When upon you I sweet maid
Bfforte unmtwmt pnnn..

That eppraisal solentific oan be made,

0f your struoture and somposition ohemical,

Bsill a mystery it muwt pemain,

How proteins, fats and carbohydrates,
All alone and ever so plain,

Could in unison give heartaches.

J.V, Burda
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PREPACE

The oxidation of an amime to an aldehyde or acid,
the decartoxylation of an acid, and the methylation of &
phemolie hydraxyl to produce a msthyl sther are recotions
wil known to the organic chemist, and they are carried out
routinely in the laboratory. kowever, when an enzyme pro-
duces the same resctions and with ruoh mope eoffieiency, the
biochenist sees beyond the aimple reaction itself, and
wonders about the mechanisms by which these resstions are
brought adout. The above resstions occour in mest living
species, and are essential to life, Hanee, any further
knovledge gained 1s of paramount importence in undevetanding
certain dissase states that coour due to a dysfunction of
the ensymes that bring about these proaesses,

The mechanism of the decarboxylation of amino
acids was oarried to the point where it could be shown whether
the decarboxylation ocourred with retention or inversion of
configuration. This would have been difficult to do if
sdvantage had not been talken of the kinetic imotope eflects
prodused by asyzswtrically labeled deuterated substrates.
The s rethod was used to determine the absolute optical
specificity of rat braln monoamine oxidsae, and was applied
inyiyo to gain a better insight into the wode of astion of
monoamine oxidase at the adrensrpio effectar cell level,
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The second phass of this thesis dsals with catechole
Oe-mothyl transfersse, and the diseovery of a non-competitive
inhibitor of this ensyme. Investipations were caprried owt
vith this inbibitor to gain a knowledgo of the type of Miochaelis
eomplex that would be forwed with this relatively nev ensyw
and its substrate,
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ABSTRACT

L =~ -y

It had been established that eneynic decarboxye
lation of amino ecids mroceeded stereospecifioally, Ade
vantege was taken of kinetie isotope erfects with asyrng-
trically labeled substrates, and this led to the discovery
that enzymic decarboxylation of amino acide proceeds with
retention of confipuration,

The sams tool was used to determine the absolute
optical specificity of rat brain nonownine oxidase in vitro,
&8 w1l as to establish the pole and stereospecificity of
nonoamine oxidase at the adrenergic effector cell level,

It was discovered that tropolones ocould inhidit
catechol-Uemethyl transferase non=gompetitively, This
inhibitory power was not altered to any significant extent
by & variety of subst!tuent groups on the tropolons nuoleus,
Further tnvest!pation with L-twthyltropolone made it possible
to propose a mechanism fop Miohaelfs complex formation with
enzyme, retal, and inhidbitop, Thess results also enhanced
the oredidility of an ensyme, motal, substrate Michaells

complex mecnanism already mroposed by othey investipators,



INTRODUCTT ON

Ao NERAL INTRODUCTION

Tyrosine decarboxylase, ronosmine oxidase (MAO) and
catechol-Oemathyl transferass (0ONT) are ensymes which are
intimately associated with edrenergic mechaniams,

%) Zuosine lecaptoxyiese
Tyrosine decarboxylass iz a member of the many

@nino acld decarboxylases, The ensy 1solated from animal
tissues W11 decarboxylate not only I=tyrosine dbut alse
other aramatic amino eedde, lionce, 1t doss not possess the
marked substrate specificity for I=tyrosine alone es 1% was
once postulated. The decarboxylation reastion gen be repre-
sented by the following oversll equation:

K
Letyrosine + 1,0 — tyramine + H.C0 1)
- 3

Anino acid deoarboxyleses s}l require pyridoxal phosphate s
8 cofaotors Pyridoxal will also catalyze the decarboxylation
of auino acide even in the abaence of the engyms, The pyri-
doxal Initlally forms & Sohiff base with the amino &eld, snd

the decarboxylation would proceed according to the following
cohomlz |
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b) Monosnipe Oxidass
Nonoamine oxfdase (MAO) plays an important part

in neurcanine catabolism, It 1s primarily & mitochondrial
ensyss, which so far has not been purified to any great oxtent.
All attempts at purification resulted in consomitant loss of
aotivity, This ensyms lacks substrats specificity, and in
goneral torms it can be said to be responsible for the oxida-
tive deanination of neuromxines lils tyramine, 3,L-dihyéroxy-
phenethylanine, serotonin, isoanylamine, metanephrine and
normotanephrine, The oxidative resction can be represented
by the following overall equations

ReCH,ofH, o /2 0, — R-CHO » “3 (2)

The ensyms has no lmown cofastor requirements,

The importance of this enzyms in homsostatic mee
ohanisms cannot be underestimted. One of its best substrates
is Sehydroxytryptanine (serotonin). The latter ecntracts
s200th musels in extremely low concentrations and has complex
offects on the cardiovascular system both directly and indie
rectly. It has been 'lhova that serotonin sensitizes pressor
receptors in the mwosa of the mmtm"’. so that it my
play & role in normal peristaleis. It hae Desn shown that
high concentrationo of serotonin are found in the gut, It
is possible that MAO is responsidle for controlling the levels

T

|
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of this anine in the intestinsj also it has been suggested
that MAO in the intestine may be reaponsibls for the detoxie
fication of anines of basterial origin in the gutzc

Iproniagid, a potent MAO inhibitor, wen adeinise
tered to patiente with & liver disease charasterised by high
blood levels of axmonia, was shown to cauwse & fall in the
arterial amwnia lovels, These observations suggest that
sone of this blood aamonia must be derivad from axine degra-
dation by MAO, |

The edsence or dysfunction of HAO in various parts
of the brain could sonseivably lead to other pathways for the
netabolism of physiologically estive ainuz. For exumple,
adrenaline ar serotonin oould be oxidised to hallusinogens)
0.8+ Adrencohroms, Loffer et a1l suggest that substanses
which blosk MAO in vivo would make adrenaline more available
for oxidation to adrencchrome, lHowever, this suggestion
would now have to inslude aubstances that also block eateshole
O-methyl transferass, since it has been shown by Axelpod
ot n‘* that this ensyms is responsible for the primary desstie
vation mschanism of adrenaline and noradrenaline, Thess hore
mones are converted by GOMD to tle relatively insstive meta=
bolites, J-methoxyel~hydroxy phenyl ethanolamine, and its
Hepnthyl analogue,

There 12 & possidility that some forme of hypere
tension mey be associated with inereased levels of pressor
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anines in the blsod. Ingection of a purified MAO preparation

into hyperteneive rats resulted in a prolonged lowering of
the blood px-nm-02.

Reoently, Bnmndus has suggested a nonedspradative

role rop MAO, He discovered that rhenylothylanine dertvatives

1ike tryptamine, benzylamine, tyramine, and isommylemine
share with epinephrine, norepinephrine, and cerotonin, the
abi11ty to stimulate plucose=1-C% oxidation to ctio, by veer
enterior pituitary slices, a-Methylated smines whieh e
not substrates for MAD 4id not phare this property, mmd the
stimulation {nduced by the sotive amines could be blosked by
MAO inhibitora. A number of aldehydes, 1ike indolessetalle-
hyde, phenylaceteldehyds, bensaldehyde and propionaldehyde
were also found to stimulate glucose 1-0"‘ oxidation by beef
anterior pituitary slices, and this effsct was not dloolwd
by MAO inhibitors, Related acids and aloohole wepe found to
bs inactive,

o) Gaeshol=O-Methy) Transforase
Catechol-Oumwthyl transferase (COMY) catalyses the
transfer of the methyl group of adenosyl methionine (AMe) to
the 3-hydraxyl groups of nopadrenaline, and other polyphe~
nols®7, Acoordtng to AxelrodV, this seems to rerzesent the
initial deactivation resction for catesholemines ss well as

other endogensous and exogensous polyphenols, COMY s found

N\




in the soluble fraction of mammalisn liver and {n many other
organs and was shown to roquire the presence of & divalent
woetal ion auch as magnesium. The initial deteotion of nop=
mstaneplpine and Jemethoxy-=hydroxymandelic acid in urine
by Aulroda has stimulated much research on ths role of this
enzyme. The general reaction of COM' with a polyphenol

substrate ocan be surmarigzed as followss

HO il 0
4+ AMg 3

10 1o

(v1II) (IX)

The ensyme has been purified about 30 £old but has not boen
orystallised as yet,

Be STEREOCILHIGTRY OP SOME ENZYMATIC REACTIONS

Monoamine oxidase will oxidatively deaminate a
large variety of monoamines as well as sore dlaminesj it dis-
plays poor substrate specificity towards the latter. Aleo,
the enzyrm appeared to lack optical atonoameiticityg. Most
enzynes are specific for either the D or L form of a subse

trato, &ince a=bisdeuterio-tyremine, shich ie a good subse



trate for the ensyxe, was shown to be mush mopre sotive than

tyremdne in vivo andsince these isotope effects could be re=-
prodused in vitro with MAO mparatiom9. the logical sequel
was to ascertain whsther the observed tsotope effeots might

not be dependent on the configuration of the deuterium atom

in the corresponding mono=gelabeled tyramine.

) Aoolod Delirdrocenase Systen
An analogy can be drsam here, with rogard to the
elogant work of Vensssland and Hutholurm. who proved the
absolute optical specifieity of aleohol dehydrogenase using ‘
stereospecifically deuterim labelsd ethanol, These suthors
bave recorded fundamental information about the stereospeci-
fioity of DPN"-linked dehytrogenation resctions, They pree
pared DFID™ by redustng DPH® with sodfum hydrosulfite in
nzo. The deuterium of DFMD was found to be non-exchangeable
in wvater solution, DPHD, prepared in this way, was subjected
to ensymis oxidation by many dshydrogenases with the upproe
priate substrates, and {t was found that a 1ittle over half
of the deuterium was removed from the coensymo, However, if
0P’ 18 redused by aloohol dehydrogenase, (ADH) in the presence of

®  Diphosphopyridine nusleotide,

*®  Diphosphopyridine muoleotide, redused form (dsuterium
replaces Lydrogen),
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o008 OHJODZOH. only one of the two positions for H on the
mthylene group at position L of nlcotinamide 1s oooupled
by De On ensymic re-oxidation of this ensymatically reduced
DPHD, all the deuterium was removed from the cosnsyse, This
shows that aloohol dehiydrogenase discriminates betwesn the
two apparently equivalent hydrogens on the a~sarbon of otha-
nol and also between the two hydrogens protruding on eash
side of position L of peduced DPN, Experiments with many
dehydrogenases inoluding several similar types from different
sources showed that suph atorecspesifieity was a gomeral
phenoxenon,

It oun be said therefore that aleokol dehydrogenase
18 stereospecific for ome of the ashydrogens of othanol, a
substrate which has no plae of asymetry, The two enane
Somrphu of sthancl=led wre obtatned! by the following
procedures

ADE
GH,00H + DPHD + H* CH,CIDOR + peR? ()
ADH
CHyCOD ¢ DPHH ¢ H* Ol CHDO + ) M )

Only the ethanol-l-d prepared by method (3) above
led to deuterated reduced DPN on reversal of the resstion,

b) Citple Agidessonitese Sypten

Ogston was one of the first to point out that en-
symes should theoretically distinguish betwsen two identical
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BrOUPS or atoms in aymmetrical uubututum. This 1dea
steraed from difficulties in the interprotation of tyegep
experiments with ensymes of the Kpebs cyoles It was thought
for a time that, sinse pyruvic acld after incubation with
1sotopic 002 and pigeon liver preparation produced a-ietow
gluterdio acld which contalned the 1sotope in the sarbaxyl
group adjaoent to the carbonyl group, the produstion of
a-ketoglutaris acid could not involve any symmetrical intepe
mediates such as oltric #01d, the role of whish had peverthe~
less been clearly oltlblmndu. Ogaton, however, called
attention to the faot that Although eitric asid 1s a syme -
trical coxpound, the enzym which causes its metabolic tpange
formation i not. Hence, the ensy=w-oatalysed conversion of
& symwirical moleculs such as oitplo #0ld but labeled asyme
mtrically with an isotops would be expested to take an
asymmtiric gourss, provided the substrate has a speoific
spatial relationshin to the nayme &t three points in the
ensyme-substrate complex. Kxperimental eviderce for the fope
mation of such isotoploally asymmtric oitpie a0id by rat
liver homogonates was provided by Potter and Holdolbomru‘.
The two msetic acid moleties of oitric acid are not identiesl
for asonitasey this fs 1llustrated by the following equationss
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f ioL) FW 3ac;:z1 CoA 8001{
S .
000H lao < HOC~000H
000H '82
CO0H
pyruvic aaid oxalosaet ic acid oitric soid
X) (XT) (xxr)
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5
ICOOH o + 28 IOOOH
co = CH=0H
IL 4 002 u-c':-uoon
P2 > Pl
coox cooH
G-ketoglutario ascid 1s00itric aoid
(xxv) (XXIx)
o) Dihydroxvesstops Phoaphate-Aldolase Syster

Another olassic exemple of the ability of an ensyme
to distinguish between two {dentical atoms on the same carbon
atom is provided by the systenm dihyéroxyacetone phosphatee
aldolase. The ensyme oatalyzes the formation of fructoses],b-
diphosphate from Deglyoeraldehydes 3=phosphate, The equi-
1ibrium resstion can be represented as followes
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Tracer experiments suggested that the ONEYNS GON~
binea with dihydroxyacetone phosphate in sush s way as to
1abilise only one of the two hydrogen atoms on esrton 3, and
this in a atereospesific numlg. The condensation resction
has besn shown to proceed via the following pathwayss

» "
?BZOPO’ |0H20P°3
Cud Cul +
I ¢ E pons | + B
H-?-Oﬂ fﬂoﬂ
i k

(xvi1I) (x1x)
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3 HeCwOl
(XIX) (xx) (xx1)

It wes chown that dihydroxyacetone phosphate became radice
aotive upon incubation with aldolase alons, in the presence ‘

of tritiated water. Ho isotape wes incorporated in the pre~

sence of heateinactivated ensyme., The labeling was found

to be approximately equal to 1 p mole of exchangeable hydrogen,

Aleso, it was found that fructose~) ,6-di phosphate was none

isotopls repurdless of the presence or sbsence of dihydroxy=

acetone phosphate. This provides strong evidence for the

faot that the enzyme can discriminate between the two hydroe

gons on the cardinol carbon of dihydroxyacetons phosphate,
Bloom and Topper'® fupther suwstantiated this

work of lNose and lileder with respect to the stereospecificity

of aldolase, liot only did they confirm that approximately

oue atonm of' carbon=bound hydrogen per tioleculs of A hydroxyacetone

phosphase exchances with the aqueous solvent on incubation

with aldolase in the absence of acceptor uldehyde, but they

could also propose a mechanism for the activation and sube
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sequent labilisation of om hydrogen atom on the prinagy
oardbinol function of di hydroxyasetone phosphate .

