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Is  IUTRUCTION

Although epinephrine, sincs its isolatiom by Abal (1837)
and Takamine (1301) nﬁ its synthesis by 33515 (1504) and
| Dauno (1808), (1) has beou widely used bobh elinlcally aud

rosea:roh wiges n;lw'}ious atternpt hag boon mede to study the

kinetics of the autoxidation reastion prinecipally responsidle
to;' its cegradation im solutiocus oxposed o the atmosphord
A considerable number of articles have appeared on the rate of
oxidation of epinephirine, Lut they ere full of eontradiotions
on ;oﬁsﬁ- phasss of the problens This situatiom 1s eaused Ly
the failurs wabtil reoontly to control gome of the many fectors
which influense the resctions, making it extromely difficuld
to compare the rosulis of soveral 1nv$at14;utorc.‘ Pifferoat
methods of ovaluating exporimental data end of tollo@ing the
resoticn were used in many cagesp in others, the temporature
and the co:xcentration of the epinsphrine geluticna varledz end
in some cases no attempis were made to con‘arol thoe p'ﬁ of the
solution. Sinco the pi chanf;w songideradble during the reacticn,
and sinoe the rate of the roaction is dependent upon the pH,
4hne rcaulﬁ of such gtudics wre of questicnable value, In
most cases, where buffers were used, the t;.réon of bulfors
differod, Furthermore, camples of epinophrine of all grades of
purity wore uscde ; i

In etteupt was mado in the present work to etudy the

autoxldation reaction systematically by controlling eome of the




:oaotion variebles sueh as pif, temperaturs, drug concenbration end
oxyggn concentration. In eddition to kinetlos sbudy cn epinophrino.‘
similer investigations were carricd out oa o number of opinephfino
aﬂkloga (such as 1«(3,4~dihydroxyphenyl) «l=propancl, 4=noetooatechol,
4-propicnosatechol and cutechol) o obtain information en the
influeace of various functiconal groups on thoe oxidaticn ratos.
 Since the mechanism and general characteristios of reactlons
respongible for the autoxidation of cpiuophrine are probably var}
similar to those of other compownds which have been more widely

ctudied, a general roview ol the tople of autoxidation 18 inoludeds

II. AUTORIDATIUN

‘Reastions involving oxidation by moleeuler oxygen near raom
tempsrature are genorally enlled autoxidatlion renctlons, althouzh
tho true meaning of the tera autoxidatlon (sall=oxidation) lecaves
thin usage opea to question. The mast oommoély acaopted view
conceraing the mechanlsm of autoxidablon, propoaed simultansously
by Bager and 711a(2) and nach,(s) 1s thab the addibion of
 molecular oxyzen to the substance to o oxidised rosults in tho
formatlon of a highly reactive and wnstable poroxide or a ¢yoliv .
' modoxide which might subsoqueatly break dowm, or hand on i%s
oxyzea to obher molecules. In nany cugon such perexides (hydrogen
peroxide, benzoyl hydrogen peroﬁidoﬂ have been isolated, Im other
casos the formation of the porexide has beon indiceted by "induced
oxidation™ (that is, th§ oxidation, during ea autoxidatlon, of en

edded substance which would not be oxidiged dirsetly by molecular
gxygen).(4) As is quite generally found neoessary in explaining

Ze



the mechanism of chemical reactions, the freshly formed peroxide
'is assumed in this theory to retain some of the energy released
from the reactlion end thus is tomporarily more active than the

normal peroxide.

Thooretical troatments of tho mechanism for the formation of
thezo peroxides have also been prosented by ﬁilaecsls) and by
‘Stophens.(7) dilas states that autoxidation procecds by a
prcliminafy addition of molecular oxygen %o atoms er proups of
atons containing molecular valence eleotrons comparable to the
moleoular valence electrons of'the various elements, with the
subsequent formation of highly motastsble peroxides hoving sonie
pola; gtructure which are charesctorized by high instability end

energy content., Owing to their instability, these poroxides rway

transfer thelr excoss enorgy to other moleoules and thoreby initiate

)

new reacticn chains, either by reverting instantanoously to ordinary

peroxides or by causing intermolesular rearrangements with subsequent

splitting of hydrogen poroxides or other peroxides.

Stephons objected to Mlas assumption that the firet change
to take place in any autoxidation was a change in enerzy lovel
of the molecular valence elestrons.'8) 1o pointed out thrat since
autoxidations in general are thormal renctions any such enorgatio'
activation a3 the electronic activation is sulficiont to acoowmt
for the experimental facts, except in enses whero autoxidation is
hastenad by photochomical meanse Then electronio notivatio; nugt
occur. Stephens adnits the difforence in cnergy content hetwoen
tho freshly formed peroxide and the normal peroiido, bui he focls

that there 1s no existing notation whish ecan deplet the structural
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difference. This theory then eonsidoers autoxidation to involve
vibrational activaticn of the weakest linkage im the molecule
followed by addition of molecular oxygen 4o form the active
peroxido which may wadergo a reaction or change %o the nommal
peroxide, :

The fact that somo experinental results could not be explained
by the early intermodiate percxide theory and the fect that many
autoxidaticns involve the removal of hydrogea atoms led ‘a'loland,(g)
‘and later many obhors, to advance the theory that autoxidations ere
essentially dehydrogenations in which hjydrogen atoms rather than
moleculer oxygen play the important role. Uith the realization
of the possibility for the temporary existence of a psroxide of
higher energy content thun that of the isolable peroxides, this
idea was in genoral sbandoned.

Luv'alle(]’o) states that two mechanisms are respongibvle for
oxidation of organic systems with oxygens O(ne is the chain
mechaniem involving froe radicals and the formetion of organle
peroxides as the bivalently oxidised product._(u'w) The
intermediato froe racical is acsumsd to be stabllised to 8ono
extent by resonance. A socond mechanism, the semiquinone mechanism
bas been established for the autoxidation ot‘. enodlols, eneamines
and thoir vin;logues 1like hydraquinone and pephenylenediamince
The semiquinones free radicals are more guable than the free
redicals formed in tho chein mechanism. 'The bivalently cxidized
product is assumed to be stabllized by a rearrangenent of bonds

to form & quincnoidal strustures

(13,14)

4e



III PAST WORK ON EPIHEPHRIRE

X

The oxidatlon reaction of epinephrine which has beon reported

may be sumrarized in the following equations

H Il Ac n Xi : :
iio o semiieli o 0 S
, 0 & o o
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Epinephrine ~ Adrenaline-quinone Adrenochrome
™ The pi Depeudency of ihe Heaction ¢

The literature appeared to bs incomplote on ths erfert of

pil on the stability ol simple epinephring golutiongs Luhr and
Rietsche(ls) in 1938 sugrested that in order to be etable the pi

of solutions of opinephrine im :CLl should be not higher then 2.9,
“but they provided no date concernlng the exnct offeot of variation

of pH. Vaoek(1§517) have reported that below the pii 6.0, more

acid solutions were not always stable end that the atability did ‘
not 1ncreuso in proportion o the degree of disacciatlon of the

-soid used. This was possible only up to a pH of C 0.(1 / Rewlinson -
and trderhill{1®) nade the statement that color of the solution.

was not an indication of potency, although it was agroed that some
decomposition has occurrecd im all coloured solutions. At a pi of

6.0 there was sudden change in coler but not for tho keoping

quality of the solution, the latter dscroasing contivuouslye Berry
'and Wbst(zo) in 1944, using the frog haart mathod in determining the
loss of nctivity of epinephrine in HC1 and alao of eoinephrine in IC1
and borie acid aolutian over a pi range from 2 %o 5.0, ghowad thet a

pH of 4.2 provided opbimum stability for storage of solution of




epinebhrino in HCle Chaix (21) claimed the reaction was a function

of the pHe

_Order of the Reaction

; The oxidiszibility of eplnephrine determined polnrog:aphioally
agreed coﬁpletely with that determined potentiometrioally‘zz) The
"oxidation reaotidn was second order to about 6.0 and of lower order
for pH over 6.0 by the probable formation of a semiquinones

Rate Dependency upon the Concentration of
Epinephrine and Oxygen Concentration
Roest(zs) first observed that doubling the epinephrine

concentration lead to double the oxygen congunptions Wbolfe(24)
stated storaze in an inoert atmosphere produced no increase in
stability in the presence of catalytic agents, while Eaveld(zs) has
shown that storage in an inert gas, nitrogen, had little influence on
-activity. Chaix(21) recently made a report that the autoxidation
veloeity of epimephrine ian tho presence of oopper catmnlyst depended
upon the partial pressure of the oxygen; in its initial phase the

reaction appeared to be a firsteorder roaction in regard to the oxygens

Positive Catalysis of the Reesotion
Hoavy metal ions have been feported 4o be effective in catalyszing
the autoxidation of epinephrina.(26'21) A marked effeot by oupric ion
'has been generally observed. Wbolfe(zé) found both ferrous and
forric ions had pronounced catalytic effect leading %o rapid

decomposition of epinephrine in the solution, Ghafi(al) olaimed

that the oxidation of epinephrine depended upon the formation of a

e e e i et it e
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oonpleg-epinephrine-metal (copper, nickel, or nangrnoso)s In the
cagse of copper, the maximal velocity ol oxygen conswapbion at pHd Ted
corresponds to a ratio Cu/mol. epinephrine of the order of 1/2.

