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;9«-?i:analY31s of normal biochemical substances (1), but their f?
ftdj;'potential utility as analytical reagents for the determlna-:
thii'tion of drugs has not yet been extensively realized. The ”
' "2?? beginuiug of the present research was_the idea that the
”idi}:selective determination of a drug might be accoﬁplished.by;jf

ﬁgf:iuaing as a catalytic reagent the.VerY enzyme responsible:fbr}i

1;;f.metabolizing the drug.. This idea.directed attention to the En

¢ fedrug-metabolizing enzymes of the liver, in particular to the i

13?;[ prelimlnarY experiments based on this approach ‘in which it =
":* was found that, although 1iterature data on the oxidation ofp-
" barbituric acid derivatives by rabbit liver microsomal frac-fT

!;f;_tiona could be ‘reproduced, the levels of enzymatic activity:;
"fj_development._

Jafiianlstic studies of enzyme action (3,4,5), that a n°n'e“zymat1°“
C;?f.model system might be found that would mimic some of the . Bt
d“#:.essential features of a drug-metabolizing oxidase.: Many such
rtfi.systems have in fact been designed and studied for the 5 .i?i_
-T'%;dinsight they might Provide into oxidase mechanisms. In the i;h
I'T;%ifurther development of this approach the available non- ;__Qjﬁ

héadenzymatic aromatic hydroxylating BYBtem3 were r°V1°"°d'..

V'fﬂ°Attention was restricted to the systems that funetion in an i

. I. INTRODUCTION ./

Enzymes have been wxdely applled as catalysts in the

-

' oxidases of the microsomal fraction (2) Appendix A reportsf?

'"fi{achieved were too low to justify further analytical

These studies_did suggest, however;'by analogy to mech-:ig

I ';._‘ R
do




'ﬁa system as an analytical reagent could lead to a method for.f

"C; determined by known methods.

| :=f-studied. These are listed in Table If ‘Reviews of aromatic . ‘-

' ﬁ; hydroxylation are auailablef(s-lo) . of ‘the several hydrox-';é

B ethylenediamine are present in aqueous solution.r These early

S investigators concluded that the product distribution (and h.f

rrﬁfl is strong ‘evidence that the hydroxyl radical is the actual .

E5fff distribution for the oxygen mediated hydroxylation of mono- ;g

i7"aqueous environment.' The successful application of such a-

}i the analysis of aqueous solutions of aromatic compounds by

S their conversion to phenols, which would subsequently be

3

. A. Aromatic Hydroxylation Systems

Hydroxylation of aromatic compounds:occurs readily in f
nature, and a number of non—enzymatic chemical systems that

_bring about this reaction in aqueous solution have been

ylation systems tabulated, those of Fenton (11-15), Hamilton ?

'(16-20), and Udenfriend (21- 25) have been studied extenSivelp;
In 1954, Udenfriend and co—workers (29) reported that

aromatic compounds are hydroxylated by molecular oxygen or_' :

;f hydrogen peroxide when ferrous ion, ascorbic acid, and

2 2
as an oxidant;' More recent data (15 24) have shown that

hence mechanism) was the same when either 02 or H,O0, was used
T- different products are obtained with H2 2 and 02, and there

hydroxylating agent when H2 2 is used as oxidizing agent (15)@

Table II, from Horman and Smith (7), compares product

:fiHSubstituted benzene derivativea in the presence and absence
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':”ffFT Table i”i;

Aquéous nbdel Enzyme Hydroxylation Systems

*Q?f?;é"cOmponenfs_ifii&f;f'Attacking Specieé'.

; .11202 )

Fe (III)
.H202




Designation




;3Isomer Distribution for the Hydroxylatlon of Substituted

Aromatics by the Udenfriend System in the Presence

and Absence of Asoorblc Ac1d (Norman and Smlth )

Isomer Distributlon (%)




””ri;of.ascorbio acid | It is apparent that d1fferent mechanisms
"?dmust be involved because of the profound d;fferenoes in
'igdisomer d1str1butlon. An Fe(II)-oxygen complex has been

'h‘fﬁ'implrcated in the Udenfriend scheme whether ascorblc acid is ;

:"f,; present or absent, the difference probably being due to the'h?

"siﬁw1th asoorblc acid- (7,25).
.7f;h'between the Udenfrlend III and Fenton systems, ‘the dlfference

*ftf lowing chain mechanism is the presently accepted scheme for i

i -1?'the production of the hydroxylating agent in both these

‘;i Here;'Eds; (1) and (2) are chain initiatlon and termlnation 3
"ﬁli_steps, respectlvely, and Eq. (3) is a likely gide reactxOn._ﬂ
dlhf.There is some questlon whether the hydroxylating specree is.ﬂ
. Ho- or HO

-'f_Norman and oo—workers (13), but Brodskii and VYsotskaya (14)31

:5t-nature of the attacklng species. Apparently, a complex of

2, ascorblc acid, and Fe(II) is derived by reactron of Fe Osz
} Inspeotion of Table I reveals a marked szmllarity

being only the presence of EDTA in the former. The fol--

_,systemsz ﬁlff-i“Effi”;

-
k-

et + H o2 ——9 Fe + on ;+.H0- '(1)_'..""'

',__;'-_Fe2+ _9 Fe ._ , o-_l‘_g @)

CHO- + HY0, —% HO,* + H,0 ST @)y

2" Evidence for the former has been supplied by

- have impllcated HO,* by observing that a phenol derived fromh?”’”‘ﬁ

o oxygen labeled hydrogen pero:ude retained 95% of the labeled_‘;'_'l Vo o




"Vﬁ:oxygen. If HO- were involved rapid exchange Wlth water
o would ‘be expected . More recent kinetic eV1dence (26) eug-'i
r“{ geste that the initial condition may determine the nature of

- the attacking epeciee.f Since chain propagation occure-jj‘rﬁ

-if? according to Eq.;(4)r;a_ ,?1tfiji? D

" HO- + ArH -—-—a> H0 + Ar- ——————%> ArOH '5?14)f

and k4/k3 > 10, Eq. (3) can be made unimportant by maintaining'

[H,0,1"

“f An alternative route for hydroxylation 1nvolving the

o

s a high ratio of
hydroxyl radical (HD-) is deacribed by Eq- (s)f-ff5;“f
- _H
-HO-+A.'I.‘H-'—%M\ —%AI‘OH+H' (5)
OH 3

f] Norman and Smith (7) have supplied ev1dence for the prefer- fl
“ence of oxidation—elimination (Eq..s) over hydrogen exchange “
~ (Eq. 4) by citing the existence of the hydroxyl-aryl radical
by ESR epectroscopy.. _ _ | | '

_ The presence of EDTA has been shown to have no effect

- on the isomer distribution in the Fenton hydroxylation of
if aromatic compounds (15). EDTA increased the’ effic1ency of A
= hydroxylation, presumably by altering the oxidation potential ﬁ

'ri of the ferrous-ferric couple (24). Further modification of f‘\

Jﬁ;% the original Fenton eystem by adding ascorbic acid as well _

x ‘as EDTA hae been deacribed s, 27). since the product dis-::{

tribution wae again unaltered, the nature of the attacking ff;- R
AT i e e e i f e e S




S species was assumed unchanged.

-1f:f and Udenfriend.' The Fenton system that incorporates EDTA,;ﬁ_
:C';Tiis, in fact, the Udenfriend III system. Further. the comp0*?
' "f;nents of the Hamilton system bear a resemblance to the ff-

':“;;hascorbic acid-EDTA modified Fenton system and to the

'h‘involved

'fl._kinetics of loss of peroxide when the aromatic substrate wasi
-ilgijln excess. - Table IIX compares the isomer distributions of
‘“i? pPhenols formed by the reaction of the Hamilton and Fenton

' reagents with a number of mono-substituted aromatic com— ¥

‘ fijtlves in both systems.i It seems clear from comparatlve ih.

"-hf'lsomer distributions and react;vzties that the free hydroxyl

e

Inspection of Table I reveals some striking similarities u

"f'between the "modified” Fenton systems and those of Hamilton

f?ﬁ Udenfriend II system.‘fih" f g '?]fﬁ_i:;ii |
o . Hamilton (18, 19); in an attempt to find a version of 5
ﬁi;'the Udenfriend system better suited to the study of the mech~
'efjanism of enzymic hydroxylations, replaced ascorbic acid by L
5 other enediols and looked for hydroxylation of ‘anisole by .
:€¥ hydrogen peroxide. He found that w1th catechol or hydro-.?{::
'ji:quinone as catalyst a hydroxylating agent different from_“fh
that in either of the Udenfriend reactions (02 or 5202) Wasf;
: Hamilton, et al (18 19), studied the hydroxylation of 1

some mono-substituted benzene derivatives, measurlng the-

'fj pounds, and includes the reactivity of these benzene deriva-é

'.radical (HO- ) of the Fenton system is not the hydroxylating

:”flagent in the Hamilton system. The low intramolecular




. Table III

Produét Distribution and Reactivity ‘_ for'._the
Hydroxylation of Arqmatic Compounds by the
_ s : ; . : “iqe

_Hamiltbri and Fenton Systems (Hamilton, et al.

Hamilton System . Fenton System




'E'substrate selectlvmty (anisole and nitrobenzene possesa

':jﬁfcomparable reactlvitlea) suggests a non—electrophilic reagent.#

Iy g

"selectLVLty indlcates a radlcal 1ike reagent, and the low i

"eIn contrast, the Fenton reagent ia electrophilic in nature,
};Las shown by its higher substrate d;scrzmination (kon /kNoz :
"64)fg Other salient features of the Hamilton system follow:
| .? (1) 1f Fe(III) is omitted, no H,0, reacts-?lft:' Gy
i (2) The reactlon is f;rst—order in Fe(III). |
.fﬁ-(3)- If the enediol is Omltted H,0, reacts mere than .
'7‘j.an order of magnitude_slower_than when catalytic amounts are::i
;}presént;f”.. e i.. i, ST L LI .i_.__,,._ _ _
,;(4) Catechol and hydroqulnone are catalyats: reeorctnol.f
- and ascorbic acid are not catalysts; . ' ;' : b
| t (5) Fe(III) can be replaced by Fe(II), or, less
l effectlvely, Cu(II); ) | _ | . b
| -(6) Oxygen cannot be aubstltuted for hydrogen peroxide-:
(i)e Reaction is inhibited by EDTA.;g SR A ‘
Based upon. these results, the folloﬁing mechanistic tijf'i;

Bcheme for hydroxylatlon was euggested- {iJ:'

OH g' Fe(III):

Hy0,

>




'_, resonance- stabllized._ The scheme deplcts reactlon of the

':¥F11F;

ey

" "In the meoheniem; the oxidizing agent is’formedlip a rate- . |
determining step (Eq. 7) by loss of a oolecule of.water from s_
a complex of ferric ion, catechol and hydrogen peroxlde.
f_slnce 1ron can transfer electrons by overlapplng 1ts a | _
2 orbltals with the P orbitals of ligands (28), the tran31tlon f‘

' state leadlng to the formation of the hydroxylating agent is {ﬁ

;;radlcal-like reagent with the aromatic compound (Eq. 8), 4
7 which eventually leads to a phenol and regenerates the ffurfT
f?ecatalyst (Eq.-9) Wlth compounda that are not catalysts,;?ﬂ

- Presumably the transition atate of the rate-determzning step




-fl_ls not stabllized sufficiently by resonance (resorclnol). or,
'1”-once formed, is easlly ‘oxidized by addxtlon of water across

. the 1ron—oxygen double bond (ascorbic acid)
- rapid than the Fenton reagent. Further, the ylelds of - e
{ﬁ hydroxylated product from the Hamilton hydroxylation (up to f;'
'systems.:_
- tially useful.' The product phenol may be determined by a ?;M:'
_ number of phys;cal and chem;cal methoda.:,;ffi5fif |
- B. Methods of Phenol Determination.“:i.j:?eflf'yl

the determlnatlon of organlc compounde contalnlng the fﬁ

tr_from the proposed aqueous hydroxylation of aromatic com=-
"”_pounds, colorlmetry offers the advantages of szmp11c1ty
fg‘(color development occurs directly in aqueous solution) and

'*'ﬁ5epeed (many of the common reactlone are very faat).i of the;

¥ coupling suggests itself as applicable in the present _h:

| '12"_'-"_

From the foregoing discussion, the Hamllton hydroxylating

syetem appears smmpler than that of Udenfriend and more

50%) are higher than ‘those of either the Fenton or Udenfriend ¥:

The ability of'the Hamilton eystem to introduce a

e hydroxy group on an aromatic ring is, analytically, poten—f;f%'

A large number of procedures have been developed for 2K

phenolic function. Extenelve reviews are avallable (29, 30)
Table IV summarizes many of the methode that have been |
proposed.' : |

As a final analyt1ca1 measurement for phenols der1ved

!

several colorimetric methoda listed in Table IV, oxldative ;E'




Table'xv"

Summary of Methods for the Determ1nation of

Phenolic Compounds (Cheronis and Ma3°)

Limlt of Detection
Method

(amount or concentratlon)

| Titrimetric

% Oxldatlon ;“"
Nitrosation i
', Esterificationff
Gravimetric?
- Gasometric
.7 Grlgnard reagent
Lithium aluminum hydrlde
Coupling and nltrometry:ff”"
Colorlmetrlc ’

'iz_Qulnone chloramide :;-=2i i
'1 14—Am1noantipyrine o
-.Dlphenylplcrylhydraziib _
iB-Methyl- -benzothiazolinone

hydrazone




- mable IV - cont. -

lelt of Detectxon *

' Method . :"fV'flf“fél;ij' (amount or concentration)

° Colorimetric - cont;ﬂf- e

Diazonium salt

g l-Nltroso-z—naphthol.}k . K :
L!f Eramlnodlethylanillne + oxidant”_ ?310 " ;;_ﬁ
'ﬁ:'PhosphomOIdeic acid i i) "' :

", Xanthydrol '

: Nitrous acid g

.Sodium cupribfoﬁidéif'

"Fluorometriéb-

Spectrophotometric . *

uv

. Gas Chromatographfbkﬂ?_? -

Vi__  a Precipitated as 1tz ;
Slggia (33). ”:
H 0. Frzeatad (32)5-




'.A- w;th phenol is shown in Eq. (10)

R The method has recently been re-lnvestlgated and optzmum con-

" benzothiazolinone hydrazone. (MBTH), Eq. (ll). forms the

-7_1' coupling of 4—am1noantlpyrine (4—AAP) w1th phenols in the"‘

. 15

clulnstance because of the aimllar env1ronments in the hydroxYl_:{,
_ ation and coupllng Bteps. This process was flrst deVeloped ff
" with grphenylenedzamines, which upon oxidation in the presence

of phenols. couple to give indanilina dyea.(.The reaction ;

(10)

. dltlons propoaed (31) . Reaction of phenol with 3—methy1-2-

~ basis of an automated analytical method for the micro

_determlnation of phenols (32)

© O,

. The formation of antipyrine dyes as a'fesult of oxidative*?7

 presence of an alkaline oxidiz1ng agent (Eq..lz) has been

'used extenaively to detect trace amounts of phenola (33 39)

P ia R




*; KyFe (Mg
. alkaline 7 .

(12)

‘The Glbbs test, based on alkallne coupl;ng of phenols w1ﬁh
2, 6-d1bromoquinone chloramlde (40-42), may be consldered an f
oxzdatzve coupllng reactlon (Eq. 13) j Gullbault et al. _
(43), employed a klnetlc technlque to ellminate the 1ong 'f”J

o reactxon tlmes involved 1n the usual Gibbs reactlon.

~ The Glbbs reagent appears to be the most BpElelC of the,
-_-oxldatlve couplzng reagents, respondlng only to phenols Ny

Q’H unsubstltuted in the E -p081t10n (40) ‘ Recently, however,ﬁi:fﬁcéf

_i Dacre (44) has shown that par —substituted alkoxyphenols e T

jff‘tests, and flnally, that many hlghly substltuted phenols

"respond and that some thalogeno—phenols g;ve posltlve

'ﬁWlth ‘the Bﬂm_fPOSItlon unsubstltuted do not glve a posxtlve |
. test. Mohler and JaCGb (45) COmpared thls method with the zg;j}f'“7

4—AAP method and decided the latter was faster, more accurate,ﬁ{f ik

\;-

and more prec1se.~f}¥j:t'“'




. contrasts the response of some selected mono-substituted

o, the position is blocked; then coupling occurs at the ortho fa

1y

Both the 4-AAP and phenylenediamine'reactions are

- applicable to 2- and 3-substituted phenols as well as 4—:

'substituted phenols in which the p___ position is not blocked'
by alkyl, nitro, benzoyl. or carbonyl groups (31 39) The ;'.
';.molar absorptivities for phenol are comparable. ' .. i
| Friestad et al. (32), compared the 4—AAP and MBTH

'-Imethods and found that the latter was less dependent on the

 position of substituent groups, and more sensitive. Table VIJ

L_ﬁ phenols to both methods and illustrates the non-specificity t;
© and greater sensitivity of the MBTH method. ; R _
- A reaction closely related to oxidative coupling is azo r:

ﬁf,dye formation, illustrated in Eq. (14).-,ﬁ.

| @-os + AN, c1 % ArN...NOH + HCL  (14) -
T‘Diazo coupling, with the formation of a highly colored dye,
_f_is one of the most generally applicable methods for the
determination of trace quantities of phenols (33 46). The :fft'.
: two aromatic amines most commonly used to form the diazonium'

salt are sulfanilic acid and prnitroaniline. Coupling nor-fjﬁ‘

mally takes place in the par position of the phenol unless.

.POSltlon, but probably at a slower rate.f If both ortho and ;
2353 positions are occupied, no reaction occurs. Molar?' 4
s absorptivities obtained by this method are comparable with

those for the MBTH reaction. 5fffﬂ*ﬁ




COmpariaon of Molar Abaorptivities for some Mono-sﬁbstituted
32

Phenols by Two COlorimetric Methods

€ x10°

Compound

i?fVJ‘i * Phenol. .
2-Cresol

.3-Cresolﬁm

-3j1“4—Cresolnu

..f«_-.‘.

' 2-Nitrophenol.

3—Nitrophenol¢ﬁ5f

5,4—Nitrpphenol;fﬁ.f”

2-cYclohex?1phenol i'
'4-Cyélohexy1pheﬁolf;f

‘4-Phenylphenol .




" C. Research Plan .

One of the fruitful directions of organic analytical'
: research is the development of a body of general reactlons ; L
: upon which the analyst can draw when confronted with a par- i?em.;:;

tlcular problem. In thls context, aromatlc hydroxylation

-“foffers the POSSIbllltY of a general approach for the detec-];?fff

H :]' : tion of the phenyl group and the determlnatlon of aromatlc_

o compounds in aqueous solution.
Little prior use has been made of aromatic hydroxyla—:

- tion. The partial conversion of benzoic acid into salicylic 535

'ac1d by hydrogen peroxide was first observed by Hanriot (47),

and the reaction formed the basis of a spot test for benzoic ii' |

acid (48). Nlcholls (49) observed that the proportlon of -
”‘benzoic aold converted to-sallcyllc acid was a constant
(12%), and the method was modlfled for the determination of A
benzoic acid in food usrng a reagent of ferrlc 1on, hydrogen
;i_ peroxide, and sulfurlc acrd (50, 51), the salicylic acid was Tﬁ;gﬁi=%~
i:removed by extraction and determined colorzmetrlcally._
F o Bartos (52) determlned several aromatlc compounds colorlmet-.ﬁ;ﬁ?
_: rically through formatlon of o-nltrosophenols uslng the
icuprlc ion-hydrogen peroxlde-hydroxylamlne reagent (Table I)
. He subjected only five mono-substituted benzene derlvatlves.f?hrﬁﬁ
-to his method and observed dev;atlons from Beer's Law for onelw
of them. His method is not hlghly sens;tlve, requlrlng a
 minimum concentratlon of aromatic of 10 3 _.;”dffh.