~ _
|c:ueopo3u2 f”z""’;"z
Cad | . G0
| ‘B = 0t e | | £
n-lc-cn HeCal
i - 1 J
(xx1) (xxxr1)
S 010,
[ sty |
ﬁ-ﬂ ;ﬁ'
HeCuOli
_ i
(xxIv)

The astivation would then consist in the formation of a
rescnamde system consisting of carbanion and enol,

Another meteholis reastion of dihydroxyacetons=
phosphate consists in its transformation into Deplyseraldehyde~
3-phosphate as oatalysed by phosphotriose iscmerase;
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o0y, om0
Ond — HO=(Cw]]
| o |

HO?*C‘K B Holn0
i

(Xx11) (Xxv)

Purthep up«rimonwu’ usrienetrated that approximately one

j atom of tritlum ds incorporated por moleculs of dthydroxy«

2' acetone phospiate 'mo.btinted with phosphotriose isomerase. This
B suggoets that botl enspees ape oapable of distinguishing

| betweon the two lycrorans abous oo the prinary oarbinol,

They further deternined that the hydrogen which is ladilised

| by aldolase 48.00t the cure am that which is labilised by
L phosphotriose foomepase, This wae done by {noubating dihydroe

" Xyacetone phosphate containing engymatically introduced tpie

;' tlun through the setion of aldolase, Whereas complete loss

: of the isotops to the solvent ocourred when the substrato was
- 1nowbated with aldolase in vater, no suwh exchange was obe

| served upon inoubation with phosphotricse lsorernse. Theve
results show that not only s eech enzyme a‘tonoapooinc fop
one hydrogen on the primury oarbinol, tut each display a
different stereospecificity, The foregoing then, are addie
tional interesting fllustrations of the validity of the Opston
concspt which {e a refinewent of the polyaffinity theory of
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Fruton and Bomnv. Uther ensym catalyxed asymmetrie
resctions with symmetric substrates are also wll lmounm.

These presedents suggested to us that NAD might
display a hitherto unrecsognised type of stereospssificity,
This vas only & mstter for speculation since as pointed out
above, MAO displays rw optiemd speoificity, An unmbigvous
method of spproash to this problem would involve the use of
both the R and 8 frpes of mono-u-deuterated tyrexiney through
the application of kinetis isotops effects in the oxtdation
of either fsomer cns might be able to dstect rate Alfferances
that should be relsted to the stervoshenistry of the sudbstpa-
tes,

Deuteriun Levtope sffecta in blochexistry are well
dosunented, and som of the more pertinent literature has been
briefly reviewsd in another thuh’. tome of the salient
points may be reealled,

C. UM ISOROPE EPPRCYS IN BIOCHEMIST

Substitution of deuterium for hydrogen in an
organic molecule causes a nuwber of observadble effecte whioh
oan be useful in studying resction mohanisms, Since the
8oro polnt energy of the CeD bond s greator than that of
the C-H dbond, the aotivation snergy 1o lower for the ruptupe
of the C-ll bond, Thus, the observed rate of a reaction wil)
be correspondingly lees for the deuterium containing compound




if the cleavage of the O=H bend s pate dotommnﬁm. A
nuzber of reviews on this subjeet have been mnntodzo'ﬂ’az.

Erlerseyer, ot 1% and Thorn® have dosoribed «
reduwtion in the rate of exidation of partially deuterated
sucoinate. MNahler and ibuglnzs subsequently reported the
offect of deuteriun o the dbinding of DPN to lsotie dehydrow
genase and on its siksequemt debydrogenation, Conowrrent
- With preliminepy raports of work presented in this thuu%.
| ibales and 1w grow?” reported a kinetis 1sctops effect in
j the oxidation of deuteriomethyl sarcosins by sarcosine oxida~
20, These inventipators alss reported an effest of deuters~
tion on the Mlohaslls constents although no interpretation
of the results vas offeped. There has been no pudlished
studles relating to the effeet of deuteration on blologioally
sotive aines pricr to our reports20026s29

Deuteri\m {actops effects should comstitute a
powerful tool in thix {4eld since sush effects are {ndependent
of the purity or composition of the onsymes and are theureti-
cally applicabls to ig ¥ivo studtes.

The mathod used to prepare the two asyrmetrically
deuterated tyramine fsomers was to desarboxylate tyrosine
ensynatically in 020 3 » & resction knowun to de stereospecific}
then Dlegedeuterated tyrosine was {n turn decarboxylated in
o:iinary water to give the deuterated enantiomorph. Froof
that the two a-deuterio enantiomers of tyranine had been
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obtained vas gained by measuring thefp Mepective pate of
oxidation by MAO, This obgervation of o eonfiguration dee

; pendent $sotope effect ralsed the question of the absolute
sterecclomistry of the ensymic decarboxylation of amine aclds,
This bochemical resction, which is inown to be pyridoxal
phosphate (PFal) dspendent, as pointed out above, is of

practical valus in the preparation of opticslly pure Gadautepa-
ted emines,

Sk 2aaliin 9l _hugyxio Decardoxylations N ‘ ‘
Netsler, Ikawa and Spe31d* “ille investipaiing

; non-snsymatic transaminations, racerizations, desarboxylae
tions eto., which are pyridoxal catalysed, arrived at &
®eshanism that wuld explain all of the various catalytic

i Propertiec of this cofmstor, They propossd that a metal ton
| vhich greatly enhances the rate of resction, functions iy
promoting the formation of the Sohiff dase and in naintaining
£ planarity of the eonjugated systen through ehelate rMng

.v formation. This ohelated meta} ion would alse provide an

. additional electron-attracting group that operates in the

f same direction &5 the hetereosyolic nitpogen atom, thus f'aole
11tating eleetron displacemonts from the G=carbon atom
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An oléatmi;rio displacement of elsctrons from bonds o by

or o as §hown in the above schems would result §n the relesss
of a eatian :(_f;n’-‘,, n‘, or OOOH‘)@" The wide variety of resetions
catalyssd by pyridoxal would b sccounted for on the banis

of that mechanism, E |

With regard to the release of 00, or cooR*, an

intermediate. (XXVIIT) would be formed which on protonation
at the a-carbon would lead to the farmation of the corpes~

ponding azmine (intermediate (XXIX)),
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If a3 18 the cam, cxmm s in en seymwtric snvivonment
then the nrotonstion step might be expscted to be stepeo- |
epeelific, EKxperimental evidence has been provided in support
of this view, Une difffculty with this mechanisw is that
the involvemnt of mstals {n the sotion of PPa) dependent
engymes is oontvovmiul’a'”.

Recent evidence has shown that some non=onaymatic
transexinations and decarboxylations which ape pyridoxal -
catalysed can ocour in the complete absence of a1y metal ion,
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It was chasrved®? that o vaak base alone such ag i»ddesole
oan catalyss the non-ensynatic transsminetion of phenyle
plyoine with pyridoxal, Horeover, Kalyankar md an”,
redently used amino aoids in whioh the a<hydrogen was substy.
tuted for a methyl o pany) group snd showed that deoarboxyw
lation ocourred radlly upon lwating with pyridoxsl alome in
dilute aqueous solution, Two closely pelated but independant
renctions were suggeated to oscuwr ag followss

Pyridoxal

RR'CHHa(?OOﬁ —— RR'OHRHZ . (:02 (s)
RR'OIH,‘,COQH *pyridosal — RR'C w 0 4 CU. &
2 (6)
pyridoxanine

Reaotion (S) is analogous to the decarboxylation of amino
acids by PPa) ensymes. Resction (6) is u deoarboxylats one
dependent transamimation reaction for whieh no ensymatic ana-
logy 18 yet known. Remotions (5) end (6) were both martindly
inbibited by those mtal ions whieh catalyss the previously
studied transamination resctions betveen pyridoxsl and amino
soldse The sugpested mechanisms appear quite plausidls,

The stabilisation thought to be necessary and spe
oific for the activation of the interewdiary Schiff bases,
(1nitsally postulated to be achieved by metal ohelation),
mAY be ensured by direet selective formation of hydrogen
bonds or other links batween suitable groups on the ensyme
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protein fiself, and ihe nltrogen atom and phenolfe hydroxyl
of the coensyre-substrate complex asomsthines,

Unanbiguous proof thet the decarboxylation of anino
&ids proceeds stereospecifically, was provided by Handeles,
Koppelman and Hum’ AL that tixe two schemes wepe put
forward fop the rechaniem of the decarboxylation reastion,
The one which was Proposed by Werle involved the removal of
the hydropen atom from the G-amino carbton before dssarboxyla-
tion as shown bdelow, This ewohaniar 1s now invalid becauss
tyramine would exchanse two deuteriums on the a-papbon atom, ‘
whan deuterium oxide 1s used ax the solvent,

?OOH

H-O-I-?-ﬂ
I n :
ChOPON, , 7 WpOPOLR,
I - .

¢ %N-?-H —HL>C
+1,,0
B EETXAN
(xxxi) (Xxx1x) :
He Coehlw '-H lhb-NuC HuC-N

L & R
w1~ \rcu?op ml2 1'03112 cnem
oy \' |

HeCmd mxm (xmm
B~ cu20p03u2 ,
+ Nuz-o-n
AN ;

(ExavI) (X0OVIL) .
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Veetlmimer's alternative proposal, requires the a<hydrogen

of ths amtno acid to be non-exchangeable during the ocourse
of the reactions,

Cuu
HelnQ

Hv~ Olly PO, t, CHy0KO, B,

?00
.

ks G

(Xxx) (XXXVIII)
n-c-x-i.n
s l R, 000, 8,
ZAN
- i
- L |
(XLI) y
: | . dﬁw-(wu HeCul)
Ho cuzuvo” O,0PO,H, b
o ¢ <_.H:.0_. au, S 5
- l
- m.m (XLILI) (LIV)
_
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As im evident from the ubove schemos, the [ormer
requires the addition of two hydrogen atoms from the solvent
to the G-carbon, while the lutter requives that only one
hydrogen should be incorporated. If engymatiec decardoxyla-
tion of an amino acld 1s carried ot in deuterium oxide, the
deuteriun content of the resultant wine olearly allows a
decision betwesn the two mechanisms. This is exsctly what
Handeles et a) have shown experimentally, the amines formed
by onsymetio desarboxylation of lysime, tyroeim, and glutes
mio aoid 38 99.8€ D,0 contetned o more than one atom of
deuterium per moldecule, There fe no preason why ome ocould
ot extend this argurent to ensompass all the PPal dependent
aninn acid deoerboxyluses, as they should procesd essentially 2
by the ssme mechanisn, B

Alttough, therc is 1!.tle doubt now that decarboxye

lation of mino acids proceeda siereospecifioally, it was not
Imown whether the overall reastion procesds with retention
or inversion of conf{guration ((XLV) —~+ (NLVI))

cool D(K)
oMeGell 2, HyNeOeH(D)
() (V)
&

It mipht be expested, howsver, that the transition state for
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the release of carbon dioxide should resecmble that for ro-
tonation of the a-oarbon, since, in all probability tis same
active site accommodates the H group in toth transition states,
Accardingly, over~-all retentfon of confizwration ey be
szpected in the eusymic decarboxylation of asine acids
(XLY) —~ (XLVI), Retention of configuration 1s also a oha~
rasteristic of electrorhilic dieplacemont reastions, Ixpertie
ments were parformed in this lsboratory to elusidate this
pofnt . ‘
The first problem was to prepure chexiieally the two
anmtiomers ((XLVII) and (XLVIII)) of aedeutero tyramine using
asymostric intormediates of known sbeolute confSguration, and
reactions whose mechanisrw mre known. In this way, the R and
Seaedetyramine ((XLVIX) and (XIVIII) reapectively) of esta-
blished configuwations would be prodused.

b b
il egeH HeleNH,
R R
(XLVIL) (XLVLLI)

The relative rates of their oxidation by monoamine oxidass
would then allow assigmments of absolute configurations to
the ensymically prepared t-detyramine, The syntheais was

eccomplished by what appears to be well-sstablished unedi-
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guous prooedures, (sve disoussion),

One of the Cirst to demonstrate the prinsiple of
agyrmetric syntheces was HoKonuo"‘. who while experimenting
on the redustion of esters of pyravic aeid had discovered
that when the aold 1e esterified with optically active
l-menthol, the reduction of the a~keto group led to opti-
cally active (levo) lactie ssid, Einee them & vast mmbep of
sterecspecifioc syntheses have besn scoomplished, ueing a
variety of teshniques, Smltwolorﬁ'%'ﬂ'”'” has pu-
blished a series of alassical papers on ths sterescchemistry
of the primery earbon, and has deseribed tlw preparation of
deuterated ocompounds of high optieal purity starting from
optically pure intersadiates.

b)

A configuration dependent deuterium isotope effect
in the ensymatic oxtdation of asymmetrically labeled tyra-
uine by rat liver monoamine oxidass has been peported proe
vxouny". It was pevealed that rat liver monsamine oxidase
is an enzyme exhibiting a degree of stereonpecifioity paral-
leding that of aleohol dehytrorenase, Thess resulte could
not bs generalised to inolude brain monoamine oxidase, due
to the fest that there is a maried differsnce in the aotivity
of soms natural and synthetic compounds in the brain se gome

pared to the somatic system. (e.g. d=amphetamine is mope
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sotive in the brain than leaxphotanine, and leamphetaming s
wore sative in the periphery). This problem was of funda«
mental interest since nothing was known as yet as to whethep
the beain ensyme eaots by & mschanien similar to that of the
liver ensyme.