The velue of this ratio depended on the pis Copper wos a nore
powerful catalyst of epinephrine oxidation than niokel or manjzancéds
Iron formed & violet complex with epinephrine that was nob autoxi=
dizgable wnder experimental conditiouns uséd by Chaix, bub manganese
¢id not appear to reacts. The total oxidabive degrelation of
epinephrine was accompanied by the fixation of‘thrae mulecules of
oxygen per mole of epimephrine when copper wes the cetalyst, and &
fixation of at least four molecules of oxygen per mole of cpinephrine

_when nickel or mangenese wore used as catalysts.

The Rate'of Reaction as Fﬁnotion of Touperature

T; Eaveld(zs) has reported that assay of an ampule solutlon of
epinephrine after 14 menths at 3°C ghowed no loss in strength, ab
18°C a loss of about 175, and at 37°C the loss was 4G5%. Derry end
Eést(zo) stated that "The rosults show two maln roules of
destruofion, one due %o oxy;en and the other dua to heats pHis

an important factor in influencing both rates of destruction".
Chaix(ZI) found that the reaction was @ funcbion of the tomporatures

k| Its ectivaetion enerzy would be aboubt 25,000 cal/hol.

Light (27128'29'30051) has generally been found effoctive a8 &

»

¢atalyst in the eutoxidation of epinephrine, 80 it has becn guggosted

that storage in tho dark is preferable to sborage in the lighte
Qridation in pregence of ultra-violet end visible rays was much more

intense than that with visible rays onlys Oxidation catalyrod by
* \ *
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visible rays only was, however, neerly as intense as by ultra-viclet
radiation only.(sa)
The oxidation product of epinephrins eatalyzing tho rcaction was

first demongtrated by Xisch;(ss) it ected very definitely in a

‘ &ilution of 1:10,0004000. Falk(aé) recently denonstrated om

shaking & solution of epimephrine in alr at pil 7.0, followod by
messurensat of oxygen upbake, that the resction was typleal of en
autoéatalytic process.  In this instence the process may bo dua Yo
the edrencchrome formed, which acte as & hydrogon carrier and lis
redgced by epinephrine to louvoadrencohrome, with reoxidation by

QX FECRe

Kothods of Stabilizing Epinephrine
¥ost of the rescarch on tho stabilizatlon of eplnephrine has
jnvolved the addition of inhibitors or reducing agents 1o the aqﬁoous
golution of epinephrines Inhibitors such as anino aoidc(astse)
(d-alanine, tyrosine, cysteino, l-leusine, ‘ormithine, glycine and
tryptophane), kynurenine, lkynwrenloc aoid,(57) glu%nthione.(58) HON and
0444 chloretonolS?) have bewn commonly suggesteds Among those

reducing agents used, sodium and polasalunm metasulfites have gounerally

' been repommended.(zo’ao) For examplo,_ﬂoolfe(41) uged Oel%

mobabisulfite in injootion of procaine and epinephrine golublon.
However, Ebllor(42) claimod that aulfitosbdid not inercase the
stability but only provented the discolorations

‘A salt form of apinepnrine tartrate was found Dy W Vost(45) %o bo

' & moro stable compound tham the base or hydrochlorides Donlt0111(44)

suggested that epinephrine sclutions were rendered stable by the




addition of asoorbic acid, sodium ascorbate, susrogo and
nethylep-hydroxyl benzcate, although lisst olaimed that eplnephrine
ascorbate appoared to possess no adventage over the corresponding

tartrate solutions

. Mechanium of the Cxidation

Greon end Richter(és)‘obtaine& g crystalline adreaochrome
by oxidation §f epinephrine with catechol oxidage or tyrosinnses
Veer(48) oitained tho samo product in 30e35% yleld, using‘.silver
oxide ag the oxidizing agents Iodoadrenochrons end bromoadrenos
chroms were also yleldod whon adrenaline was oxidize& with I{IO5
or bromate.(47)‘ The structure of adrenoch{ome first proposed by
‘,Graon end Richter has been confirmed, Adrenochrome decomposed ab
115-1209C, was reduced by S0;, ;8 or Pd and Wy to glve leusoforme
The intermediato steps in the trensfeormaticn of opinephrine o
sdrenochroma have been studied by Rangler(48) through chemical moanse
When opinephrine HCL (I) wes troated with FbOp at pH 1.2 it was
oxidized to 4-(lehydroxy-2-msthylauvinosthyl)el, Zebenzoguinone (11},
which wes reduced to (I) by NalsC.. Neubralization of (II) with Zno
causod cycliszation to the fluorescent lemethyle2, 5-dihydro-3. G,
f-trihydrexyindole (III)s Oxidation of (I) ab pi 2+6 geve red adrenos
chroms (IV), which wes reduced by Naliddy %o (111). cohon(ég) also
dersastrated that when epinephrine was digsolved in an excess
of HOAC in presence of solld Kzszﬂa, adrenoshrono oxidized to form
l-nocthyle3, 5, Gatrikeﬁolndole, fof whioch Cohon u;EA the name of

Yoxocadrenochrone™s  Recently Fulk(34) found that adrencahrome
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. ghorteaed the lag in the oxidation of adrenaline in a ginple systen
containing only epinephrine and adreacshromo at pll 7.0 and 37469
The lag was progressively ehortened with inoreasing emounts of adrenoe

ohromes Ho &lgo postuleted the probable mechaniem of the opinephrine

e T

axidation as followss
a1 ni

4 X
ounn

-
b4

Leucoadrenochrome Adrenochrome
From his experimental results it was claimed that this

oxidation waz an autocatalybic process which was due to two factorss
adrenoohrome as it formed catalysing the cxidation as a hydrogea
cerrisr, and the hydrogen peroxide formed contributing to thq
peroxidative catalyzis. The pogtulation of edrenochroms as &
hydrogen oarrior in the oxidation of epinephrine sscemed invalid,
since it required the reduction of the adranéohroms by the more
electropositive adrenaline. IHowover, Ball and Chan(so) measured
a thermodynemically reversible stoep in the oxidation of adrenaline
in eoid solution, but found that at pil 7.0 the oxidant of the
system wag extromely unstable. Thera was 1little doubt that they
wore depling with the systom adronalina:adrenalinocguinone, the
latter wdergoing at pl 7.0 a very rapld irrsversible change with

ring closure to yield adreriochrome by oxidation, either directly
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or after rearrangonomt to leuscadrenochrons or by dismubations For
the latter park of the oxidatica process, Cohon balleved that
adrenochrome axidlized to fcrmboxadronoohroma, thie eventually forming
the melanine by still wlmown reacticns probably invelving further
oxidation and polymerizaticn. & porcxide foraation by the addition
of water was pfoﬁosed as one of the inbermediate products inm the .

transformation of adrenochrome o m@lanina.(51)

: Oxidation Products

Rozumﬁsz) has made an atbtempt to separate the oxidation
product of epinephrine. s found by chrematographie soperation
that the red oxidation product called adreacshrome by Groen and
Richter was not & single compound, but a group conaiétiné of at
least seven compouwnds. The water soluble ether insoluble portlen
besides the filtered out melanine-like bodles gave alx
ohromatographically.differential compoundse aeller(ss) recently
obtained a floursseent paper chrematogram of oxidation products of

epinephrine by exposing the developed and dried chrematogram to

. ultra-violet 1ight in vapor of ammonia, which produces e green

flourescense, prosumably dus te leucoadrencchrongs Dovelopment

with ferricyaunide has also been sugposteds

T e ikl dan < i b e i s sl




IV. BIAPCRINCNTAL

In the present study en attempt was made to dotermine the
rate of lutoxidaﬁion of opinephriné as a fuwection of conoeatration,
oxygen tonsion, hydrogeam iecn conceatratiom and tonmporatures The
mothod of purification of reagents end solutions used in the
various 'gystm, and proogdures employsd ia Thess investigations
are dossribed in dotaills In addition verious supplemcntary

exporimental tocimiques used are also dosoiribods
Roagonts

Purification of Ininophrines

" The epinepirine, which wae used in those etudlies, was obtained
from Eagtzan Kodak Company ond Jathosen Cos (mepe2l4«2187°C)e  The
epinephrine was dissolved in 10J hydrochloris weld golution which
hnasbmm proevicusly made froe from oxygen by pagsing nitroge
throvgh the solutions The hydroohlorie acid solutiva of opinephrint
was 1mcdiately coverod with Skolly A4, and ammcala gas pascged into
the mixﬁ;xra until the epinephrino precipitateds The precipltated
epino;nhri:}o wag cuotion-filtemd, washed thoroughly with adsolute

ebhanol anq anhydrous ethore Mep 217-218° (with deoompogition).
: ’

i
{

Proparation of other Homzants:

Vater for .‘&11 purposeﬁ was double distiled from ea all gless

apparatuge : &
Buffor saltas

ﬂiéodium shosphate with twelve molecules of wator

12,
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13,
ftom lierck Co. was thrice fractionally crystallized from glass
redistilled water and then dried to constant woight over calcium
ohloride in an desiccators The dried form had a composition of
mzzro‘.znzo.