This reagent is apparently the Fenton reagent.b




-

n'eeems to provide advantagee of eimpllclty, yield and speed
: compared with the other systems listed in Table I. If the
;g-hydroxylaticn'reaction occure.on a :eaeonable time scale and-f

.. is general for aromatice of different eubetitution patternhhf}

phenol determlnatlon muet be based upon eeneltxvity as wellf

S as po-sible interference caueed by components of the Hamllton

: thlB context; Lacoste (36) has dbeerved that the 4—am1noanti—ﬂ
. pyrine method is much lees sensxt;ve to catechol than to .

! monchydrlc phenole. Becauee 1t would be deelrable to employ

tj may be the finish cf choice.nf‘
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As prev1ously noted the Hamilton hydroxylating agent

"and electronic conf;guratlon, than the Hamllton eyetem may,

'fn provide a widely applicable method for generating phenolﬂ ;{??{fﬁl:ﬁ

from aromatic compounds for. analytical uee. : ~”ft

The choice of colorimetric “flnlsh“ for subsequent f

eyetem. Slnce catechol the enediol catalyst, ie itself a.
phenol it wculd be expected to reepond to many of theff ,;:

general colorlmetrlc methods for phenol determlnatlon.'nIn "“r

the final analyt1ca1 measurement in eltu, the 4-AAP method f%

The plan of the analytical method ie illustrated by
(15) R HECEL

. Pe(rIr) | -
i Catec’hol:>




.7@ An aqueous aromatlc sample is hydroxylated by the Hamilton
system, the corresponding phenol is Bubsequently determlned
by ox;datzve coupllng wzth 4-aminoant1pyrine.ﬁ Aa one of_the
few methods available for the detection of the phenyl groupz.

this teohnique would have ‘the advantagea and limitationa of

2




. was obtained from G. F. Smith Co. and was used directly.

'j_'acid and phenol): J. T. ‘Baker Chemical Co. (anhydrous dex-

'ifJand hydroqulnone (Purified). Talc-USP (Merck) and corn

S22 -

III.' 'EXPERIMENTAL RPER

A. Materials

All inorganic chemicals were analytical reagent grade,
" unless otherwise etated, and were used without further puri;f;

fication. Ferric perchlorate hexahydrate.(Fe(0104) «6H o)

. Both ceric ammonium sulfate and potassium ferricyanide werelgm
Jfobtarned from J. T. Baker Chemical Co.'ﬁ" | :
The followrng chemlcale, 115ted according to source,
. were analytical reagent grade, and were used wrthout furtherff
' purzflcatlon: Mallinckrodt (ethyl acetate, acetone, chloro—ffi

form, methanol benzene, toluene, ieopropyl alcohol, benzoic-?

 trose, anlline,.and hydrogen peroxide - 309); Merck Chemicalt;eirqﬁ?
Q.Co; (pyrldlne) | Hydrogen peroxide solutions (3% - prepared:;:
7 by diluting the 30% eolution) were etandardized against
t; _permanganate., ) | ""' b '_
| Sorbrtol. aceton1trile, and 1 4-dioxane were all used
jz'as recelved (Fleher Sc1ent1fic Co., certrfled reagent).' Thev
'ftifollowrng chemicals (F. T. Baker Chemlcal Co.) were used
rt without further purlficatlon._ lactose (U S P ), stearlc.

'r acid (U.s.P. ), benzaldehyde (N.F. ): nltrobenzene (P“rlfiEG)#wi

ff' atarch (Beaver Dam Wholeeale Co. ) were also used dlrectly.f“f
~ The folloWLng compounde were all ueed without further';"

cyj'Puriflcation:{ N N-dimethylfgrphenylenedramine hydrochloride.;




"ff (Eaétman‘White Lebel); 4-aminoantipyrine:(Aldrich Chemical

'*;iical Co.), N,N-dimethylformamide (Eastman.White'Label), tri-
e 'Mann), L—tryptophan (Nutritional Biochemical Corp.), sodium f;

'-diL&bs), salicylamidel(Eastman White Lebel),-B—methyl catechol }a
i_:i and 4-methyl catechol (Aldrich Chemical Co.), and 2-, 3-, and;:
"__'4-hydroxypyr1dines (Aldrich Chemical Co.). Physostigmine ;"(

"wlsulfate (c0mmercia1 eource), was also used directly.

T was purified by recrystallization from water, m. p. 125 5-1279
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" Co.), 3-methyl-2-benzothiazolinone hydrazone (Aldrich Chemi=-

E'ethylenediamine (Aldrich Chemical Co.), Schardinger a- and -

4 B—dextrin (Pierce Chemical Co.), L-phenylalanine (Schwartz/ .

pentobarbital (K and K Laboratories, Inc,), quinine sulfate .

~ (Fisher Scientific Co.), Zephiran chloride, 1:750 (Winthrop

Catechol (Matheson, Coleman and Bell) was recrystall:.zed_f‘"f
_e_tW1ce from toluene, m.p. 103-104° [llt. (54), 104°]: hydro-
. cinnamic acid (Eastman) was recrystallized from petroleum f_nﬂ

. ether, m. p. 47-48° [lit. (55), 47.5- 48“]: benzanide (Eaetman);i o

id:lllt. (56). 125-126°]: the isomers of methobeenzoic acid d
-:-were all recrystallized from water--o-methoxyben201c acid,
m.p. 98.5-100° [lit. (56), 99-101°], m—methoxybenzoic aczd,-c
. m.p. 104. 5-105° [1it. (56), 104-105°1. Ermethoxybenzoic aczd;
m.p. 183-184° [lit. (57), 184°). e i

_ i N-methylbenzylamine (Eastman) was dlstilled at reduced 4
”,'preasure, b.p. 1°/2 mm [lit. (58), b pP.. 184°/760 mm, 8°/14 %i
mm] ; methyl benzoate (Eaetman) was purified by distillation,
Ip'b P. 199. 6° [lit. (59) b P 200°] ethy1 benzene (Eastman)
"7_'waa dietilled, b p. 135o [lit. (60) b p._135°]' benzyl Sk




" b.p. 191-192°/760 mm [lit. (65), 192°1 m—cresol (Eastman e

':f_mm) [1it. (66), 95-96“/15 mm] were used without further

alcohol-(Eastman) was distilled at teduced pressure, b.p.:)fri
700/15 mm [lit. (61), 104-105°/20 mm]. | ' - |
( Salzcyllc acid (Eaatman) was recrystalllzed from
' methanol/water, m.p. 159-160° [lit. (62), 158°] ; m—hydroxy—'

benzoic acid (Eastman) was purlfzed by recrystallizlng from :

water, m.p. 200° [lit. (63), 202°]: Ryhydrobeenzoic acid

(Eastman) was recrystalllzed from xylene/ethanol, m.p. 213-_j;

2149 [1it. (64), 212- 213°].

o-Cresol (Eastman) was distilled under reduced pressure,:f

I'

White Label), and g-cresol (Eastman Wh1te Label.lb p.. °/11

;“puriflcatlon.

o—Amlnophenol and mpaminophenol were both recryetalllzed

' from toluene/methanol, m. p._174 5—176° and 122-123°, respec—'ﬁ“ 55

A:__tively [1it. (67,68), 171° 123° respectively)
i Gua1acol (Eastman) was distllled under reduced pressune;g:
m.p. 28° [lit. (69), 27. 4°], Qrmethoxyphenol (Eastman) was 5
“also purlfled by dlstllling under reduced pressure, m. p. 53°'

[1lit. (70), 53°].

o-Nltrophenol (Eastman) was recrystalllzed from absolute

~ ethanol, m. P 44.5-4 45° [lit. (71),= 5°]:_m—n1trophenol (East1;

man) was purlfled by recryatalllzlng from aqueous HC1, m. p. ;{-, -
- 95-960° [lit..(72), 95~ 96°], Ernitrophenol was recryatallized
.'. from toluene,_m p. 113-114° [1it. (73), 1l4°) E

%i Sallcylaldehyde (Eaatman) was purifled by diatillatlonilf

o ot reduced preaaure. b P. 65-66“/2 o [lit. (74), 197°/7so mm],:““ ;

] r
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salicylhydrazide was used as recezved- m-chlorophenol (East—'

; man) was used W1thout further purlflcation, b. p. 214° [1it.-e13

'(?5), 213-216°), as was m-hydroxyacetophenone (Aldrich), m.p.¥f
-;-94_ 6° [11t._(76), 96 1: however, m—hydrobeenzaldehyde (East-r_
'.man) was purified by recrystallizlng twice from water, m. p. ;3;
©201-103° [lit. (77), 101-102°). F";ﬂif ':_if,;.f |
:  Anisole (Aldrrch Chemrcal Co.) was found to be gas o
- chromatographically pure (10% se-30, 165°C). : . _ 2
The following drugs were used'uithout furtﬁer purifica—_?j
'fui.tion:‘ chloramphenicol (Ruger Chemical Co.), m.p. 150-151. 5°Fﬁ
':[lit. (78), 150.5-151.5°]; benzocaine (Matheson, 001eman and'“&
.'_-Belll, m.p. 87 5-89.0° [lit. (79), 90°]; phenacetin (Ruger
" Chemical Co.), m.p. 134-135° [lit. (30);'134°]; dl;mandelic;f
acid (Ruger Chemical Co ), m.p. 113-119° [11t. (91), 118°) ; }
.- antipyrine (Ruger chemical Co. ), m.p.. 109-110° [llt. (82), ;
| -f;109 5-110.5°]; dl-ephedrlne hydrochlbrlde (Merck), m.p. 187-532
" 188° [1it. (83), 187.5-189. 5°], benzenesulfonamide (Aldrich), g
‘m.p. 152-154° [lit. (84), 154°]; sulfanrlamlde (Merck) , m.p. ;T:?f.f
163.5-164.5 tllt; (85), 166.5°] . ]-h’;jfif'*“<g~a" }j ;‘ :

Atropine sulfate, m.p. 188-190° [1lit.: (86), 1919°] and
. chlorpheniramine maleate, m.p. 135-136° [1it. (87), 135°],:
'_ were obtained from c0mmercial sourcea and used without

further purif1cat10n.~

‘-,."

Acetanilid (Merck) was purlfied by rECrYStalllzation E_;g

"from water, m.p. 113-114° [lit. (aa), 114°] acetylsalicyllc |
aczd (Merck) was recrystallized from acetone, m.p. 135—136° 3ig;f?;i

[1it. (89), 135"}: 2-naphtha1ene sulfonic acid (Matheson.




"i(z. D. Gilman, Inc.) was recrystallized from water/methanol.

s chloride.. Borate buffer, used to quench hydroxylatione and

' 60% perchloric ac1d per 50. 0 cc of solution. Ferric per- i
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= coleman and Bell) was recrystallized from 20% dioxane in

benzene, m.p. 121-123° llit. (90), 120—122°], phenobarbital

:- m.p. 174-176° [11t (91), 175.5°; barbital (z. D Gilman, o
.e'Inc ) was recrystallized from water. . p. 188—189 59 [1it. _
f (92), 190°); 4 1-tropic acid, obtained from commercial sources,f
_f was further purified by recrystallization from benzene. m.p.'i

""_-'_ 116-117° [1it. (93), 116-117°1.. .~ i g

' Standard buffers were prepared according to Bates (94)
lp using freshly boiled purified water._ Water was purified by..
. passage of once-distilled water through an ion-exchange |
- column (Continental Deionized Water Service) pH 4.0 acetate?
j'buffer, in which hydroxylation reactions were run, was pre-]fé:;Tﬁbh

N pared to be 5 b4 10 M in total buffer concentration,.ionic‘:ﬂ

- strength 0. 1 M.  Ionic etrengths were adjusted using potassiumf{

- to develop colore, was prepared to be 0 4 M in total boric.
h acid and 0.2 M in sodium hydroxide. Aqueoue catechol (3 x
107 -3 M)‘wae stored in the dark. Ferric perchlorate stock -';'

"jsolution (1 5 x 107 M) was stabilized by adding one drop of

- chlorate reagent solution (1 5 x 10 M) was Prepared by e BT

d=_dilut1ng 1.0 cc of ferric perchlorate stock aolution to 10 0

gl W1th water."FgWT7uf:'~a

A

B. A aratue 'tj&ffql"433;;}ﬁ375af§@ff,ffg ff jnizl-iul .frgﬂ‘ﬂfi?

Spectral measurements were made with either a Cary modelf{iref




.:=_14 or model 16 spectrophotometer fitted with thermostated
fscell compartments that maintained temperature constant to .
_d+01°f-r- adf q,_».g;" ”:§_E_ ;7'
pH measurements at 25.0° C were made with either a .
{;'Radiometer pH meter model 25 with scale expander!and equipfed?g
i.with a Corning combination electrode 476051 or a'Sargent f;f?*
- model DR expanded scale digital readout pH meter‘equipped

'7.with a Sargent combination electrode S-30072—15.3-

Water bath temperatures at 25.0° were maintained to

4 0.1° with a Sargent Thermonitor Electronic Relay. Water

'.: 4

bath temperatures at 50° and 759'were maintained to i.°°1°?if
':with a "Temptrol 151" water bath (Precision Scientific Co. Ilﬁ“
o or with a "Dual-Purpose water bath syetem equipped with a ;
.r;relay, heater, stirrer and circulator (American Instrument 3
: Co.) and regulated by a mercury column thermoregulator
 (Branwill Scientific co.t ';;;
Corrected melting pOLnte were determined on a Thomas-iﬁf
ff.Hoover Capillary melting point apparatus.' | . | 5
. Thermometers for ‘use at 25 Oolwere calibrated.against a
.thermometer carrying a National Bureau of Standards calibra-if
- tion certificate.: Thermometers for use at 50° and 75° werei é
? calibrated against a reference thermometer which had been
~calibrated against a thermometer carrying an ASTM certificate.
‘ Pre-coated thin layer plates, 0. 25 mm thickness (Silica

e Gel G or Silica Gel F-254) were obtained from Brinkman ii_f'ig

thls high-temperature water bath. ek S

I am indebted to Prof. J. R. Robinson for graciously loaning i;ﬂ:f.



. solutions, and adjusting pH between 3.5 and 4.0 with concen- .

;g.them in a water bath.”

S ; L)
solution were 1 x 10

Instruments, pre-coated oellulose eheete (with and without
fluorescent 1nd1cator) were obtained from Eastman Kodak. A~n€
spray klt. conslstlng of a reservoir bottle,'sprayer head andé
propellant (Chromatoeprayer) wae obtained from SQientlfic'“‘ ;

C. . Procedures

1. Hydroxylation Time Course Studies.
Reaction mixtures were prepared-in'so-ml volumetric

flasks by mixing appropriate volumee of reagent and enbetratei

._trated hydrochloric acid or.saturated_eodium hydroxide eolu;l
'.tion._ After the solutions had been bronght to noiume withi-dw
PH 4.0 acetate buffer, their temperatures were adjusted toi'i;
the desired reaction conditions (250,_549.“or 750) by ﬁlacingiﬁ

B Typical concentrations in the final

-4 M aqueoue catechol S x 10~ M ferric'i

perchlorate, and between 10 =3

and 10 M aromatlc substrate.‘l
When a "stablllzer“ was present, its in1t1a1 concentratlon
'f:was chosen after prellmlnary experlments establlshed an
effectlve”_conoentratlon (see Results Sect;on) ; : :
Reactlone were inltiated by addlng 0 2 ml of 3% hydrogen?

peroxrde solution to the 50 ml reactlon mixture. Samples

i were removed at recorded timee by plpettrng a 5 0 ml aquuot 3

2 Elevated temperatures were needed to ehorten the reaction 3




v agarnst time are subsequently prepared

'r'compound such that its concentration in’ the dxluted solutlon

'i_.to the mark with pH 4,0 acetate buffer. The PH of this

3

into 5.0 ml of borate'buffer.s Thlﬂ quenches the reaction.

_i'colors were developed by adding 0 l ml of 3% (w/v) aqueous

"4—am1noant1pyr1ne followed by 0.1 ml of 10% (w/v) aqueous"

| potassium ferrlcyanide.4 The absorbance was measured immed;-r
ately at the absorption maximum against a reagent ‘blank carn'ﬂ

5

‘ried through the same procedure. Plots of absorbance g.gajjj

2. Proposed Analytical Method RS :
To a 25 ml volumetric flask are added 1. 0 ml of 3 x 10
aqueous catechol, 1.0 ml of 1.5 % 10 M ferric perchlorate,ifb?

-2

5. 0 ml of 1.8 x 10 M glucose, and enough of the aromatic

will be in the range 10~4 to 1073 ;7 The solution is diluted
~ reaction solution should be in the range of-3 5 to 4.0.

The reaction vessel is placed in a 75° water bath and

_reaction is initiated by adding 0 1.ml of 3% hydrogen peroxlde ;;di5

A 2.0 ml aquuot was pipetted into 20.0 ml of borate buffer”f“_eru
for experiments involving the hydroxylation of anlsole Wlth
the Hamilton system (see Results Section). L

j !

In prellmlnary experlments, 0.2 ml of potasslum ferrlcyanide f{ i
was used (see Discussion Sectxon) oy

It has been shown (Ref. 37 and later portions of thls r:
- thesis) that the red antipyrine dye is not very stable for.w
Phenols containing electron withdrawing groups, hence, the
absorbance should be read immediately. When color fading
occurs, absorbance values were extrapolated to time of
color development (see Drscussion Sectron).re.iw. :




zﬁgr borate buffer such that colors produced by adding 0. 1 ml off;t

_ f_ potassium ferriCyanide to 25.0 ml of solution, gave initial |

'-t; in 1 cm cells on the Cary model 14 spectrophotometer. Nor-}

SR solutions of neutral mono—substituted phenols were diluted

307,

'gsolution. After 10 min. at 75°, a 5 0 ml aliquot is pipettedi?
into 5.0 ml of borate buffer.' The color is developed by :
. adding 0. l ml of 3% (w/v) aqueous 4-am1noant1pyrine followed :
by 0.1 ml of 10% (w/v) aqueous potassium ferricyanide. The
'absorbance is measured immediately at the absorption maximum_E
against a reagent blank carried through the same procedure.ﬁ
A standard curve is prepared by subjecting known concentra-i
ﬂ-tions, bracketing the unknown concentration. of the same ﬁé;

aromatic compound to the procedure..:h"'””':”

.: 3. Studies on the Analytical Flnlsh
(a) The 4—Am1noantipyrine Method Aqueous stock '
solutions of monosubstituted phenols were prepared to be in-;f?

;the range 5 to 7 x 10 M. These were further diluted with.
;;3% (w/v) 4-am1noant1pyrine followed by 0 2 ml of 104 (w/v) 5”2"‘f:c

S5 absorbance values between 0.3 and O. 9 absorbance units when
 measured at 510 nm against a reagent blank treated in the fﬁ

same-way. Ebsorbances were recorded as a function of time -

' malized plots of absorbance vs time were subsequently
7_prepared SR ] ' ;
'i_ Some neutral phenols were subjected to a chloroform f

extraction using the follOw1ng procedure: aqueous stock .