The basic prinoiples of ihe above experiments were
followsd through to include in_viye vork. The physiological
role of monoamine oxidase in adrenergic mechanisms, {.e, at
the effector oell level, has beon quant itatively and unambie
guously assessed, It was reasonsd that, in opder to evaluste
monosnine oxidase sctivity in effector cells and other tissuwes,
it would be essential to compare two adrenergic avines sterecs
ohemically indistinguishable by monoamine oxidess dut differing
in swsoeptidility to degradation by it, It my te questioned
whether the a=deuterated and the non-deuterated adremersoio
axines are actuslly idemtical sterecchemioally, If (-Uba-)
hes a larger van der Waals radius than (-Cﬁz-). then 1t be~
comes possible that the binaing constants and the pates of
resction may be altered independently of the sero~point
snergy differense betwsen a C-4 and a CeD bond, lowever,
Hislow et n“° using the optical rotutory dispersion technt-
Que have evaluated the relative bulks of (-c»,) &8 oompared
to (-083) in the Meerwein-Pondor! recuction. It was observed
that (-003) and (-0113) have the same wvolume kimetically, Swh
requirerentn are not met by the usual series of ansloge,
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is0logs, or leosteres beonuse of distinet storeothemical
differences bot.vu;x any two oompounds. ilowever, the substie
tution of deuterium for hydrogen atoms in & molecule does
fulfill the above requirements, and differsnces between the
rate of degradation of a substrate and ita deuterium labeled
oounterpart oan be assribed to sero point energy differences
a8 long as the rate=limiting step or the degradation involves
breaking of a oarbon-hydrogen btond. Pop example. should the
adrensrgic amine tyranins (which 1s a good sudbstrate for
monommine oxidass) be labeled with deuterium on the t~sarbon
((XLIX), aluai,-n). the rate of its oxidation by the ensyre
would be expested to be decreased a» long as the ratge
determining step lmvolves breaking of a carbon-deuteriim
bond. Now, 1if monoamine oxidase $s involved as & liniting

(XLIX)

factor in the response of let us suy a nlotitating rembrane,
the substitution of deuterium for hydrogen in tyramine should
lead Lo quantitative differenses in the pattern of megbrane
coatraction. Siunce tls labeled tyremine is stereoohemically
{dentical to normal tyramine (see avove), any difference in
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in responde can be ascribed to varlations in binding eonstants
and rate of degradation of the substpate under perfeotly
controlled physiologieal conditions,

It was a1so of interest to examine the poasidility
that any 1o vivg isotope effects night be sterecapesific,
This was suggested by owr previous dn yvitro results with
ronomeine oxidase and the two stersoisomers of Gedetyramine
obtalned snzymatically,

Recently it has besn postulated that tyramine
triggers the relenss of cuhetnlmim:m'. which then produces
the observed responses. It was found that tyremine, phenyle
sthylemine,; eplwdrine; snd demephetamine will not produce a
pressor aotion whan eatesholsmine stores are depletsd. This
wuld delegats & sseondary role to tyramime, However, if
thin wers #o; the mediated responser Lo tvremine should stil}
be senaltive 1o 1sotope effects as long as MAO limite the
sofourri of tyrmsdne at the level of the storage sites for
oatesholamines,

imilar reasoning as ahove also applied to noradpe«
naline which in a similarly labeled rorm (a-a.‘,-mrummim)
Mght lead to valuable information sbout the nature of the
receptors. The administration of iproniasid, a powerful MAO
tnhibitor, sould be showri@*%3 to potentiats the sction of
various adrenergic amines (such as tyrammine) on the nietitating
mwbrans of the oat, liowever, no potentiation of the action
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of the normal transmitter noradrenaline could be demons-

mua“ ’M. This would seem to indlcate that termination

of the aotion cf noradrenaline and adrenaline at the

poriphery doea not involve brealdown through attesk by monoe

wnine oxidase, It has besn shown by Axelrod and his collse
borators that O-methylation is in z13 probadility an ispop-

tant xechanism of inactivation of utocholmixm!‘.!‘, although
eccording to BroMe and his group, monomine oxidase would .
be involved in the disposaition of catecholsmines and serotenin ‘
in the brain, llowever, the demonstration by cuhon“’ of the
presanse of appreciable consentrations of dopamine in the

traln, provides ancther possibility that some of the effests

of iproniazid in the OHS sould be related in some way to

{ncreased availability of dopamire shieh can act a8 an excel-

lent substrate for MAD,

s} Hiptoriesl

Uatecholamine horwones 1ike adrenaline and nop-
adreneline play a dominant role in adrenergic mechanisrs and
their aotions on various tissues and the volums of literature
on this subject is phenomenul, The question now arisesj
vhich mechanien or shat enzyme or ensymes ie¢ (are) responsie
ble for their insctivation. Cytoshroms oxidese, was
believed for a time to be the inastivating ensyme for catechol-
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amines, leading to the formation of adrencohrome, However
other workers sould not substantiste these findings. Axelrodl’
has observed that eytoohrome oxidase metabolizes catesholexines
in yiire more repidly than any Jmown ensyme, but Jn yive,
ontecholamines were attacked only to & negligible extent,
There are many factors to be oonsidered with respect to in
Yive wetabolism, as opposed to iy vitre systems sush as,
looalisation and degree of binding of substrates, affinity
of substrate for the ensyme, maturally csourring inhibitors,
and passage of the ecompound acroas cellular mesbrazes and
sacess to the intragellular site of mstabolism. An ensyme,
adreaaline dehydrogenase present in rabbit plasma as has besn
daceribed by Inatsued ot a0, reveratbly oxatees adrenaline
to adrenulones It was postulated that this conversion wuld
sonstitute the first inestivation step in the mtabolianm of
adrenaline and noradrenline, However, this sould not be
fibstantiated by other worhnw who not only could not detect
this ensyme {using pH3 adrenaline) in rabbit plasma, dbut sleo
could find no trace of it in human plasra and various tirsues
of the rat. . |

ConyJugation, mostly in the t‘orﬁ of sulfo- and
plucoridurente sold «a,on,jugnte‘iag vas thought to be the major
pvathway of disposition. lowever; later sxperiments showed
that plysioloyical doses of catesholamines adainistered
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intravencusly led to the exerstion of only small amowunts of
oonjugated enucholminum.

An attractive hypothesis that was advanced not too
lony ago consists in that HAO would be responaidle for the
insctivation of catecholamines in tie intaot orgeniem wing
8¢ a parallel the system acetyloholinesterase-ssotyleholine
which operates at tie parasymputhetic level., However, vith
the advert of powerful MAO inhibiters 1ike iproniasid, it
s soon discovered that blookade of MAO did not alter the
ornosntration of catecholamimes in many tissues, mor did it
alter or potentiate thw sotion of catecholamines at the
adremrrie effector cell levelj e.g. the niotitating mesbrane
of the utm. Thers 1s atfll some disouasion with pegard to
the participation of MAC in the metabolism of napadrenalime
in the eentral nmervous lyatum.

Ovservations such as the followingt phenolis come
pounds are O-ctlylated in the body>’, injeoted catechol
flavanoids are exereted aa 3-methoxyel«hydroxyphenylacetic
aoidso, and the discovery by D'lorio and Poll.e:-ms1 (stpmlta-
neously with Axelyod) that oatechol derivatives were methylated
in the mete position by rat liver and kidney preparations,

lod to the discovery of a new metabolic pathwsy for catechol=
anines, New motabolites of adrenaline and noradrenaline,
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oarrying an O-methyl group in the meta position, (swh as
3-mthoxy=-li=hydroxy-mandelic 101450, mtanephrine, nopmeta~
mphriugo. and J-mthoxy-h-hymmhonylglnolso). were
identified. The use of radioactive | M’l idronnlim and
[B%) noradrenaline gave a metabolie pleture of the origin
and fate of these compounds in man and other apooluso. It
was found that only small amounts of free cateohols sre
exepoted in the urlnoso. More than 80 per cent of adminise
tered adrenaline is exoreted as the O-methylated metabolites
metanephirine (fres and conjugated), J-methoxy=lj=hydroxy=
mndelie eotd and Jmethoxy-y=hydroxyphenylelyeod sulphate’,
Tho presence of large amounts of J-methoxyel=hydraxymandelic
uu"" and mtmplmim“ in the urine of patiemts with
pheccliromosytonas suggests that O-methylation s an important
route of metebolism of catecholamines in man, The exoretion
of & large pereentage of the O-methylated metabolites in the
dearinated form, raised the question as to wwther oxidative
deamination eithep preceded or followed O-methylation,
Studies of the exeretion pattern after administration of
metanephrine and adrenaline showed that both lad to the seme
mroportion of O-methylated metabolites, The degree of Oemethyl-
ation as compared to deamination, was determimed mnbtguomli
by Koptn®® vho adatnistered simltansously, {p57) adrenaline
and sstaneplirine in which the methoxy group was labeled with
On‘. and assayed the ratios of the isotopes found in each of
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the exoreted mtubolites, The rattos of 13/cL ana the tota
radloastivity of each metabolite established the relative
importence of the two pathways. Caloulations based on the
observed ratios showed that approximately 68 per cent of the
circulating adrenaline is O-methylated to metaneplrine, wmid
23 por cent directly desminated, followed by O-methylation,
The remainder is excreted as unchangsd and conjugated cate-
cholamines, Studles with nopadrenmaline, show it to be metae ._
bolised {n emsentinly the same way. From these and other ‘
results, Axelrot>® has proposed the following metabolio '
pathways for adrenaline and noradrenaline, (see page 3L).

The ensyme (COM') responsible for the O-methylae
tion of catecholamines has been desorited by Axelrod and
Tomoblek? and 1ts properties w11 be dlsoussed later, It
catalyses the transfer of the active wethyl group of Seadenosyle
msthionime t0 the mehydroxyl group of catesholamines in the

presense of a divalent oation such as Hg“.

The foregoing data cannot be gormeralized to include
the metabolism of oatecholamines in all tissuss, but is phy-
siolopnioally applicsble to amines which are normally relsased
into the bloodstyesm or froa the adrenal gland, Most of the
noradrenaline 1e released direotly fnto individual tissues
from the sympathetic nerve endings, and may undergo metabolis
changes before it even resches ths ci{reulation, Carlsson and
131arp>3, pave intravenous injections of 3,4=dlhydroxye
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phenylalanine (DOPA) to rabbits and have obtained data whish
suggests that the 3,l-dihydroxyphenethylamine (dopamine)
formed in the brafin from ithe administered DUPA first veaches

sites of MAO, The 34-dihydroxyphenylasetio sold (DOPAC) thus
formed then reuachies sites of COMI'y Cpout et llﬂ‘ detormined

the COMT and MAO asoctivitier in the bLrain, heart and liver of
the rate Then they administered inhibitors of COM' snd MAO

b

ssparately and together in order to determine which ensyms
asctivity predominates in relation to the asccueulation of

endogenously formd catecholamines in the brain and lwart,
Finally, the {p yiyo scoumulation of injected noradrenalime
in the rat heart wae studled in control animals and in
animals treated with the two types of ensyme inhibitors in
arder to determine ths relative ability of each ensyms to :

degrade exoperx'is noradrenalime in the wyocardium, In vitro
HAO aotivity was found to be reapestively 3,6 and S times
greater than COMT activity in the brain snd the heart, low-
éver, in rat liver, COMI activity was 15 times greater than
HAU sotivity, Also, the affinity of noradrenaline for either
susyme was roughly the same as indicatied by ‘u values, The
results of tisse experiments sugpest that MAC plays e greater )
rols in the {niti{al metabolism of noradrenalice in the braln
snd heart of the rat while COMI is of greater significance

in the liver, These findings may not apply to other species,
and the results of other werkers®® indlcate indesd that these
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melabolic pathways may vary {rom organ to organ and from
apeciens to species.

o) Other Boutes of Mevaboliss

Kirshner and Sohnpdx-ynrsb carried out metabolic
studies on cats in whioh dl-ldumum-z-cn‘ vas infused.
Their results indicate that blookads of either NAO or COMP
1s largely ocompensated for by the astivity of the ongyne
left intact, Corbined inhibition of btoth enzymes resulted
in the formation of a new adrenaline mtabolite whish was
not identified, and aleo in the fnoreassd produstion of
toidie and mainly conjugated mtabolites, the identity of
which was also unestablished, Recently it was shown that
rats treated with ipronissid, produse a new winagy mta~
bolite of noradrenaline’’, whioh was identifled as N-ssetyl-
normet anephrine, This seems to be an alternative patiway
when MAO aetivity is blooked, To further substantiate this
observation, Wetasbach et .153 desorited & cell free systen
whieh ean acetylate a wide varioty of biogenic ssires, They
stress that acetylation takes place prinarily vhen MAC
sctivity is suppressed.

There has also besn sowe sonvineing svidence that
8 falr percentage of eatesholamined are taiken u ty tissue
eomtltuant-59'6°, and bound in a way whioh makes them
inscoessible ror ensysatie destruetion, lence, part of the



exogenous and erdogeneous cireulating catecholemines my be
temporarily lnnotivated by this mehanien,
On the basis of axperimsnts with’ﬂ’-ndumnm.

as well as other work, Ax-lrodm’so hroposed a ehronological
sequeance of events in the elimination of olroulating adrenae
line. The first phase (lasting Oes xinutes), involves rapid
dilution by redistribution into tissues, then O-methylation
by CONY and speocific binding into eertain tismiesy the second
phase (5-180 ainutes or longer), consists in slew relasse of
adrenaline from the binding sites, and then attack by ComMr,

d)

The ensyme oatechol O-methyl transferass has been
unsblguously implicated in the Oemethylation resstion of
catecholaminess but does it aotually terminate the action
of these hormonas! It has been demonstrated by several in-
vestigators1s62063064s65060 1y 1 yivo ana gn vitro
tohibitors of COM' 11ke pyrogallol wnd querestin prolong the
duration of certain pharmecologloal responses to adrenaline,
and inhibit COMI' reveraibly, The inhibition of MAO by
ipronianid has no effest on these ruponual‘z a8 pointed out
above,

D'Iorto®7 assayed the blologtoal metivity of nope
mtanephrine, metanephrine and 3-methoxywdopantne using
rebbit aorta spirals, rabbit duodenum preparations and the
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blood pressure responss of atropiniged oate, In comparing
the activities of these compounds to theip non-methylated
analogues he found that all of the Je-mothoxy derivetives are
capable of contracting aortic spirals to some degres, Here
metanepirine was found to be as potent as adrenaline while
normetansphirine and 3-methoxy dopsaine showed muh lezs
ativity. These methylated analogues were far loss active

on the rebbit duodenus, were metanephrine and normetanephrine ‘
were respeotivoly 1/40 and 1/200 as potent as adrensline.
Foth mtanephrine and J-methoxy=-dopamine showed & eignificent
astivity on the blood preasure response, In comparing doses
nscessary for an equal responss, these substances were found
to be one=fourth to ons«fifth as active as the non-methylated
snalogues. V¥ith regard to normetanephrine, Lt was only 1/600
a2 sotive as wcradremaline. D'Iorio suggested that COMT &
fiot the only ensyms involved In the blologleal inastivation
of catesholamines and also suggested that the encyms {s not
squally effective in the inactivation of all oatecholomines,
In other words, COMP would display some degree of subctrate

specifioity,
Bqu has {nvestigated the activity of normeta-
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nepirine and metanephrine ut the adrenerglo ef'festor celd
level; 1.0, the nictitating membrame of the cat and has alse
reported that these swtebolites are not totally insotive,

They wure L0 to 100 timss less wotive than their non-methylated
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analopuess It remaing that e large pert of the sympathomimetic
activity fs destroyed by O-rsthylation, Other workere®®*7°
obtained similar results with othor {solsted organs, The
methylated end deaminated metabolites euch as 3emsthoxyel-
hydroxy mundelio aoid was totally devold of activity. The
0-mthy1abeﬁ catecholexines are not inhibitors of CONT, It
s interestin: to note that motanephrine has the abflity to
gensitize peripheral nerve endings to adrenaline, bBeacq
beliaves that demwthylstion of the methylatsd metabolites
by a demethylase first detoribed by Axelrod et 1\171 my be
of some signifiosnce, This would then regonsrate the original
catoclolamine horrones end could acsount for the pecullar
effeots of metanaphrine and normetancphrine noted above,
Axelrod ot ll72 heve shown that both seta and para
O-methylation of noradrenaline and other catech.ols occwrs
in vitro, but could not detect as yet any in 3ivo paras
Oeswtlylation of noradrenaline and adrenaline, CONT normally
mthylates catechiols in the position meta to the side chain,
A possible dysfunction of COMI in which dopamine is mothylated
in the paraeposition has been linked to & disturbance cha
racterized by hypokinetic rigidity in the huwman and & Papiine
sonian~)ike syndrome in eome m!ula“. Thie does surgest
the posstbility of the existencs of two COMT'st one rethylae
ting in the meta and the othar in the para~-position,
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Substrates with msta direeting groups in the side
ohain sush as 3,l=dghydroxyscetophenone, artersnone and
adrenalons, undervent ensymatic para O-methylation not only
An.yAtro (35-4S%) but also i vivo to the extent of 10-25f.,
kven apparent methyl migration from para to mets and vice
verss has been observed m_zm'n‘.

o) Soms Proporties of the Purified Engre®

COMI' 1s a soludle ensyme found in the supernatent
fraction of tiassue homogenates after high speed centrifugation,
Hogligible O-methylation ocours when S~adenoaylmethionine op
Mg** are omitted from the ineubation mixture, The rate of
O-twthylation {s not affected by anaerobic conditions, There
{s no ohmervable stimulation of enzyme activity by glutathione,
Experiments in whioh the pH {s varied in the presence of
0.1 M phosphate buffers showed optimal activity iop the ensyme
between pH 7,5 and 8.2, The rate of methylation shows no
further Owmethylation after 2 hours of inoubation at 37°C,