: Yonosodiun phosphate (Nall,PO,ei,0) from lerck Cos
was twice fracti;;nally erystalllised from glesgs redistilled water and
dried at 1109C. and 20=30 nén. pressure, the loss of the weight was
‘ ﬁot more than Q.15 :
‘ Sodiun pyrophosphate Ha, Pa0pe 10,0 reageat grade
from Merek Co. was twice reoryetailizod fron redistilled water, and

dried at 110°C, to congtant welgite

Buffor Uixtures:

For the preparation of tho buffer miztures, separate solutions
of the buffer salis were prepared by disgolving the =alis in double
redistilled waters Concontration of 0.05¥. was useds The pi of
these bulfer mixturea were varied within the preserided range by
changing the ratio of the two salts used for making the buffora.
FPhosphate buffer mixtures wore made of 0,05 i NnaﬂPO4. 2H, 0 and
0.052;?. HalprO4H0e Acetate buffer mixtures wors made of 0s08M. sodium
ecotate and 0.05i. scetic acides Pyrophosphate buffer mixtures were

prepared from 0.05i. scdiun pyrophosphate and 04064 phosphoric aoide

Apparatus
xygon up=talo was moasured in a Varburg roaplromstor which
simply conalatod of a flask attached 4o a manomeber cohtaining a
liquid of o dongity. Tho flask was immorsod in a water b;mth

at a constant temperature, and the systom was shalien to promote a

IR RSRRE TS, s
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rapid gas exchange between the fluid and the gas phasos The more

detailed menometric teckniques and principles are desoribed by

Umbreit, Burris and Stauffer.(M)

Procedure
anh assombly of respironeter was calihmted to parmit
conversion of obgerved pressure changes %o the gnount of pas ubiliszed
in xrm.s or microliter, ml, at 0°C and 700 xmme The procedure as
described by Loanmis (85) yas employods

General Procedure for the Yeagurement of Oxypen un-ta zo of Lpinephrine
Solutions

Ail equipment was cleaned end rinsed with redistilled waters
5.0x10~5i epinephrine sclution was made by dissolving 04025 go of
G purified epinephrine in suzﬁc:.ent amount of 0.05 I phosphate buffer
mixture to yield 25 mls. of solutlon atb the desired pE by varying the
' patio of the disodium phosphate to the monosodium phosphate buffers
The pi reading of the solution was made with a Beolman type G pH
. meter.
Ten ml. of the solution was then transfer’red into :; Warburg
©  flask and attached %o a menometers Each ruﬁ was cerried out in ‘
duplicates The blank used for the {hermobarometer correstion was
0.05 i phosphate buffer having; the same pi value as the reacticn
mediu:ﬁ. The flask was immersed into theo congtant temperature 'bnth
and allowed to equilibrate with shaking fér ten minuses. Then the
manometer fluid was adjusted to 180 mm. on ths olossd side of

manometer with the stopcocik opens Inmediately following this the

it bttt i 1 b e s e bt i e et




stopocok was closod end readings wero teken at definlte intervals,
The shaking rate was 120 oscillations per minubes

The phosphate buffer was omployed for most of the work
although chesk runs wers made in some cages with buffercd carbonate
solutionse

A1l experiments unloss otherwise spocified wore carried oub
at 38.0°C (20,03°)s The gas phase was usually air except ln the
runs made for the determination of the effest of oxygen concentration
on the reaction rate, in which cuses tho gas mixburcs othor than alr
were employeds

For esch run, the resction was allowed to procecd o completion
or until in some oases to one hall completione The volume of oxygen
abgorbed was plotted against the time roquired ($ime readings wore
made in general for each 20 mls up~teke)s Tho oxldatlon rate at
eay time was detormined as the tangent of the smooth ourve at the
point in questlion.
Procedure Dmployed to Detormine the Effect of pii én tho Rate of
(xidation of Epinephrine

In tﬁin exporiment, the pH range was covered from 4e12«84 00
Ipinephrine solution of 1.0x19‘3ﬁ'wna usod; since this concentration
corresponded clogoly to the solubllity 1init of tho compound in
elkaline media. Solutions wiéh lowor pH from 4e12«0eB wore made by
dissolving 0.005 ge of purified epinephrine in suffioient amount of
acotate buffer mixture (0.05i) to give 26 mls. of aolution with the
desired pii, W
The solutions with pl 5.5-7.5 wore made by diasolving 04008g.

of purified eplnephrine in a sulficlent emowunt of phogphate bulfer

15,
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mixture (0.05 X) to yield 25 mlse of solution with the desired piHs

: For the high pil values botwsen pil 746=846 the golubions were
made Dy dissolving 0.005ge of purified epinephrine in 0.05i
pyrephosphate buifer mixture to give & final volume of 25 mlas.
with the desired pH.

: = éeneral, by dissolving 0.025 ge of purified epinophrire in

- & 0,05 X buffer mixture to give a voluue of 26 mlse will increece the
pE of tho buffer epproximatoly 025 wnit, e«gs Co025 go of purified
epinsphrine di?solvod in 25 mls. of 0.06 i phosphate bufler with en
original pH of 6.75 yield a final golution having a pi of 7.0« (20405).

The particular buffers were choosen for differeat pi ranges

+ investigated because they had moximum buffering cspacity over the
desired pH range.
The oxygzen up-take of the preparcd solutions werse thea
deternined at constent bath tsmporaturé of 38,09C acoording to
the general procedure described in the previous scetion (page 14).
. ifter the completion-of the run, ﬁho hydrogea ion concentration

of each solution was always determined on a Beakman type G pH motore

Procedure ifmployed to Determine the Effect of EpinephrinaVCOnoentration
on the Hate of Oxidation :

A serles of eoxporiments covering various concentrations of
-epinephrine reaging from 1.70x10%%41, 3,40x10%%4, 6.85x10°%, 1.37x103,
5.47x105, 1,09x1072, 1.64x10~% to 2.75x1072 in & buffered solution
of pH 6, 7, and 8 at 38.0°C were made for the determination of the
rafe of_oxidation. -

pH G.OYbatqh == 0.20 gs purified epinephrine was welghed aud
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dissolved in sufficient amownt of 0,056 i phosphate buffer with
_ pH 5,70 to give 50 ml. of solution (2.75x10%1)« Solutions which

were 1.‘64::10“21[ an'd 1.09x10'2}1 with respects to epinephrine were
made using the same procedure, Series of solutions of lesser
concentration were made up by dilution.

PH 7.0 bateh == 0.25 g. purified epinephrine was dissolved in
e sufficient amownt of 0.056 M phosphate buffer mixture witfx pll 6470
to give 80 ml.s,.’of solution (2.73:10"'2&). Series of solutions of
lesser concentration were made up by dilution. |

pH 8.0 bateh == 0,25 g. purified epinephrine was weighed and
dissolved in a sufficient amownt of .0.05 K phosphate buffer with
pH 7.68 %o give S0 mls.(2.73x10'21‘a&). Series of solutions of lesser
concentration were also made up by dilution.

The rato of oxygem up-take at 38.0°C was determined acoording

to the general procedure (page 14 )e

Procedure Employed %o Determine plky of Epinephrine

Both 100 mlse of 1.36x10~%4 solution of epinmephrine in 25%
alcohol and 100 mls. of 2.72x10"°M epinephrine in 50% alcohol were
potentiometrically titrated with standard 0.1188 N HC1 at 26,0°C
and type G Bockman pH meter.
Proceduras Employed to Determine the Effect of Oxygen Concentration on
the Bate of Oxidation of Epinephrine
| Measurements of the rate of oxygen uptake by 1.0x10°% u
epinephrine solutica ia 0.05 1 phosphate buffer at pH 7,0 and 8,19
were made at varying partial pressure of oxygons These wore

produced by making the runs in presence of pure oxygen and at lower
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oxygen pressures corresponding to 50% oxygen (in the form of §
and 50% Nz)‘ 21% oxygen (air) and 10% oxygon (a combination of 0%

N, and. 50% air).

2
These gas mixtures were prepared by the displacement method

which was simply performed by completely filling bottles with a
confining fluid, end allowing the various gases to enter wuntil a
given quantity of the fluid has been replaceds

0.02 g. purified epiasphirine was dissolved in 100 nle of
0.05 M phosphate buffer with pi 6.70 to give a final solution with
pl of 7.0. The solution with pH of 8.19 was made in the eamo manmer
as pE of 7.0 batch using 0,05 U pyrophosphate buffer with pH 7.9
%o make up the solution. |

Ten ml. of the pr’epared solubtion was then trana‘forred into a
Warburg £lask and attached to the 'manometer in such & manner that the
stoppor of the sidearm of the flagk was eppropriately turned so that
gas was vented through the sidearm. The gas mixbture or oxygen was
passed through the op;ned stopcock of tho closable arm of the
manometer for five minutes, and then the stopeock clogeds The

system was allowed to equilibrate by shaking for ten ninutes, then

the manometer fluid was adjusted to 160 mm. on closed side of

manometer with stopsock open, stopoock closed and readings begun.

A check run of this experiment was made by changing the shaking
capacity of Warburg instrument to the maximum ta deﬁemine, if any,
the effect of agitation on the rate of oxygen uptake.