. wrth borate buffer such that absorbances in the final




'"-buffer.l To thia was added 0.1 ml of 3% (w/v) 4-aminoanti- 7”7f

S
s chloroform colorimetric solution were'inlthe range 0. 4Ito;7?

a

1.0 absorbance units when measured at 485 nm against a -

reagent blank treated in the same manner.- To a 10 ml aliquot
:of phenol sample in borate buffer contained in a 60 ml sepa—}
_.ratory funnel were added 0.1 ml of 3% (w/v) 4—aminoant1pyrine
and 0.1 ml of 10% (w/v) pota331um ferricyanide._ The aqueous it
phase was extracted with a 15 ml and a 5 ml portion of chlo-;
.]froform, the extracts being filtered through glass wool and l
combined in a 25 ml volumetric flask;ﬁ The-ertracta were
© diluted to volume ‘with chloroform and the absorbance meaaured.
as a function of time 'in 1 cm cella at 485 nm against a N;H;
reagent blank treated in the same manner. Normalized plots:;
:. of absorbance against concentration were. prepared
Neutral aromatic compounds could be determined wrth
increased BEBSithlty after hydroxylation by concentrating ..l}ff;ff
'.the final colored aolution in chloroform,.as above, with the ? L
| follow1ng procedure-r-after hydroxylation was complete (see,f
Results Section). 15. 0 ml of reaction mixture was pipetted :

- into a 60 ml 5eparatory funnel containing 10 ml of borate

pyrine, about 4 ml of chloroform, followed by 0.1 ml of 10%

(W/v)'potassium ferricyanide, and the mixture was_shaken for ?‘

' about one minute;d The chloroform layer was filtered through_ﬁgifffé

{glass wool into a 5 ml-volumetric flask{;'The separatory St
funnel was rinsed wit’h an add:.tional 0.75 ml of chloroforru,_._::'
:which was combined Wlth the first chloroform extract, and : :

this eolution was diluted to volume with chloroform. The'jL




absorbance was meaeured at the abeorption maximum against a

-"-.reagent blank carried through the same procedure.

| (b) MBTH Method. Qualmtative color teste were.per-i
: formed with phenol in the presence of components of the g
; Hamllton -ystem using oxldative coupllng wlth 3-methyl—2-oe.
benzothiazolinone hydrazone (MBTH) . ; TR ;

 To 1.0 ml of aqueous phenol (5 ug/ml) contalning com- ;1_'

-4

binations of the followxngo 1l x 10 M catechol, 5 X 10'5

ferric perchlorate, l x 10 3 M.hydrogen perox;de- was added ¥

f 1. 0 ml of 0 05% (w/v) aqueous MBTH.Z After_s_min,,athe_color_
”_lwas developed by adding 1.0 ml of 0.2%.(u7v) cerle“ammouium.?
sulfate in_o.4% sto4'."' St e PR Gl e I i
214. Attempted TLC Detectlon Studlee.ﬁ_dz | _ )
: Stock solutlone of mono-eubstltuted.aromatzc and mono-%dq
.Isubstltuted phenols were prepared to be l mg/ml in methanol.’
The follow1ng epray reagents were ueed'fiff:'ﬁ'f t"' ' R
2 ;! 2 x 1074 M catechol and 1 x 107 M ferric perchlorate
zln PH 4. 0 acetate buffer.. _ __ & : :i T m;
G 1L 3% H,0 in PH 4. d acetate buffer (prepared by .
' dllutzng 30% hydrogen peroxlde 1: 10 with buffer)
a I1r o. 24% 4-am1noant1pyr1ne in horate buffer..l

.:IV 0 4% potaseium ferrlcyanlde 1n borate buffer.f.'

Between 2 to 10 ug of aample (aromatlc or phenol) waa-l-
. aPplled to cellulose or silica gel plates ueing 2-ul micro—;&k
'lplpettes (Drummond Mzcrocaps) The eample spota were air-f'"

dried and sprayed consecutively WIth Sprays I and II (aromatic




fter hydroxylation (about 10

<

coﬁ\pounds oniY) .




. IIr.’ RESULTS .

-'.A.I Hydroxylation of Anisole with the Hamilton System

f A linear Beer's Law plot was obeerved_for the.determin--
e ation of phenol by.means of the 4-aﬁinoantipyrine (4;AAP) i
coupling method in the preeence of compohents of'the.HamiltonL;
'system.7'The molar absorptivitynobtainea:(1.2:x 104) is'closei%
to literature_valuee.fsee Table v).” Nohinterference by'cate-ég

chol was observed. This lack of interference by the Hamilton:{ﬁ:n%V

3 syatem made the 4-AAP method the finish of choice, eepeciallyri_,tfﬂ

for ‘the early developmental studies.'i_?fﬂ:
f 1. Dependence of'Time Course Appearance on Peroxide/.

Substrate Ratio.

The exper1menta1 condltlons employed by Hamilton (17 18)

include the following initial reactant concentrations: cate~¢éfg¢‘?

chol, 1.5 x 10™% M; Fe(II1), 4 x 10° =5 M Hzoz?
-2

~anisole, 10 © M. As an analytical reagent. however, the

2x103 n

hydrogen peroxide in the Hamllton Bystem must be in excess.
over the aromatic sample. The experimental condltions were~-ﬁ'hﬁu

therefore altered to reflect a more reallstlc system for the ;f.f;'i
analysis of aromatic compounds. The following'condltions f?;}i*'V'}
were initieily choeen: catechol, 1 x 10 -4 M; Fe(III), 4 x:i?

2 x 10-2 M; anisole, 5 x 10™ Q,t Under these f

107 M; H,0,,
c1rcumstances, low ylelds (less than 10%) of phenol product .

were dbtalned after 2-1/2 hrs reaction time.1; Furthermore, ;xf“‘

—

Hamilton (17) observed that reaction was essentially com= =
Plete after 2-1/2 hrs with the reagent concentrations given.. . .



.}' the quantitative measurement employed here (oxidative coupling

'3}-detected

j.'when phenol was substituted for_anigoletih the Hhmiltonvsys-:gﬁ
| tem. it was hydroxylatedias'shown by the decrease in absofb_;g;
- ance (meaéUIEd.aslthe 4-AAP coupled dye) with time; PresumablY;

- phenol was couverted to one or more dihydrobeenzenes.' with

::; with 4-aminoantipyrine, Which gives no interfering color with'ﬁ

.'catechol), only the monohydroxy compound ‘appears to be .

Figure 1 shows the time course for the hydroxylation of
anisole with the Hamilton reagent as a function of the i
~initial ratio of peroxide to aromatic. The absorbance is jﬁll
" that of the 4~AAP coupled product._ At ratios greater than 2 fé :
-'(filled circles), production ‘and then loss of the monohydroxy.iiz
'-compound occurs; at a ratio of 2. 3, stable absorbance values i
(and maximum yield) are obtained 2 When this ratio is
.reduced to values 1ess than 2 (Figure 2, filled circles),
' stable absorbance values are again obtained but the yield
s dramatically reduced | : : g 4. , : .'. ,
© The effect of the initial ratio of peroxide to anisolei;
on yield is further illustrated in Figure 3 whiph compares?i
a concentration-response curve for the hydroxylation of '
;_.anisole at conetant initial ratio (where [H 210 is varied f}
.as [anisole]0 s varied) Wlth one in which the ratio is notié
‘held constant (i e., [H2 2]0 is constant, but [anisole]0 :l.ls‘._;."""'"j
‘varied). For the former,_a etraight line results, but in a'fﬂ?}iﬁi?

. A

) _ NRENDR s TR R T e e T B s e
This absorbance corresponds to a maximum yield of about_40%,;:;;i{

R




'Z:Figﬁre_li- Change of absorbance with time (4-AAP finlsh)
i for hydroxylatlon of an;sole at 25° in the
absence 6f oxygen at several 1nit1a1 peroxide/

anlsole ratioa: s, 26 x 10 M anlaole,

4 26 x 107 =5 M Fe (:n), 1 17 x 107% M catechol,

"1 23 x 10

2.45 xlO -3 n:—fo ¢ 1)
. - 2 _2'.; °

L4
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initial rat:o,










nthhe outcome is the result shown in Flgures 1 and 2 and a

~practical analytical situation this ratio cannot be held

f_'constant without prior knowledge of substrate concentratxon..

;-_curved abeorbance-concentratlon plot (Flgure 3 f111ed CLr; “
_ncles).' Though a curved absorbance—concantration plot does'é{
not prevent analytical use, there is no doubt that most |
.-analysts prefer to work with 11near Plots.5” _
Flgures 1, 2 and 3 report data for the hydroxylatlon of i
3

' anisole in de-aerated water under a nitrogen atmosphere.” In"

K the presence of oxygen, measurable, though small. dlfferencesf

‘ tff-ln yleld of monohydroxylated product were noted but the trmafTW;'c

" course for hydroxylatlon, F;gure 4, revealing the production‘t
" and then loss of monohydroxy product, is unchanged in ;'nf

v general appearance.;:t_-;*:]*‘]fﬁaff};;ng}- ’;a;QQtQ}'j;{.**

2._ Dependence of Yleld on Catechol and Fe(III)

N Concentrations..'

Hamllton (17 18) obaerVed a maximum rate for the loss of’;fig;ﬁ

"z'peroxlde at a catechol concentratlon of 2.5 x 10 4__. “His i

':'tate buffer.f Based upon these data,’ Ehe effect of catechol

 on the Yléld of monohydroxy product for the hydroxylatron of

“initial reactant concentrations werez: Fe(III), 3. 94 x 10 5

-3

 anisole, 0.01 M; 3202, 1.75 x 1073 M; pH 4.3 in 0.005 M ace-

3 Water was de-aerated by bubbllng nltrogen gas through waterJn¥¢~;

" ‘that had been boiled and allowed to cool to room tempera-
ture. A nitrogen atmosphere was maintained using balloons :

_ " filled with nitrogen gas placed over burettes contalnlng L
L the reactlon maxture.;-:w- . R ; i WA
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anisole was'investigated Since the yield had been shown toi?i
be a function of the initial ratio of peroxide to anisole, f;;i
‘._thlB ratio was held constant at its maximum yxeld value of 2d;€
(cf. Figures 1 and 2). = ' o

Table VI, aummarizing.the data; shows that a naximum

yield is produced at about 1.2 x 107% M catechol. To deter- i;f*fl
| mine whether ‘the absorption maximum was related to the ratio ;é;;fq

[Fe(III)]/[catechol], catechol concentration was kept constant |

at its optimum (1.2 x 107% M) while Fe (III) was varied ~ The ;;'T"L
: data, graphically depicted in Figure 5. establieh that the-..ha

ratio of catalysts contributea (however 11tt1e),gto the over-ff

RERAA
P

all yield. Consequently, the effect of-catechol’concentra-

l

tion on yield was reinvestigated, but at a constant [Fe(III)]/

[catechol] ratio of 0 5 (which glVEB the maximum absorbance)
The data, appearing 1n Table VII, demonetrate that an optimum
catechol concentration doea occur at a value of about |

) 9 A _'; ’ Y ; S L ’_!: 'l T . t s _."- I LA
LT, 207 T R T L

j]3. Dependence of Yield on pH._ e :

| Hamilton (18) indicated that thelrate of losa of perox-'

:.1de for the hydroxylation of anieole was independent of the ;
. PH from 3.5 to 4.2, Table VIII illustrates that yield ia};J :
i esaentially independent of the pPH from 3 5 to 4 2'} The datalii T

t are depicted graphically in Figure 6.;:;i”‘eih'

5-4 n.“Aging of the Hamilton System._;rz;{a:fi- il
Catechol. itself an aromatic, should be hydroxylated,

_ thereby altering ita catalytic effectiveneaa as well aa




Table vx;fﬁffff:_jifffif

R L STy ¥ :;' _[Fe(III)] :
G R ' .. lcatechol] ! .

0.342

.

©0.23 .. 1.82 . . 0.280

4.22 x 107% M anisole; 4.26 x 107> M ﬁe{111)='8-01 x 1074
H 02? PH 3 9: reaction time 60 min. i Sl

)

:,

b
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o = T

'fifigﬁ Effect of [Catechollo on Yield at Constant '
: [Fe(III)]/[Catecholl, for the AnerdbiC'=ﬂ-
Hydroxylation of Anlaole at 259.%';5'

.

10% x [Catechol] ' '/ . [Fe(1II)]/[catecholl ' = . ‘ Bgqo.

0.59 " 1 0.347

1.8 7 0.366

3,55 1 i . 0.346

5,92',-b;ﬁgﬁg-*.:iﬁhj,;iff[' o.so'?fffjﬂ"7éf . 0.308

2 4.26 x 1074 M anisole; 8 65 x 10 -4, M H 0 fH‘3.9;'reactionf‘
tlme 60 mln. _ i e o s e e D

b




Table vtr;fﬁﬁf

Dependence of Yleld on pH for the Hydroxylation

of Anisole at 25° in the Hbsence of Oxygen.g_

5.59

5 -4 3

5.90 x 107> M Fe(III): 1 18 x 10 M catechol: 1.08 x 10"
2 2' 3. 33 x 10 H anisole, reaction time 60 min.; 3ee~""







.i_;llustrated in Table X, whlch shows that the time of addltion
tf.'of substrate (anleole) to a pre-prepared Hamllton system

'f_ affecte the yleld of monohydroxy compound. The longer the
'q;lower the yleld Furthermore, the data indlcate that the

; fj;catalytzc effect;veness of catechol is markedly altered with

.Tilaging because when additional catechol is added to an aged

- f;_ever, no further increase in yield ie noted

j._fdepleting peroxlde._ Thxe aglng phenomenon is dramatically

system is allowed to age (in the absence of anisole), the R

solutlon (additional H202 was also added), the yield returns_%

to the expected value.l In the absence of added ened101 howh-*

K1

dg_B.f_Hydroxylation with a Cyclodextrin—Modified Hydroxylating 3

' System

.g i. Stab111z1ng Effect of Cyclodextrxns. ? _

: Flgure 1 ehows that under analytical condltions, where
the hydrogen peroxide in the Hamilton syetem is in excess of-w
the aromatic sample compound hydroxylation contznues beyond |

the introduction of the flrst hydroxy group.ﬁ Thls destruetlon ﬂ??f

. of the monohydroxy product by rapid sdbsequent hydroxylatlon é*%;,j~

Jf_therefore renders the Hamilton eyetem ineffectxve as an j:ﬁr*i
analytlcal reagent e | : _:_I_ _ e ] :
d ‘One approach in clrcumventlng the inetabillty of the ;ﬁff
in1tia1 product of hydroxylation that hae been tried (with a i
.Bucceseful method reeulting), ie to etabilize it by the addi-i

tl°" of a °Y°1°de"trin- . (The CYclodextrJ.n effect will be
. A Qo Ry I_.I'.?-_‘ l.; -"".- ST __.'. o ‘ :\‘ ‘E : . ., e R




i Tablq'xxﬁ‘“”'

Effect of Aging on Yield for the Anerdbic

Hydroxylatlon of Anisole at 259.° &

~ Age of Hamilfon.gystem_:L,;i o

_befofe addition 6f anisble 500 (4—AAP finish)

;iﬁ'0.461}£ff7ﬂfﬂf“”iann;3

: 50;5 -
f;120ﬁ;“jlff._
'i,;f;lao'if;;;;'f'f;;?ff°ffffi; 0.012

o1e0? T 0.036

' d

2 5.36 x 10

' added at this tlme.

Lo
G50

4 u anisole; 5.90 x 107> M Fe (1II); 1.17 x 107 M
catechol 1. 06 X 10 M H202: pH 3. 9, 60 mxn.reaction time.

Corrected for blank.; ,2;1?Qg,gff'”;;ﬁf},;'{ﬁ-Eg__7””

n) and n (1 06 x 10 3 ) ¢

Addltional catechol (1 17 x 10 2 2

Addit;onal 3202 (1 os x 10 'g)!aadedfat”thisfiime;ﬁ%f 5_




- jlty and reasonable yield ensue (half—fllled c1rc1es)

'lt on yleld at fixed cyclodextrzn to anlaole ratlo is deplcted

. 51;1

diecussed.in the Diecuasion section})_ Figure 7,.BhOWLng the.
effect of cyclodextrin concentratlon.on the time course for ;
hydroxylatlon of anlsole4, gives the results of an 1n1t1a1;¢§t
'experiment that encouraged fufthef‘iﬁvestigation; aince'itt.l
revealed that moderate stabilization coold be achieved at %

;_high ratios of peroxide to sample;  The yield is dependent ;
f;_ upon the initial ratio of peroxide to_eaﬁple'as'well as the;
;fratio of cyclodextriﬁ*to sample. - In'thie'ekperiment, the
. former ratio wae 33‘whereas the.latterlwas'varied.at 0. 156,i
1. 56 and 15. 6. At high cyclodextrln concentratlons ([Cyclo-
.T_dextrln]/[Anisole] = 15, 6), the yleld is severely depressed
:.Zalthough ateblllty ia achieved (filled 01rc1ea) too little _?
'.cyclodextrln, on the other hand, produces no stablllzzng ;{?
.Teffect (open clrcles, ratlo = 0, 156) At a ratio of cyclo-si

.dextrln to anxsole of 1 56, however, both reasonable stabil-
The effect of the inltlal ratio of peroxlde to anisole

'-1n Flgure 8. It 1s apparent that too much (f111ed circles)
"-or too llttle peroxide (half—fxlled circles) depressea the
'iZYIEld (presumably‘because of sequentlal hydroxylation and :

insuff1C1ent reactlon, respectlvely)

- These and all sdbsequent studles were run in an air envi-
ronment. Although yields were slightly decreased when .~
oxygen was present (Figure 4), the simplicity of running -
© . reaction under "aerobic" conditxona more than offaeta the
" modest loss in yield.iﬁ-- G 4 Yeg et g e e
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on the time course for the cyclodextrin—

mediated hydroxylation of anisole 1n aqueous

“ anisole,

solution at 25°; 6 39 x 10”7

O '3,'.33'.,27 jx”'_:u:r"3

O 724::10"21“1

M Hzoz

2 2







iy 1ty of the graph.._ The initial ratzo of peroxide to anzaole-f

The data from Flgures 7 and 8 euggest that, if suffi-:;g
1ent cyclodextrln is 1ncorporated into the reaction mlxture,j
" then a constant percentage yield of monohydroxy product,_tif“.
”1ndependent of the 1nitia1 ratlo of peroxzde to substrate,iu
L will result._ Provxsion of course, muet be made for the
| acceptable range over whlch the ratio ie allowed to vary
(cf£. Figure 8). ' FEaey, “:f.' : | _ .
Ly A concentratlon-response curve for the hydroxylation of'h
anisole is deplcted in Flgure 9.. A constant yleld for the

"a_lnit1al product of hydroxylatlon is reflected in the llnear-“f

varied from about 6 to 35 while the ratio of cyclodextrln to:;
t anlsole was in the range 1 6 to 10.. It should be ‘noted that ;
:as the Peroxlde-anlsole ratlo becomes smallers, the need forti.
ithe etabillzing effect of cyclodextrln d1m1n15hes because :fTW
' sequentlal hydroxylatlon is not as pronounced (cf Flgure 1)
. _' The choice of reaction time (60 mln) was based upon thei:€
.fw=shape of the tlme course curve.u Inepectlon of Flgure 8 p' ;
reveals that, in the presence of eufflcient cyclodextrln and‘
'1lperox1de (open clrcles), the reactlon Wlth anieole apparently L
:glvea a llmltlng yleld in 60 mln. Flgure 10, ,ehowxng the-uf

time course for hydroxylatlon of benzene in the presence and

ghe nature of the negative intercept w;ll be dlecuseed
ater. SRR sl ERRRRS S e : LR

'r\~f_ﬂnf; RE AN o

The cyciodextrinéanieole ratio'becomee?emallerﬁaieo;i'
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the presenee and absence of cyclodextrins

at 25°: 5.38 x 10 -4 M benzene, 1. 17 x 10

catechol,_-_s 94 x 107° M Fe (III),_ .63 x

22'




(u




: d.allowed to react for 2 hours prior to final analytical mea-p;”

60 ¢
i absence of cyclodextrins, illustratee that a 60 min reactioniﬁ
time is again appropriate._ Figure 10 aleo reveals that a--}ij
cyclodextrin and B-cyclodextrin ehow eimilar behavior in theﬁg

~ hydroxylation syetem, both indeed etabilize the initial

hydroxylation product.