¥ith regard to substrate specificity, all oatechols
oxanined, regardless of tim mature of substituents on the
aromatic nuoleus were O-methylated. Monophenols are not
substrates for COMI and no stereospecifioity was displayed
by the enzyme towards d- or leadrenaline,

Divalent eations such as Co**, Mn**, 22**, ca**

P** and Bt** could a1l substitute for Hg“ rroduoing varying
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dogreas of activation,

£) lathods of Ageay for COMT Aotivity

The most often used quantitative method of ssaay
for COMT aotivity conoiste in extraoting the mthylated
metabolites followed by their Muorimetric determination at
335 s after activation at 205 m: (on Aminoo=Bovman spectro-
fluorometer is usually resosewnded)., FHesults were not re-
produsibls in our hands,

There are many pitfalls in the uus of the fluorime-
tric technique for quantitative assay, braunsberg and
Jmes™ bave made u detalled sxamdnation of the Ainco-owmen
instrument eapecially with referemse to its variation ¢n
sensitivity vith wavelongth, spectral resolution and stadi~
1ity. Vavelength calibrations showed errors of up to 10 sy
in the range 250=550 m: with the primary wavelength fixed
at a desired valus, Attempts to adjust the monoclromators
vere not sucoessful, The calidration experiments which ine
oluded varfation of mximm soatter readings with wavelength,
revealed oonsidersble variation of the complete optical
system of the instrumert with wavelength, This also shows
that the overeall sensitivity of the instyument varies eon-
siderably wit* wavelengtl., for the tires most sensitive
settings of the recording equipswnt, readings betwesn 10 and
4O divisions gave standard deviations of 2¢ of the mean
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readings, Braunsborg and Jumes furthermore state that pue
blication of sctivation and fluorescence spectra without
data euch as above, limft their oredibilsty,

Strauss and Hom76. in a oritical evalustion of
the quantitative methods uped for the determination of
catecholamines in biologiosl flutds, state fyom their own
exporienas that there is diffioulty in obtaining peltable
results using gpectrofluorametry as a technique. Among the
problems inherent in the basic application of fluorescense
for quantitative masurexerts, they list suwh fastors ss
reflectance, refraction, sbsorbance by the euvets of both
oxcitation and emission emerples, the influsnce of the sarple
solution with pespect to self=absorption, inherent flucpes-
omoe of solutes in the sampls, possible nephelometric ine
fluences, the 1solation of the most effeotive exoitation
wavelength, and the isolation of the emission wavelengths
best suited for quantitation, Uunfricndn als0 reports on
slmilar problems, Dw to the hich sensftivity of the presently
Available fnstrurents, extrems oare must be talen in the
oleotion and matohing of cuvets, preciss orfentation of
Suvets during fluorescence measurements, sad prior determi-
nation that individual cuvet wells yield consistent galva-
nometer responses, Oalvanosmeter variations are often assoe
clated with reflectance effests of the cuvet, and herce it 1s
desiradle to uge silioonised, oriented and prematched suvets,
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There e two other points to conaider in the
development of fluorescencet first, the error dw to
snhancessnt, and the other to retardation of fluorescent
light. The enhancement steme from the inherent fluorescence
oapacities of proteins, co-factors, nonspecific ohromogens
in biologloal flulds, metatolites closely related to cate~
cholanines and findlly the fluoresceme contributed by
chemical reagents added to the reestion mixtures, On the
other hand, these effeets are balansed, in part by quenching,
wviich is aspsoclated with self-absorption, thermsl deoay,
photochemicoal changes, soivent density, depth of solution,
absorptivity of most materials in solution and the scattering
offect of subsatames in suspension,

Henee, dus to the above difficulties it is eimost
impossible to perform quantitative analyses based upon
standards developed in pure solution, It becomes pecessary
therefore to compensate for the deviations caused dy the
extransous diologie inclusionsy this can be dome by insorpo-
rating standards into an aliquot of the sample to be analyzed.
Even with this procedure, it is only assumed that the differ-
ence between the sarple and irternal standard readings re-
presents the emission of the standard alone. ilowever, it
has bsen noted’® that 1imdts of linearity are achisved through
a relatively narrow, 5-fold range of ocoventration. With
& 10-fold range, there wes a decided breakdown of ideal
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linear emission intensity. Exporience in owr leboratory has
shown that with a 10«fold dilution of the samplee und readings
taken with a 10=fold increace in tenaitivity it was not
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possible to reproduce the origindl curve, here are pany
variations of the fluopimstric technique, howover, the cams

basic problems always apply, but thig technique has been

perfected by mumerous investigators and has been applied
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successfully in the quuntitative estimation of many compounds,

The tims consuming precautions and the unreliabille
Ly of the apectrofluorimtyric method necessitated the develope -
mont of a more rapid and reppoducible tochniques A modifia ‘
cation of the oolorimetric method of Udenfriend and cooper76.

vhorein tyramine 1s assayed by reacting it with nitroso-
naphthol to form a oolored complex which & measured at
LSO mu, was applied suocessfully to ow problem of the quan~
titative measuzemont of normetaneplyines This technique was
highly reproducible and gave unambiguous results even though

the readings were at the low end of the palvauomster scale,

6 Siber Quntitative Agalytios) Hethods

There are other methods which could be adapted for
the quantitative estimation of metamephrine and normte
nephrine and which hold promies of being equelly sensitive,
rapld and reproducible, Bm'no79 reacte quinonechlorimide
with metanephrine in alkaline solution, thus vroducing a
blue colored complex which can be meesured at 570 mu with a
colorimeter, This method wuld detect rotanephrine in the
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10'5 N ringe of conoentpation,

Another teshnique which does not rresent the
problem inherent to speatrofluorcmtry, involves the we of
the ultraviolst spestrophotometer, Axelrod ot ll'”‘ have
usad ultraviolet speotrophotometyy for tie asesay of acstoe
vauillons and scetolsovanillons forwed enzymatioally from
Jol=dthydroxysaetoptioncne. This method could be adapted to
the quantitative estimation of metanephrine and novmetane
phrires The spestrophotometric method deseribed by Mahler
and &mnu“ wherein a eolored oomplex is developed vith
Jemethoxyel=hydroxy mandelic acid and diagotized p-nitroaniline
could aleo be wodiffed for metaneplyine end normetanephrine
rroduced in an incubation mixture,

J)'Io:-mm deasribes & short method for assaying
Quantitatively vaniliic asid produced firow the insubation
of protooatechuic meid with GOMZ, The metabolite is extracted
with ethyl acetate and the absorption messured in the ultra-
violet epsstrophosameter at 279 ms, Recovery alvays exceeded
95X Ancther recert development was the application of gas
olromatography to the separation of many diologlically ime
Portant smines {n concentrations as low es 0.5 M&o

Other techniques that have been uted, suwh as paper
ochromategraphy, absorption on lon exchange resins ete. are
t00 much time consuwdng 10 be of value in the poutine assay
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of ensyme sctivities,



b} Inhibitors

COMT 4a a relatively new ensyme and an underatanding
of its tde of action would be fasilitated 1f speoific inhie
bitors could be found, Mope specificnlly, inhibitors active
at physiolozieal comsentrations ip vive sould be highly
deslradls, Hany years ago, Beoq demonstrated that pyrconllod
and other catechols rarkedly increased the duration of res~
ponse to adremaline on sympathetic nerve stimlation m&
However, o erred in the interpretation of this early phenge
mna by attributing the potentiation to the antioxideat pro=
porties of the polyphenols, Axelrod and Lux'oohn83 were the
first to report on the inhibitory properties of pyrogallol
tovards COMI's The formation of metanephrine and normstae
mephrine i vitpg ves compotitively inldbited approxiratoely
50¢ at 3 x 20°5 n consentration of pyrogallol, Hxperivents
“ith B-adrenaline in miso which had recetved pyrogallsd
revealed that the metabolism of sdrenaline snd the forwmation
of metanephrine were dlocked, Iproniesid had no swh offact,
Thus began an intensive search foy better inhibitors, the
ultimate deing to discover a non-competitive antegonist of
COMI' that would be active at physiologlica) concentrations,

mvx&‘ also reported that eateechol at equimolar
concentrations inhibite compotitively the tnactivation of
adrenaline by COMT ip yitrg by about 50£, Since COMT mothyle
ates all known ocatechol derivatives, it s olear that they
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do not aot as inhibitors but simply s dommetitors of adre~
naline and noradrenaline, Their uction must be regarded s
resulting from a soavenging of methyl groups, In faot,
oatechiod itself 1s & better substrate for COMP than the catee
cholamine hormones, Henoo, they cannot be considered as
campetitive inhibitors of CONY, Meny plant phenols with a
catechol nucleus in their structure sensitige smooth rusele
to adrenaline, This strongly indicates oompetition fop COMY
at that level,

1o vivo studies with several substances known to
interfere with noradremline utlbonueg and which sot as
substrates for oither the H= op O-methylating enzymes vere
BRde at about the same time, The gompounds tested were
pyrogallol, glysosysmine, 3,l,S-trihydroxyphenethyianmine,
adnanine, (5-nthylu1uanthy1-2.3.7,8-eotrl!wroxyd1bonno-
(as0,)-syoloheptatriens), oateshol and nicotinemide. It was
found that glycooyamine, pyrogallo) and cateshol were the
nost effective competitors leading to a doubling of the haolf=
life of adwintstered noradrenaline, Although the formation
of normetanephrine could be blooked almost complotely, the
offoct on the half=1ife of noradrenaline was not ccmensurate
with the degree of inhibition. Altermate routes of moisboe
1ism may be assumed to operate in the absenne of COMT, 'The
fact that pyrogallol is O-methylated efficiently has been
shovn unwiguoully". It 15 reasonable to assume that othep
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polyptenole suffer the sams fate both An.Yive and in vitro,
A pood pharmasological evaluation of pyrogallol, satechol,
adrenalone, arterenomne, gallie asld and cocalne as Oemthyl
transferase inhidbitors in vive am AR Yitro has teen reported
by Nylde ot d"a. lis observed augmentation of tie pharmas
cologieal effects of oatesholamines on the blood presoure,
the nietitating membrane and goneral toxioclity with all the
inhibitors studied, tut wdth the exception of coonine,
croub“ reported s nonecospetitive component in the aotivity
of pyrogallol as a COMT {nhbitor, although he matntained
that it ssts largely as a competitive substrate,

From the foregoing investigations it cen be come
cluded that pyrogallol is & mvod competitive inhbitor of
CONP’, but $s also & good svhstpate for the enczyme as are all
of the other polyphencl typs of inhibitors, It ia extremly
1abile blochemically, and toxisc at the doses wsed, It is
therefore an umatisfactory inhibditor for quantitative studies
inyive and 4 vigre,

CONT is & metal-ton dependent ensyms and on that
basis a chelation mechanism has been proposed which acoounts
nlcely for complex formation between catesholamines nid the
onlylu'"‘. The mechmism of this enzymic methylation has been
pletured as & displecement reaction on Seadonosylsmsthionine
by the more nueleophilio hydrexyl growp of a given oatechol,
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This rechanisn suggests that an 1deal inhibitor
would be a powerful but highly specific chelating agent that
would not abstract the metal from the enayme} it should be
ivosterio with the catechol mucleus and resistant to cxida~
tion, Such a substence would form a complex with the enxyme
and would most probably lead to non=competitive type inhie
bitiont 1,04 it would not be dlsplaced by an exeess aof
aubstrate or metal fon, and would teuly f£it the theory of
ensyme kinetics, The tropolons ring (2«hydroxysyoloheptae
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triemsone) sesmed to possess all of the above qualifisations
and &8 & prototype of this urusual oless of aromatio compounds,
Leswthyltropolone was selsoted for oup studies,

1) Eolorioal Activity of Troolonss
Since the elucidation of the thun of the

tropolone ring more then ten yours a0, the parent compound
and many of its natural and synthetio analogues have Yeen
aasayed for a variety of biologloal sctivities, It was dise :
covered early that tropolons had basteriostatio ut&vnya?. ‘
This work was extended to a wide variety of natural and syne
thetio derivatives of tropolone (such as 305, Totribromo
tropolone) and the fast that basteris had no tendency to
develop uliutmo“"u of some irterest, Howsver they were
found ineffestive against sarecma in the ut”’. The powerful
mtal shelating property of the tropolone ring vas used to
advantage as & protective agent in berylltm poisoning in

ntoaa.

Logioal extensions of tiese investipations of the
blolepioal setivity of tropolone compounds led eventually
to the observation that they ean inhibit the vimms of Japsnese
ensephalitis m&‘). Nore work iv necessary to assess the
true effectivemsss of tropolones as inhibitors of other vipal

straine 4o vivo end 4p vito,
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Tropolons was found to have peouliap mtivity
on emooth muscle, shiich hints that it may have eome effect
on adremergio transmiseion, At low consentrations it stimue
lated but at high concertrations inhibited the tone md
spontansous movement of diestrus or estrus uterl of mice
& vitpe™,

It s of interest to note that trees of the faily
Cupressacese and cedar trees, vhich produce thuleplicins,
hinokitiol and other tropolones are highly resistant to
fungal infection, In faot, it was subsequertly uhown that
tropolone and hinokitiol as well as scms brominsted analops
had antiefungal aotivity {n yitre™ . They are approximately
squirotent to the antidioties, trichomycin and mycostatin,
The mechanisoe of these effects are unimown,

It wvas observed also that tropolons, Na hnoki-
tiolate, J=carboxyel-carboxymethyltrapolone, armopium t3opoe
lone~Sesulfonate, J=carboxymethyl tropolons, L-methyl tropo-
lone, 2-chlorotropolons and 3=bromo tropolons-mereury, pro-
duwed hyperglycenic and diureais after intravenous injection
into rabbits at doses of 570 ng/kg”. The blood sugar ourve
showed mostly a phase of Myperglyeemia contimuing for seversl
hours after the adinietration of the compounds followed by
& hypoglycemic phase, Later, ths blood sugar level normalized
alovly, Histological examination indicated that the f-cells
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of the panoreas were most severely injured after the adeinis-
tration of these troponoids at the suggested doses. In some
cases the majority of the f=sells were neorotised and only
the Gecells remained intact in the islets of Langerhans',

In the kidney, the main parts of the renal tubull were pavere
sibly impaired,

These investigations suggest that the parellelism
betweon the extent of the hyperglysemic effect and the injury
to the fi-cslls, my be related to inhibition of tnsulin
seeretion whereas the parallelism between the extent of the
dluretic effect and the injury to the renal tubull would
origlnate i{n the inhitition of reabsorption by the renal
tubulli, It s possible that fahibition of COMP by the troe
ponolids in yiva may be partially responsible for the hypere
glycenic effect. An activity at the level of the antidiuretio
horaone secretion should also be considered in pelation to )
the dlupetic effect,

The antimitotic astion of eolohlelne is well doe

cumented. Another interesting activity of tropolome s its
antagonism to the metaphass arresting action of cohhielm”.
Ho interprstation of this interesting effect is availabdle,
The mode of aotion of cclohioine has eluded investigators

for many years and there is mush confusion even to date,
dince the £ifth century, it has been used in the treatment
of pout, and its antimitotic aotion is widely lmwn%.




