor, local interaction in structure 28-IIIﬁff¢ f!i
o _*f is that between the slightly positive 4~carbon of theo-~ f;”?t=:5;;
lphyllino and the negative [3-carbon of the substrate Ahe
ethylenic double bond. ' In structure 28-II,. this latter
b W ueakilocal interaction is still poasibla, but one __ﬁﬁ?fff:j“




' a_f unfavorable looal interaction exists where the poaitive 7jf3
;;ivi7-nitrosen of theophylline is situated near the positive '
' ester carbonyl carbon of the eater. There is one Other_hﬁ
.e weakly favorable local interaction in structure 28-II_:i;;f
,;v between the slightly positive 8-carbon of theophylline . -

8-carbon of theophylline is situated near the poeitivei:J*P

| for the methyl trans—cinnamate-theophyllinate complex._if;;f

. membered rings relative to the first three structures. '
 ' Our assumption here is that placement of the negativeeff :
']}\charge on the five-membered ring, which was the positive :fﬁh

- 1ror favorable local interaotion between tho 2—oxygen of
‘75theophy111ne and the relatively poeitive carbonyl carbon °*a°i

""f} or the ester.;;*

~ and the negative ester carbonyl oxygen. In addition to. .

the possibility of unfavorably oriented dipoles, atructure*fw
28-I has two unfavorable local interaotione._ The poaitive j‘

ester carbonyl carbon while the negative 9-nitrogen of ;;1?{
theophylline may interact unfavorably with the negative ;g;f
carbonyl oxygen of the ester. ' i

- Structure EB-IV is one of aeveral poaaible atruotures ?W

Notice the roughly 180° reversal of the five- and six- '

pole in the unionized molecule, has caused a reversal in

| if the sense of the dipole, (though this is not aeauredly BO,llﬁiﬂ%;&f

«c- because of the effects of counter-ions). ~ Thus the nitrogen R

5 bearing ‘the rormal negative charge has been poeitioned over ;i;gfv
 the relatively positive center of the aromatic ring. The ﬂfr?fJ€“5

. two moleculee are oriented in such a manner as to allow 1-75?’"'””’




__o;.tho validity of the general types of structures exemplitied'
:fiﬁiby Figure 28, The results presented in this work do not |
] fi establish whether the ethylenio double bond actively f:;;;
;o.partioipatea in thﬂ binding interaction, or whether it |
ﬁ 'merely serves to establish conjugation betwoen the "; e
"o=f carboxyl group and the aromatic ring. The effect oI_-"#ir 
;”;:;_complexation on the rate of oddition across this doublo i;j
" _bond, as well as the effects of &~ and l3-3ubatitution on

esting to observe changes in the nmr spectra of the ligand
- and substrate upon complexation; such a study may be fEEth

 concentrations of substrate used in these studies (because ﬁf
of solubility limitations), a computer-average-time-scan ;jif:
o would most certainly have to be employed. By using Ay
:,oolvents other than water, it may be possible to find a .
-._solvent system in which the complex is relatively insoluble Féﬁygﬁw
. and aeparatea as a crystalline solid. X-ray diffraction

_"'continued use ot the solubility, apectral, end kinetic ;gﬁ;ﬁ;ffif;f

TR : AR : - i RIS : -;: lBB.{
' Additional studies are certaiﬂly reqﬁired to determine'i

K,,', might bear on this uncertainty. It would be inter-_é:“

experimentally unproductive because of the many non=- ffgff
equivalent protons present in both molecules. This |
experiment would have to be performed in D20 ror a valid

comparison with aqueous Bolutions, and because of the low ﬁkﬁfoﬂéj}

 would then enable us to determine. the structure of the fE

) solid complex. Although this structure may not be identical f’;:¥

i'with that of the complex 1n solution, ‘the general orienta- !__ .
‘tion of the too noleculeo would probably be'similar. ‘The ggfff?i*f
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:?iL'concerning the catalytic effects of imidazole upon ester 3@.
:°u'hydrolysis (1-8). Most of these catalytic effects have - -

'wfi;,burfers, with the exception of a few esters such as  f Effi

fif'phenyl acetate where catalysis was noted ﬁlso in tho';n   i
: .iift alkaline region (7). Kirsch and Jencks have observed ﬁlfii
 very small catalytic effect for imidazole on the alkaline
_ hydrolysis of ethyl acetate at neutral pH (8). In e

' of ethyl acetate in 0.024-0.050 M KOH (7). 1In this

ﬂ"5 'presence of 0.50 M imidazole. We attribute this to a jfff
:j non-specific solvent .effect by imidazole on the activity

' INTRODUCTION

Numerous reports have appeared in the literature -

‘been observed near the neutral pH region in 1midazole;f;ff;

- another publication these workers report that 1.0 M  'l”  
~ imidazole does not increase the alkaline hydrolysis rate_i

- 1aboratory we have found a decrease in the observed rate-f

of alkaline hydrolysia of ethyl acetate at high pH in the

. of the ester and/or hydroxide ion. It is reasonable to _fjf;,,

. assume that this solvent effect is present also at

- . one must carefully inveatigate rate effecta over a wide

ff'Failing to do so can lead to erroneous conclusions as to

b  neutial'pﬂ; énd-yet g catalysis is observed at neuﬁrality.“ﬁﬁﬁﬁgug,

- Thus it is the purpose of this study to demonstrate how  f5f,_¢.'5*

_range of concentrations of the reactants involved.

iqzthe magnitude and direction of certain effects on reaction'gif

'?eratea.