Procedure used to Determine the Temperature Depend;my of the Reaction
of Epinephrine

A series of oxygem up-take measuroments wore made on l.OxlasM
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epinephrine ‘solutio_n in acatate buffer at pil 4.9, in phosphate bulfer
at pE 7.0 and at pH 8,13 frea 38-55.0"0.
In ganefal, the pH of a buffersd golution changes with temparature.

For the acotate buffer used in the study, a pi rise of roughly Q.28
un.";trwé.a noted whencver the solution was msasured at 'tho end of the
1ndu:¢tion periods Im case of phosphate buffer used pH was easontiaily
’mdepqmdent of‘ Yemperature in the range investigateds |

/ Epinephrino solutions with desired pi for this study were

pref)ared acoordm.o to the previously deseribed procedwre (pege 14 ).

/

/ ‘l ’

, \ - - » ™1
4 Attempted Synthesis of 1-{J,4-Dilydroxyphenyl)e=l-Lthanol
/ . I i

/ ! x ;
/]! It wml‘;ld be expeoted that the most convenient mothod for the
/ / rsparatiozf of this compound is the reduction of its correvsponding

i l' } :
/ f fkei:one. An attempt in this direction is discusved In this scotions

/ The plan of synthesis is swamarized by the following equations

I
0
Calll
31
: 2
1o CiI C.@IB
e, ﬂmg i
i trobenzane OZ’ iio
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\P-Chloroaeetocatechol has been made previousiys iowever

by starting with veratrol, chloroacetyl chloride and aluminum
chloride in nitrobenzene and following the method of Stephengse)

the procedure resﬁlted in only a small yleld of a derk colored
product which could not be purified. Anothar'method of preparation
.of V7 ~chloroacetocatechol described by Krennichfeldt(57) 5ave'on1y
a small yleld of nonidentifiable product, However, when ifs |
synthegis from estechol, chloroacetic scid and POCLz wns attempted,
& zood yield (76%) of the final product was obtained (¥onnlch and
Bahn).

Synthesis of Y ~Chlorocacebocatesnols =« azcordiag to tae mothod of
¥onnich and Hahn

. G
X 10 CeCiL,C1
+ 303.01126.03 +POC.13—-—"’ 1 ] + }131302‘ + 3lc1L
; 10

The synthesis was atlempled by hoating a aixture of 1040 ge
(0451 mole) of catechol, 10.¢ ge (1.05 molesg) of ohloroacetic acid
end 10,0 go (0.065 molo) of POCly in & liter round bobbtom flaske The
mixbture was heated oz water bath for about one hour watll the
evolution of hydrochloride gas had ceased, then allowed %o stand at
room temperature for 1-2 days. 4t the end of the reastion, the
nixture was ocucentrabted on & hot plgte and undor nitrogeas The
roddish purple solid whick crystallized out, was disgolved in boiling

waten and decolorized with Norite walle hote The orystalllne masas whioh
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precipitated on coolihg, weighed 5.0 ge (yield 30%) end molted at

169-171°C,

~ Denalogenation of q) «chloroasetocatechol to 4eacetocateshols Although

the method of Stephen(ss) which consisted of reduction of

qz-chloroacetocatechol with zine dust and dilute acetlc acid, was

. elaimed to give fair yields, applicatiom of thls procedure yvielded

only a black tarry substance.

Synthesis of 4-acotocatechols Livthod of Rosenmund end thfertcag)
Since the attempt to prepare 4-acebocatechol through
Y =chloroacetocatechol failed another method was trieds The .

method of Rosenmund and Lohfert can be sumnarized by the following

equations
HO- CiL .g.c
o "3
+ 200, e8eCL — ' + 221G
Ho- : G0
30

%
CEIB.C¢0 10 %. CiI
AluwB 3
e GQBCOOH
C.L g.O AJ..‘ul‘Q"' 1o X .
 benuene T
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Proparation of Cateshol Discetates

A mixture of 11 g. (0.1 mole) of catechol and 1646 ge (0e2 molo)
of acetylechloride was heated on a water bath for aboub on.e hour until
,the evolution of hydrochloride gas had ccaseds The resulting, slightly

yellow, 1iquid was assumed to be catechol dlacobates

Fries Rearrancement of Catechol Diacetates

in a liter round bottom flask 5.0 ge (04026 mole) of cateshol
discetate, 7.0 g. (0.05 mole) powdered anhydrous eluminum chloride
u}d 20 go nitrobenzene were mixed togethers After the mizxture was
heat?d on water bath at 75°C for two hours, it was treated with
ice end 10% hydrochloric acid sclution to decompose the aluninum
oimloride complex. The nitrobenzene was stoan distilled offs The
resulting brownisgh-green mixture was extracted with ether in a
continuous extraction apparatus. The ether extract was treated
with Norite, filtered, dried over anhydrous godium sulfate, and
then concéntrated to a thick syrup under reduced prossures The
yellow solid, which orystallized out from the concentrated 1liquid,
molted at 114-116°C. Yield 2.5 g (21.37%)s It was reorystallised
from both water and benzens. The use of benzene seomed to give a
better yield, melting point 118-119°C.

The reduction of 4-acetocabechol either by means of lithium
aluminum hydride and finely divided sodium was Yried, bub proved

wsuccessful, only a small emount of gummy reddigh substence wag

obtained which could not be purifieds
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The Synthesis of 1-(5,4-Dihyﬁroxyphonyl)-laPrOPanol

The synthesis of 1-(3,4=-dihydrexyphenyl)=l=propancl through
c#teohol dipropionate, followed by Friss rearranzenent was
guccessful. The direct reductlon of 4~-propionocatechsl to the
corréspending secondary alcohol resulted in a low yieolds
Propibnoqateohol was then acetvlated to 4-propionocatechol
discstato whioh was muoh more stable than 4-propicnocatechols The

reduction of this diacetate by lithium sluminum hydride proved

successivl.

: i
EO- | 0113 :»fatﬁ.o
1+ 2cH cnzga _ t 2nc
10 3 CIL;CIL G 04
=0
¢ : - : St :
GiL Gl Cs0 , 1104 ~GaCllpelil Ry
cn.jczzzg.o IBirom . 0 it M D
» - heazene ,
£y ok _g : 9 i
Gl CeO. 7czi2.0513 A czra.c.o -g:-cz%-c:%
: : o T4 I
' i © Cllhe(7a0
I
- Tvuell
Hydrolysis o C{JI'OLQ W
iy i
10
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4=Propionocatechol == Mothod of Rosemmund snd Lohfers(59)

Catechol diproplonate was made according to the procodure
deseribed for catechol diacetate, 6.3 ge (0025 mole) §£‘ catechol
dipropionate was disgsslved in 25.2 ge (0.112 molaj nitrobenzens |
together‘ with 643 ge (0,047 mole) of powdered anhydrous eluainwa
chloride,. | The mixture was stcod aside at room temperaturse for
45 hours, the mi:fturs wag then hcaéod on water bath for one houre
The reaction mixture was subjected to tho steam distillation %o
-drive off the nitrobensone. The solulicn was extracted with ether
until the ether layer was no longer coloreds 7The combined ether
extract was dried over anhydrous sodiwm gulfate and then ccncentrated
to a fhiok syrup wder reduced préssure. Light yellow crystals
which were obtained wers dried on a porous plates The yleld was
2.5 go (297%) molting at 140-142°C. Af%er recrystallization from

benzane the melting point was 146-147°C.

Acetylation of 4-Proplonceatochols’

This wus done by gontly refluxing a soluticn of 2.0 ge of
&-proéionocatechol in 45 £0ld exccss of acetle anhydride in the
presence of aahydrous sodium pcetabe for two hourss The reaction
ﬁxtue was poured into 25 mls, of cold wsters The regulbing

~ solution wag carefully neutralized by an addition of solid aoéi\m
carbonate with stirring. The desired compownd which was prosent in
form of a preoipitate was thea recovored by filtratlion.
4«propionocatechol diacetate was raor&stn'tliawd from 50;3’ aloohol,
which ylelded 1.5 ge (837) of 'materiaf@_‘ with a melting L;in‘b of

71=72%C.

| S5
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Redustion of 4=Propionccntechol Diacehete with IAthium Alumiﬁum Hydrides

Lithium aluminum hydrids golution used for the reduction was
prepared by refluxing 4.0 g. of lithium aluminum hydride in 100 ml,
of anhydrous ether on a steam bath for 2 to 3 hours end collecting
the supernastant ether solution after contrifugation.