Figure 11 is a Beer's Law plot for the treatment of ben-;j
zene w1th the cyclodextrin—modified Hamilton reagent.- A lina;
ear curve reaulte, indicating constant yielde over the range'i3
of initial peroxide—benzene ratios 3.15 to 3l. 5. - The cyclo-ij
dextrin to benzene ratio varied from 0 98 to 9 8. b .

| Figure 12, ahow1ng the time course of the treatment of
' rnitrobenzene w1th the Hamilton aystem with and without cycloeﬁirj'ﬁ
~ dextrins, reveals that a 60 minute reaction time is insuffi-géfuﬁzl'

If.Clent for Complete hydroxylatlon.. ConsequentlYo samples werefi

surement. With this substrate, color development by the 4—?
aminoantipyrine method was omitted and the nitrophenolate
absorption was measured at PH 8.6.- More will be_eaid aboutﬁ;
this later. “The 'stabiiizing'effects' exhibited by a- and B-
dlcyclodextrin appear to be similar, conaietent with prevzouai:
' observations. ) | a1 e .
2. Effect of pH and ﬁuffer Conoentration. _ld | _
The dependence of pH on yield for the cyclodextrin—:t‘}}‘ S
mediated hydroxylation of acetanilid, depicted in Figure 13 ;fdiffg

1s consietent with previous data for anieole hydroxylation

' in an unmodified Hamilton ayetem (Figure 6) = The yield is

‘i
ey
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cOncentration-response curve for the hydroxylatxon

’

of benzene at 25°: 1_18 x 10 4 M catechol, 5 94 x

i NI

R



M nitroben-

'zene, 1 17 x 10 M catechol. 5 94 X 10 5 _

of n:.trobenzene at 25° 5 20 x 10

Fe(III). 3 62 x 10” -3y Hz

'based on m.trophenolate 1on.‘ﬁ

O No cyc lodextrin

e 1 26 x 10 a—cyclodextra.n
3?_0 1. 10 x 10“3

B—cyclodextrin .




th cyclodextrin-ﬁodifiéd

on pH for treatment of

ield

Dependence of y

Figure 13:

wi

acetanilid

_4'

Hamilton system

M acetanilid,:

94 x

38 x 10
5

s‘

-5

10

17 x 10~% M catechol,

1.

4

-3

.0 x 10

_Fe (11I),

reaction.

cyclodextrin,

_4-AAP

1

‘2 hr







. with the ened101 for Fe(III)) Flgure 14 provides evrdenoeliv

lf-”that yield is also inhlblted by 1ncreasing buffer concentra-

. been successfully treated by the cyclodextrin—modrfred

s essentlally PH independent over the range 3 5-4. 0."

Hamilton (18) noted that the rate of oxrdatlon of

anisole was 1nh1b1ted by increasrng buffer concentratlcn'

3i;(presumably because the carboxylic acrd effectively competee ke

tion (see DlBCﬂBSlOﬂ Section) i In this study, the pH was,

of course, constant. N

o3, Analytlcal Results, .

Table X lists the slmple aromatlc compounds that have 'f

Hamilton reagent.t_Lrnear working curves.of absorbanceﬁz :
against concentration were observed'ror nost compounds"up tozi
concentrations of B.x 10'4}§.'_Fading of_thedcolor occurredf;.
f_'with methyl benzoate and benzaldehyde;'so the absorbance }#'}}
values were extrapolated to tlme of color development.".
..(Nitrobenzene also exhibited fading, which appears to be :?;
.;' assocrated with electron wrthdrawrng groups.f Stability of
| the 4—aminoant1pyr1ne-produced color wrll be discussed '
.shortly.) Benzaldehyde gave a standard curve with marked
negative curvature. Pyrrdrne could not be determined because.ﬂ
d- ©o- and p—hydroxy pyridines did not respond to the color _.
development. The m-substituted derivative does g;ve a color,:ig;
. but apparently m—hydroxy pyridine was not a product of ___2:I
ijhydroxylation, or. if it was produced, its concentration in dj
the final analytical solution was below detectable limits.-;;l

W :;-'j _. .
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. Toluene

- Hydrocinnamic acid

Table.x ?;;;;?* 

:éf Aromatic Compounde Determlned by the Cyclodextrin- :.hp
oty Modlfied Hydroxylat;on Procedure at 25° a

Analytlcal

Samxilé'-'"f:'- i

*{'time, hr E_mfﬂ};

'~ Benzene

Ethylbenzene ;J
Anisole _- '
Benzyl alcohol
Benzoic acid Qi
. Benzamide _“;_”
Nitrobenzene ﬂ['?'V
Acetanilid
Methyl benzoate J

 o-Methoxybenzoic acid3J i|__
m-Methoxybenzoic acid. L
P-Methoxybenzoic acid
' a-Methylbenzylamine i ‘

ai. 17 x 10 M catechol 5. 94 X 10 M Fe(III), 3 0_4 0 x' A
10” 3<§ H202' 0.8-1.0 3 10” JE_B-CYCIodextrln. PH 3.6-4.0.

b Color developed by the 4-aminoantipyrine method except'ﬁlth';
nitrobenzene, which was meaaured through the nztrophenolate =
' absorpt1on.. : L : R . . :

Apparent molar absorptivity based upon total sample concen-
tration, regardleas of fate; in the final color;metric_idy
: eolution.;éghiv T P AL R I SRR ST :




- Aniline could not be determined either,_becauee the hydroxyla-i
1tion product precipitated from solution. The ch01ce of reac-fg
-:\tion time was based upon the nature of the time course curve,:
as previously discussed. ,In the determination_of 6 x 10~ 4
| acetaniiid; little or no interference waa caused by 10™
ig‘methanol; acetonitrile, acetone, or etnyl-acetate: N,N-~
f_dimethylformamide.causedIa 20% decrease'in'response, and . .
e dioxane,ia.40%Idecreaee._ These datarappear in.Table XI.i_
. fThe reproduc1bility of the analytical method depends
largely on solution preparation, time of reaction, and the-:”l
" usual spectrophotometric limitations. Under the reaction
”~-cond1tions described (see Table X), the equation of the
.1east-squarea 11ne for the hydroxylation of acetanilid (fivelé
o _concentration poxnte,_five trials per point) 18 given by Eq. 3

(16) B

__A510-= ;.712x lq.:c7-10°0;6-fﬂi ?;_i.ipuéctiil(ls)ﬁ
The standard deviation is'O 006 absorbance.unita;'
. Table xII contains a liat of aromatic drugs and related:ﬁ
'i~?compounds subjected to the procedure.- Linear working curvesz
rf_iOf absorbance against concentration were dbserved for most
= 7

'[compounds up to concentrations of 8 x 10 4._. For aamplesll

o containing electron withdrawing groupa (or aubstituente thatz

_ Above 8 x 10 4 M, negative deviationsﬁfrom linearity
: reeulted (see Diecussion Section) e Sl




 Effect on Yield of 10‘3 M of Aliphatics rorjg,gggf"

the 0yclodextrin-Modified Hydroxylation ff

'*{ of Acetanllid at 25°,2

.ﬁ'loa_I¢oncentration]d}gﬁﬁi:*

Compound . .

‘.'Methanol't;:;;“iff' :
Acetonitriie fT¥' “.100.1é?;
Acetone-: . En-99-0 h§
Ethyl’acétaﬁa S . i _ B S | 93'3,?

2 6. 13"x 1074 M acetanllld, 1 17 x 10 M catechol 5. 94 x w" L
1073 M Fe(III), 9. 41 x 10 M B-cyclodextrln, 3.60 x 10~ 3
H202. pH 3. 6. 60 min reaction t1me,.4-AAP finlah. ©ogs i

Sk B

_ Yleld relatlve to reaponae for acetanllid in absence of =
e allphatlc compounda. o




T&ble XI1

Aromat1c Drugs Determined by the Cyclodextrin-:ef '

: Modifxed Hydroxylatxon Procedure at 25° a

Analytical

e Reaction ff wavelength,

'echmmdgﬁﬁiﬁﬁthm.hr;ﬁfﬁ‘mﬁ;e 1636

aPP

Phenacetinj?gg’e'”

Aspirin . n

Ben#ene eeifonaﬁié;i
sulfaﬁiiéﬁiéef§ﬁf
.".Chiorahpheﬁicoiefgg
Haﬁdelic'aeid  ;:”

Lefhenyialepiee:ﬁﬁ;
Tropic.gciée;?:“f
 At£opine j;!

 Ephedrine . :

* Phenobarbital '

Antipyri.ne. ':' . S

r';2.7'"ﬂ

ﬂ;;l.lfgi

,v¥l§°;;'};i
daia
[;;2;5 ﬂéi
Lié.7ie?.;




7

_f;Table XII ;-¢°ﬁtiffl"jefim,;_=

. Analytical '
"-fIReaction_?e wavelength;';_
- 10‘3 E

. 2-Naphthalene sulfonic.”*”
L-Tryptophan . :
Quinine o2 .7 490 ol 0.5

Physostigminea f'.';rl' 2. "”;" ,T- 495 :_:}} 0.2

acxd Y510

Ui 488

a

b

1.17 x 10~% M catechol, 5.94 x 107> M Fe(II1), 3.4 x 107> M
02, 1.0-1.3 x 10-3 M B—cyclodextrin, pH 3.6-4.0. belad
Color developed by the 4—am1noant1pyr1ne method except w;th

sulfanilamide and chloramphenicol, which were measured S
through the nltrophenolate absorptlon. - e v

Apparent molar absorptivity based upon aample concentration'F_J:%;
regardless of fate, in the fznal colorlmetric solutron.;-_.d'--~*

Lo o F 4 Y
s | - % . 2t o . b .




were oxidized to electron wrthdraw;ng groups ), where color"L

fadlng occurred absorbance values were extrapolated to timenifs'{'m
" of color development.9 Chlorphenlramlne and benzalkonlum :
: chlorlde (zephlran) both gave standard curves with marked
. negative curvature.; Benzocaine could not be determlned _
'because the hydroxylated product prec1p1tated from solutxon.;:b
- No 1nterference was observed within 95% confidence 11m1ts,zf?;
" for the determlnatlon of acetanllxd in the presence of tab-_ﬁ
"_let excipients at normal formulatlon levels. A typlcal syn—'fifif;;
thetlc mlxture conslstrng of 35 mg acetanllld 100 ‘mg lactose;'?fl”

10 . mg starch 10 mg talc, and 2 mg stearlc acrd, gave an
10

"absorbance value of 0 690 - In’ the absence of exclplents,:f“3g¢1'
.an average absorbance (4 determrnatlons) of 0. 706 with a

standard dev1atlon of 0. 005 was observed and the range was

;O 690—0 722 (student t test, 95% confldence lxmlts, 3 degrees;t;IQA

d of freedom) Phenobarbltal gave a standard curve exhlbltlngijlﬁdi

Lo
k..

-_b'p051t1ve curvature, presumably because of an equlllbrium {@-

For example, the amine substltuent of sulfanllamlde appar-f?
~ently was oxidized to a nitro-group, enabling the nltro-;
' phenolate "color“ to be used for quantlflcatlon.

Acetanllld mandellc ac1d, ephedrlne, antlpyrlne, phenylé e
alanine, chloramphenlcol, physostigmine, benzenesulfonamide = .7 '
and sulfanllamlde all exhiblted color fadlng thh the 4—AAP}1¢;ﬁQG
method. G _ L

10 The mlxture, contarned 1n a 50 ml volumetric flask, was -
" shaken with 30 ml of water for 15 min. After dllutrng to .
.. Volume with water, a 2.0 ml aliquot of the filtrate was > J,
- ~subjected to the hydroxylation procedure as descrlbed in |
-+ the Experlmental Sectzon. ;:n” SR B S Sy i




fi' 15 It is apparent that glucose stabilizes the initial m';i

"_ hydroxylation product, but its required concentration is

' 'trin.

.phenomenon Wlthin the cyclodextrin cavity (see Discussion

f section)

Tt

’._c,? Hydroxylation w1th a Glucose—Modified Hydroxylating [

sttem e

'ivl. Stabilizing Effect of Glucose..___ _
. As a first step in investigating the stabilizing effect
rof cyclodextrins, the time course for hydroxylation of acetan-i_ffbﬁ

'_gilid as a function of glucose (a-D-glucose, dextrose) concen-;ﬁ

“.tration was investigated The results can be seen in Figure

about an. order of magnitude greater than that for cyclodex--

Figure.ls, shoﬁing alBeeris 1a§-plot'forithe treatment.
;l‘of acetanilid with the Hamilton system in the presence and
ﬂabsence of glucose, reveals that indeed, a constant yield of.

' monohydroxy product is obtained by incorporating glucose into

the reaction mixture (filled c1rcles), on the ‘other hand, the
-.curved absorbance-concentration plot in the absence of ”sta— |
.bilizer“ (open c1rc1es) dramatically illustrates, again, the é
dependence of yield on the initial ratio of peroxide to il
substrate.-' _ o "; _ _ : % d
_ When cyclodextrin was incorporated into the Hamilton L
“'-BYstem as a stabilizer. phenobarbital gave a working curve s

Wlth positive curvature while chlorpheniramine exhibited one
o é R . . ‘“"ﬁ;ﬁ'ixﬂ* o .
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- ;-f°effects. appearing graphically in Figures 17 and 18 respec—-

 minutes, while at 75° (half-filled circles) hydroxylation is 5

o depressed.l Furthermore, under the conditions described a:

with'marked'negative curvature.s With glucose however, the=f
' working curve for phenobarbital was 1inear while that for &

_ chlorpheniramine showed less negative curvature.} The

' ”:th31Yv may be associated with different mechanisms of sta-_g

,hilization (see DiBCUSSlon seCtion)?f.”ffgffiﬂ'.

f 2.'.Temperature Effects.'i_: : : S
The effect of temperature on reaction rate was investi—
gated in order to reduce reaction ‘times from hours to _. 3
hminutes.ll“ Figure 19 illustrates the result of elevated -_
'”_temperatures (55° and 75%) on the time course for hydroxyla—-ﬁ
“tion of phenobarbital with a glucose—modified Hamilton sys- }?

: 'tem._ At 55° (filled circles), reaction time has been reducedi

from 2 hours at room temperature (see Table XII) to about 30

;hFCOmplete in less than 10 minutes. Slmllar.reaults at 75o-=
: obtained for the treatment of acetanilid are included in;é\
Figure 19 to illustrate the generality of the temperature.ﬂ

L effect. | B _ 2 3 " :
InSPection of Figure 19 also reveals that at higher

B temperatures. the yield for phenobarbital hydroxylation isih?f

;Phendbarbital standard curve showed slight negative curvature.i

_Temperature effects on a cyclodextrin-modified Hamilton . 7"
“system are probably more complex than with glucose becausejf
- binding constants between cyclodextrin and aromatic are . ..’
v*also temperature dependent (see Discussion Section)
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These data seem to suggest that at elevated temperatures, o
less glucose may be needed to stahlllze the initial hydroxyla«lﬁff[{

' tion producﬁ'consequently the effect of glucose concentratlon ;f?;;;

on yleld for the hydroxylatmon of phenobarb1ta1 was Studled.;fv}ifg
The data tabulated 1n Table XIII, show that the yield is | |
'glucose independent and maxlmal over a narrow range of sta- .

.blllzer concentratlon'(z 20-3 67 x 10 -M), and that at 7 x |
3

100" M glucose (cf.. Flgure 19), ‘the yleld is depressed about 3ﬁg:p;

20% from its maximum value. When the standard curve for

phenobarbltal hydroxylatlon was re-run at lcwer glucose con;fi
centration (3.67 x 10~ -3 _),.lt was linear._ These data,
graphically deplcted in Figure 20, show the curvature in 5’;;
Beer's Law plot at hlgh stablllzer concentratlon (fllled .
c1rc1es) and the linearity when glucose concentratlon was :
reduced (open c1rc1es) - Also included is a standard curvehllv
”.at 259, to ‘illustrate the effect of temperature on Yleld nr*ﬁ

even though glucose concentratlon was optlmlzed

Table XIV summarizes data for the treatment of some

_ monosubstltuted aromatlc compounds w1th ‘the Hamilton system Eﬁtdf‘f

as a functlon of glucose concentratlon._ The data are con513;fiffff:
tent with that for phenobarbital, dlsplay1ng a narrow range iezgp

of stablllzer concentratlon W1th1n whlch the yleld is maxlmal ff‘

3. Dependence on Catechol.
Hydroxylation with an unmodified Hamilton.system_
: revealed'that'a certain concentration of catechol (1.17 x ; ;f;jjlf-

10'4‘§)'was_necessary to obtain maximumIYields:of initial_f:iéi;iff




'Table XIIT

Effect of [Glucose] on Yield for the HYdrOxylation
) of Phendbarbital at 75° 2 t:;g*P

03 [Glucose]'ff

2 6.87 x 1074 phenobarb;tal 1.17 x 10 -4 M catechol,_f'

M .
'5.94 x 10° =3 M Fe(III), 4 0 x 10 3 M H 0., 10 min reaction
time. e f' 3 2

: J

Absorbancéé corrected for blank: 4-AAP flnish.




phenobarbztal Wlth a glucose-modlfled Hamilton
5

syatem, 1 17 x 10 4 M catechol, 5 94 x 10




Dependence of Yleld on [Glucose] for the Hydroxylation'T‘

of Some Mono—subatituted Benzene Derzvativea at 75° &0

[Glucose] : T R U610

Acetanllidb

Tre : C i . c
,.” Benzene . . Anisole

0,907 T 1 0.996

1.105 1.266 -

1,205 1431

1,205 1.395

1.128 . 1.280

a4,17 x10°4 M catechol 5 94 X 10 M Fe(III), 3 90 x

10"3_ M H,0

202¢ 10 m1n reactionﬁtime;*

M acetanllid.

”x 10




hydroxylatioh products;l At 75° w;th a glucose-modlfzed
b Hamllton system, however, the yleld 1s 1ndependent of cate-. }
'chol concentratlon above 1 x 10 The data are presented'j

_.1n Flgure 21

~at 75°.  Linear working curves of’ absorbance against concen—fé

~ tration were observed for most compounds at concentratlons

tive curvature.s Chlorpheniramine showed-linear behavior up

' compared against a standard phenobarbltal solutlon carrled

4

4. Analyt1ca1 Results.f ERRe
‘ Table XV lists the aromatlc compounds that have been

successfully treated by the glucose-modlfled Hamllton system@q

up to 1 x 10 3- ; For solutlons where color fadlng occurred,

absorbance values were extrapolated to tlme of color devel_;f:_. o

opment. Antipyrine gave a standard.curve with marked nega-.g.

to 6 x 10-4 M. No 1nterference was observed for the deter—.*fj i
: mlnatlon of phenobarbltal in the presence of tablet exc1p1-fﬂ?¥fff'*u

ents at normal formulatlon levels.' A typlcal SYnthEtlc mlxr.fff ;

oot aEe S

ture conslstlng of 65 mg phenobarbztal sodlum, 26 mg 1actose,.

L yEL

20 mg starch, 20 mg talo, and 0.3 mg stearlc acid, gave an

average recovery of 98.4% + 0. 6% (four determlnatlons) when.f?

through the same procedure.12; Uslng a synthetlc mxxture g

12

The synthetic mixture, contained in a 50 ml volumetric ..
flask, was shaken with 30 ml water for 15 min, the pH oo g
adjusted to 3.9 with 5% HCl, and the solution diluted to

volume with water. A 4.0 ml aliquot of the filtrate was'ﬂﬂef:lff“

. subjected to the hydroxylatlon reactlon as descrlbed 1n-;
‘ Experlmental Sectlon.sﬁ_; i ; g




EC atechol](lO M)

- Figure-le Dependence on [catechol] of yield ‘for hydroxyla_ 5

Hktion of phenobafb;tal with a qlucose-modifled

'{lHamzlton system at'75°g 6.87 x 10 -M phenobar-'""

~ bital, 3.90 x 10”2 M 1,0 Ire (III)]/ [catechol] ="

;0}5.'3.65-x 10:? M glucoae, 10 min reaction time;'f




'*? 'Phenobarbita1-“f{fﬁff_ﬁjﬁ?f

ok Aromatic Compounds Determined by the Glucose=- ;_ -f

'f:'_Modified Hydroxylation Procedu:e at 750,23

©°  Analytical = .

COmpbund ;ﬁﬁ-'

Benzene - Sl D s0s il DI 12,9 s

' Acetanilid’ i . . 510 R N

b Phenaceﬁin  f;490;; :; 3.1'i?