Daring the past few years a wide varioty of ssemirgly dis-
connected aotivities of colohtesne have been umtod%'%'%'
%, Among the more prominent ones are its ACTY 1ike
astion and its potentiating effeot on the action of adrena-
line (f.0. & sympathomiswtic effect, hypertenaive activity
and & derressive effect on the respiratory centre).

When the methyl ether on ring C of colehicine s
cleaved there results colchiceine whioh has its tropolone
ring unblocked, liense, the possidility arises that many of
the above cbserved effects of solehicine might be explained
on the basis of COM inhibition 1f colohicelns is prodused
40, Yivp or is present as & conteatnant,

Axolrod”? has desoribed an ensym losalized fn
the miorosomes of liver and shich has the ability to cleave
& vide variety of aromatic ethers, among which is colohicine,
Bacteria have also been shown to possess the smme mmy“”.
Howsver, in the case of colohioins 1t hes not beon shown
which methoxy sroup is removed from the molecule, It my be
recalled that colehioime hes  four mthoxy proups of which
only ons is an the tropolone ring,

To determine wiwther the tropolone ring oan be
unblocked ipn ¥iv, a bloohemioal assay mrocedure was devised,
wherein golchicine was inoubated with a rat liver homogenate
following Axolrod's prosedure’’, The resulting solution vas
then assayed for CUM? imhivition,
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Another interpretation of these strange effects of
colchicine, may be that the investigators have used a colohi-
cine preparation containing e small percertage of minor allkse
loids which have the tropolons ring inteot, There is evidence
that older preparations may have been so contnunuudlm‘.

3) Hetal-Complexing icenty
The wse of ensyme inhiditors which bind setal fons,
is another important ssans of investigating the mode of
ation of an onsyuma. Swh inhiditors have been postulated
to diminish catalytio activity by binding to the metal in
situ, 1.0, on the apoensym, forming & mized cosplex as shown
in the equation belows

(Bl) o nX =+ [EMo] In (™

The inactivity of the complex (ENe)In s related to the f4lling
of the coordination sphere of the metal, Alternatively the
inhibitor I might insotivate the onsyms by removing the metal
from the ensyme, The yeversibility of this resstion might
then be governed by the ability of the protein to reassociate
with the metal lon onse dissooiation has occurred as per the
equation belows

(EMe) +nl = K ¢ Maln (8



e e L 2 508 4 M T ST R Y SIII IO Y e st e LN et e d”

“« 5 -

both equilibria deploted in equations (7) and (8) spe funotions
of texperature, time, inhibitor comentrations ote, These
equutions are based on esteblished prinoiples coverning the
action of such imhidbitors and although they may arply to
many metaledinding agemts, they may not negessarily apply to
all,

If a ohelating apent interaots specifically with
& metal ion bound to an ensyme, it chould be possidble to
prevent inhibition by cooupying the site of ehelation in the
ligand with & metal atom prior to exposing the enzyme's metal
to the same ligand, Although the mstal-chelate complex 1s
{in squilibrium with metal fons and chelating agent, this
dissoolation should be of negligible magnitude and oan be
disregarded, beceuse the equilibriumy

M4In = Wln (9)

e far to the right due to an excess of metal ions usually
used, Omsoquently, no change in setivity should de odbsepved
«id this 1s penerally the case,

Once a mstal-snayme inhibitor complex has formed
s desoribed in equation (7), m oritical excesa of metal fon
should reverse the inhidition by competition with the retale
losnayme for the bound inhidbitors

[RMe)In + Ho = [BY) + (HeIn) (20)
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Tins sotivity ahould be restored by reroval of the inhibitep
from the metalloensyms oording to the mass sotion law,
Thus, reversibility results from & characteristic of a dissoe
olable metalesnsyme chelate eomplex. 5ince many of the
metal fons may themselves fnhibit #uch ensymes posatbly by
intoraction with acosssory sites on the apoansyms, the
stolchiometry of all resctants must be noun before draving
conclusions,

Henoce, it 18 now apparent that one must &1fferen«
tiate between mchaniers (7) and (8) with regard to COMY
inhibition by tropolones, and this is aiffieult to do on the
basis of inhidbition kinotics alone, Also, vhen a meta)
onzyme {s exposed to comsentrations of ligand whish should
lead to cooupancy of available ecordination bonds of the iom,
the stolohiometry of the metal chelste that is formed will
e an exoellent guide to the mechaniam of sotion of the ligand,
Newswremonts of any of the physical or chemieald changes that
nany chelating agents undergo as s result of complex formae
tion with metals may serve as gauges of complex formation,
Our only gauge is the percentege of inhibition index because
the enxyme has not as yet been suffiofently purified. Job's
Fothod of Continuous Varlation was however used to advantas

30103. This method whioh sufficee for our purposes was

B T Y e Yy e A R 5 -3 e B D T

apnlied as followss two components forming a complex are
nixed, shile their molar sum i» kept constant., A metal s



varied from 100 to 0 mols % sinultaneously, in order to

keep the molar sum constent, the complexing agent congentyrae
tion 1s varled from 0 to 100 mole #. The somplex will exhibit
& naximal ohange n a physieal or chemicsl property (such as
speotrophotometric abearption) when the relstive amounts of
motal and 1igand ecrrespond to the stolchiometry of the come
plex. ¥when the change in extinetion coefficient at one wavee
lenpth ia plotted against concentration of metal fons (0 to
100 mole %), the maximal ohangs for a 111 (¥L,] complex 1)
osour at 50 wols % of metal} for & 112 [u.x.z; coxplex, at

3) mole % of metaly and for a 133 (M-’] oomplex at 25 mole %
of the metal, Unfoptunately apectrophotometric absorption
cannot be applied to orude ensyms preparations, so that
percontage of inhidition changes were used instead, A suffi.
clently pure ensyme preparation was neverthwless used as
othervise there might be too many interfering festors in the
srudor preparations used in the kinetic studies,
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Ao SYNTUETIC PROCKDURES
Lo SmumDRUTHRIOUYRANINE” (ENZYMATIC)

Several reported procedures were attempted, to
prepare this ohloride from anisyl aloohol with 1ittle success,

The folloving procedure proved the most fruitfuls 35 grams

of anisyl aleohol in 60 mls, of chloroform and 2l mls, of
pyridine was treatod for approximately LS minutes with 37

grams of thionyl ohloride at 0=5° C, The resction mixture
turned black, Stirring was continued at 5° C for 30 more
minutes, and the resultent mixtwre was poured into water ind
sxtractod with ethers The ether was washed with dilute NaOH
solution (3 times), .»%0d vith anhydrous sodium sulfate and
evaporated. The residus was distilled under redused presme
(122-125° G/25 mm,) to give 10,15 grame of colorless distillate,

The next two ateps whioh begin with the addition
of ethyl ascetanidomalonate and anisyl shlorids to give ethyl

Specification of asyrsetric oonf tion aceording to
?i§g6‘,’m. (HR Ingold and V, PNM. rientia n'
[ ]
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2-atetani do=2egarbethoxye3« (penat hoxyphenyl) propionate, and
subsaquently 2ensetunidoe2-carbethoxy-1. (pemothoxyphenyl)
mroplonic asid are desoribed by Bornnguotm‘.

oy ,i‘-v:a«;’a-pamggngrm A A N R R - ..
" N N S Stk nas :

To 6 grems of 2-acetemido-2-carbethoxy~3~ (peeethoxy-
phenyl) propionic acid was added 10 mls, of triethylaning,
and 150 mlss of dry bensens, The soid dissolved on ehaking,
Then 3 mls, of oxalyl chloride was added dropwise over a
period of 10 minutes, under oe sooling and megnetie stirring,
Stirring was continued at 0° O for mother tiree howrs, The
triethylamine hydroshloride was then filtered off and the
clsar solution was evaporated under vacuo at 35° 0, The
residus wae a wavy yllow ofl, wrich on addition of twice
the theoretical amount of heavy water, orystallized out upon
triturating and couling, The oruds product was used in the
subsequent resction,

In a dried flask fitted with a thermomter and
connscted to a vaouum, was plased sbout 6 grams of deuterated
2=a00t el do=2=0arbothaxy=3=(p=methoxyphenyl) proplonic aeid.
The flask was then ismersed {n an air bath at 150° ¢ fop
25 minutes, and decarboxylation took place vigorously. The
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rcsultant oll was taken vp in othyl ether, sné petroleum ethap
was added 11l orystallization began, The flask was placed
in tle oo0ld overnight and a s0lid mase of cryntels was
collested, The product was reorystallised from ether, which
removed most of the coloy,

Yield 2.9 gramay mips 70-72° C, 18t, (104) 72-73° C.

o) geDovterio-Dletyrosine

245 gram of 2edentorioethyle3s(p-methaxyphenyl)e
2-acet i dopropionate was placed in & flask with 50 xls, of
LOS HBp wnd refluxed overnight, The excess !B was evaporated
in vacuwo and tl» residue talen up in water, Dilute HaGll was
then added until & pH of 5.7 was rosched, (1s0-0lectrio point
of tyrosime), The orude a=d=limtyrosine was recrystallized
from watery (1 gram to 200 mls, of boiling vater),
1014 1 guy mepe 270-272° C (decomps)s

f) REnavmatio S-a-d-tyraxine Hydroghlor &
In a three-nsek flask was placed 60 mls, of pH
5.6 aoetate burfer (0,073 mole fraction of sodium acetate
Plus 0,127 mole frastion of acetic asid)y 200 mge of tyrosine
decarboxylase (Rutritions) Biochemioals Ltd.)y 720 xg.
aegeDi-tyrosine end 10 mg. of pyridoxal phosphate. The flesk
vas lept st 36° C overnight with mild stirringy slso a conti-
nuous styean of nitrogen was passed over the resstion mixture

(one budbble/secs)s The pi of the reastion mixture was cheoked
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at bourdy intervals for the first three bours, then about
overy Je hours, Addition of dilute smeetic astd was neeessary
to maintain the pH at 5,6,

After the inoubation period, the contents of the
flask were bolled gently for 3| pinutes, and then centrie
fugeds The olear supernatant was decanted and the residue
vas washed with ebout 75 mls, of water and ontrifuged again,
The plH of the cloar supermatant and vaghings was adjusted
to 7.5 by addition of dilute NaOH,

The mthod for 1solation of pure Gedetyramine wes
in escenoe that of Davis and Mparaus. 100 Orams of ame
berlite C0 «50 H* 2006400 mesh vas plased in & one litre
flask and the above supsrmatant end wvashings were added, The
flask was shalen for an hour and the sontents were poured
into a chromatogrephy colwm whieh contained a plug of glass
w00l, & thin bed of eelite and 10 grame of dry resin, The
flusk was rinsed with 2 x 25 mls, portions of dfstilled water
and the washings were transferred to the colum., The colwm
was ilan washed wvith about 7 1itres of dlstilled water under
Pild pressuye, Seaedelyranine wes then sluted with 2 litres
of L acetic acid. The residus, upon evaperating the acetis
ald in vaouo, was taien up in boiling ethanol, T insolue
ble fraction was filtered off, and the ethanol was aontentrated
down to about 10«17 mls,, and dry iCl wes bubbled into the
othanol solution for about 3-L nimutes, The insoludle ilnore
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ganic preoipitate wvas filtered off, and to the olear ethanol
golution of Sea=d-tyramine bydroohloride was added 5 mls, of
othyl ethwr. Un soratohing and cooling, fine cryetals of
S=~detyraxine hydrochloride oryatallised out, The produst
vas recrystallized from a minimm quantity of boiling etha-

nol,
Yield 100 mge3 moDo 250-255° Ce (agress with commercial

ay
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\ The procedure used here is identical to the one ‘
employed for the preparation of Sea-d-tyremine from GedeDl-
tyrosine) exsept that 360 mg. of Letyrosine was employed and
the incubation was carried out in heavy water (Dao). Also, ,
& oalotun ohloride tube was fitted to the insubetion flask,

o) peAllviasisole (Esgragod) '

200 Orame of anisole and 750 grams of asetio acld
were mixed in the cold, Bromine (310 grams) was then added
in an alp stream until the solution was yellow, The resstion
mixture was them poured into L litres of water, The vater
vas ovaporated and the residus distilled at 93-94° 0/13 m.

Yield of pebromoanisole wes 107 grams.
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Then 2, grams of magnesiur: power was activated
with 5 graxe of 1odim in L20 mls, of ethyl stler. peiiromo-
antsole (167 grams) was then added dropuise. Then, 121 grams
of allyl btromide wns added over l, howrs. After evapopation
of the ether, the restdus distilled at 86° /13 mn,
Yield of p-allylanisole was 122 grams.

i , (p=ppthoxypheny} }=oropan
500 uls. of perforedo soid (9%0F) and 115 pls, of

hydrogan perexide (304) were stirred vigorously, and to the

stirring nixture was added approximately 20 gravs of esdragol,

Stirring was cortinued t111 the tesperature rose to 4O° ¢

(some heating vas necessary). Then with alternate cooling

in 100, vas added dropwise 102 grems of esdragol, and the

temperatire vas maintained at LO-4S® C, The reaction mixture

vas stirred overnight at room temperaturej then evaporated

in vesuo, 70 the residus was added a solution of 66 grame

of NaGH in 140 mls, of water, the temperature being main-

tained at 40-50° G, The mixture solidiffed, Then 200 mls,

of water was added and ths aolution vas heated at 50° C for

1 hr,, co00led, and 100 mls, of concentrated HC) was added,

The resultent mixture wes extraoted with shloroform, which

“as subsequently evaporated and the residus distilled at

158° 0/2,5 m,

Yield of 1,2-dihydroxy~3=(p-methoxyphenyl )=propane was 100

RTam
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¢) pelathoxrphenylasetuldotvae”

1842 Grams (0. mole) of the glysol 1,2-41 hydroxy=
3~(p-methoxyphenyl)=propane was dissolved in 1 litre of
benzens, Then, 100 mls, of the bensens was dlstilled off,
the solution was cooled, and .3 grams of lsad tetraacetate
in small portions was added with stirring to the solution,
The solution wes then stirred for one howr, mnd filtered,
The riltrate was washed with water, followed by a saturated
solution of sodium dicarbonate, It was then dried with ,
anhydrous sodium sulfate and evaporated in vacuo, The resi- ‘
dus distilled at 78-79° ¢/0,1 ym.
Yeld of pemethoxyphenylecetaldehyds was 10 grams, (65¢ ovepe
all yfeld),

d) fe}edepmethopyphenetbyl algobol

146 Orema of megmesium was added to 8,5 gress of
n-propyl bromide ia 79 ml. of ether. Then with the texperae
ture natntained at 0° C, was added 10,3 grazs of 1-d-iscbornecl
dissolved 1n 75 mle of ethort’, Tha l.d-lscbornecl wes
propared by the pedustion of deoaxphor with lithiw aluminum
deuteride 1n ether at «70° 6 35, It was at least 97% labeled

———

Plion&nm. E.p and Kiefor, Bey Chom, Bey, ﬁ. 07 (1%7)
reported the preparation of this aldshyde using different
mthods which proved unsatisfactory in our hands,
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on the carbinol carbon as determined dy n.m.r. analylu“.
Then 150 mle, of dry benmens was added, and the mixture was
distilled until the boiling point of the vapors was 75° ¢,
Tha resction mixture was cooled to roonm texporature, and