The solution was then titrated with a stendard solution of
cne of the lower primary alcohol im benzene to establish the lithiun
aluminum hydride content (1 mle IiALlis == 0,002 eqe)s

Cne and a half fold excese of a caloculated emount of 1ithium
aluninum hydride solution {75 mls (1 mle LiAlH; == 6.002 eqs)]
was placed in a three necked flask, equipped with a condenser, a
mercui-y-sealed stirrer and a soparatory fuanels Both eondensger and
separatory fumel were protected {rom molsture by means of calo‘ium
chloride tubes. To the lithium aluminum hydride solutioa B0 mls, of
anhydrous ether and 3.5 g« of acetylated eompound of proplonccatechol
previously diésolved in 30 mlg. of anhyirousg ether were addeds The
other solution was introduced through the separatory funnel in such
a manner that a gentle refluzing was maintaineds Aftor tl;e addition
_of the solution, the refluxing waa conbinued for another hours The
solution was then allowed to cool in ice bathe 7 mls of wator wag
added cautliously to the cooled solutlon to desiroy the excoss of

" 1ithium aluminum hydride, followed by 20 mlse of 107 sulfuric aclde
The ether layer was separated eand the aguoous layer wasg extracted
goveral times with fresh anhydrous ethors The combined ether exﬁraot
wag dried over anhydréun gsodium sulfate, and then wag.eoncentrated .
wmder reduced pressure (0.1 mme)s A iight yellow semisolid was

obtained, Aftor drying wunder rodused prossure of 16 mme Kz
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for several hours, the light yellow solid welghed 140 ge, corresponding
to a ylold of 22 per cent. It molted at 126-128°C, A sample of

this material after recrystallizetion from beasene for geveral times
molted at 151-132°C, The compoﬁnd wag found to be quite hysroscopie

in nature, and gave negatife tost for kebone and pogitive teat for
phonols Analysis, caleculabeds C, €4.293 I, 7420, Founds €, €G.2873

8§, 7.43, This compound was not provicusly described in the

literaturo.

Procedurs Employed to Determine the pli Elfest cn the Rete

of Oxidation of le(3,4~Dihydroxyphenyl)=l=propancl

0.0084 go of 1=(3,4=dihydroxyphenyl) »lepropancl was disgsolved
in a sufficient amownt of 0.05 i phosphate buffer with pi 6,7 ead : 1
742 to give G0 mls of final solution with pif C.54 and 7410 (140x10°%%) :

respectively.

0.0084 go of l=(3,4~dihydroxyphenyl)=lepropencl was weighed
and dissolved in sufficient amount of 0,00 M pyrophosphate buffer
with pH 7.85 and 8.4 to give &0 ml. of final golution with pil 7«74
and 8,81 (1.ox10‘5m) respectivoly.

The measurement of oxyzen upbake of the sbove solutions
covoring pH range from 6.54 to 8481 at 33.,0°C was carried out by
using the samo procodure end conditions deseribed proviously (pag§ 14 ).
Esch run was made in tripliocate.

Procedurs Duployed to Detormino the Effect of Coneentration
on the RBate of Oxidation of 1l=(3,4=dihydroxyphenyl)elepropanol
1,091x10"2 golution of this compound with pil 7.0 was made

by dissolving 0,04582 go of 1=(5, 4=dihydroxyphenyl)=1epropanol |

' " 4n 0,05 M phosphate buffor with pH 6.95 to give a volume of &0 ml.
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with a final pH of 7.0.

A series of solutions with various concentrations (1.091310‘3,
5,47x10"3, 2,73x10"3, 1.57x1075, 6.18x107%, 3.41x10°%i) were
prepared from 'tho 1.09x10™%} solubion by using the same dilution
moethod employed for epinophrine (page 17 ).

Tho rate of oxidation of those prepared solutions (pH 7.0) were
determined at 38,0°C by the same techniques used in epinephrine
experiment (page 17).

Procedure Employed to Determine tho Effect of Oxygen Tension on

the Rate of Oxidation of le(3,4=-dihydroxyphenyl)=lepropanol

040168 go of l=(3,4=dihydroxyphenyl)-l-propancl was dissolved
in a sufficient ‘moxm{: of 0405 ¥ phosphate buffer of pH 7.02 to
yield a final volume of 100 mlse This solubion had a pH of 7.0
(1.0:10"31.1). The measuremeats of the rate of oxidation were
mede et varying partial pressures of oxygen and at 38.0°C as with
epinephrine (page 14 )« The system was flushed with oxygen or
other gas mixtures according to the procedure described umder oxygen
effect on the rate of oxidation of epinephrine (page 17 ).

Prboedure Employed to Dotormine the Amount of Oxygen Absorbed

per mole of Epinephrine

Measurements of the ultimate oxygen upteke of 1.0x10=5H
epinephrine at pH of 6.48, 6.79 and 8,01 in 0.05 i phosphate buffer
at 38,00C were made

Fifty ml. of 1.0x10"°} solutions of eplnephrine at pl 6.48,
6.79 end 8,01 were prepared according to the procedurd described
previously (page ' 14 ), Ton ml, of each solution was tranlsferred

into a Warburg flask and the flask was attached to a menometer.




28,

The systenm was flushed with pure oxygea gas for five minutes in a
manner as described on page 17, before initiatling the oxygen upteke
moasurements Tho reaction was allowed to take place for several days
wntil no appreciable increase in the total oxygen uptake was observed.
Procedure Employed to Detormine the Effect of Some Antioxidantl
on the Rate of Oxidation of Epinephrine
o de A comparison of the rate of oxidation of 5.0x10~3)
epinephrine solution with 5.0x10%SM epinephriné solution which were
aiso 2.5x10-3M (1) with respects to 4-acetocatechol, and (2) with
respects to 4=-propionocatechol was carried out,

Purified epinephrine 0.025 g was disgsolved in 0,06 M
phosphate buffer having pH 6.72 to give a final volume of 25 nlss
at pH of 6,81 This solubtion was used as the control,

0,025 ge purified epinephrine and 0.0008 ge of
4-acetocatechol were dissolved in approxim#tely 20 ml of 0,05 M
phosphate buffer with pH €.72. The pi of the solution was adjusted
with the disodium phosphate solution and monosodium phosphate
solutions (0.05 k) to a pH of 6,91 with a final volume of 25 mls,

The rate of oxidation of these solutions wore measured
aécording to the gemeral procedure (page 14 ).

2. A comparison of the rate of the oxidation of 6.0x10*%y
opinephrine solution with 5.0110f3M epinephrine containing
2.5x1054 143,4-dihydroxyphenyl)-l-propancl-; at pH 6,11 and
pH 7.02 at 38.0°C was carried outs

0.025 g. purified epinephrine was dissolved ;h 0.06 M

phosphate buffer having pH 5,62, and pH 6,80 to give a volume of

T T e D —
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25 mls. The final solubtion had a pH of €.11, end pH of T.02e
‘Purified epinephrine 0.025 g. and 1-(8,4=dihydroxyphenyl) -1

propanol 0.0105 ge wore dissolved in a gufflcient amount of 0.00 M
phosphate buffer ab pH 5.63, and pl 6,50 to give 25 nlss of solubion
with a £inal pH of 6.11, and p of 7.02 respoctivelys
y The oxygen upbake of these solutions were detormined as
before (page 14-).

: ‘3. A comparison of the rate of oxidation of 5,0x10°%u
. epinephrine solution wi#h & solution 5.0:10'3H‘with respooctd to
epinephrine‘and 1.25x10"5% with respects to cabechol at pd 7.0

end at 5é.o°c was uade.

" Each individual solubioa was made by dissolving the

calcu1a£ed emount of the material in 0.05 I phosphate buffer with

a pH of 6.75 to give a resulting solution having & pd of 7.0s The

oxygen uptake was measured according to the general direction (page 14 ).

An Atbempt to Separate the Cxldized Products of Lpinephrine
An attempt was made to separate tho oxldized producta of
epinephrine by paper chromatography as deseribed by Williams-(so)
The apparatus used simply consisted of a glass Jar containing a
pyéez plate at the bottom. 4 /uis of the oxidized solution
'oontaining 30 pgse of epinephrine in a phosphnto‘buffer, which was
nade by previously oxidizing the solution at pH 7.0 at 38.0°C
for five hours, was applied at 26.0°C on a sheel of Iios 1 Whatman
filter paper. After drying the sheet was formed into a cylinder of

4 inches in diameter and 22.5 inches in length, and tha'édges weore

stapled togethers The paper cylinder was allowed to stand wntil tho




solvo}xt front had noarly reached the top of the puper cylindere A
coantrol ono dimensional chromatogram of froshly prepered epinephrine
was developed parallel to thet of the oxidized sample aleag one edge
of cach choot, The developed eylinder was dried in an oven, end then
out into two strips, onme strip of paper was rapidly sprayed with
anmoniated silver nitrate solutlons The strip was again dried in

the ovea for five minutes to reveal the positions of bands. Cne

band appee;fed as dark ﬁro-.vn spobs on & light brown ground having

the Bp value of Q0efls The cthor strip was examined under ultra-violed
light, where it exhibited blue, greeniahﬁellmr and violeb
fluorescenced bards, Tho strip was then cut into suitable sections
according to the vespective Rp values. Those sectlong wore extrasted
with mebthanol or cthenol, and the extracts examined en a Beckman

Nodel DU Quarte spectrophctoncter between wuve lengtha of 200320 mue

S0
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RESULTS ANU DISCUSSIOCH

The dependency of total 9¥ygen uptake on reaction time is
well illustrated by curves shawn in Figze le¢ Those curves as well es
others presented elsewhere in these sections (geve Flgee3,6,8, and
16) were readily reproducible under similar experinental conditionse
They ere oharacterlzed by a short 1nductionvperiod end a relatively
long period during which the rate of oxygen uptake is essentially
constante As a matter of convenience, the slope of the atraightulino
portions of these curves have beon taken as a measure of the relative
rates of tho autoxidation process. The effects of variations in
hyﬂrogen ion concentration, in epinephrine concentration, in the
oxygen tension, and in the temperature of the reaction system on this

vate are discussed in the following scotlons.