' :Benzoic'a¢id ';495 ; 5i'1.7v'

ff 3,7_5é”

493 _ _
e 2. B. s

o-Methoxybenzoic acid jE

ngethoxybenzoié‘acidf{i 52493;

. p-Methoxybenzoic acid . 485 5.5
e G

500

Mandelic acid

"Atropine  500, ;i32,1  :

_Ephedriné' 7" ;ESOS'?I

515 1.3

. Chloramphenicol = - 390 ._ o 0_.8 .

' Chlorpheniramine . ‘' . 500 2.7

@317 x 1074 M catechol, 5.94 x 107> M Fe (III), 3-4 X 1038

" H,0,, 3.7 x 107> M glucose, PH 3.6-4.0, 10 min reaction time. |

o k{Color develbpéd by the 4-aminoantipyrine method except with : °
" 'chloramphenicol which was measured through the nitrophenol-:
. ate absorption.. . herfhuntedanh it brtst
- © Apparent molar absorptivityfhaaed hpon'sample_éoncentration;{
- regardless of fate, in the final colorimetric solution. . .-~

oy AT T T o
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" composed of 65 mg sodium phenobarbital 200 mg 1actose,.20‘:._
g starch, 20 mg talc and 0.3 mg stearic acid a 10% decrease

- in responae resulted _ However. when the phenobarbital was'

" an average recovery of 98. 8% + 1 2% (four determinations) wae

fstabilizere for the initial hydroxylation product when

-_acetanilid was treated with the Hamilton system at 75“ The

'; bilizer-modified Hamilton eystem is presented in Figure 22.}

:'13

'fufhaliquot was subjected to hydroxylation.: .

extracted from the tablet excipienta prior to hydroxylat:.on13 )

obtarned._g 25

5, Other Stabilizera..“.

| Both lactoae and BOIbltOl were found to be effective f},

data, appearing in Table XVI, show that a maximum yield ia:l'
obtained within a narrow range of stabilizer concentration
dependent upon the nature of the stabilizer chosen.' _ 0
At 2s°. the following aliphatic compounds also exh:.bited
stabilizer capabilityz acetonitrile, 0.1 M- isopropyl alco—

hol -10 -2 M; dioxane,flo 3 M; acetone, 10 llﬂ.ﬂ A typical

time course curve for acetanilid hydroxylation with a sta—155

The synthetic mlxture, contalned in a 60 ml separatory

- funnel, was shaken with 10 ml water for 15 min, acidified
-« with hydrochlorlc acid, and extracted with one 20 ml and .
‘three 15 ml portions of chloroform.  The chloroform = .
extracts were filtered through glass wool into a 100 ml.-

~ ‘round-bottom flask, and evaporated to dryness using a

- roto-evaporator. The residue was dissolved in acetate

.. buffer, quantitatively transferred to a 100 ml volumetric
. flask, and diluted to volume with buffer.. An 8.0 mlL . ..



"“_i'_-rable XV

Dependence of Yleld on Stabillzer Concentration Tf7i
**g for the Treatment of Acetanilzd with the

Hamllton 8yetem at 750 a Eeftgu_“

" concentration Limits LT E T

b -

"‘ .

o " stabilizer

a1
10.0022-0.0037 1.1

: 0;0036-0.0051_; ﬁ”¢. I:f;Glucose LT

:.0-003640-00513f i:eSofbitoi ¢
f“Lactose'

0.12-0.20 i{fﬁf ;   .'_ffff?i.17'HEi e€. . Acetonitfileﬁ

7.36 x 1070 M acetanil:.d 1.17 x 1074 M catechol, 5.94 x
10 =35 M Fe(III), 4 x 10 3 M 3202, 10 m;n reaction time.

f

COncentration llmits wlthzn which yield appeare independent

of etabillzer concentration._;ugn

Absorbance corrected for blank; 4—AAP f;niah.;

R T



O 20 40 60 80 IOO 120

Tlme (mm)

~~ Figure 22': "Treatment of acetan:.l:.d with an iaopropyl alcohol-
F - % ' modified Hamilton aystem at 25%; 5.05 x 10 |
I_-",:-"acetanllxd. 1.17 x 10 4 M catechol, 5.94 x 10~°
: Fe (III), 3.95 x 10_ M H0,, 2 hr. ;‘eac_.tion time, r
i 4-MP flniah el o 5 N Al :
O 10 M isopropanol |, il ATy
0 Ui @, 2072 M deopropanoll (vt
SRR © " @, 107 M 1sopropanol :

e
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'p.  Studies on the Analytical Finish"ﬁf“

| to strong-sunlight (35).. Recently, Svdbodova, et al. [39)

p=5tability for some mono—substituted phenols subjected to the'ﬁ'
Ir 4—aminoant1pyr1ne finish in the present investigation.'_xtwljh
 is apparent that the presence of electron-withdrawing groupgjﬂf
"t on the phenol molecule de-stabilizes the color.' Phenol. on ?f

the other hand produced a color stable for up to 3 hours.

W o- and m-sdbstituted phenol derivativee after 80 min at room'j

 nitro group. =

.._ 1

'Vil. Stability of the 4-Am1noant1pyrine-Produced Color.};
The stability of the 4-aminoantipyrine-coupled dye has.

been the subject of several investigations (33, 35 37,39). 4
* The color was shown to be unstable for pH's greater than 10 :

(39), and fading was accelerated when the dyes were exposed :

have associated color 1nstability with the presence of
electron—W1thdraw1ng groups.' P

: Figure 23 shows the effect of substituents on color y >3

Table XVII compares the extent of color 1oss for some-f*

temperature.;4

The table reveals that color fading is most
extensive for strongly electron—thhdraW1ng groups in the fﬂff;yf;ii

ortho position. No explanation based upon structure—reactivity '”:f

is apparent for the magnitude of the de-stabilizing effect

exhibited by o-aminophenol unless the amine group was par-fg~

Stially oxidized by potaesium ferricyanide to a nitroso or'ify

pysubstituted phenole do not react unlees the edbetituent
is expelled during reaction.:g,gﬁﬁ;ﬁ_L T SR ;




L

_.lo 20 30 40 5o_ 60
Tlme (mm) G
iEffect of subatituent on color stabxlity of the

rantipyrine dye for some o-adbatituted phenols at

5° in borate buffer.:



" Table xvzz" E

Stab:l.llty of the 4-—Am1noantipyrine—Produced Color
for Some Mono-Substituted Phenol Der:watives

in Borate Buffer after 80 min at 25°

k00110
0,00
_';'.-0.13
(H 0,240
R 0,27 M
L0439
2 Ly o063
_CocHy; 9, 10° - 0.87
" cEO 11, 12% 01,13
No, 13, 14° | 1.27
CONHNH, = = = = = =

'COOCH,
- CONH -

0
=
® NV A WwN

2

ago values are ta}cen from March (95)
A, - A o

value at 510 nm in 1l cm cells extrapolated to time of color
1

development and ABO' the absorbance after 80 m:i.n. e
-~ R .'.:"'
4 C . ‘ » .

80

% Fad:.ng = x 100 where AO represents the absorbance

. i!".-.,’




where C, is the concentration of antipyfina dye' at time zei:o,

‘ and C, the concentration remaum.ng at time t. Rearrang:.ng

. substitutihg Eq. (18) into gq‘ (19) and taking a constant fﬁ

| time interval gives Eq. (20)

‘a correlation exists between color fad:.ng and the electrical

| 15 (. p- ‘values are .used' for _aubstituentsl' cafrying an unshar.ed.'f,‘}l’

'I'he extent of color fading 15 g:l.ven by Eq. (17), _
.::: . e 0 ;'c .: .};T '¥ ;£Eiiff{'ffof €1  e
L gFe=1006%—) . ap

A7) and taking its 1ogarithm gives

-1°9 < = log ‘L'%mﬂ’-‘ i S 1 | ue) o

) i

If. as a first approximat:l.on, firat-order behavj.or is

as aumed ' then

E e
-

ooan

100

A plot of k' _against the Hammett Q‘p or o"p" substituent ';'3-_": By
constant valuee:15 listed .in Table XVII Should reveal whethé'r- i

effects _of the substituenta. The plot, appear:.ng in F:.gure 24,

- pair of electrons which are capable of strong electron-. .
‘accepting resonance; o— values are used for the other
.groups. L R R L d R el b iRl e
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1 were considered as alternatives to the 4-aminoant1pyr1ne

'l troyed prior to color development17, legg than a normal f'.‘f

-_.:f quantification difficult, consequently, the methods were not

"shcws. indeed, that electron withdrawal facilitates the reaceﬁk'gw )
) tion. The qualitative nature of this correlation is obvious:.
. nevertheless the plot indicates clearly that color insta-_f*

| bility is to be expected with phenols carrying substituents f;
?fp;whose sigma values are greater than about 0 3. | _'J
- Extraction of the antipyrine dye into chloroform has ;Iff

| been proposed to both concentrate and stabilize the color;i;f

Ne'(33 36,39).7% Table XVIII shows data consistent with the h 4
| f*‘literature to illustrate that indeed, the red chloroform dfe }”

Ve 1s more stable than that in aqueous solution. e E e

2. Other Finishes'u'i = e :
Oxidative coupling Wlth both N N—dimethyl—grphenylene-;g

diamine (DPD) and 3-methyl-benzothiazolinone hydrazone (MBTH) Tff;f

method for phenol determinationi' However, neither method

produced a color'when components of the'Hamilton system were”;};;*”ah
| present'f Further study revealed that peroxide was responSLble'i:fff

for the lnterference.l In addition, if the peroxide were des-- f““"’

response was obtained However,_lack of reproducibility made-;

3'-investigated further.=_

'i. 16'The molecule must be neutral to be ertractable into chlo- ?l
. roform, or, if any ionizable groups are present, they must $
~be expelled during coupling.-;_:_L_;_n__\” _ i e el

17 Destruction of peroxide was accomplished by adding

| triethylenetetramine to the reaction solution (95)__. k
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" Table xvxxr?f

Stability of the 4—Am1noantipyr1ne-?roduced cOlor-y' i
‘ for Some o-Subat;tuted Phenol Derivatives in' 7
Borate Buffer and in Chloroform

after 40 min at 25°,l;'-

% Fadlng

Subatituentqiiijafil CHCl3 ';fnft“H29.7

COCHy oo aep

coNH, 0.6 = . 16

o . Ay - A,
2 ¢ Fading = : 0 Y 40
' 0

value at 510 nm in 1 cm cells extrapolated to tzme of color_
development. and A40, the absorbance after 40 mzn.ﬁ.hu

X 100 where AO repreeenta the absorbancef




L .IV.  DISCUSSION |

. . The Unmodified Hamilton System ; =

The Hamilton system afforded a'means of converting aro-'f?“'“'”

- matic compounds to phenols rapldly and 1n hlgh yreld when

~ compared with other aqueous hydroxylatlng systems (see Table ;;fﬂaf

LI Consequently, the appllcatlon of thls system to the ,j}

'_’quantltative determination of some aromatlc compounds was
.'_investigated

Hamilton (17- 19), measuring the klnetlcs of loss of

- peroxide when the aromatic substrate was in excess, found
. that the reactlon rate ‘was decreased by hlgh buffer concen- EE iR
tratlon, high catechol concentratlonl; and hy the presence;f

of organlc solvents such as acetone or-ether.j In our stu--i

dles, we found that the ylelds of monohydroxy product were

31m11arly depressed _ :
Hamilton (17,18) 1nd1cated that although reaction rates t;fﬁﬂ'ﬁ
were 1ndependent of pH from 3.5-4,. 22, the total yleld of

Phenols (based upon peroxlde) increased at lower pH outside '

this range (19) p Thus, the yleld of phenol from benzene was"'ﬁ

Formatlon of inactive (or less actlve) iron-catechol com-
Plexes at high catechol concentratlon ‘was proposed to
- explain the rate decrease. . :

Rate constants were extrapolated at dlfferent pH s to zero {?‘*7
: buffer concentratlon. AR o '

3 More rapld destructlon of catalyst (enedlol) at hlgher PH . A g
‘'was proposed to explaln the apparent dependence of yleld .;j?;:-




99 .-

52% at pH 2.9 and 28%_at PH 4.2; that for nitrobenzene was S

42% at pH 2.9 and 27% at PH 4.2. We observed, however, that 1o

under conditions of maxlmum yleld ([H 02]0/[Substrate]0 - 2; 1{{
[Fe(III)]/[Catecholl = 0, 5-'[Catechol]0 g 1.2 x 1074 M),_ | .
_ Ylelds of monohydroxy product were depressed at PH 2 9 and ‘.f;

'~ were pH lndependent and maximum in the range 3 5-4,2.

The apparent dlscrepancy noted above is probably due to &

'.dlfferences in the initial condltlon. Hamllton s yield cal—l’ﬁ*f"

f culatlons were based upon peroxide consumptxon wzth the aro-

matic in excess, ours, on the initial aromatlo concentration ﬁﬁ}i”-f

when peroxlde was in excess (1 e., peroxlde is twice substrate

concentratlon) ~Because of the non—spec1f1c1ty of the oxl-'.;j]fa"f

'.d121ng agent, it should not dlscrlmlnate between the aromatlc _Qﬁﬂ

”substrate and 1ts monohydroxy product (or catechol, for that f

matter) * Catechol will ultlmately be generated from benzene ?*;J*

(and catechol will be destroyed by hydroxylatlon), but undertaiﬁfw

_ Hamllton s oondltlons, its net concentration w111 increase *s$g~;g{q

-because [Benzene]o >>>[Catechol]0 Consequently, the depen-'j*

~dence of yield on pH observed by Hamllton must be related toaﬁﬁ":'r

the rate of hydroxylatlon of phenol at dlfferent PH's.

We have found that the rate for hydroxylation of phenolig

is three “times greater at pH 3.9 than at 2 9._ The outcome_:fi-ﬂf oF

(under Hamilton's condltions) would be a 1ower yleld of the J:E:fﬁ{f

4 The conditions were- 7.21 x 10_ M phenol 1. 20 x 10'4

catechol, 4.27 x 107° M Pe(111), 1.82 x 1072 ¥ H,0,, 25°

e "1/2 tpa 2.9) = 5 mns t:ru/:e (pH 3.9 = 1:s “‘”‘
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| monohydroxy product'at'pH 3.9 (based upon the amount of
-dperoxlde that reacted). because" at higher pH values, more
g 'catechol is generated and high catechol concentratlon -

._,,.

inhiblts the loss of perOxlde..-

Under our condltlons, the lnltlal ratlo ‘of peroxide to_'i}.
substrate as well as initial catechol concentratlon, had been
"adjusted to give max1ma1 yleld values (based upon substrate)
Moreover, these experlments were conducted in the pH range =
3.5-4.2 where y1e1d was essentlally PH independent. Catechol
will be generated from benzene and destroyed by hydroxylatlon:éftfﬁ&
(as under the.Hamilton.condition), but dts net concentration-i;.:'

will be such that maximal ylelds Wlll reeult at the higher '_;

pH value. Thus, at PH 2 9, although less catechol is gener-hfe-f' i

- ated from phenol, its net concentration w111 be shifted from ff"w'"

oy

the optlmum value and depressed ylelds w111 occur.

In the absence of stablllzer, when the ratlo of peroxldenu
to substrate is greater than 2, hydroxylatlon clearly con- hldﬁdl &
~ tinues beyond the 1ntroduct10n of the flrst hydroxy group _dff;if::
(cf. Flgure 1) (Thls occurs under other conditlons also, “fdn.““;
but may not be obv1ous from the tlme course. ) Thls sequen- i;ﬁf“};d
tial hydroxylatlon is taken to be approxlmately descrlbed ];I? |
schematlcally by Eq. (21)' ;ff" -'f»;f'féfﬁ ]”j]f}“f" : fq'”i;{ﬁ?;a

where A represents the aromatic sample compound B, the". '_ X
lnxtlal hydroxylatlon product, and C, aubsequent hydroxylat;on

-Products derlved solely from B. - Recall that w1th the h




._lloi_ 5"

quantitative measurement employed here'(oxidative coupling :

with 4-am1noantlpyr1ne), only B responds.; Eq. (22) gives,

then, the correspondlng rate of change in [B]. ‘and therefore ;{lﬂf';”

in absorbance :.”'='

%%l - 1.;1 (] [(H,0,] - X, [B] (1, 21_"; L .' (22)

Since the reagent is non-selective (i.e., anisole and nitro- .. .

benzene are hydroxylated at similaroratee), as a first '_
approximation, K, = kp- Then, d[B]/dt > 0 when [A] > (8]

(thls is, 1nc1dentally, the initial condition), and the

absorbance increases with tlme. When [A] < [B] and prov1ded EFENR

that sufficient peroxide is present, d[B]/dt < 0 and lose of:;}?-l

the initial hydroxylatlon product is observed ) Flnally, 3

d[B]/dt = O when [A] = [B] or when all of the peroxide is

used up. - Stable absorbance.values are obtained when either : .

: condltlon is fuifllled (cf.: Figure 2).'however,_the former _f;i?

represents the situation g1v1ng maximum YLEIdB at a ratio of ;ﬂ;ffﬁ”"

Peroxide to substrate about 2, while the latter glves lower-;z
 Yields at lower ratlos because of the llmlted avallablllty
of Peroxide. | e

Eq. (22) does.not.precisely describe the uomodified
Hamilton system because the reagent isldecomposing.(byd

/hYdroxylation of catechol and concﬁrrentidecomposition of

Peroxide) dur1ng the course of the reaction.. Thls uaglng“_g-a,

Phenomenon not only alters in some degree the catalytlc _f5°'ﬁu '

effectlvenesa of the ened101 but 1t uses up peroxlde..h :_T'j“"'”



~ Ignoring for the moment dihydroxylation, which will decreaseoff

the yield of B by depleting both B and peroxide, the yioldq

of monohydroxy product will be less thén_lOO% soiely due to Wiy e

: v"aging" of the Hamilton system. As long as catechol must be ﬂi L

.present and as long as the [A]O/[H202]0 ratio is 2 or more';fé?j'

there is not enough peroxlde to convert all of A to B.

Sequential hydroxylatzon places a theoretlcal 11m1t on . .