10 grans of pemethoxyphenylacetaldehiyde in 60 mla. of bensens
was uddod’b. It vas stirred for L hours and then §,5 mls.

of vater was added to stop the remction, 10f HC1 was then
&dded, and the bensens layer was separated, washed twioe

with dilute u.mo, solution, dried with anhydrous llazaou

and evaporated in vesuo, The residus plus 300 mls. of water
was heated under reflux, and the undesiresdle terpemes were
renoved as a sublimate, The removal is complete after

67 hours of reflux, The mixture was sooled, mnd extrasted
vith ether, The ether was dried with anhydrous u.zsoh. and
evaporated in vasuwo, The residus distilled at 94-%° ¢/1 m.ma.
Yield of Swled=pemsthoxyphenethyl aleohol 4.1 grems (L40%).
(6)2-1,L4° (naat),

m109.110,111

152 Grass of the above aleohol was dissolved in
15 mla, of dry pyridine and cooled to =10° G, Then 2.1 grems.
of p-toluenesulfonyl ah:loride was addeds the texperature was

RO

W are grateful to Ur. H.A, Praser for the interpreta-
tion of the n.an.r. spectra,

®
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kopt at 0° ¢ fop 2 houra. The reaction mixture was diluted
with 25 wle, of water at 0 C. The orystals formed were
roorystulllsed from ethyl ethorepetroloum ethar,

Yield 2 grars. mepe 50° C,

£) Belegop-tethosyphenetin) Axids®®

2 Grams of the above tosylate was dissolved in
12 mla. of wethyl aloohol and 2.5 mls. of water to shich
1 gram of sodium aside was added. The resotion mixturc was
boiled overnight, and evaporated to drymess, The residus
was talen up in water and extrasted with ethyl ether. The
ethersal solution was dried with anhydrous "‘z“h and evapoe
rated in vaouo, The residus was used as such in the subsee

quent reastion,

§) Bedod-twanize iycroohloride

The residue from the ethereal solution of the
previous resction was dissolved in 25 ml, of ether, and the
solution was added to a solution of 1 gram of Lmlllb in
100 mis, of ethyl sther. The mixture was boiled for ome
howr, cooled, and tre excess x.muh was decomposed with
1 ul. of water, Then 1 ml, of 20% NaOH and 4 mla, of water
wae added, and the resuliant nixture was filtered, The
ethereal solution was washod with 107 RaOl, dried with anhye
drous "‘25015 and evaporated in vasuo, The residus was taken
up in & minimm quantity of ethyl ether, and dry HOl was
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pussed into the solution until crystala furmad, 010 mg. of
colorless erysials of Rel-depemsthoxyphensthyl amine hydroe
olloride wers oollected, placed in 20 xd. of 4CS HPBp, and

boiled overnight, The resultant solution was ovaporated to
drynesss The orystallime residus was taken up in methyl

aloohol contafning & few mg. of Agecol. The solution was

f{ltered and evaporated to &ryness. The residus was then

taken up in ainimum quantity of ethyl aloohol and dpy HOL

was passed into the solution until it was saturated, and

then filtered hot. The clear filtrats was concentrated to

a szall volwme, und ether was added t11) orystallisation g
began, The crystals of Reled-tyramine hydrochloride were ‘
recrystallised tulce from ethanol, m.p. 269°C.

bo Ees-DEUIKRIOTYRAMNE (SYUTHERIC)

a) f=)=g-p-spthoxrubenstiyl Dromids

1.5 Grems of 8=)«d=p-methoxyphenethyl alcohol
vas dissolved in 10 mls, of dry chloroform and 1.2 greame of
oollidines then Ol mls, of l’B:'3 was added, and the reastion
xixture was stirred at §0° C for § minutes. The mixture was
poured onto 10e, The chloroform laysr was washed with dilute
01, dried with anhydrous sodium sulfate and evaporated in
vaouwo. The residus vas distilled at 138-242° /1) mm,
Yield of Rel-d-pemethoxyphenethyl broside vas 0,570 eraws, (35Y),
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b) f=l=g-gemethoxyphoreth:yl Aside

The Hel=depersthoxyphenethiyl bromide (0,570 rrams)
plus 1 gram of sodium azide in 2.5 mls, of water, and 15 mls,
of methyl alcohol were refluxed overnipht, and the product
was isolated s in the procedure for Heledepe=methoxyphensthyl
aside. The resfdual oil gave a stronp peak in the R-M3 region
of the I.R. (2150 ext}),

o) Se-getvramipe iiydroohloride

The residual ofl from the sbove resction was reduced
&8 ver the prosedure for Rea=d-tyramine, using 0.5 grams of
Lmuh. The yleld of 156 mge of Seledepemsthoxyphenethyl
anine hydroshloride was boiled overnight in 10 mls, of 4O%
HBp, and the resultant S«ced-tyramine hydroshloride was iso-
lated as in the previous procedure for fegedstyranine hydros
ohloride. m.p. 269°C.

The most obvious proesdure appeared to be the pre-
paration of the oyanohydrin from 3,L~dihydroxybensaldehyds,
and then reduction with deuterium gas, lowever, this preoce-
dure only produced starting material after repsated stterpts
of eyanohydrin formation, Susoess waw achieved with a modl-
fication of the method of Orews end 1brbnrglu.



The procedure employed here was essentially that
of Buok and mmmu3. Piperonal was used as starting
naterial,

b) lk-Pibenaxioxxbengaldehyde

10 Grams of sodium was dissolved in 200 mls, of
methyl aloohol, Nitrogen was bubbled in for approximately
twenty minutes, and then 23 grams of protocateshualdehyde
vas added under reflux and with a continuous stream of nitro-
gen boing passed over the reaction mixtures Then 51 mls,
(56 grams) of bensyl chloride was added, and the resultant
solution was refluxed for spproximately 15 hours, under &
continuous stream of nitrogens The sodiua chloride was then
filtered off, and the mthanclic sovlution was evsporated in
vasuwo, Urystals separated out, waich were recrystallised
five timos from ethanol.
Xield of 3,Li=dibensyloxybensaldehyde was 21,2 grams, B.p,
50-91%,

o) igetedoyterigmethyibromoegetate
The procedure used here 1n a modification of the

one used by Auwers and Bernhmum‘.
To a mixture of © grams of deuterated acetic seid
(°D3°°°”) and 0,875 gracs (0,85 grams theory) of dry red

.



nhosphorous was added gradunlly 57.5 grams (20 mls.) of
dry bronine, with suitable cooling 1f necessary. The mix-
ture was heated under reflux for 10 hours on a water tath
rather than the recommendsd 5, since tls reaction takes

3 wﬂ}q’\-—&vpﬂrr_@wnp;‘m‘y;,gr,w‘t, 4

longer to reach completion dus to an isotops effect.

A oonsiderable amount of bromine was recovered.
Then the reastion mixture vas treated slowly with 2-3 times
the caloulated smount of wethanol (10 mls,)s The mixture
was diluted with water and the produet was extraested into
other, which was then washed with 20€ aquecus sodlwm bisul-
fite solution, dried with mhydrous Huesoh svaporated in
vaouo and the restdus was fractionally distilled, bep. 65° 0/

60 Mle
Yield of bis-Gedeuteriomethylbromonsetate was 543 grams,

About 15 grams of 20 wesh sine was vashed with
106 KO, then scotone then anhydrous ether, and &ried tho-
roughly. In & 3eneek flmak equipped with stirrer, ) gress
of 3,4=dibensyloxybensaldshyds was dissolved in a mxture
of 50 mls. of suhydrous ether and S0 mls, of dry bensems.
Then 1.6 grams of biseGedeuteriomethylbromossetete (5% excess)
ves added, and finally 3} grams of washed aine, A few
orystals of fodine were added to activate the sine, and heat
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was applied from a water bath, The mixture was refluxed

for 3 hourss 'hen the source of hoat was removed, the
renction ceased, At the end of the first hour of reflux, an
additional 3 prame of sine was added, and etill an additional
3 prams was added after the seeond howr of reflux, The
uixture was cooled, and shaken with 104 11, then with water,
then with dilite Nall, and finally with water egain. The
sther=bengens solution was dried with anhyarous anaoh and
evaporated in vesuo, & thick light yellow oil was cbtained
which failed to arystallise. This crude ester prodwst of

the Reformatsky reaction was used as such {n the subsequent

resotion,
o) febivirqry=t-(1-divonnxloxyptanyd)-bis-co
sauteriobydraside of Fropionje Meld

To approximately 3 grsms of the erude ester from
the previous resstion was added 2 mls. of ethanol mnd 2.5
grema of 95% Mydrasine hydrate. After heating st 50° G for
t fow mimtes, a white crystalline mass separated out, sbiech
vas filterad and dried.
Yield, 1.5 grams mep. 190-292° C,

£) LeBisdauteria-g=(3,-dibensyloxyohenyl)

Uxagole-2-on8
To a suapension of 1.5 gress of the proviously

prepared hydraside in 10 mls. of water, 10 grans of ice,
and 2 mls. of glacial acetic acid, was added drop by drop
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wyier intensive stirring a solution of 1.3 grams of Naxoa in
2.8 nls, of water, Stirring wua coutinved for an additional
4 hours under ise o0oling, Then the temperatira of the
resction mixture was allowd to rise to 40° 0 during & two
bour time interval, Mnally the solution wus heated to the
bofling point, and an ofd separated out whinh becamw very
viscuous on ovolings, The oil was extrasted with ehloroforn,
and the ochlorofarm extpact was washed with Sf hCl, water and
dlute Halll, The chloroforn layor was then dried ovep anhy-
drous lewh and evaporated in vaswo. The reaidusl vissunus
Rass vas takon up in a minfwm Quantity of othyl acetate and
crystals formed on soratehing the sids of the aontainer. The
erystals were redissolved {n a minimm quantity of ethyl
otate md a enall insolible portion was filtered off. Then
othyl ether was added to the elear solution until erystalli-
sation began,

014 of L=bisdeuterto=s- (3,4-aibentyloxyphanyl) oxagole=2-
one was 0,952 grams. m,p. L6-148° C,

900 mgs of the oxasole cbtained from the pwevious
reaction, was placed in & solution of 2.2 grams of
Ba(OH)a.OHao in 60 mls. of wethanol plus L0 mis, of water,
The resultant solution was refluzed for 3 howrs, after shich
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CO, was bubdled in wnder reflux for 15 minutes to pemove
excess barium hydroxide. The solution was holled an addi -
tional 15 minutes, The ilnfm3 precipitate was centrifuged
and the supornatant was filteped through fine filter peper,
The 8.003 precipitate vas washed twice with methanol and
contrifuged again, The vashings and clear filtrate were
coxbined and evaporated in vacuo. 7he residue vas & heavy
light yellow ofl which was taken up in 1s0-propyl aleohol,
The alcoholic solution was then evaporated to a few mls, and

anhydrous ether was added until slight cloudiness was cbasrved, ‘

Iso=propyl alcohol was added drop by drop until the oloudi=
ness just disappeared. Dry HOL was then bubbled in oarefully
until the solution was just on the wolid side, Crystallisge
tion began imsediately. The extremsly hygroscopic orystals
wre recrystallised from {so-propyl aloohol and ether.

Tield of big-adeuterio-pehydroxy=-p~(3,L-dibensyloxyphenyl)
ethylamine hydrochloride was 635 mg.

b) dl-Bis-a-deuterionoradrenaline

5% mgs Of bisea-deuterio=fehydroxyepe(3,)-dibensyl~
oxyphoryl) ethylamine hydrochloride was dissolved in 25 mls,
of methamol containing 1f water , Then, 595 mg. of 10f P4/C

¢ The water was neceasary to prevert the formation of tiw

methyl ether at the Pehydroxy position,
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vas added to the hydrogenation flask, and hydrogenation was
carried out at slight positive pressure., The hydrogen
uptake stopped abruptly when the theoretical arount was
reached, The solution was filtered through celite and

RS RS s e G

evaporated in vasuo. The residue was taken up in 3 nls, of
vater und 6 drops of conv. unhou wvas added. After seratching
the container, crystals of dl-bis-a-deuterionoradrenaline

SRR P

separated out, and were let stand in the 6old for ssveral
hours.
Y1014 of dl-bisea-dsuterionopadrenaline was 149 nge mepe 1650 C, \

1) lebipesegauteriomoradrensllie=d-bitertarate

The resolution of n-m-u-aumxommmm
vas carried out acoording to the procedure of b,P, Tullay 15

6e L AN op

o) L-Styryltropolope

Using Jesardoxy-li=styryltropolons as starting
nmm". L-styryltronolone was prepared adcording to the
procedure of Tarvell st a13l?,

The procedure of Tarbell et nm vas also employed

here,

Trimkc
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trboxy-l;-l 1tropolone propared by Mps, M,
using cho prooodmng.
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o) Le(p-liydpoxy Hitrosthane) “ropgions

2 Orans of l-formyltropolone wus dissolved in

50 mla. of methanol, and L =ls, of pure triothylamine wus

addeds Tho romction mixture was cooled to 5° ¢ and 10 mls.,

of nitromeihane way added. The mixture was let stand for

L0 bowrs at 5° Co Then the solution was acldified in the

cold with 20¢ aqueous HC1, Almost complete discolopation

ocowred. The resultant solution was evaporated to dryness

in vaouo at 20-25° C, The residus was triturated with ise eold

water, and light yellow orystals were forusd. mep. 138-139° C,

The crystals were recrystallised from soetono-heptans to plve

oream colored plates with a m.p. of 140.5-141° C,
\

d) |eBthanolaminotpopolons

llydrogenation of the nitroaloohol obtaimed fycm
the previous reastion, with Pto.‘, prodwed a jrodust with no
discernible mlting point and shoss carbon, hydropen anulysis "
vas far from theoretioal, Restduss of 6-9% were prodused
also after gombustion during C, H, amalysis. The use of 5¢
rhodium on alumine gave an imsignificant yleld of an unknown ~
compound, Tho use of 107 P4/C ar ocatalyst and molo for mole
of glacial acetic acld proved suwcessful,

In a hydrogenation flask was placed 3L0 uge of tle
aitroalcohol, 150 mg, of X0F P4/C, 1 ml, of a solution of
092 mlas of 99,0F acetic aoid in 10 mls, of water, and
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30 mls. of ethanol, liydropenation was oarried out for 2,
hours under slight positive presswe, The theoretical up-
take of hydrogen was 129 mls., while the actual uptake was
110 mlss The solution was then filtered, and evaporated in
vacuo. To the pesidusl visouous ofl was added a minimum
quantity of methanol, then anhydrous ethyl ether was added
util orystallisation oceurred, A larpe erop of fine light
yellow orystals were obtained, stiich were extremely hyzrose
copls and had to be filtered under dry nitrogen, Yield was
approximately 250 age ®ep, US-155° C (aecomp.)e The H.M.A,
data fite theorys C, H and 4 analysis gave ¢ = §7.64%)

e 6,62 and § « 7,4%, vith no residue, The theory 1is

C o 59681 l » 6,16) N« 7.7, Also, infrared mé UV, spec-
tra agree with expeotationa. A paper clromatogran developed
vith ninhydrin showed tle product to be conteminated wvith
traces of an unimown compound wich My account for the dis-
orepansy in elemertal analysis. The contaminant eculd be a
partially redused tropolone ring analogue, aince the tropolone
riug system {s more prone to pedustion than the bengzens ring,