Effect of'pﬂ on the Rate of the Autoxidation Reaction
The influecnce of hydrogen ion concentraticn on the rate of autoxie
dation of epinephrine is also Qhown in Fige I and Table I» The soveral
ourves ropfosent the amount of oxygen taken up by the solutions ea .
functions of time at various pH levelss Tho logaritbms of the gslopoes

402) are plotted

of the straight line portions of these curves Ei.a.loc
in Pigure 2 as a function of pH. It is evident from tha lattoer curve

that botweon pH 5.5 to pH 7.0 tho reaction is first order with rospect

to hyéroxyl 1on concentration sinee the logarithmie curve is approximately

& straight line over this interval with a slope of approximately onee
This would indicate that probably the monovalent ionie form of

epinephrine is the specics primcipally reaponsible for the oxidation

\
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: TaBls I
Summary of Effect of pH
on Rescticn Hate of Dplunophriue

Epinephrine énon 1.0x10"934 ' Temps U8.0°C

pll Oiieton Conoex10=® = A% Log 222

A% X g

8,54 846021078 4458 0,618
8424  de38x2079 8,77 . 0.5763
797 2,33210"8 3.03 04814
770 1.25x10¢ | 2,2780 043670
7435 5.61x20%7 1,4120 041500
1 7.19 3.85x10"7 1.204 0,0429
6,98 . 2.30x10°7 04526 «0.2790
.72 1.31220~7 0,301 048225
6,33  B3x10%8 T 0.1508 <0,0055
5,88 - 1.60220-8 0,017 «1,1445
5.41 e 422107 0.0254 ©le 5945
"e12 3.50x20%9 0.0197 ~1,7051
€12 3.29x10™30 0.0104 «1,9830

Air , '  Phosphate Duffer Ba0x10%2M
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- réacﬁon. This is the samo conclusion arrived ab by both Branch(sl)
end qamea$‘52) for catechol.

 An attempt was made to detornmine the rato of oxlidation in
the lower »H i‘auge bolow 4.0 but wafortunabely besause of the extromely
slow rate of exygzen uptake requiring more than ten howrs %o produce
deteatable pressurs chénge, no relieblo rate determination could be
nadee

During the course ¢f the auboxidation reactlon, a conalderable
amcwnt of actdié material i5 evidently produceds This effest 1s showm
{n Table III whore the pd changes in the reactlon mixbure during the
.oourao of the reaction are llsted for & nusbor of runse Tha true
nature of the acidie product is nob kmown. Thero has been gome
oﬂdonoé that 1% might be €Oy since ’:Jolch(sa) hes already olaimed that
€0, is produced during the later stages of the autexidatlon of
epinephrine.
The nature of the reaction mechanism responsible for the

influence of hydrogen ion concentration on the overall rate of
oxygzen uptake, &s illustrated in Figure 2, cannot be completely
clucidated cn the basls of information available ad the moments
This influcnce, however, probebly operates in elther of two wayss
(1) by affecting the relative concentratliona of tho several forms
of the drug in solution, or (2) by changing the concentration of
hydroxyl ions which mey participate more directly in some catalybie
manners

Epinephrine can exist ia four possidle forms in solution in

the_' pH range 4.8« These are:

-80



. : 39.

TABLE IXI
Data Showing lLecresse in
pH of Epinephrine Solublion
during Autoxidation

pH of ‘ Initial pi pil of Solution

. buffer added of Solution afber Uxidation
il i 3.585 5e50
g e 4,25
S £.90 4,68
8430 E . S W R 5e€D
6.50 G 8445 6.50
6.61 iy €480 6468
6,75 . 7.0 , 6a72
7430 . 7,60 7023
7.35 766 7426
7440 7468 %80
7470 8.0 7.68
7,80 ’ 81 7o 0

8,35 S50 ' Te04
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! In the lower pH range the drug exist mainly as form I i
“‘very high pH ﬁluaa con.sidcrablo gmouat of it is present as IVe In the
intermedlate rogion the remalnlag Types aro mors importent with rogards
to tga oxidative rcaction.

© A-guantitative indication of the relative comcentrations of each
form cexn be obtained from the twe potentiometrie 4itration curvoes
ghown in Fige Se Unfortumatoly because of the imsolubllity of wicnlzed
epinephrine in water, direct titration of the drug was not pogsiblos
The twe eurves shown were obtained by malking tho determinations in
hydroalcchelic. solutions ecntalning 28 and 50 volumes of alschol por
100 volumes of final solution. From ingpection of these ourves it i
evident th;t the apparent ply of epinephrine in Eb per ceat aloohel 18
5,04 and .21 in 25 per cent alcohols To the [irst approximation the
pkb of the drug in pure water can bo cstimased to be 4.6°by escuming

11noar axtrapolatien to zoro aleohol consentrations In other words
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at p¥ 9.4 (14,0-4,6) and 25°C approximately one half of the drug will

te in the amine salt form.

The Depondency of the Rate of Oxidaticn of
 Epinepbrine on its Concentration

Data obtained from representative.rums nede in the course of
this study are ahown in Teble IV and Fig. 3. The influence of the
drug concentration on the rate of its auboxidation is summarized in
Table V and in Fige 4. where the logarithms of the initial concentration
% aro plotted against the logarithms of the rates at fixed pH values.
‘The rate values, &s previously mentioned, were obtained by determining
the slopes of the straight line portion of the respectlve oxygén
uptake versus time curves. |

The straight line relatioaships shown in Fige 4 indicatoe thab
the rate of autoxidabion can be related to epinephrine ccnceatration

by a simple power equation, i.c.,

d (05)/ at = K¢®

(]

at‘any given temperature and pl, vhere C 1s the concentraticn of The
drug, k, & proportionality constant, and & a constent which is
jrdependent of other variables and ranges Dbetween 0466 and 0.72+ The
simplest fractional expressioa of a would be 2/Z.

Less then a first order dependency of the oxldaticn rate on
the drug substrate concentration indicates +that the overall reactlon is

rether complex, involving two or more reactions ocourlng both

consecutively and concurrsntly.
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The Order of the Autoxidation Reaction of Epiaephrine
with Respects to the Oxygen Tenslion

Exporimontal date indicates that the rate of auwtoxidation of

_ epinephrine is not ‘direotly proportional to the parfial progsure of
oxygea oﬁ-er the solutlon. This 1s eviﬁent in the several oxysen uptake
versus tims runs made st differeat prossures, the data for which are
given inv Table Vi and chovm grephicelly in Fige 64 Tho nature of the
reletionship betwesn oxygen tension and the rate is more readily geen
in Fig. 7. whore the rates derived from these data have boen plotted
against the corresponding ox:,;f;en pressure, The form of the last curve
can be olosely approximately.by the folléxﬂng enpirieal relationship,

" Rate =~ XD
a4

b
&

where p is the pressure of oxygen ov-ér the system and X end & are
constant, If p is expressed in etmosphore, the curve showm in Fige 7
can be fitted by sotiing k equal to 96 and & o 2.5 as showa in

Table VII. i

The type of dependency of the oxidation rate on oxygen pressure,
similer to that given above, can be expocted if there is a gredual
transition of the rabe determining stop from w oxygen dependent reaction
) an oxysen jndependent reaction. A possible rate deternining step |
which may be dirsetly depondent on the oxygen pressure 1s the transfer
of oxyzen from the zas phase o the solution phases The possibllity
that this may be the rate determining stop was discarded when check

results were obtained with threefold difference in the amplitude of

)
ghaking.
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TADLE VII

 Summary of Effect of Oxygen Tension
~on Reaction Rate of Epinephrine

Temp . 38.0°C pi 7.0 Conae 1.0x10=53
I A a Yz 0z

2 A ) siear s 2 o
ity | Experimental #Predicated

2745

Ted

3a7




o .