. the maximum yield of B, 81nce the value of [B]/[A]0 is a

function of the ratlo of kz/kl" In the llmlt as k -'0

| [B]/[A]0 1. Thls ratlo of rate constants (kz/k ) shouldl;i'f

be determined by the_electronlo natures of A and B with '
respect to hydroxylation, and by the statistical effect of -

reaction sites on B relative to A. Hamilton (17,18) has

shown the former toobe.relatively unimportapt.- Therefore, = R

for the case of anisole, on a purely'statistical basis, we

expect k,/kq = 4/5. Consequently, the maximum theoretical . .~

" yield must be less than IOO%Ibecauso k, does not eqﬁallzero._;i,féyiff'

~ B. The Cyclodextrin Effect

1. Cyclodextrln Inc1u51on Complexesl

Cyclodextrlns (also known as cycloamyloses or Schard;ngerfft.tﬁt

dextrlns) are ring compounds of a-1, 4~11nked D-glucose poly-

- Mers contalnlng six or more glucose re31dues, they are formed ; i

bY action of Bacxllus macerans on starch Table XIX llBtBI

Bome properties of the three cyclodextrlns, French (97) and
Stewart (98} have rev1ewed their product1on, purlflcatlon,'

and chemistry. . o
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© 0 .. Table XIX . it

Some Propertieé of the Cyélodektrinsfﬂfg-

3
1

Number of . . . solubility Cavity, .° . .
' glucosé | f I :_ :‘ ' s Moleculaf"'f:in HZO':_ diameter“;?f3ff¥ﬂ
units Name = weight .  (gm/100 ml)  (A)

 -icyc1dhexaamylose gt ";}“

7 ?'-B-cyc10dextfin;_';i;11135 ft;}?iﬁ: ' -'f;Tt 7;5_ S
| ' *'Cycloheptaamylosé_:f-_f-” iy

:fB '.:{U-cyclqdextrin: . 1 _1297'1f5ﬂ!?I23;2 ffj'. 9-10'€ *ﬁrs3 f'

:“'cYclooctaamylose'f'f'

gy




: x-ray crystallography (97 99) has establlshed the dough—_;;;? R
nut shape of the molecules and molecular models have shown :

that the cavity is longltudlnally non-unxform (prlmary '

hydroxyl groups re31de on one Slde of the torus whereas
secondary -CHOH groups edge the other rlm), contalnlng unr-ﬁﬁli§}g;ff
formly spaced bridging acetal oxygen atoms. Based upon
energy considerations, it is generally.helievedcthat the e
cavlty contains water molecules hydrogen-bonded to the inte-hfilﬁkl
.rlor oxygen atoms (the cav1ty is therefore more hydrophllic '
than hydrophobic). _ | '
. The hollow structure allows any molecule smaller than
its internal dlameter to enter and undergo non-covalent 1nter-li"j
action with the atoms llnlng and rlmmlng the cavrty, the ' :
resultzng inclusion complex owes its stabllxty to van der
Waals' and dlsper51on forces. Stoichiometries of 1l: l are
- common although other ratios have been Observed.
The ablllty of cyclodextrlns to form a protectlve Shleld';;;f;J
around the guest molecule and hold 1t in a certaln conforma-':“:k
B tlon dlfferentlates this complex from the more common molecu-;}lf‘l.
_lar complexes. The stability of the resultlng inclusion ”-?_
l_complex varles, of course, with the 51ze of the guest mole-'alﬂ.;

cule, but the cav1ty dlmensrons for a-cyclodextrln are such ... .°

that most mono- and di-substituted benzene derrvatlves can ]}}
eas;ly flt 1n,_wh11e poly-substltuted aromatlcs may be

excluded Table XX, from Cramer (100) llStS dlssoclatlon
constants for several aromatic-cmcyclodextrln complexes. It ﬁ

'13 apparent that a certarn selectrvrty of the assocratron fi"*




Dissociation Constants for a—Cyclodextrln_"

Complexes (Cramerlooj 3_ ¢"

._. ...105 _:. g

Guest Moleculéb

10’k s

@OQ

W02 Ll ke 0,20

R—=N=N

,Ou."
o

~ (no inclusion)

Determined spectrophotometricallyn SR T R g
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process is occurrlng, as revealed Wlth the phenylazo—l- .

.naphthalene-4-sulfonates.5 The lntroductlon of one addltlonalﬁffffj‘

methyl group into the ‘aromatic ring (in the case of the 3,

5'-dlmethylw4—hydrophenylazo compound). results in its com~- g

plete exclusion. It should be noted that stablllty constants!ﬁfg“ﬁjc

for complex formation (1/K), on the order of 103 , are qulte._¢n
| large. ' A

; Cycloamyloses have been suggested as enzyme models

because of the geometrlcal control of 1nc1uslon complexes _b e

- noted above._ Furthermore, they have been -shown to 1mpose

both rate acceleratrons and deceleratlons on organlc reac-*;i

tions (101), such as the acceleratlon of dlphenylpyrophos- .

phate cleavage (102) and the deceleration of the hydrolysis RE e e

 of benzoic acid esters (103).; Bender'and co-workers (104,
105) have shown a close correspondence between the cyclo-
dextrln—catalyzed hydrolysis of esters and that catalyzed by
"chymotrypsrn. - Many characteristics of the enzyme-catalyzed

reactlon, 1nclud1ng saturatlon, competltlve 1nh1b1tlon, and

. non-productrve binding, were exhlblted by cyclodextrln._

 Breslow (106,107) reported that, in ‘the presence of both 2

a- and B—cyclodextrrns, ‘anisole was selectlvely chlorlnated

by HOCl. With cyclohexaamylose, ortho—chlor1natlon was com- fjﬁhkwjf

Pletely suppressed whlle a specmflc catalytmc effect was

—

The cyclodextrzn is presumably “threaded“ over the phenyl— ?i[ffﬁf”
azo portion of the guest molecule, w;th the naphthyl group o '

protrudlng (100). Fie
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observed'for Rﬂggfchlorination. In the complex of anzsole
with B-cyclodextrln (cycloheptaamylose), o-chlorlnatxon was
also blocked, but p-chlorination proceeded at the same rate
~as in free solution. It is belleved that chlorlnatlon occure.gffd?:?E

via.convereion of one of the cyclodextrin -OH groups to -0c1.'5;hn
upon reaction with HOCl; the electrophlllc chlorlne is then At
: dellvered to the Para POsxtxon of an anisole molecule bound dhﬁﬁﬁf
in the cavity. Within the complex. the ortho position is
inert toward chlorlnatxon, and the para position is more

reactzve than it is in the unbound molecule. Specific catee'wﬁ
1yt1c effects by a-cyclodextrln have been noted with the
hydroly515 of phenyl esters (101) as well |

Cramer studied an imidazolyl modlfled cyclodextrln (IOBffjl*

for its catalytlc act1v1ty and dbserved a modest rate
1ncrease for the hydroly91s of Bynltrophenyl acetate. A niceif;h';h
kel chelate of pyrldzne carboxaldoxime and an approprlately lf{f’ﬂ'
‘acylated cyclodextrln (109) was slmllarly 1nvestlgated by

Breslow

- 2. Hypothesis for“Stabilization by Cyclodextrin.
; The problem of 1nstab111ty of the lnltzal product of o
hydroxylatlon (due to its eubsequent reactlon), which ren-li'

dered the Hamilton system lneffectlve as an analytlcal :_-“',’

,reagent was overcome by 1ncorporat1ng a cyclodextrln 1nto ;ﬁtﬁ'vn
 the reactlon mlxture (cf Flgure 7).- The hypothesxs was
'fOrmulated that in the presence of cyclodextrlns 1nc1u31on

Complexes of aromatlc compounde w1ll be formed, and that



select1v1ty may be achleved on both an equlllbrlum baSlS
(different extents of complexatlon by the aromatlc substrate

and the phenollc pProduct) and a klnetlc ba51s (lnacce391b11-_fu

ity of sites for further hydroxylatlon of a complexed phenol)fﬁt;?ffﬁ

By binding the aromatic compound W1th1n the "protect;ve

sheath" of the °Y°1°d93trln. the apparent rate constants
should be altered Presumably decreaslng the B=¢C rate rela—;ﬁl:f -

.-tlve to A.-'B. Figure 7 shows that the expected stabilizing f}:en b

effect was observed. At least part of the stabilizing effecti;*'?r57

h.ls probably due to concurrent decomp051tlon of the Hamllton'

- system (the aging phenomenon has already been d1scussed),

which alters the catalytic effectlveness of the enediol and jf?l?;
concomitantly uses up peroxlde._ Presumably, cyclodextrin

merely delays the attainment of the maxlmal 1n1t1a1 product h{f.hﬂ-f«
concentration | long enough for the incursion of the subsequent ;f;ﬁj;”
hydroxylation to be Prevented by degradatlon of the reagent._?i[f;f;e
The eﬁtent to whlch the blndlng phenomenon lnvoked in the i
hypothes1s is responslble for the stablllzatlon has not been
established; certalnly some blndlng must occur in these sys-
tems, but the later experiments with glucose 1nd1cate that
it may Play a minor role in the stabi11z1ng effect. This
.WOrk is an 1nterest1ng example of a useful experimental
5631gn based upon a (poss;bly) faulty hypothesls.

._ Examlnatlon of Flgure 7 reveals the 31m11ar1ty in’
effects of addlng cyclodextrln or decrea51ng peroxxde. Thls_f;'afeu

Buggests that cyclodextrin may functlon, 1n part, by removingj;ffe'i'

.‘ﬂ_% | 1
]



the peroxide (or the hydroxylatinq agent) from avallabllxty

|

by a “general stabilization mechanism" to be dzscussed
shortly.- 'I‘h:.s would account for (1) the slower rate of A -"B |

- reaction,.(Z) the constant flnal yleld -(3) the decreased t:ééﬁf_;'
yield as cyclodextrln concentratlon is increased; because allpg

three effects were produced by slmply decrea31ng perox1de.6.153211

However, because 1nclu310n complex formatlon occurs readlly T
between aromatics and cyclodextrln (the stablllty constants ff?niizh
are large; Krv 10 ), the mechanism for stablllzatlon by
cyclodextrzn must be more complex than that for the general"ﬁgpflj}é
stabilizers (eg., glucose, lactose) - Experimental ev1dence__¥;ff:'ﬁ
for these mechanistic differences is profided by ﬁay of con- ?é;fliﬁ5
trasting behavior for phenobarbltal and chlorphenlramlne in.
a cyclodextrln—modlfled and a glucose-modlfled Hamllton sys-ii}f?
-tem (see Flgures 17 and 18 respectlvely). | | %
| From the mechanistic viewpoint a knowledge of the dls—jcf§§5}p}l
' tribution and absolute yields of monohydroxylated products.
in the presence and absence of cyclodextrlns is essential.
Without this inforhation,diﬁ would be.iﬁpossible to.determinef;7;;;f
whether selective hydroxylatlon is occurrlng within the dex- ;{;
trin cavzty or whether only free substrate is belng hydroxyl-?!p."

ated. No attempts were made,_however, to Obtaln-these data . 7

Decreasing peroxide concentration would concomitantly

reduce the concentration of hydroxylatlng ‘agent. If the

hydroxylating agent were the species that were destroyed, @ ' . g

then any effect resulting from its decreased concentratlon REESP O

would mimic that which would occur 1f peroxzde were S
- removed.. ; L -




pecause the cyclodextrin-modified system offered no advan- . °

" tages from an analytical point of view over the glucose sys_-;e
_tem. In fact the latter appears to be Blmpler (no 1nc1u31°n_.p;,]na
complex formatlon is pos51b1e), cheaper (glucose 15 readlly
avallable in pure form), and more rapld (reactlons can be

run at hlgher temperatures) | ‘ i Lt

P

C. General Stabilization Effects

1. tkinetic Schemes..-_
- The suggestlon that cyclodextrlns may functzon, in part,.;
by decreasing the availability of the hydroxylatlng agent,
led to the lnvestlgatlon of other compounds for their sta- d‘lf::.
- bilizing ablllty. As prev1ously noted the effect was qulte h;;:ifth
.general occurrlng Wlth other "reduc;ng sugars"_as well as :

with a number of aliphatic compounds._ Hamllton (13), in

fact, observed that most common water-soluble organrc sol-
~Vents at low concentratlons markedly lnhlblt the rate of
anlsole hydroxylatlon, leadlng him to speculate that the
| organlc solvent must lntercept the ox1d121ng lntermedxate 1n n
the - catalytlc reactlon.' > | _ |

| (21) represented an attempt to descrlbe the Hamrlton-f?%_tff:
System 1n terms of a szmple A.-’B -'C sequence.. The system p
is, however, much more complex because of the "ag1ng" phenom-_fi':'
Enon noted above-j Moreover, catechol can be viewed as an r}ffff;]

lnhrbltor“ as well as a catalyst because of the dependence ;

: Of yield on its inltlal concentratlon (cf;;Table VII)
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1

chsequently, the kinetic scheme should, at the very least, ,
be modlfled to 1ncorporate the “1nh1b1tor concept", which
would provxde an additional pathway for the loss of oxldlzlng
agent. Thls Ldea is shown in Eq. (23), {i " .
ko [S] |
- s Sp

et D ﬁ o kl[Fe3 ][catechol]‘\‘ 2 k, [P]

' 2 2 < —> OX > pP* (23) i

k

L L kln) O

 where ox denotes the hydroxylating'speciea: S, the aromatic

substrate (formerly referred to as A); P, the initial product SRt

" of hydroxylation (formerly referred to as B); P', subsequent v@*fofﬁf

dihydroxylated products derived from P-(referred to earlier
as C); I, ‘the inhibitor whose ldentlty can remaln unspecz- 3
fled : P“ a product of unspec1f1ed nature derlved from the
1nh1b1tor ks, k and k are rate constants whlch refer to
'f.thelr respectlve substrates,'. .

_l Then: | | .

and -

dt

.  £@ﬂ=kIH Tek[m]-kmuml s qas) g

-k [P][ox] - k II][ox]

The 1nh1b1tor may be catechol and buffer in the unmodlfled

system and/or ‘any stablllzer lncorporated into . the Hamllton-'feief
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whére k! n.kl[Fe3+][catechol];f Applyingfthe steady-State:'p:fiff;}ﬁf

_ cdndition'to Eq. (25) gives

kifnzozj

tolss Tkt kg [S] + kp[Pl f:kI[I]‘ fﬂ;[ﬁ-i:(zey.ry:w L

The material balance equations are

B U PENCERC R DR R

| IOl = (Mol + foxl 4 P+ 2N 4 )

; :ano -1]

We assume n = 1 and adjust [I]0 accordlngly, i. e.; the

inhibitor concentration is glven in normallty rather than © ‘10

‘ molarlty._rf'
g [H 0 ]
- Deﬁ:.ne._:. ro =.--—-[—S-—]O—-
T “ [H,0. ]
H 1250
t TIsT

- (29) :;;:;Eﬁij_

oy

“.? 3 ' ;:f-i;;iF5f;i'tf=;;;f?f12{ffﬁfrr ;;(315r.f?';i-ﬁ_

S
b4 [SJO .  :_T  hﬁf: ?;f=£:5'|fri; o (32)_. ”.

tI]O___

.} (33)fff?ff;'”'



where I, and rt represent the ratios of peroxide to substrate{f-““

at time t = 0 and any t1me t respectlvely, a, the fraction

unreacted of substrate° and Y, the fractxonal yield of the'
lnltlal hydroxylatlon Product ﬂ Then.“_‘ e :

[H202] + [ox] + [P] + 2[9-] + [I T

r, = _ (35)
0= [s]o PO W

Assuming [ox] << [szjl and using'Eq..(27).gives o

Tymangt2-2a-y+x-z . g R
- Then, combining Eqsf.‘24);.(26)_and the above definition3r h'

r——

artk [s]o.

o oaqe) {ak LR B e e e RGeSt e

33¥_The conditions,iorlg étable'staﬁe”{d[P]/dtigﬁO) are

and/or

"."_‘s _‘-' 'Y"P_ s R 39) e

APply:.ng conditlon (38) to Eq. (36) glves the stable-state-f"“

S PY  ENER R

T it i (40)

Ny Defining Egsk“aé‘the weighted avgfage m°laf'absorp£ivity:f”°' gy




bf the coupled monohydrox& products;iwe haveq} ;'t”

and'sincé‘yu= [P]/[S]o;"ff

- Substituting Eq. (40) into Eq;'(42)'gives  ;' i

By making.the rough'approximation that all rate con-

stants are the same, 1 e., k =‘k = kI' we get the further SR RNE R

smmpllfxcatlon

or:' 

Cmm el (45) $ 5
Thus 5
._.(46..). S

A= € _pISIgl2+x) Q1 =-a) -z,

Eq. (46) relates the absorbance to initial substrate concen&3f?

tratlon [s]o, and yield y.

In the absence of quantltatlve data on spec1es dlstribu-iﬁ:{__i'

tlon at the conclusion of the reactlon, llttle can be sald

about the_dependence qf a on-[S]0.  The'quantltles X and r

however, are initial conditions, and it is interesting to SRR
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analyze thelr effects on the appearance of Beer' s law plots _f;,LL??3

N developed under dlfferent lnltlal condltlons.. The quantlty

(x = ¢ )(see Eq. 43) can be expanded to glve Eq..(47).

F[I]o - [Hzoélo

_;J.x__ o deV"fif f {;ff3"f'f-f'(475 ?jvre_fa
w0 l0 I8l e Rt ab e e e PO TR At

Within a given Beer's law study. both [I]o and [H ]0 are <

usually constant, and [S]O changes._ Let

Ifc'- [I]O e'[H202167y'? d;j;;i~ffdij£;:f9di ;"_(48) ;2:ﬁfﬁg*

where ¢ is a constant. Then Eq. (47) may be differentiated @[ '

"with respect to [S]0 to obtainff_

l: d[x e.roll.

. dlsly \33,[5102

" When x'- fo; Cc = O and'd[xne rol/de]O'e O Then no

change in yield with change in [S]o w111 occur (w;th respect

<. S eyl

to the influences of x and ro) - If varlatlons 1n o are small;jﬂ;w_g

over the same range of [S]O. a linear Beer s law plot will befj El

observed
TableIXXI lists the rahge-of X for several stabilizers
on both a molar basrs and a normal basms.' The dlfflculty, i

of course, is relatlng the two concentratlon scales because

the stoxchxometrles are unknown., However, there appears to .

be an overlap between the ranges Wlthln whzch x and rO Vary,;@

'_Thus. the condltion xSB Ty may be the essent1al feature for'”?)




£ -rable XXT

-   llﬁlJﬁﬁ?::s:

P Comparlson of x Values for Several Stablllzers

in a MOdlfled Hamllton System p:« -

‘[Ilob .. Range of xcj, Li

.StabiliZer,'_; ; _(§if. :a j'-(molar)3?}ff

' Range of x .

' (normal)

Glucose x 1073 1
sorbitol 4 x 1073 " -
LaC‘tOSe ' -3

 Acetonitrile x 10-1_ 
| _ 3

(= w_"w B N

Cyclodextrin -

'4-40'5&?5{T1
1073 - 3-30I'ﬁ;§f
: 260—2000*f%15
i -'. '-1_10_ 5~*"

SER
A
42

' 24-240

o 24-240 .

36-360

azeaz0 L

[H,0,]5 = 4 x 10‘3_g_ [s]0 -1 x 10
therefore ro = 4-40. :

b Median value of stablllzer concentratlon glvlng maxlmal , _[Tﬂff?"

ylelds. s

x = [I]O/[S]O. :

M - 1 X . 10

n = nuﬁber of oxldlzable carbons.f]ﬂf;-*"
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the obtention of a linear Beer's law plot.a-l'

' There were two conditions under which linear Beer's law .

- plots were observed, namely,

(a) 'when'ro is held constant at 2 or less and no'exter-jf_ﬁbigl
| nal.stabilizer is added. It is Possible that, under these = ..

condltlons, X is also small but non-zero, the role of I belng

played by catechol, acetate buffer and product P'
(b) when ry is large and variable and X is slmllarly
< large and varlable.- This represents the typlcal analytlcal

situation ln the presence of “stablllzer“'

When x < ro, c ls negatlve and d[x = ro]/d[s]0 is posl-"i

tive. Thls correeponds to pos;tlve curvature in a Beer s law m.-“'“

plot_because as [S]0 increases, the yleld ‘increases. ThlB

"condition appears to conform to the case of large'r0 values f'”‘*77"

with no added stablllzer (cf. Flgure 16)

When x > o, © ls posxtlve and d[x - ro]/d[s]0 is nega—“:;wﬂl;.
'“tive. Hegatlve curvature can be seen 1n:the Beer's law plot.FLI{l ;
The two conditions under which this'effect is observed are,

(a) when rd.ﬁ 2.andIIH202]b ls coaetant. _if % m r, at;f;}lf-l

the lowest value of [S]o, thus givinq aniinitial“lihear-"

Beer's law plot as [S]0 increases, x becomes larger than r0

if product p* contrlbutea to the stab;lxzzng action by com~ ", =fT"'

Peting for the 0de121ng agent._

(b) when Ty 2 2 bUt x > X, for'the same reason given °

under (a).

on x and ro.

r

The contrlbutlon of a to yleld could dampen the dependence T
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The other p0331b1e condltxon for stablllty is glven by

(39), namely, when ak = vkp, Qé%l = 0. Applylng this ?::%':-
condition to Eq. (36) ‘and assuming ks' p = kI (and Eq. 45)
';Yf-.(rt - 3)|- X -ff}'f"J_-3f, SR (50

0 '-'Cv,.r't —'O,'_
x = 0 and y = 2/3. Chemlcally, this means that as [S]0

Eq. (50) predlcts that as [S]0 —'cu, r

increases with these reasonable rate constant equlvalenc1es,_ﬁﬁjﬁ*5*:

| a stable-state with dynamlc productlon and loss of P wxll

result w1th the maximum possible yleld of 2/3 thls w1thout

depletlon of peroxide. In effect for each 3 moles of s con-jg”?l-if

verted to P, 1 mole of P is converted to P"' Experimental

evidence for a maximum yleld °f about 2/3 of 100% is, lncl-ptf?.'}ff

- dentally, provided in Figure 25 whzch shows a plot of

- (absorbance) =1 vs (concentratlon) b for the hydroxylatlon of

anigole and nitrobenzene. It is apparent that as [s]0 "o:, ;?a;i;i

[S]o- —'0 and the intercepts glve absorbances whose ylelds-ffﬁ-:“

': correspond to about 2/3. L vl S

" Eq. (50) also predicts Stablllty at values of o >.?.
When an 1nh1b1tor (stablllzer) is present.r Thls equation'u?'f
.may be substltuted into Eq._(42) to obtaln an expressmon .