Te L=ACETAMIDOMETHYLTROPOLONE ASD IT8 MRTHYL ERIERS

The procedure applied here !s essentially that of
t, Noxos ot a1338 uiten 1s desortbed in Chemtead Abstrasts.
The original journal was not available,
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e} Garboxy-y-mthoxwarhonylnethylepapolony
1147 rams of 3-aarboxy-ji-carhoxyusthyliropolane,
«hich was npeviously synthetized in o laboratory, was
dlesolved 1n 100 mla, of 13U methanolie 01, ““ho solution
was lel atand for 6 hours and wus solectively methylated
to J=carboxy-L=methoxycarbonylmethyltropoloma, The oily
residua on avaporation of solvent in vaouwo was dissnlved in
othyl agetate, Athyl ether was added t1l1 orystallisation
began, It was reorystallised from a minisnum quantity of hot
{29propyl aleohol and n-heptane,
Tiodd 7 gramsy maps 10-14s° C, m.n“ 17° ¢,

To 2.0 grans. of 3-carboxyel=mthoxyearbonyle
mothyltropolons was added SO ml, of pyridine, and the solu=
tion was heated at 100° C for 3 howrs, The nvridine was
then evaporated in vacuo and the dark brown oily residw wes
sutmitted to sublimation overnight (170° C at 0,025 am,},
Iight yellow needles were formed,

Yield 1.3 grane; mep 50-55° ¢, 2t¢, 118 ¢3%,

¢) L-Carboxymethyliropolops

To 1.3 grame of l=sethoxyoarbonylmethyltropolons
wae added 50 mls, of 10f aqueous NaOll ancd the solution was
let stand overnight at room temperature, About 10 mls, of
the solution was then evaporated in vacuo, and the presidual
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portion was aoidiffed with dilute H?ao o A orop of oresn
colored orystals .vas obtained,
Yield 0,9 gramsp mepe Wo1L3° ¢, 208,339 159060 ¢,

4) LeAngnomethyltropolons

The Sohmidt resction was applied here. To 0.9
grams of L-carboxymethyltropolons was added 3 uls, of cone
centrated 3280". Rydragolo acid, (evolved from | mole equi~
valents of lalis into 25 mls, of 011013) vas then added with
stirring. The reaction was allowed to procesd for 20 hours
at 4% ¢, The CHO1, was then evaporated in vaouo and the
residual lt‘,B% solution was diluted with one volume of water,
Concentrated lmbOH wvas added until the pH was 7,5, Yellow
leaflets wore obtained,
Y1e1d 0.3 grams mop, 200° C (dacomp.), 116,138 233,00 ¢,

o) L=Aetenidomthyltronolone

300 mg, of L~aninomethyltropolone was dissolved
in S ml, of 1 K NaOHl (twiee the equivalent amount), then
0s5 ml. of scetic anhydride was added () 1/2 times the
oquivalent amount), and the mixture was shaken for 30 minutes,
The amine was found to be insoluble in all the available
organic solvents. The resultant solution was then acidified
slowly with concentrated H01 till pH 2 was resched, The
solution was evaporated to dryness in Yaouo, and the residue
vas digested with two 10 ml, portions of ethanol, The
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ethanol solution wasz then f1ltered hot, to remove most of
the inorganio salts, and evaporated in vacuo, The ofly
residue was then sublimed at 180° C and 0,05 mna for foup
hours, White orystals wers obtained.

Yeld 1% mge mpe 26-17° €, 216,126 3160 ¢,

An excess of an ethereal solution of diagome thane
was reasted with 150 ng, of L-acetanidonetiiyltropolons .,
This affordad two isomerie ethers; 6~atotanidomethyle2«
methoxytropons and b-notw&douthyloz-mthozytnpom. These
stlers oould not be orystallized, although they have been
reported as orystalltme®?® vith tvo videly dtsterent melting

points. A solution of the ethers was used for blologieal
studies.

B, 2&!2“%5:!02 opr Bﬂgﬂ
1 MAT LIVER MONOANENE OXIDASE

Tha prooedure followed is a modiffcation of that
of uuuktul"“. All operations wore carried out at 0° ¢,
vith previously cooled resgents and apparatus .

Freshly excised lvers from decapitated rats were
freed of connective tissus and minced in a Latapis mincer
vith 0,25 H suoyose as the perfusing medium. The resulting
Suspension was brought up to & volume 10 times (w/v) that
of the original tissue wet weipht., The suspsnsion was then

Bty
ot

)
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bomogeniced in a glass-teflon homopeniser (Mo, 4,208H pize C,
Avttur He Thomas Co,) for 4O seconds at 600 K P.H, allowing
for intermittant periods of ocolinz. The homopenate was
then centrifuged in an International Refrigerated Centrifuge
(0° ¢, Head Mo, 860} for ¢ mimutes at 1000 R.P,M, after
which the supernatant sag removed and the sedlmented cell
debris disoardsd. The supernatant was then centrifuged in a
Spinco Ultrasentrifuge (Rotor No. L,0) for 45 minutes at
23,000 R,F.M, (33,000 x g.) and the supernatant was discarded,
The precipitated pellet was pesuspended in 0,25 M susrose
80 that the final volume was G times the original wet weipght
of the tissue, and stored at o° ¢,

2o B DAY

The method used to prepare rat liver MAC applied
to rat brain MAO gave completely unreliable results, The
following preparation gave good reproducible results,

Pour rats were decapitated and the braimns were
remved immediately. Each brain was homogenized immedietely
on removal at 0° C in 0,25 M suorose using the glasseteflon
homogeniser, The total volume of suwrose used for the foup
brains vas 25 ml, The cell debris was removed by centrifuging
tutoe at 600 ¢ 0° ¢ (900 R.P.M,) on the refrigerated Inter~
national centrifuge as in the liver MAO preparation, The

enzyme was used as sueh, in ite crude form,
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3 CRUDE COMT
ihe procedure was easentially that of Axelrod

ot n'"‘. oxaopt that an equal volume of Lsotonis KC1 pep
wolpht of wet tissus was employed., The exolsed 1ivers were
homogenised on a Lourdes howogeniser at 707 max. voltage,
for 1 1/2 minutes vith the container being kept at 0° C.
Intermittant cooling periods were allowed. The crude wnsyne
was divided {n § mle aliquots and stored at =3P C,

Yo EURLFLED coip
The proceduwre employed here was that of Axelrod
and Tomhiok". exeopt that the purification procedurs was
stopped after dialysis far 6 houﬁ against 0,001 ¥ phosphate
buffer pll 7,00 The ensyme was used as such, and stored
st «30° G, Calotum phosphate gel elution prodused an ensyme
with 1ittle aotivity,

Se CRUWE AROMATIC ETHKR CLEAVING RNZYME (DEMSTHYLASE)

Pive grans of fresh rat liver obtained from deca~
pitated rats was homogenized with w/v of isotonie KCl. The

Preparation was used as such,

The prossdure employed was a modification of that
of Udenfyiend and Ooopw-'a.
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o) Heagents
borate Buffers 165 mls, of 10 N NaOH is added to Sk.2 grams
of borie seid in 3 litres of water. The solutien
is then satuprated with p-butancl and sodium chloride, The
final pll {s approximately 10.

n-Butenol and neleptanet The reagent grade solverts were
washed with equal volumes of 0,1 H HaOH, water,
0,2 K HOL and finally twice with dlstilled water,

l-litroso~2-naphthol Heagent: A 0,1% solution of lenitroe ‘
80=2-naphthol in 9% ethanol was made fresh every

month,

Nitrous Aoid Reagentt To a solution of I mls. of consentrated
moa and 20 mls, of vater 1s added 12 mg. of moz

just prior to wee,

b) Ingubation with Rat Liver MAO

Ensyms, equivalent to 600 mge liver wet weigit,
(3 mla, of MAO preparation per previous prosedwre), 0,5 ml,
phiosphate butfer pll 7.L, 0.5 N, and approximately 30 p moles
of tyrardoe wors brought to a total volums of S ml, with
distilled water in 30 ml. beakers. The mixture was inoubated
ina Ihxbnort‘muhonc slhaker at 37° C in ulre The enave
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reaction was quenchod by transferring O.l ml, aliquots of the
incubetion mixtupe into 2 ml. of 20% aqueous fﬁazccs &t variocus

inteorvals,

R o LSO B
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1) IHxtracklon of tyremine:

S‘o eash of the 50 ml, flasks eontaining the incue
bation mixture and R.2003 solution wes addad 1 m), of bdorate
ffor, 3 grams of HaCl and 20 ml, of butanol, The flasks
wero shaken for 30 mimutes and a 10 ml, aliquot of the ore
ranlo phase was tranaferred to another 50 nl, flask contai«
ning 15 mls, of neheptane and 3 mls. of 0.2 H HCl., These
flasks were shaken for another 30 minutes, and the acid layer

vas removed.

11) gColorimetric sssay: Q

To 2 ml, of the aoid extrast in a 15 ml, ceatri-
fuge tube was added 1 ml. each of l-nitroso-2enaphthol, and
nitrous ecid reagents., The tube was stoppered, shaken and
placed in a watsr bath at 55° C for 30 minutes, Then, 10 wls.
of cm, was added and the tube was shalen vigorously to
extraot the unchanged nitrosoe-naphthol, The tubes were cen=
trifuged at low speed and the acid layer wss transferred to
& cuvette, The optical density was read on a Bauseh and
Lomb Speotronic 20 at 450 mts It was found that the optical
density is proportional to concentration up to 0,8 i moles
of tyraxine, Ensyms blanks and standards were carried through
the same prodsedure,
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o) Loowation with st Bpatn MO

The inoubation and assay was essentially the same
as with rat liver MAO except that 6 ml, of the eruds ensyme
preparation was useds 1 ml. of phosphate buffar pil 7.k, 0.5 M
and 15 ¢ moles of tyrauine, The inoubation mixture was
brought to a total volume of 9 ml,

20 ABBAY P METANEP.
o) Reagents
Borate Buffers The pH 103 0,5 ¥ borate buffer was prepared
by standard methods,

Ethylene Dichloride Containing 2% Iso-amyl Aleoholt This
reagent vas prepared scoording to the method of
Axelrod and Tonohiokb.

Reagents for Colorimetric Assays Identical with the ones

used for MAO assay.

) Zngubekion with Crude 00N
5 mls Of the orude COX' preparation, 2 ml, of

phosphate buffer pd 7,93 0.5 ¥, 5 mge 0i' S-adenoaylmethionine
todide, (California Corporation for Diosherical Research)

L0OO pX of &;012.&!20; 3 uM of L-methyl tropolons was bdrought
to a total volume of 11 mle in 30 ml. beakers and preingudbas
ted for 10 minutes bLefors addition of the substrate, l-nor-
adrenalina-d-bitertarate, (20-100 M), Tho wixture was
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inoubated in a Dubnoff metabolic shaker at 37° C, Then,

2 ml. aliquota of the resction mixture were withdrawn at
various intervals and placed in 50 ml. flasks containing

1 nl. of pll 10} 0.5 M borate buffer. Standard cwrves wers
obtained by omitting the [-methyl tropolone, Also, the
l-methyl tropolone was substituted by other tropolones and

pyrogallol.

1) Extrestion of mormetanephripet

To eash of the S0 ml. flasks containing the borats
buffer and the quenched ensyme reasction mixture was added
25 ml, of m ethylene dichloride, 2 iso-amyl aleohol mixtu-
re. The flasks were shaken for 30 minutes, and a olear 20 ml,
aliquot of the organic phase was placed in another 50 »l,
flask, containing 3 md, of O, N HOl, The flasks were
shaken for amother 30 minutes,

11) Colpripetris ssasys
2 ml, of the soid layer from the previous extraction

procedure was oarried through the same colorimetric asesay
procedure as desoribed for tyramine, except that the eolor
was read at 40O mg rather than at LSO my.

o) Lpupatlon Mth Purified COMF

The method of continuous variation was applied
here, Let 100 pH of KgCl,«6l,0 equal 100 mole £, and 1 pM
of L=methyltropolons was let equal 100 mole %, 7The concen-
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trations of nscxz.suzo and 4emmthyltropolone ware varied as

follouss
HOLE €
12 3 b 5 6
Mg0,+6H,0 100 % T 5 25 S0

L-msthyltropolone 0 10 28 S0 7% 100

The inecubation and assay procedures with purified
COMT were essentially the same es that with orude COMY
exoept for the following modifications in the concentration
of the resctants {n the incubation mixtures 1,5 ml, of purie
fied COMP (19.4 mge protein/ml.), 10 pM lencradrenaline«d-
bitartarate, Ngol,e6ii,0 (0=500 M), Lemethyltropolome
(0= pH), 6,0 m2, of phosphate turfer pli 7.8, 0.1 M.

3¢ ASS DE ASE ACTIVITY WITH COLOHIOINR

SIBSTRATR
a) Ingubation with Crude Dewethvisse

A S gm, homopenate (wet weight) of rat liver,
200 kM of Mgfl,u6H,0, 200 UM of nlectinaide, 5 kM of e’ ¢,
3 ml, of lephth buffer 0.2 H. pﬁ 7.!}’ end 100 M of 00l-

° Triphosphopyridine Nucleotide.
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chicine were brought to & total voliew of 13 mls, in a

30 mle boaker and incubated in a Dubnoff ¥etatolic Shaker at
37° € for 2 1/2 hours. At the end of the inoubation period
the proteins were denatured by placing the inoubation aixture
on the steam cons for 3 minutes, The proteins were certrd-
fuged out and the olear supernatant was assessed for COMY
inhibitory aotivity, A blank which eontained no colohicine
wes oarried through the same procedurs, From previous

dnu” it was asswwd that the minisum quantity of solehi-
cine that would de cleaved to produce colehiseine or a phenol
would be 106 of the original concentration of colshicine,

b) Uicassay for Demethylase Activity

1 =), of the olear supesrnatant from the demstliylase
incubation mixtupre above, was used to replace Lemethyltropo-
lone in the assay for normetansyhrine with erude rat liver
COM?s This alliquot was assumed to contain 1 pM of colehiceime,
and was assayed for COMP inhiditory activity as in the pro-
cedure for eruds ret liver COMI, Blanks were also oarried

through the sams procedure,
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chicine were brought to a total volume of 13 mls, in a

30 mle begker and incubated in a Dubnoff MNetatolic Shaker at
37° € for 2 1/2 hours. At the end of the inoubatien period
the proteins were denatured by placing the inoubation aixture
on the steam cone for 3 minutes. The proteins were ocentyi-
fuged out and the clear supsrnatant was assessed for COMT
inhibitory aotivity, A dblank whioh contained no colohieine
vas oarried through the same procedure, From previous

aata® 1t vas assuwed that the miniwmm quentity of coleht-
oine that would be oleaved to produse colehiceine or a phenol
would be 10F of the original conoentration of colehieine. Q

b) Licassay for Demethylase Aotivity
1 m), of tl» clear supernatant from the demstliylase

incubation mixture adove, was used to replace l-oethyltropos
lons in the assay for normetanephrine with erude rat liver
COM?y, This aliquot was assumed to contain 1 pN of colchiceims,
and was assaysd for COMI inhibitory aotivity as in the pro-
oeduie for erude rat liver COMI, Blanks were also aarried
through the sams procedure.