58,

INTUHJINIAE 40 HIVY i
NOILOVEY NO NOILVYINIONOD NEDAXO 40 l0Hddd J0 XMVins L °9Id

FNFHASONLY NI HUASSHUd NEDXXO ‘
B arhy e o iaoth G Tl OB EIDE 20 140 0

| o . w 0°2

3 ! 1 L ) ; A i L 1 r i
| S IS | R 0
w : ” M : ; _ i3 “
i } i i m i \ {
! : i H ! ! : i
EARNCERIng NS ARSI SR 3o b 3 .W. L “ s - .W : ef e v *
; : i : i ; i
] } : j i ]
“ J. ! W i
1 i { H 3 i
e A cadeiny pe el - 35 = B B s Tt s et AL,
t . f : 1 i ! -5
1 : “ i 1 i i 3
1 : : 1 ! u 1 “ h
' : ; i
— H o g 2645 J .T e Am.:i.i o B Sy M 0°1 “
: p I i H : ¢ {
g i i i ! : ; i O !
.mﬁl’i - .\W..!.Y.P.»!\P 53 T B s v et e e i E ST lnflil.nlt'rvllm'\u.\‘l\lo' E n i
H { 3 ¢ i H : i
i i i | : ol i
i i m | : ; |
i i ! : i :
$ : g "
SRR RN T S &1 o S LN _. H 4.
i i { ; ]
ey ! " u
H i « H H “
! : : H {

-

0T X 60°T °ONOD

zm' e e - lr.imnr:... e nofn i %».....?. B e et :.“..3 —— 1)0 ressmsaninpe o w [
0°gf TUNIVHAJRAL | i | !
> 0°L Hd ! % m S §
- . 1 I i 1
(En ﬁwill = ||JH.: e s e it .W.rt RS e &W.Y...- Fl\Jmi!t...sl.W‘. e R e e ien Y R ngp byt e -+ m
m w w | m . ! |
.‘ i ; _ | i | : |
AR u.snbr..,.!f LUk W .!....wio.csl!n....v.'.\ Eergo \l.—l.t.el!‘h.iw..:(.....!l..:«!.. = 3 2 et e i s i s ) b o R s o et e ety e ;




Temperature Dependoncy of Habte of Aubtoxidation
of Epinaphrine

The 1nf1ucmce of tempereture in inereasing the rate of auboxidation
of epinephrine is evident in the data ghowa in Table V1II and Fige 8s
The adherence of the ayutem‘ to the Arrhemius equaticn is ghown in I“ig- on,
b, aﬁd Se¢, wher;‘ .ths logarithms of the rates éf oxygon upbeke have been
plotted againa'b%he reciprocals of the absolute temperabures of the
. . runs. In each oése 2 ré*hér good limear relationship is evidents The
. - caloulabsd aoparent heats of activation at the three pH sotbiags are
23 kilocalories at pH 4.9, 17.2 kilocalories at pﬁ 7.0, and 143
kilocalories per mole at pH 8.18¢ |
' The observed difforencea in the determined heals of actimtion
at the several pH vs.lues are to be expected since they correspond o
different regions in the pK versus rate curve shown in Figs 2 (page 57_)-
At pH 4.9 the rate detemininu step is prectically indcpendent of
hydroxide ion concentration, et pH 740 the rate is nearly dircntly
- proportional to the hydroxide jon comcentratione A% the highest pH
repion studied, 8.13, the rate dependency on hydroiide jion is sgaln
less than first orders
For reactions which are first order with respeots to hydfjoxido
i.oﬁ concentration and which are buffered to comsbant pil values, it hea
been shown that the heat of jonization of water inust be aubtracted Lrom
' the overall heats of activation. (63) This would reduce the eﬁergy
roquirement at pH 7.0 ffom 17.2 to B.é kilocalorie‘é por moles Since
this correction would be loss at pH 8.10 beceuss of the lwcr ordor of

hydroxyl jon dependency, the net hoat of activatlon atb thls pid would

rouzhly be the sames Ths activation enocrgy at pi 4.5, howover, would not

b
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TABLE IX
Sumpary of Temperature Lffect on
- the Reaction Hate of Zplnephrine

Cons.s 1.0x1075K e
Tenperature
¢ 1/ .5 o A% e
b0 e o e
E &b HeH @ F 3 B
1&

B0° 309 0.393 2.201  &.12 04055 0560 040250
480 313 04217 1671 6,72 <0.0630 01962 0.79E0
420 817, 0,241 14065 4,865  ~0.2000 0,0206 0.67%0

380 821  0.0750 0.792 3l51 “11200 ~0.1008 G.0450

*?g 4.91
*epi 7.0
o7l 8413
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71s
be reduced sinoce the rate in this instance 1s nearly independent of pi,
It i§ probably reascnable to assume, therefore, thul the rate determining
step at the two higher Qﬁlis the samo, whereas the one in the acdic,
region must be quite differeat.
Influence §f.Somsthfi§b1es on the Auboxidation Pates
of Somoe Aualogues of Epluephrine
It is exceedingly douﬁtful That tﬁe inbact and wchanged
epineéhrino’is nacessary %o.gifa a;l the reaction characteristics
of the &ﬁtoxidatioﬁ reaction. The reaction rate apd ccvcfal of the
features of autoxidation rcact@bn of oatechol anduccrtaia catechol
' defivativea are at léast oﬁtwardly similar to those of epinephrine.
In tho‘prasent study a éartioular'aﬁtantion was pald to the ogidation
rréaction of 1-(3,4-dihydr0xyphamy;)-lapropanol which is structurally

very similar to epinephrines

gL w

il et
IS 1C-0 1
B-G-H oy n-¢-1
i o e,
3 U ‘ :
"_Epinephrine"jl : : 1-(3,4=Dihydroxyphenyl)-1-Propanol

i

In Table X and Fig.vlo are presented data showlng the dependency

of the rate of autoxidation of 1-(3,4~d1hydroxyphony1)~1-propanol as a



\ . TABLE X
Effeot of pi on the Remction Rate of
1=(3,4~Dihydroxyphenyl)~1l=Propanol

Time |

in

. Minutes

Volumo of oxygen up take in Zloroliters
ot 2 pi
6454 7418 774

P

8.31

a9
1
48
€o

85

VO b T
/128
. 149
;185
. 160
170
» 188
/210
- 260

3L

525
355
565

520
625
€865
690
&de
901
1185
1190

.00
14,25

667
91,20

10,06 = 49.%0

6750
11,85
‘ i 15.62
G420
- 20,80

: 92,80
31,50 '

1¢.8
i 120,86
45,60
21,60
166480

62.60
24,70

770
27,80

36,00

- 85,0

62,60

11640
141.8

162.8

‘22205-

27545

341.0

Tes
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ua

FIG. 10b EFFECT OF PH ON THE REACTION RuTE OF
1-( 3,h-DIHYDROXYPHENYL)-l-PROPANOL

| AIR (

| TEMP. 38.0C .
é , |CONG. 1.0 x 1077
| |
? % |
|
s
| | |
|
|
- )

0 1 2 s L .5 6

TIME IN MINUTES ( x 10° )



TABLE XI

Sunnary of Effect of pH on Rezstion
Rate of 1=(3 ,&=Dihydroxyphenyl)«l«Propancl

Conce 1.0x107SM - Tempe 38,000

, o o L
. At Initlal ~ ~ T T AT Initial

G ST R A WL ~1e4260
7.74 o 0.4265 ~043701
8,51 B 1S 042014
Alr
i : ;




SIS =S S IR o e o SRS ST

T ALR
TEMP. 38.00 .3
CONC. 1.0 x 10 ‘M

3 b LA R S el e T T, R
AG, :
LOG INITIAL
o o
O e .j_w..- s - Foumiers SR sl My e XA S v SR

t

{

pH

FIG. 11 SUMMARY OF BFFECT OF PH ON REACTION RATE
OF 1-(3,4-DIHYDROXYPHENYL )-1-PROPANOL
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T7s
function of pHe The curves showa exhibit cortain essentlal difference
from those of apinephrine."The most nobicoabls difference is in the
absence of the induction period, each curve extrapolating through the
~: origin at zeoro time. Tho curves, furtnernore, do not have stralght-line
"portion bub rather agpear to follow the usunl first order disappearanced
relationshipe .h;u is confirmed by Fige 10b where tho data om Fige 10,
when plotted on a lqgarlthmmc soale by assuming that the tobal oxygen
uptake for t1a systen is 400 pls. per flask, (a2 value which cor espond 8

%o exaotly le50 moles of oxygen per mole of 1-(3,4-dikydroxyphenyl)=1=
propanol taken) yielded etralcnt 1inese If the logaritims of the

slopes of these siraighi lines are ploﬁtod againgt the gorresponding pH
yalues, another stralght line is obtained (as shown in Table XI

end Fige 11) with a slope of approximately once

Further evidence éupporting the acoepbance of the reaction &g

boing first order with respects to the subglrate 1s presented in Table X1I
and Fig. 12. These data, wiioh are summarized iu & logerithumlic form
‘in Tablo LIII and Fige 15, prove conclusively that the reaction is

first order, the slope of the straight line in Flge 15 beoing approzinaboly
one, l.l to be exact. Appnrently the sbsence of the aming group in
‘this_comgound ig rosponsible for the increaso in the order of tha
reaction, 2/3 in the case of epinephrine, Lo one in the prescab cascs

.