'rEIatlng absorbance to 1n1t1al substrate concentratlon and

Yleld but the outoome is an equatlon more compllcated than .

(46) Moreover, when r '- 0 (whlch 1nc1dentally, mustnii;

t o
ordlnarlly be the stable-state condltlon, as ev1denced by the




Figure 25:

Double-re01procal plot of (absorbance)

' (concentrat1on) -1 for hydroxylatxon of

" anisole and nitrobenzene in an unmodified

 Hamilton system at 25°%; 1.18 x 10—4 §'cate-.

. chol, 5.88 x 10~

reaction time.'

> M Fe(III), pH 4.0, 2 hr

O Am.sole, 8.2 x 10 M Hzo
CD, Nitrobenzene; 9.1'x 10-4

=

H)0,

' :65% yield for anisole® based upon a standard if[f,:m 7

j-*of o- and Ermethoxyphenoib in a ratio of

- 2:1; 60% yield for nltrobenzene based upon

.~ a standard composed of gr, m-, and p-nitro-

':'phenolc in a ratio of 2:1:1.

10037 (aemap method). ¥ “_500 3

_ '¢'4 04 x 1074 m total nltrophenol A,
S 0. 856 (nltrophenolate absorptlon)

2 vields are determlned by extrapolatlng ——T—
to zero and are based upon initial
-peroxide concentration. This is reason-
able because as [S]O-ﬂ @, .all available -

hydroxylating agent should react W1th
substrate. . _

l

5.23 x 10°% M total methoxyphenol A

405_
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loss of P upon addition of more Hamllton reagent, Flgure 26),.¥f:?i

stability will be achleved whether or not ak = yk

.'2._ Comparison of Stabilizers.ihfh |

. The materlal balance equatlon, Eq. (28), COntalnS a term.i?hf?'
.n([IJO [I]) for the stab;llzer I. By asslgnlng a value to. ;{_;ogﬂ_
.n, its concentratlon is specified in normallty rather than -
molarity. The relatlonshlp between these concentration unlts ;ﬁ'
is probably not simple because the hydroxylatlng agent is go A
non-specific that it apparently OdelzeS aldehydes to ketones'?i:d;f;
and alcohols to carboxyllc acids as readily as it hydrOxyl-t_ﬁ?if“f*ﬁ
ates an aromatic ring (19). However, based upon the data in ;hf.i=
Table XVI and related dlscu351on, a qualltatlve relatlonshlp ;;hi
seems to ex;st between the number of oxldlzable carbons of |
the 1nh1b1tor, and its optimal concentration range. Thus,
the stabilizers fall in this order of decreasxng "effectLVee hfhj
ness" as measured by the molar concentratlon required for-'
optimal results: cyclodextrin > lactose > glucose ~v sorbltol'fgzyh

> dioxane > isopropyl alcohol > acetone >:acetonitrile._”

D. Analysis by Hydroxylation '

1. Proposed Method. _ | _
| The.ProPosed analytical method for the determination of_e{jﬂ?:fi
aqueous solutions of aromatic compounds‘can be fouhd'in the
: Experlmental Sectlon on page 29 Although at 75° reactlons
appear to be over in about 5 mln, a 10 mln reactlon tlme was

arbltrarlly chosen.~uff
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: Fiéﬁre 26:f:Effect of addltlon of Hamllton reagent at the'Li'ﬁﬁh”l i
| | 5 _stable state (d[P]/dt = 0) on the tlme course
for anlggle hydroxylatlon in a cyclodextrln— s ik
Imodlfled Hamilton system- 1 16 x 10 4 M catechol.¥ttt} :
5.94 x 107> M Fe(11I), 3. 55 x 1073 5 H,0,, s
1 6.37 x 10-4 M anlsole, 1.08 x 1073 M cyclodex-;; ;m 
- :trin; 2 hf reaction timé,‘25°- 4-AAP finish. |
B O Normal time course. W -
Q Ham:.lton reagents (Fe (III), catechol

and H 02) added at stable—state.

oo
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:2; Range of Appllcablllty.-

The analyt1ca1 method is appllcable to aromatic com-
-3

pounds in the range 10' E- to 10~ ‘ﬂ provided that an aqueo_us £ '.Z

.solution can be prepared to ¢ontain at least 2.0'umoles.of

~ sample in 20 ml of waterg, and that the corresponding phenollfi?b*EVﬁ

- responds to the 4-AAP finish. ‘Below 10”4 M, the final ana-
1ytical eignal may be too low; above'lbfg M, negative curva—'
ture may occur due to an 1nsuff1c1ent concentratlon of the

hydroxylatlng agent in solutlon._"
‘3. The Finish.
The 4-am1noantipyr1ne flnlsh is both general and sensz-ii;ﬁ

' tlve for the determination of aqueous phenols (32,34-39).

Moreover,.the method responds_ln the presence of_components,iEA;df‘“

of the Hamilton system and offers the_additional advantageff;;
of specificity for mono-hydroxyphEnols{i_Consequently; the ;?2:_7

_ enediol catalyst does not interfere'with the determination ESS

.of the product Phenol from the hydroxylatlon reactlon. The e

borate buffer acts both to quench the hydroxylatlon reactlon' 2
and to serve as medlum for color development slmpllfylng the

analytlcal procedure.

Fading of the color has been associated with the presence'i_;g“

 of electron-withdrawing groups on the aromatic ring (cf. Fig-.

~ure 24). Furthermore, if a Sdbstituent:were to be oxidized ffﬁiif

9 The pPH of this solutmon may be ea511y adjusted to the range "

3.5 to 4.0. The remaining 5 ml could be used for reagent, ﬁi,ﬁﬁ

stablllzer, and a more concentrated buffer._'
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to an’ electron-w1thdraw1ng group by the Hamllton system, thenlﬁtﬁi;VV

the resultlng phenol would be expected to exhlblt color

: fadlng.f For example, mandelic acid, ephedrlne, phenylalanlne,i?ffiﬁf

‘and sulfanilamide all showed loss of color with the 4-AAP

: method even though thelr substltuents are not electron-

withdrawing. Furthermore, the amine substztuent of sulfanil- O

h amlde apparently was oxidized to a nltro—group because the

'COmPound showed the characterlstlc nltrophenolate absorptlon R

after treatment w1th the Hamllton system.i-g" _
The qu1n01da1 structure of a 4-AAP-coupled dye is glven
below, where X and y are substltuents on the parent phenol

It 18 apparent that substltuent X (ortho to the orlglnal

phenollc functlon) is in dlrect conjugatlon wlth the qu1n01dalfh;"'

antipyrine rlng, whlle substltuent Y (ortho to the antlpyrlne?f,';fj'

nltrogen) lS dlrectly conjugated to the phenollc oxygen.10

- A possible route to decompos1tzon of the coupled antlpyrlne

:dye may lnvolve hydrolytlc cleavage of the antlpyrlne rlng

under the lnfluence of electron—w1thdrawal ' The o-substltutedjfﬁf“

) phenole decompose faster (i. e., thelr coupled products_

10 The qu1n01d structure is essential for transm1551on of
- electronic effects by resonance delocalization from the
meta p031tlon relatlve to the coupled antlpyrlne._,'

T i T TR T




- decompose) than their'grsubstituted counterparte because of“j;}r"r r

the greater resonance_delocalization'effect'on the S-membered;f'f”

" ring.
4. Comments on'Product Yield and Distribution.'

The apparent'mclar absorptivity} E:appd is defined as f'id

the absorbance of the coupled phenol product (with 4-am1no~ ;gf“p;:jn

antlpyrlne) at lts maximum wavelength d1vrded by the total

sample concentratlon (regardless of fate) in the final color-iﬁ_frh'

. lmetrlc solutlon. The magnitude of € (see Tables X, XII, :olr-ﬂf

app

and XV) reflects the yleld of the lnltral hydroxylatxon pro=- :52 |

- duct, the isomer dlstrlbutlon, and the molar absorpt1v1t1es
of the coupling products. Under condltlons of the color d'
development, phenol itself glves a molar absorpt1v1ty of iI:

1.23 x lO ; ‘thus the yleld of phenol from benzene can be

_unamblguously calculated uszng the apparent molar absorptlv-ilhfl';:

_ity of benzene given in Table X.-hf}

% Yield = -2:5X 104
o 1.23 x 10%

 Yields from other substrates are probably similar.

'-;.Eq. (51) gives the'yield of phenol from benzene in a

x 100 = 37% DL () p;gf;pf,

cyclodextrin—modified system at 25°'- If the value of 2.9 x 1';{3i'

.10 were used from Table XV for a gluoose-modlfled system at
- 75%, then the yleld would be about 24% ~ The disparity may-'

be related to a temperature effect as well as to a dlfferent

mechanlsm of stablllzatlon for glucose. The concentratlon'f'u

of_stablllzer may also be 1nvolved since depreésed Yields';fpu;"-=ﬂ
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- are observed when the optlmal stabrlrzer conceatratlon-rangel‘i
is exceeded.. _ h | ._ :

A better comparlson between the two modlfred Hamllton
dsystems can be made by determlnrng the yleld of phenol from.
;;benzene for both systems at 25° at correspondlng inhibitor |

z'concentratlon. One obtains a 40% yield with cyclodextrln
11

.and a 35% yleld wrth glucose™ ™, indicating only a small

' 1nh1b1tor contrlbutlon to yleld dlfferences. :

- - Table XXII compares molar absorptlvltles using a 25°

;.cyclodextrln-modlfled and a 75° glucose—modlfred Hamllton

.system. As noted above, dlfferences in apparent molar

.absorpt1v1ty are related to the temperature effect, the sta-;:?;'

" bilizer concentratlon, and perhaps a mechanzstlc dlfference.“;ﬁx
_.However, an average molar absorptrvrty of (2. 8 + 1. 1) X 10
'obtalned for the cyclodextrin system, and (2. 7 + 1 3) x lO

obtained for the glucose system, lndlcates that no srgnlflcant 35&

: _drstlnctlon between the two systems exlsts. ﬁj_- 2

5. Mixtures amd Interferences.%]-'i R |
Due to the non-specrf1c1ty of the hydroxylatrng agent,_,l?iib

:1t would be dlfflcult to determlne mlxtures of aromatics. %
i Under conditions of stablllty where the effectlve concentra-'

! tlon of oxldzzlng agent has been “competrtrvely" reduced

1.17 x 1074 u catechol 5.95 x 10°5 M Fe(III), 4 x 10'3

H,0,; 1.07 x 10°° M glucose, 120 min reaction time; 1. 20 x iy

1073 M cyclodextrln 60 min reactlon tlme.ilj':gf’




Table XXIT

: Compariéon of Apparent Molar Absorptivities for

Aromatic Compounds in Modified Hamilton Systems.

127 ;;; S

Sample'

1073 €

CyglodextrinaA__*5, . Glucoséb

(259 . (759

Benzene
Anisole
Acetanilid
Pﬁenacetin

Benzoic acid

o-Methoxybenzoic acid-  L"
m-Methoxybenzoic acid

“-RfMethobeenzoiq'acid ;L;V;'l

Mandelic acid'f
_Atropine_;

& Ephedrine.
Phenobarbital

 'ch1oramphenico1

s
.3.9'-_' i
3;9..if: nL. |

| ;;2f7.';fi'f?di :£¥f
 3-6¥fi;F-""”'

2.4 g

a2
”Lk 2,5l_;i A

”_é Data from Table X.ff?¥ 

b

Data from Table XV. .




‘the presence of an additionallaromatic aample would only
reduce the yield of both because there just is not enough R
hydroxylating agent. The same argument would apply to the

- determination of aromatlcs in the presence of allphatlcs. --i;ﬁ'*
However, no lnterference would be observed prov1ded that the

total concentratlon of inhibitor (allphatlc), regardless: of

1ts source, remalned within the max1mal "stablllzer" range._?iw'"d

Thus, more acetonztrlle could be tolerated than, say,
.dloxane, because of the-qualltatlve relatlonshlp noted above;€f 
- between the number of oxidizable carbone and the concentra—_tﬂ?f“
tion needed to produce a de51red effect.- This would explaln

why, for the determlnatlon of 6 x 10 4 M acetanilid in a

'cyclodextr1n~mod1fled Hamllton system, 10 M dloxane caused e e

a 40% decrease in response. Apparently, the comblnatlon of
cyclodextrln and dioxane exceeded the "stablllzer range” . and 3

~ the yleld dropped. Here, it could be argued that cyclodex-_:'

7 trin contributed to the lower yield (it acted as an inhibitor ;fff’"*

or interferent), because by merely reducing its concentrationﬁiﬂ]*

the yield could be returned to its maximal value.

Similarly, the 1ndependence of yleld on catechol concen-};if-T

tration above 1.2 x 10 M in a stablllzer-modlfxed Hamllton f¢_35'”

| SYStem;z (Cf- Flgure 21) may be because the comblnatlon of L

R 12_In an unmodified Hamilton system, a maximal catechol con= -

centration was observed at 1.2 x 21.0-4 M. Above this

. value (at constant ratio of Fe (III) to catechol), the

' yield dropped, presumably because of the inhibitory effect;f”;ffu
of catechol, i.e., catechol was an interferent depletlng ]¢:7'

' the concentratlon of avallable OxldlZlng agent.'
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i cyclodextrln (or glucose) and excess catechol was stlll.

within the maximal stablllzer range._; | |

| Separation of the aromatic sample compound from poten;

~ tial interferences (e.g., tablet exc1p1ents) pPrior to _"-' |
hydroxylatlon would c1rcumvent the 1nh1b1tory effect on yleld“;':

:'dlsplayed by all 1nterferents. Under conditions where lac-

tose caused a decreased response from phenobarb1ta1 hydroxyl-{h

ation, extractlon of the aromatic sample 1nto chloroform,v"

.i_evaporatlon of the chloroform, and subsequent hydroxylatlon, B

’ returned the yield to its maximal value.:"

Negatlve lntercepts in a worklng curve of absorbance

against’ concentratlon represent an addltlonal ‘though mlnor,l;f1;.7ff

'compllcatlon. Intercepts were observed for the following -
sample compounds llsted in Table Xv-' anlsole, Phenacetln,f,"“J
ephedrlne, o-methoxybenzorc acid and prmethoxybenz01c ac;d t,;_-

; The intercept values, furthermore, were not reproducible.

" These reeults may be related to dlfferent extents of hydroxyl-:j-;f?

ation of catechol in the blank and sample solutlons.' As
: noted earller, catechol ltself should be susceptlble to B
hydroxylat;on, and the extent of react;on is probably related

to the initial ratio of peroxide to substrate. Competltlon'":”

for the hydroxylatlng agent in the sample solutlon (between _fﬁf{i o

aromatlc and catechol) is absent in the blank Thus, more .

catechol must react in the blank. than in the sample 31mply _“f”""

--because the ratio of peroxlde to catechol 1s dlfferent 1n
t_the two solutlons._szhﬂ_-- ' ' '

The volume of pota351um ferrlcyanlde (0 1 ml or 0 2 ml)"w
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o

~added to the final analytical solution for color development | -

‘contributes slightiy to the feagent background. . Since the

smaller volume st111 represents an excess of ox1d121ng agent,}f_e”fi'

the procedure was modlfled to reflect thls volume change.-7f
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" The phenyl group as a functional group. offers the possif=ﬁ=f'

bility of a general approach to the detection and'determina—_:%f}?'“

" tion of aromatic compounds [K. A. Connors and K. S?.Albert,is SRR

~Anal. Chem., 44, 879 (1972)]. 1In this context, aromatic

hydroxylation is an attractive reaction because the-product, ;?;;ﬂ-f“

" a phenol, is amenable to detection and determination by many'lfifj"'"

- methods. Of the several aqueous hydroxyiating agents that'[d;i}_ﬂ

' have been proposed. the Hamilton system, consisting of an

-aqueous solutlon of ferrlc ion, catechol, and hydrogen
d-peroxlde, seemed to provide advantages of 31mp11c1ty, yleld,

" and speed. This thesis reports the further_ development and

s-application of this sYstem to the_quantitative-determinationﬁdrﬁff--3

of some aromatic compounds.

E As an analytlcal reagent in whlch the hydrogen perox1de R

'in the Hamilton system must be in excess over sample com-
-r'Pound hydroxylatlon contlnues beyond the lntroductlon of .ﬂ'i

 the flrst hydroxy group. Wlth the quantltatlve measurement -

employed here (oxldatlve coupling with 4—am1noant1pyr1ne), _a:”

only the monohydroxy compound appears to be detected.' By_.

reducing the initial ratio of per0x1de to aromatlc to 2.0 or.ﬁf'f"'

1dless, stable absorbance values were obtalned the yleld
dependlng upon thls ratlo.'