D




 the deteile of which have been described elsewhere (9). i

_. Ej acetate at 25.0° and ionic etrensth 1.0 was found %o be F*“
_c:.; 0. 154-0.012 M lsec™ 1_‘ This value ie consistent with “-;
" that found in the literature (10)s A 171‘-"‘l7 of kop ¥S. ;
I%%? imidazole concentration is reasonably 1ineer as shown inli

ff?]JIFigure 5.1, and Table A-1 preeente the data.

. i, at S-S .- s S
i

- Rate determinations were made by the pH-stat nothod, &

From a series of six determinatione, the eecond-order ~3

rate constant for the alkaline hydrolysis of ethyl -

e A

LR

*Expreea_ed &B a' mean :1 atandard devia‘bion.



TABIE A-T
Second-Order Rate Constanta ror Ethyl Acetate ;r:_ﬁ
lealins Hydrolysis in the Prosenco: S
or Imidazole at 25° and Ionic Strength 1.0
.%_kOH (H"lsec"l)a Imit(iﬁ‘)'sole
o, 140, 0.145 50420 n
o2 Sileio0,20
" 0.138 0.25
038 7 ou30
032 LRI 0,807
© 0.123, 0,125 . 0.50

*hanglogecond-order rate constants aro based on activity
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i _. '”1_ Kireeh end Jencks have presented evidence that the :effffi
k_ﬁ}fwglimidazole catalyzed hydrolysis of ethyl acetate at it
; _iii?j-neutral pH is a 3enera1 base catalytic effect (8). Ethyl wE

ﬂ:;f;eaeetate also undergoes specific hydroxide-ion catalrzed T;}f’%
: "i?ffi hydrolyeie.j Thus the rollowing reaction echemee ehould ;}:;

| apply st P 7 snd sbove. - R e

B sl g R ST () T

" The following empiricel equation is formulated 0 define gfg“

. the 1ine in Figure A-1.

7?fé:koﬁf.- K3y +  15(1) f’i{:ife‘i(A;é)fiiﬁﬁ“ra

LS h i

'  k0ﬁ“r-. ob3erved second-order rate constant in
..‘3:presence of imidazole : “

: 'kgﬂv'- second-order rate conetant in absence fe
% . of imidazole . e e L

? 'mhwez_slope of etraight line in Fisure A—l ﬁjﬁ-ﬂ:mwif

3 (I):'e'.molar concentration of unionized
e imidazole. o S et ot e

:IJ_Ineerting the valuee determined ror kOH and m, ?."ﬂ :
F;'equation (A—2) becomeﬂg'E_f;??ﬁgz'as Loy Al

¥ ._i.
e dt iy i,




”vlff'Assumins reaction scheme (A—l) applies, the rollowing

.1;if;f.8ubetituting from (A-s) 1nto (A-5)=}]i .

" various imidazole concentrations and pH's. For example,

’ﬂfff:at pH 7 and with no imidazole present, k

"r-rate equation can be written._ o

ot t’z'v - kOH(OH) k1<1> u—s{f’

,'k

::%f_,°b§, (0 154 o 053(1)] (OH) + kI(I) (AfS}:j

'ﬂi*};kI hae been determined to be 1 25 x 10 7 H"laee l (8)

'a;f"_ db;’j._'[o;i54 f?. 0. osa (I)J (on) + 1. 25 x 10'7(1) o
G it i (A_?)

Using equation (A-7), we can calculate X . obs atjl; P!

obs is calcula#ed.ﬁﬁ_

, '*7f}fto be 1.54 x 10'3 _.' In the preaence of 0.5 M

',ﬂ?fﬁ imidazo1e at pH ?, k

“ffﬁii.At pH 12, in the absence of 1midazole, 'k
':  ;;'393- . With 0.5 M 1midazole, Kops = 125 x 10" 5 sec”
‘. Thus.at pH 12 a retardation in the hydrolytic rate is

obs = 7+50 x 107° sec™l.. Thus a ity

:alcatalytic effect of imidazole on ethyl acetate 13 observed.i; 7
= 1,54 x 10"3 el

obs
1

'a*?efefound. Thus either a net acceleration or a net retardation'fj;i;;;

’ﬁf?_may be caused by imidazole depending on the relative L

'[uf.masnitudee or kI' n. and (OH). ;;ﬁyf:;?ilVJﬁf?ﬁ%'ge;=¢*“" ;




'"*;#eﬂ? that in which one would fortuitously chooee reaction ;;ij'”

" hydrolysis would be observed in the presence or absence ;
"7;_ of imidazole. That such conditions aré a runction of .--‘3

S PH reduces the poseibility that one might randomly °h°°5° 0

WGy

Thie diacueeion leads to another case 1n POint, P

conditions at which no difference in the ratea of k-

;'.iyie;el them-_ However, realizing that there is always experimental

:.¢fﬁfz uncertainty associated with kinetic determinations, it ia ff?
"eﬁﬂ certainly possible that one might chooee conditione at |
.+ which the obeerved differences were so amall that they

}”hf;j catalytic etudies.  We have shown that varying degrees 'LH

rff_ewould be diamieeed as experimental errors. - R
o |  The conclusion to be drawn from this etudy is that :
e caution must be used in designing and interpreting :

s of catalysis or inhibition can be exhibited by imidezole ;ffl“;_ :
~ merely by Varwins the PH (aside from the ionization ?ﬁ;fg}?ff“'*'

e s ecmilibrium)-
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