The influence of oxygen teaslon on the first order rate constent

-

of ths autoxidation reaction of 1-(3 g-dihydrozyphenyl) ~l-propanol is

15. As compared %o

e

shovm in Tables XIV and XV and Tigs. 14 an
epinephrine, the rato of awboxidation of the prosont compound is wore
directly proportional to the oxygen pressure, showing hLowever & gmall

drop off in the rate at higher pressurdse,

\
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TALLE XIII
Sunmary of Efifest of Conmcentration

on . the Reaotion
1(3,4«Dikydroxyphenyl) «l=Propanol

nta of

Alr

pH 7.0 Temp. 38,0°C
g

Conca. Concs N Log _ A9
A | A%

© 1.09x1072u 11,0374 045365 ~0,078
| 5447210734 047376 0,422 04378
2.75110-3ﬁ 0.4362 0.202 N "0‘093
1.37x20"34 - 0.1381 0.0818 1050
6.10x10"%x -1,3341 0.0428 «1, 3068

TR SN T G ae— e
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FIG. 13 SUMMARY OF CONCENTRATION EFFECT ON THE REACTION
RATE OF 1-(3,L4-DIHYDROXYPHENYL)-1-PROPANOL




MAnTT TIY

1Tt i
daaideiy ALY

" t i A cnse de @ pas
o Concernibratilon on

W10 4

£o2{atne)

VYoluma of axy:iom

¥inutes 1.0 UelQ
55 2,29 5.24 5,00 44275
100 4,25 15,05 11,55 ' 8499
155 11,12 21,62 15,40 11.10

31.05 25.00 18,68

T 10
3600 38,00 i7.1
40420 40,80 27.1%

48440 45420 80,00 2140
80,80 G860 5% 70 ﬁﬁ.?q
100.00 72475 43468 2448
82,75 45,00

113.0 87.80 £8.00

- o PY: e o
1‘11.0 09.80 63003 wos J

P



-

L(_‘! P
<

- ICRVdCY¥d~T- (TANIHIXXOYAXHI @~ €)-1
homammonaoammzoonawmazmozoozmo»xomoaommmm:Home

ANOﬁxvmmaosz NI HAIL y

3 S B SR i ) A )
| I : ! i & A ! 1

i
H

04

W oaxo.m *ONOO
-~ 00°Q€ °dNIL  ___|
ot°o °
W 7L s St e
“ 06°0 -
D02« *

NIDXXC 40 SYILITOHOIR

- losét

TUAHISONLY NI
TINSSTU *ON

1
i
ik
1
)
i
e o e ey




g {i4e
TABLE XV
Sumnary of #lfeot of Oxygen Concentration
on the Neacstion kate ol
1=(3,2=Dihyeroxyphisnyl) ~l=Fropanol
Concs 1.0x10°%M pE 7.0 Tempes 38.0°C

; Oxygen Pressure . | : A O3
in atmosphere - bt o
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Tho ohemlcel kinetics of autoridation of catochol
investigéted by Joselym and l‘:rmzchgﬁ‘*)‘) As may be expscled, the
) dependencies of this réuction on OXYoeng gubshrats, and hydro :;L:)ﬂ ion
conccntrations ers much cldsar to those of Le(3,4=dihydroxyphe nyl)-le
propanol than %o those of epinephrina. The lfacls are suntzarized in
o Table AVI.
Sipce there was somo 1ikelihood that the sceondary & 1cohal
E group adjecent %o the ayomatic ring may be invelved In the oxidetive

goheme, tho rats of antoxidation of two keto o smponnud.s were studiod.

The convarsion of the secondary aleoh 0l Lo the keto forn apprrontly
has & strongly stabilizing effect on the cabochol nueleous es both
swagetocatechol and gwpropionccatechol take up <:>;;\;;;an. at extremely
slow rete even at pH 7,7, For some wexplaeined roason, the extanslon
of the gide chain by a fotl nrl group, l.s. {rom acebo to proplono
rosults in roughly %wo fold deoroass in the rate, the tolal oxyge
uptake by the propiono derivative boing losas than 40 uls over bluh"'
hour peried a% pl 7,7 st 369C as shown in Fige 19. Thie study
indicatos, "heva.\ore, that the chances that the kebo form may be an
active intermodiato are rather smalle
Ultimate Oxygen Uptake During the Autoxidation
3 ; s of Epinephrine
The limiting amount of oxygen teken up por nole of epinephrine
v,tés deternined as described on page 27 at pE 8,01, €.70 and 6.43.4 The
oxygen uptake versus time cwrves for these ruwas are shown in Flgure 16;
Caloulations are given below.

R

A% pH 8,01 the total amount of ocxygen takon up was 800 ulse

Then the amownt of oxygen taken up by @ wole of epineplrine =
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~ 775 x 10~8 =

total amownt of Op - 800 x 10=6
22,4 x umole of epincphrine 2244 x 1.0 x 10%9

3¢5 mole.

- At pH 6,79 the total amount of oxygen taken up was 775 ulse Then

the amount of oxygen taken up by a mole of epinephrine =

22,4 x 1.0 x 10=9 3+46 mole,

At pH 6.49 the total amount of oxyzen taken up was 710 ulss

.

Then the amouat of oxygen taken up by a mole of epincphrine =

710 x 10-6 »

22.4 x 1.0 x 10=° 3.17 mole.

vApparently at ‘the two highor pi values slightly more total oxygen
is consumed than at pH 6.49. ‘It is possible that at nuch lower pi
values the ratio mey be a good deél lesas

A Study of Some Catechol Derivativos as Possible
Mntioxidant for Epinephrine

The influeuce of cakechol, 4-acetocalechol, 4{-propionecatechol,
and 1-(3,4-dihydroxyphenyl)=l-propancl on the rate of autoxidation of
epinephrine was sfudied according to the procedures doscribed
preoviously (page 28). The results obtained are shown in I'ig. 17.
Catechol, l-(3,4-dihydroxy§hanyl)-l-propanol, and the 4-acotocatechol
appoar to be ineffective as possible inhibitofs. The 4-propionccatechol,
on the other hend, appears 1o pOSseﬁs somse inhibitory ection but no
retarding ection beyond the inhibitéd periode

Results 6f'Chromatographio Attempts to Isolate
Rogction Interncdiates

Atbempts to isolate‘reaction products and intermegiates by

peper chromatography as described on page 23, yiclded oaly indefinite

results. The spectrophotometric absorption curves of various fractions

90,
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944
eluted, from different sections of the paper chromatograms are showa

in Fig. 18, Although a section corresponding %o a Rp value of 0o
which fluoresced with a greenish yellow color under an ulira violet
source appear to be epinephrine, no other definite compound could be

located ameng the soveral fractions. lo perticular evidence of presence

of "adrencchrome" was found,
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COLCLUSION

In the preceding sectlons experimental data have Leen
evaluated to yleld separate relationship bebween the resction rate
and the several v_rnriabloa:

1. Iiydrogen ion concentrations =

The rate is inversely proportional to the hydrogem lom
concentration or, equally, dirsotly properticnal to the hydroxyl
ion concantrations |

2. Drug concontration: =

The yeaction was found to have & less than a first
order, epproximately two thirds, dependency indleating that the
overall reaction is rather complex, involving two or moro reactions
ccocurring both oon;eoutively and conourron‘ciy. | .

Se¢ Cxygen tonsions

The dependency of the reacstion on oxygen Youslion, at

+ pH & 7.0, fitted the empirical formula

Rate & E2
ai-p

There appears to bo, thérefore, two limiting reactioms,
one at rolatively low oxygea presswre which is dopondent on oxygen
presgure, and another at high OXygen proggure whioh'ia oxygen
independents » :

| 4. The hoat of ectivation was spproximately € kilocalories

at pH 644 or above and 23 kilocalories at approxinmately pl 4.9




By combining theso fac’cox;s, it is possible Yo formulate en
overall kinotics oxpression which is valid over widely‘differing,
~ experimental conditionse ‘ |

wiith tho evidence available at the moment, 1t is 2o% possible
to propose an unique mechanisn which would satisfy the exporimental
data. A comparisen of chomical kinstics data of compounds related
%o epinephrine with epinephrine indicates however that the emino
group in epinephrine playa‘m important role in the autoxidation

reactions ; ’ By :

101,
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An attempt wes made in the present work to study the
putoxidation reaction of epinephrine systematically by controlling
some of the recction variables such as pﬁ, temperature, drug
concentration and oxygen concentrations

The following relationship between the reaction rate and the
several variables have been fowid experimentally:

1. Hydrogen iocn concentration: =

The rebe is inversely propertional to the hydrogen ion
eonoeﬁtration or, equally; directly proportional %o the hydroxyl
ion concentration.

2. On the drug conceﬁtrationz'-

Tho reaction was found Yo have a less than & first
order, approximataly two thirds, indicating that the overall
reaétioa is rather complex, involving two or mere foactlons occurringv
botk consscutively and concurrentlye

3, The dependency of the reactlon oa oxygen tenslon fitted

the empirical forrula: -

Rate ®= X2
a4p

There appears to be, therefors, two limiting reactions, one
et relatively low oxygen pressure which is depondent on oxygen
pressure, and another ab high oxygen pressure vhich is oxygen

indepandent;

4, The heat of activation was approximately 6 kilocalories

N




at pil Ge4 or ahovaland 23 kilocalorics atb approximatoly pi 4.9,
By combining those factors, it is poscible to formulate an
overall kinotics expressioa whioh is valid over widely ditfering

experimontel condliiouse

Chendoal kinetles data on guboxidation of a mumbor of other -

compounds closely related to epinephrine were also obtsineds The
-_reéctiqn cherscterigtics of cateohol end 1-(3,4-dihyﬁrozyph@nyl)-l-

propenol were found %o be glmiler to cach other bub differed

congiderably ¥rom those of epinephrine., Thoy 6ro compared in

feble iVi. (puge 87 )

Tn addition a nuwber of catechol derivatives were tosted
ag possible stabilizer for epinephrind. fhege included
i-acéto@atechol, &»propionocatochnl, cateehol, 1=(8,4=dihydroxy=

phenyl)=l-propancle Gnly éepropionseublechol ghowed any promises

b it b i . S—
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