The lnstablllty of the lnltlal hydroxylatlon product

' has been overcome by 1ncorporat1ng a “stablllzer“ in the ijﬁfﬁf*

reaction mlxture._ Two such modlfxed Hamllton systems which:




rxwere studled exten31vely are those of cyclodextrln at 25o SEOE R

~and glucose at 259 and . 759,

The cyclodoxtrxn-mod;fled Hamxlton systcm stabilizcs

“the initial hydroxylation product at 25° over a wide range 5-;5;§"“'

of ratios of peroxide to substrate. Stablllty is thought to_fﬁﬂfi

result, in part, from formation of 1ncluslon complexes, the
: cyclodextrin delaylng the attaxnment of the maximal initial

product concentration long enough for the incursion of the

'.subsequent hydroxylatlon to be prevented by concurrent decom-'f_f'

posltion of the Hamilton system. Cyclodextrin may also

accelerate the degradatlon of the hydroxylatlng agent by com-?f:~:dsl

~ peting W1th the aromatic substrate.i Many.mono- and dl—'

-'_substxtuted benzene der1vat1ves give 11near absorbance-con-

centration responses in the range 1-8 x 10 M w1th apparent
molar absorptLVLtles between 1 X 10 and 5 x 10 _-Reactlon

times are 1-2 hours at 25°, and the yields are pH independentgi
" over the range 3.5-4.2. Be ' | | F_ | |
Glucose has been shown to stabilize the 1n1t1a1 hydroxyl-ffd,

~ ation product as effectlvely as cyclodextrln at 259, and

because its mechanlsm of stablllzatlon does not lnvolve 1nc1u—j*5ﬁ

 sion complex formation (whose stablllty constants are temper—ig;t”

:1'ature dependent), the glucose-modified Hamilton system was »;l;ﬁf?

investigated at 75°, A stablllzatlon scheme involving compe-;:-:

)tltion by glucose for the available hydroxylatlng agent has 3?i#:ﬁ*”

been proposed to account for the independence of yleld on

- the 1n1t1a1 ratlo of peroxide to substrate.; A klnetlc schemels;-f pl

- consistent wath avallable data 13 presented
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The glucose—modlfzed Hamllton hydroxylatlng system has

l been suggested for the analy51s of aromatlc compounds at 759,
-3

: Callbratlon curves were llnear 1n the range 10” 4 M to 10~ .‘g.fﬂ{f”'

. of aromatlc compound and molar absorptLV1t1es of 1-5 x 10

were observed, Reactlon tlmes were less than 10 min and pH

independent from 3.5 to 4.0. No lnterference was observed

 for most aliphatic compounds at 10~ -3 M and for tablet exc1P—'k” ke

~ients at normal formulation levels. Fadlng of the color

occurred for compounds containing electron wlthdraw1ng

.groups, but extraction into chloroform stabxllzed the antl—.;;}gjf

pyrxne dye, bes1des 1ncreasxng the SEHSlthlty of the method

ThlB lnvestlgatlon was de31gned to prOV1de experimental -

data to test the potential of aromatic hydroxylation as an.]ﬁfi,:".

analytical reaction for the determination_of_aromatic com-

pounds in aqueous sOlution. 'The'results'establish that (a) ]

hydroxylatlon 18 a useful analytical process. (b) a model
enzyme system can be exp101ted for its analytlcal utlllty.

and (c) the concept of developlng analytlcal select1v1ty by

'gf means of complex formation w1th cyclodextrlns may be worth

further exPlo:.tat:n.on. ‘As one of the few methods avaxlable s

for the phenyl group as a functlonal group for analytlcal

_'purposes, this technlque has the advantages and llmltatlons f{f;;ili'

of a general functlonal group method
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APPENDIX A - .

e

STUDIES ON THE ANALYSIS OF BARBITURIC ACID DERIVATIVES

VIA OXIDATION BY DRUG—METABQLIZING ENZYMES



Studies on the Analysis of Barbituric Acid Derivatives

‘via Oxidation by Drug-Metabolizing Enzymes

The potentlal utility of enzymes as analytlcal reagentsr'
has not yet been exten51vely reallzed in pharmaceutlcal
analysis,’ although they possess the deSLrable properties ofo

; sgeeificity and sensitivity,_ The idea that these propertiee f}f**
might be exploited for the analysis of drﬁgs by using the
very enzymeé responsible for metabolizing them, directed
attention to the’oxidases of the microsomal-liver fraction. _{55

The choice of barbituric-acid.derivativee.es enzyme sub-
strates was largely based on a knowledge of their metabolic-'d;
pathways. The metabolism of barbitﬁrates.has been reviewéd-',”

B by Mark (1’ end Raventos (2). The oxidation of.drugs by .
liver microsomes has been the subjectlof ektensiﬁe_investiga— d'
tions; key references are provided in I;M:'L_c:ros.c:n'nes. and Drug
Oxidations™, edlted by Glllette, et al. (3) |

. The side~-chain oxldatlon of barblturates seems to be
the main metabolic route (1,2) and it therefore should profd f:,;r
vide the.best possibility for obtainingdeh active enzyme
from liver microsomes--'Cooper and Erodie (4):observed that
herobarbitél (5-cyclohekehyl—3,5—dimethyi_barbituric_acid)_.
wasdoxidized to keto—hexobarbital (5—(3-oxo—1-cyclohexenyl)ff L

-3, 5-d1methyl barbituric acid) by a rabblt lJ.ver microsomal
fractlonf_ ‘Both 0, and NADPH (TPNH, reduced trlphosphopyrldlne ;i

“'nucieotide)_were requlred.-:Further 1nvest1gatlon by Tsukamoto'fi*’f:

(5,6) reveaied.that the metabolic route leading to the ketone jgjfj_”
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occurred by two successive reactlons, glven by Eqs. (a-1) and~ff; ;

(A—Z), in which the flrst step was an NADPHndependent llver_j”

. microsomal hydroxylatlon of the cyclohexenyl group (Eq. Apl)iﬁe_h !

and the second (Eq. A--2) was further oxidation to 1ts ketone'ffzﬁ L

- derivative by the soluble liver fractlon.I; Both the co-

factors NAD and NADP were found to possess the same act1v1ty iy

PRt

-

o~ N O . NADPH = .
\?_ o,

/ .": Y

. wapt (vappt ) s
'z o
~ NADH (NADPH) :
_,r;soluble fraction - oy
| L B N-CH, .

(A-Z)_f;
for the 1nterconver51on between keto—hexobarbltal and 1ts
'hydroxy precursor. Thls enzyme fractlon also catalyzed the

reductlon of keto—hexobarbltal to the hydroxy derivative in: f?f7

- the presence_of the reduced pyrldlne nucleotldes.(6). Purleriliﬂ

fication of the.NAﬁ+—depehdent dehydrogenasefin the soluble_j¢ll

rabbit liver fractlon establlshed 1ts specmf1c1ty for the f l

;,cyclohexen -3-o0l group (7)

The microsomal fraction and soluble fraction of the'rabbitif i
liver are separable by centrifuging at 105,000 x g for 1 . .

hr. The precipitate constitutes the microsomal-fraction.1}f:f3.wf
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I- Both Q;— and {Lu-l)—oridatioas-of.pentobarbiral and

secobarbltal are further examples of 51de chaln oxidations
of barblturates that have been studied 1n a cell-free rabblt”ff;
liver homogenate2 (8-10). A_twofstep.process_was again
observed,-rhe.first involving an.NADPﬂwhediated microsomal
hydroxylation to form an alcohol, followed by further oxida-df?f
. tion in the'soluble'liver fraction-when NAD (orrNADP) was
[present.' | : . .- 2 |

These literature.results suggested.that if an enzyme
preparation from liver microsomes could_be prepared (in as?
purified form as possible) that is capable.of carrying out ;;;ﬂ"
reactions on barbituric acid derivatives; then it might be
possrble to desrgn sen51t1ve and specific assays for the
‘barbiturates based upon these metabollcally 1mportant
reactlons.. . 4 - |

The followlng procedure was used to Obtaln a rabblt :; o
llver preparatlon. Male, aIblno rabblts, about 4 1b in

weight, were stunned by a blow on the head, exsangulnated

" and ‘the llvers removed and homogenlzed in 2 volumes of 0.1 M~

;__Phosphate buffer, pH 7.4, containing 30 mM nlcotlnamlde and_-o“
4 mM Mgclz; using a Potter-Elvehjem homogenlzer.3, After
centrlfuglng the homogenate at 600 X g (1n a refrlgerated

centrlfuge) for 10 mln to remove nuclei and cells, the A

e 2 Centrifugation of a liver homogenatelat 9,000 x g for 20:"

nin removes cells, nuclei, and mitochondria.

3 All manlpulatlons after the llver was removed were done 1n f;5_u |
a cold room at about 4° Ca ;
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| Tupsrnatant was centrlqu&d at 9,000 x g for 20 min to removedﬂflfjﬁﬁ

mltochondrla. The resultlng supernatant was centrlfuged at-

105,400 x g for 1 hr to obtain the soluble llver fractlon_"'

'_;and precipated mlcrosomes. The mlcrosomes were washed wmth

0. 1 M phosphate buffer and resuspended in 0.1 M phosphate.

buffer to a volume equlvalent to that of the original liver,if?i;t_}

‘Reactions were followed by gas chromatographlcally

determlnlng the amount of unreacted barba.turate.4 Both pen—_i{'

'-:tobarbltal and hexobarbital were used as_substrates. Incuba- =

' tions were carried out at 37° with constant shaking.5 ‘Typical d
r”reactlon condltlons are presented in Table A—I.; o N
| Some results comparlng the extent of metabollsm of hexo—;Trf
' barbltal and pentobarbltal 1n a 9, 000 x g liver hOmogenate:'rQ:

- and a m1crosomal fractzon are glven below- e

% Metabollsm

Subétrate B 9 000 X ,;- .’._. . | Microsome | : . el

Hexobarbital_';; f" rx?_20::f“,f'i:fdt'5_15
Pentobarbitaldsﬁ“.; £ 16r ff-“y;f f_ 10

4 The unreacted substrate was extracted with ethyl acetate
from an acidified portion of reaction mixture, and the

- volume of ethyl acetate reduced to 2.0 ml. A 2 ul allquot'f;ﬁ

was injected onto a 6' x 4 mm column containing 2% Hi-Eff %
8BP on Gas Chrom Q at a temperature of 250°. A Barber-
Coleman model 5000 gas chromatograph was used. :

A metabolite shaker (Metabolyte Water Bath Shaker, New
. Brunswick Sc1ent1f1c Co. ) was used s s ;



=_Table A-I

Incubatlon Condltlons for the Metabollsm

R of Barblturates.a_:_'
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Compound ' Amdunt
Glucose 6-Phosphateb _ 'lf.15 umoles
Glucose-G Phosphate Dehydrogenaseb .'100 units
' NADPH _o.a'umoles
MgCl, i. ::f   50_umoles.
- Nicotinamide - "_floo umoles
Enzyme Preparat:l.onc _-4 ce  _
Substrate  ;:6—8 Hmoles

@ 379, one hr with shaking.
N . i : RS
Turns over NADPH.

Microsomes or soluble fraction.
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| Although the 9,000 x g fraction gave conver31ons comparable'””
to llterature values (4), 1t appears that the microsomal
fractlon was partlally denatured during its Preparation.

This was a constant problem, and in fact, a microsomal frac- SRR

tion dev01d of act1v1ty was common, even though the lltera—:i;t;qfﬂ'

ture 1nd1cates that mlcrosomal pellets could be stored at
"-15° for 2 months with no loss in activity (11).

The p0551b111ty of following the tlme course for reac—:.}f"
tion by monitoring the oxidation of NADPH at 340 nm was
1nvest1gated. However, the turbldlty 1mparted by a mlcro?._'
somal suspen51on created serious 1nstrumenta1 problems.

A major limitation with the use of a mlcrosomal fractlon;
as;de from its 1nstab111ty, is that the product of barblturate
metabolism, an alcohol, is dlfflcult to detect, partzcularly |
in such small amounts (due, in part, to lOw yvields). Although l
the 9,000 x g liver homogenate has the potentlal to produce
'an a, B—unsaturated ketone (a'structural feature that may profti::
- vide a way to follow the reactlon) its productxon is the |

result of a t'W‘"-s'f-t’—‘P process and low Y1e1ds mlght be ant1c1-Tf:'

pated. It would appear then, based upon the above dlscusszon;j"“'

~ that the approach has llttle to recommend it, as a superior

analytlcal method - The POSSIblllty exlsts, however, that the-'ﬂ* o

productlon of a reasonably pure, active microsomal preparatlon'
would overcome the llmltatlons of 1nstab111ty of ‘the enzyme.f'J7
_ preparatlon and of the low ylelds resultlng from thelr :

;catalysls.g
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APPENDIX B'-

DETERMINATION OF HYDROXY COMPOUNDS BY :

DIMETHYLAMINOPYRIDINE—CATALYZED ACETYLATION
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Determlnatlon of Hydroxy Compounds by

Dlmethylamxnopyrldlne—catalyzed Acetylatlon1

PYfldlne Catalyzed acetylatlon (1) and phthalatlon (2)
are standard methods for the determlnatlon of hydrOxy com--
il pounds and other acylable substances. The mechanism 1nvolves"{if fg 
.nucleophilio catalysis with the'intermediate formatioaVof thefd*'
aoylpyrldlnlum ion (3), as shown in Equatlons (B—l) and (B 2):;"

for the reactlon of an alcohol Wlth acetlc anhydrlde.

Ac,0 + NN — aex” \> + 0Ac'f_-" 5t 0 (B-1)

" ROH + AcN ﬁ AcOR + H‘N ) S (B-2) -

'Although pyrldlne is an. effect:.ve catalyst in such acylatlons,:_
typical reactlon times are O. 5 to 1- hr at reflux temperature.fdf;-
Schenk, EE@El- (4) compared several tertlary amines as cata-'if}fr;i“'

- lysts in the acetylation of cyclohexanol: they found that i:fid
'triethylenediamine.is about'SO times ﬁore effective than B

pyridine. Because of the greater base strength of this

saturated amlne, it was necessary to modlfy the c1a551cal
titrimetric f1n1sh (4). Trlethylenedlamlne is also a better.;}a;,r
catalyst than.is_pyridine in the acyiation of alcchols wita:-dfa”f“}

“_:the acid chloride of the 2,4-dinitropheny1hydrazone of

.1 Thls appendlx represents a paper by Kenneth A. Connors and f}_ fr*
- Kenneth S. Albert (10). : DI i LA
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pyruvic acid (5). Imidazole CatalYZéslaCYlations by pyro- 3_ffda“

- mellitic dianhydride (6). Analytical acylations have beentff*z -;

- thoroughly reviewed by Mehlenbacher (7) and Schenk'(B)
Recently Stegllch and Hofle (9) have reported that 4-

: dlmethylamlnopyrldlne is superlor to pyrldlne as ‘a catalyst

for some synthetlc acylatlons. The present note describes ,fe;f-i'i'

the applioation'of-4-dimethylaminopyridine (DMAP)'to the

' determination of hydroxy comPounds bY reactlon with acetlclﬁffﬂiffzﬁ

_'anhydrlde._.i3

- EXPERIMENTAL |

'Materials;ﬂ 4—D1methylam1nopyr1d1ne (Aldrlch Chemical _iil'“*

Company) was used dlrectly._--_

Reagents. Acetic Anhydride Solution; -10 ml of reagent.j5-_"

~grade acetic anhydride was mixed with 40 ml of_reagent.grade LE:fd"

pyridine; This reagent should be prepared fresh daily.

- DMAP Solution. 2 g of 4-dimethy1aminopyridine was dissolved if
in enough pyridine to make 100 ml. ' Each 5—m1 allquot of thlS ?f j

solution contalns 100 mg of DMAP.

Procedure. A 2- 3 mllllequzvalent sample of a hydroxy

'compound contained in 1.0 ml of pyrldlne solutlon was plpettedfﬁ"'

into a 50-ml erlenmeYer flask. 5. 0 ml of DMAP Solutlon fol-" e

lowed by 2.0 ml of Acetlc Anhydrlde Solutlon were added and 3;‘f
'_the solutlon was well mlxed The stoppered flaak was maln_;ﬁﬁ““

, talned at the selected temperature for an approprzate time ﬂ:f?*'



(see Table B I and.dlscu351on)._ 25 ml of water was added to iﬁ
”:the flask and the contents were brought to room temperature
If the mlxture was homogeneous, 5 ml of n—butyl alcohol was -
added. Three drops of 1% phenolphthaleln solution were added
and the solutlon was tltrated to the pink color with standard ;Tf{if.
0.5 N sodlum.hydroxlde. A blank determxnatlon, omlttlng only :
the 'sample, was carried out 1n exactly the same way. :
| . The mllllequlvalents of hydroxy compound contalned in

? the sample taken for assay is given by N(V - V ). where vb

and V are the volumes (1n ml) of sodlum hydroxlde solutlon

. of normallty N requlred to tltrate the blank and sample, s

'respectlvely._”
RESULTS AND DISCUSSION =

o Flgure B-I shows the tlme course for acetylatlon of 1so—fftdv
'propyl alcohol in a pyrldlne—acetlc anhydr;de mlxture at dif- ier
ferent concentratlons of DMAP. A profound cataly515 of this . |
"esterlflcatlon by DMAP clearly occurs.” In the development of;jiﬂp;ﬁ
- the analytlcal procedure pyrldlne has been retained as the-

) solvent, though it makes llttle contrlbutlon to the overall

- catalysxs.

An estlmate of the relatlve catalytlc eff1c1en01es of
'DMAP and pyrldlne was obtalned as follows. - It is antlclpated Q;f

pﬁ'that the rate equatlon for acylatlon in a DMAP-pyrldxne—acetzc A

'IVT_anhydrlde mlxture wlll be glven by Equatlon (B 3)- o
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From the tltrlmetrlc data the apparent second-order rateﬂi73b::}

:'_constant k bs could be obtained. The plots showed some dev1-f¥:;f'-'

atlons from strlct second-order klnetlcs, but for the present};fﬁﬁ i

. purpose it was possible to obtain these estlmates- for reac--ﬁhTHe

tion with iso-propyl alcchol at 54° c, kPYR = 3.6 x 1076 M~2_ A
-1 -2 -2 -1 B
sec - and kDMAP -.7 x 10_,J§ -sec ~. DMAP therefore is

© about 2 x'lo. times more effective than is pyridine as a

'fcatalyst in this reaction. This rate enhancement may be a ::fﬁf abi

'consequence of stablllzatlon of the acylpyrldlnlum 1on, or

-rather of the tranSLtlon state leadlng to it, as shown below.~ﬂ%“.“

Table B- I llsts analytlcal results for the DMAP—catalyzedj.f f7'

acetylation of various hydroxy compounds.i The accuracy and

’.:_preclslon of the method are comparable with those.of other -

‘acylation procedures. Given'a sample compound, the'analyst:_frf,7”

. has avallable for manlpulatron three exper1mental varlables,

namely, DMAP concentratlon, temperature, and reactlon time.f_fﬁ;;a:'

Suff1c1ent varlatlon 1n these quantltxes is represented in

' Table B- I for the analyst to select approprlate condrtlons to ;_.;f?-
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- Table B-I ' -
-~ Analytical Results of DMAP-Catalyzed = -

Acetylation of Hydroxy.Compounds-'; .

: Amounta_f: -~ Reaction : - s 3
. e : : - Percent recovery .. ..

DMAP 'Temp;“-_timé- .;
, sample compound . (mg)  (°C)  (min) | Mean® Std. dev. ..

.~ n-Propyl alcohol - = 50 - .54I°Q_f¥20'fo;loo.l_ﬂ ' 0.2 i e

" iso-Propyl alcohbl'ji_SO i :_54 'fgfiQO;¥;  100,1; -. 0.4

Benzyl alcohol 50 54 20 0 100.4 = 0.6 1
' n-Butyl alcohol f;* 1o0 f ?‘54';3jfalq_fj;i 99.0 < o.s;f'j;;fﬁ; i
 Bhenol ¢ ;100 .54+ 10 Yi100.2° 0.3
Cinnamyl alcohol_.“}.iOO'f?” 54-f_;?210 : r€ 9S;1fi,  0;4: |
| fso-Butyl alechol 100 - 70 5  100.6 0.4
Ethylene glycblc_ § :100"f{7707fj5{j-5.f,{;199:27} -'0.zf.” ?

p-Methoxyphenol® ~ 100 70 . 10 ' 99.4 = - -

*. @ amount of DMAP in the 8-ml reaction yoiume;i_f   j ::-

b Mean of 3 determinations'except as'noted,faf'

- © Both hydroxy groups acetylated;1;;f;wfi;fglffnﬂ”f-“ '

I  9 rwo determinations.f; ::1?;“*-"




- tion of reagent even 1n the blank solutron.' Poserbly thls

_ suit:his requiremente;- The attempted determinatlon of tert— :Eapn.u

X -butyl alcohol (100 mg DMAP 70°) gave 26% acetylatlon in 75 rf?;ff‘lﬁ

'_mln reaction tlme. | _ _

=R A yellow color in the presence of hlgh DMAP concentra—lriiji

.':tlons llmlts the accuracy of the v1sual endp01nt detectlon; .r
.and 1t appears that in the procedure as descrlbed 100 mg of

. DMAP in the 8-ml assay volume is about the maximum practlcable

_ amount. ngher concentrations of DMAP glve 1ncrea51ngly |

erratlc reeults, whlch are assocrated wlth definite consump-f*”"”'

id_'very powerful catalyst is promotlng C—acylatlon of acetic

anhydride in a Perkln-type reactlon.ﬂ

The DMAP-catalyzed method given here appears to be thefy&rjffgs

. most reactlve of avallable anhydrlde acylation methods’ utll";;?'bﬁf

izing nucleophlllc catalysls. Extensmon of DMAP cataly513 1_Q;faff“!

'*_ to other acylatlng agents, types of samples, and flnlsh 7

- methods should be analytlcally frultful
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'_; Figure B-l.
i, varylng DMAP concentratlon._ Solvent 1l: 41

'ﬁJ_centratxon (slowest to fastest reactlons),j

Time course for acylatlon of 1so-propy1

alcohol by acetic anhydrlde at 54° and

Ac 0-pyr1d1ne (parts by volume). DMAP con-f  f 3{fV"-'"

'--"',zero, 4. 65 x 10 3 M, and 4. 49 x 10 -2
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