- w -

RESULTS

Bince the results of NAO and COMT assay procedupes
rely heavily on the lenitroso-2-naphthol colorimetric method
it was thought advisable to first plot a standard curve and
observe to what extent Eeer's Law is followed with the pro=
cedures, Also the standard ourve will be used to determine
the extent of substrate degradation by the ensyms. Pig. 1
shows that a linear relationahip exists betwesn the soncen-
trations of tyramine, that are extrasted in aoid solution
and the optioal density.




Pigure 1, Standard cwrve for mg. of tyramine extracted
into aeid solution vs, optical density, using
the lenitroso-2enaphthol assay teohnique.
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Ay OXIDATION OF DOUTERATED AND NONeDEUTHRATED SUBSTRATES
BY HAO

When tyramine was inoubated with the onsyme as
desoribed in "Hethods”, its initial rate of oxidation was
found to be tulce that of o-d,tyratne”, (Pig, L), Vben
synthetically prepared R- and Sea-d-tyramine were incubated
with HAQ, the yesults shown in Pig, 2 were cbtained, It oan
be seen that tyramine and Sea-d-tyramine were oxidiszed at
approximately the same rate, whereas R-t-d-tyramine was de-
graded at half the rate of tyramime. The ensyniocally pre-
pared enantiomers of ded-tyramine (Pig, 3) show that the one
chtained by decardoxylation of Letyrosine in D0 (Reting-
tyranine) 1s oxidised 2.3 times slower than the ons obtained
from decarboxylation of lM-Ged=tyrosine in water (Beded~
tyranine), The results with rat brain MAO (Pig, S) show
that the brain ensyms displays the same absolute optical
specificity as the liver erzyme.

G~d,~tyramine was prepared by J, Moran,

el il

[P S A, 1



Flgure 2. Felative rates of oxidation by rat liver NAO for
tyranine, R= and S-ged-tyramine (synthetls),
using the lenitroso-2-naphthol teshnique, The
substrate concentration in all cases was
$ x 103 moles/11tre,
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Pigure 3. Felative rates of oxidation by ret livep MAO
for Re and S-Ged-tyramine (ensymically prepered),
using the l-nitroso=2-naphthol technique., The
substrate econcentration in both cases was
§ x 10™3 moles/Litre.
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Pgure L« Relative rates of oxidation by rat livepr MA0
for tyranine and t-az-tyrcdm. using the
l1-nitroso=2-naphthol technique., The substpate
consentration in both oases was § x 1073 xoles/1itre .
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Meure S Relative rates of oxidation by rat brajn MAO
for Re and Setedetyramine (ensymtoally prepared)
using the lenitroso-?-naphthol technique. The
substrate oonsentration in hoth cases was
2.5 x 1073 woles/2itra.
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#

B, RESULTS OF DHUTRRAYED SYMPATHOMIMSYIC AMINKS ON ADRENEROIC
RESPONSES (IN V1y0)®

Pentobarditalized oata were prepared for recording
blood pressure and niotitating mesbrane contrastions in the
conventional manner. Tyraxime and G4y ~tyranine (98 percent
isotopie purity) ((XLIX) p. 27, By = R, = D) vere aduinistered
intravenously in equivalent doses, PFigure 6 §1lustratesthe
effects ol the two materials on arterial pressure and mewbpans
contraction in typical experimsnts, Tadle ) suxmarises the
results of all studies carried out, The magnitude of the
pressor response was essentially the same for both commounds,
but the duration of the effect (reflected in pressor ares)
vas twice as prolonged with a-d,~tyramine (statietical analy-
as giving & p value < 0,001), Both the magnitude and duras
tion of the nictitating membrane contractions were twice u'
large after administration of c-a.‘,-tymuu as vith tyramine
(p < 0,000)s The greater magnitude of contraction cbserved
in the latter instance is probadly related to the laock of
compensatory mechanisme such as exlsts for blood pressure
maintenance, When Gnd, bryptemine (synthetised previously
in our leboratories) was compared with tryptemine under the

* W are desply indebted to Dr. N, Pindell for pharmasolo-
510!1 ““o
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swe conditions, an identical pattern of differences vas
observed. lowever, when I-bu-a-doutorlonormﬁnu
(see "Experimental” for synthesis) was compared to lenop-
adrenaline, no differense whatscever sould be observed in
their potencies (see Pig. 6 (1.4, 1.-B)],

1. PEQIFICITY OF THR D IUM ISOTOPE #FPFR

URALL
In view of the above results, it was of considera-

ble interest to examine the possidility that the cbserved
iasctops effects may be stersospecifie, that is, asmming a
tiree-polnt contaot detween substrate and ensyms or reseptor
only one of the two posaible optical lscmers of Sed-tyramine
((XLIX) p. 27, Ry = By B, = D} and (6.1x), K=Dy Ry » B)
may be responsidle for the isotope effect observed with the
bladeuterio amine, Both optical fsomers of ded-tyramine were
prepared ensymically from tyrosine (see "Experimental®) and
assayed as above, The pesults are shown in Fiy, 6 (2,0 and
beB)", and olearly establish thet the lsotope effect is

The unusual blood pressure effest of the ensymically pre-
pared tyramine (Pig, 6, 2.-C) has been traced to the presence
of a minute amount of & phenolic impurity which is formed
vien oxygen is not exoluded from the insubation mixture, A
purely synthetic sample of optically sotive Ged-tyramine pro-
duced a typtoal blood pressure response (Fig, 6, 3.-B),
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completely stereospecific in accordance with a tlree=point
ocontact between tyramine and MAO, The absolute dependence
on configuration of the imotope effect on the nistitating
mebrane response fully agrees with cur dedustions based on
in vitro studies with liver MAO (see Mg, 3).
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Fipure £, wrtects of tyramine and bir-c¢,a-denteriotyramine

on arterial rressure and membrane contraction,
sermle cats (3,0 to 1,2 kr.), under nentobarbital anesthesia
vere tsed,  From top to bottorm (1, 2, 2 and h): isotonic
captriction of nictiteting merirane, arterial hlood nressure,
Yo 'nomtruten,  Test comnound eiven at arrows (int revenously):
noradrensline, 16 pp/ke., all tvramine comrounds, BOO up/ke.

o=t 2.0 ey A,- lenorndrenaline, F,- l=bis-G-deuterio=-
noradrergline,

"elat 1,0 ket ALe tram'ne; B,- bira-c,a-devteriotyramine;

o= Gapapnientepiotvrapine (nrepoped enzymicrallv),

fom b 2C gy A - tyramine; F,- a-rmonodeuteriot vramine
feape tenmer ag 1 2,-0 but rrepared cwnthetleally),

Demaet, 4,0 e A= tvpamine; FLe Gemonadeunterint wamine
(onnne’ te {snamep of that stown in 2,-C and 2,-R, npensred
prrteally),
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Co RISULES WITH COMP INHIBITORY

COMT inhibition studies with various analogues of
tropolone at a concentration of 3 x 10"4  show no groat
differences in potency (Tadle 2 and Figures 8, 13, 1l;, 15,
16, 17, 16, 19 and 20). It 18 noted that lemethylamino-
T-thioxo 1,3,5 cycloheptatrions is the weakest inhiditor as
might be expected (see "Discussion® on COMT), while solohicine
is not an inhidbitor of COMI', Pepcentege inhibition studies
with L-methyltropolone (Pigs., 9, 10 and Table 3) show that
an inhiditor concentration of spproximately 3 x 107 u gives
505 inhidition. The following equation was used to caloulate
the percentage inhibitions

% inhibition = 1 -(%%)x 100

The determination for non-campetitive or competitive
inhibition at various substrate concentrations and at the
same inhibitor ooncentration is shown in Pig, 11 and Tadble L,
The Linewsaver<Burk plot (Mig. 12) shows, without a doudbt,
that inhidition of COME by L-methyltropolone is non-competitive,
The results with the rat liver demthylase system
(Pigs 21) show that thers 1s no significant demethylation of
colohicine to yleld colehiceine, Uithin experimental error,
the two curves could be sald to be 1dentical,
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Job's mthod of continuous veriationm3 used to
detornine, in this case, whether an excess of metal lon oould

reverss the inhibition by tropolones gave results as shown
in Figs. 22 and 23, (Teble S),
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TaBlds P

Percent inhibition with trorolone analocues

fronolone analogue Strueiure Concen- % inhivi=
tration tion
0 OH
\N \
li=fiethyl tropnlone 3x 107 M 88
CH'&
0\ OH
f=Thnianlinin ' 3 x 10" M 6R
C\H
‘111
0 OH
T=ryiroxy-l-1sonronyl b\ CH. 1 x 1()-,’ i 68
t.ronolone Cg 3
\
Cif
0\ o
-l
Stinitatie acid D 1x 10" M 85
1O CO0H
NHoCQH
. .0 3
bolakieeine 3 1 x ]O-h " Aa
CH}O
Oti (oy U)

Jior (i)
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PABLE 2 (Cont'd,)

Colehicine 0
S NH.CH
] \ , 3
1-vethylamino=7-thioxo ‘ -l
1,3,5% cycloheotatriene Ix 107 M 60
0 OH
- \
li=Ethanolamino- OH 3 x 10'1l M 76
tropolone |
CH.CH?oNHp
0 OH
\ el
Li-Acetami domethyl- 1x 10 M 7%
tronolone

H?.NH.CO.CHQ




. 10, -

Holar consentration € Inhidbition of COM
of Lemsthyltropolone

3 %10 K LS

8x 107 N %

Ix 10"" M 80




RO INHIBITOR

Substrate
concentration [&T * Tubatrate é ® Dptical denaity

conoentration (Initial rate)
23103 N 500 2.8
¢ %1073 200 17
1x10% K 100 16,3

L METHYLTROPOLONE 3 x 3074 M

Substyate
concentration Iél' € F“‘"’lﬁ'umm - 6 * Opticel density

concentration (Inttial pate)
221073 500 62,6
31x 207 N 333 1545
5x 10" M 200 40

8x10"3 i 125 43S
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LaHLY: 9
llesults of Job's method of sontinuous vapiation using a

o tion of 03

100 pi chl.‘,.bﬂzo e )00 mole %
1 pM of lj=methyltropolone = 100 mole ¢

Mole § of Hole % of Mg** 4 tnntvition of COMP
li=methyltropolone
0 100 0
10 90 38
2 5 58
50 50 67
1] 25 N
100 500 7

These results show that a large exoess of Mg'® will not
roverse inhibition of COMI by tropolones, (see "Discussion").
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Pipure 7, Standard ourve for mg. of normetansphrine
extracted into 2 ml, of 0,1 N lC1 ve, optical
donsity ueing the lenitroso-2-naphtiol assay
technique,

A



. S e MRS TS Lt e en s T ‘ . R W2 RPN S SRS S S . N LR —

UolNIOS PID JO jwZ / auuydaubiawioN j0 Buw

sO0 6vOO0 Y00 GE0O0 €00 G200 200 SI00 I00 G000
1 1 | I | 1 1 | L i

—1S00

Kususg ooudo

—-1s2o

€0

S0




Plgure 8.

fislative rates of O-methylatfon by rat liver
COMP of lenoradrenaline-dsbitartarate 2 x 10°3 M
without L-methyltropolone, and with L-mthyle
tropolons 3 x 10 N, The lenitroso-2-nephthol
assay teclniquoe 1s used in this and subssquent
COMT studies.

|
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0101 X = |-Noradrenaline-d- Bitartarate 2x10~3M
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Relative rates of O-methylation by rat liver
COMT of l-noradrenaline-d-bitartarate 2 x 10™3 ¥
without li=methyltropolone and with varying cone
centrations of lj=methyltropolone.

(A) = fo inhibiter

(B) = LeMathyltropolone 3 x 207 M
(6) = LeMothyltropolons § x 10" N
(D) = LeNethyltropolone 3 x 207 M
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!

Plgure 10, Percent Snhibition versus log of the comcentpation
of Le-methyltropolone, The substrate (l-noradrense
line=debitartarate) concentration was 2 x 10’3 M,
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Pigure 11, Relative rates of O-methylation at various
substrate (lenoradrennline-debitartarate)
concentrations and no inhibitor (L-methyl-
tropolons). Also relative rates of O-methyla-
tion at various substrats concentrations plus
= thyltropolone 3 x 1070 M,

(A) @ lenoradvenaline-d-bitartarate 1 x 10" ¥

(B) = lenoradrenaline-d-bitartarate 5 x 10™3

(C) = Lenoradrenaline-d-bitartarate 2 x 10”3 N

(D) = 1-noradrensline-d-bitartarate § x 10" ¥
plus Lemsthyltropolons 3 x 1070 ¥

(E) = lonoradrenalins-d-bitartarate § x 10" M
plus Le=methyltropolone 3 x 1074 ¥

(P) @ lenoradrenaline-d-bitartarate 3 x 10°3 u
plus Lemethyltropolone 3 x 10°h »

(0) = lenoradrenaline-d-bitartarate 2 x 103 ¥

plus L~pethyltropolone 3 x 10'1" #,
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Flgure 12. Non=competitive inhibition of COMI by Le-ssthyle
tropolons. Data were cbtained from Pig. 11,
Vapious concentrations of the substrate were
incubated as desoribed in "Experimental®, The

inhibitor concentration was held constant.

V =« change in optical density at LS50 mp after
6 rdnutes of Insubation

(8] « substrate concentration,
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Mgure 13, Rolative rates of O-methylation by rat liver
COMP of lenopadrenaline-debitartarate 2 x 10°> M ‘
vithout fethujaplicin and with Pethujapliein |

3x10°b \
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Fgure .
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Relative retes of O-mstlylation by rat liver
COM? of lenoradrenaline-d-bitartarate 2 x 1073 N
vithout T«hydroxy-ke=isopropyltropolone and with
Yehydroxy=l-isopropyltropolons 3 x 107t
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Pigure 15, [Relstive rates of O-methylation by rat liver
COM! of 1-noradrenaline-dbitertarete 2 x 10”0 M
without stipitatic acid and with stipitatic acld
3x 10l ¥,
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Figure 16, Relative rates of O-methylation by rat liver
COM? of J-noradrenaline-d-bitartarate 2 x 103 M
wvithout colohfceine, and with colohiceine |
Ix 10"‘ N,
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Plpure 17, Helative rates of O-msthyletion by rat liver
COMD of lenoradrenalino-d-bitartarate 2 x 10™3 M
without colohioine and with eolohtoine 3x 107k M,
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Mgure 18, Relative pates of O-methylation by pat liver
COMT of 1-noradrensline-d-bitartarate 2 x 0™ M
vithout lemsthyleminoe7-thioxo 1,3,5 eyolo-
beptatriens” and with l-methylanino-7-thioxo
1,3,5 eyeloheptatriene 3 x 104 u,

Yo are indebted to Dr, W,H, Brasen of E,I, Du Pont de
liemoups and Co, for a generows Iuppli of this compound as
well as lemethylamino~7-methylimino 1,3,5 oycloheptatriene,
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Relative rates of O-mathiylation dy rat liver
GO of lenoradrenalinewdebitartarate 2 x 1073 M
without §=ethanolaminotropolons and with

L =ethanolaninotropolons 3 x w0k x,
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Figure 20. Relative rates of C-methylation by rat 1iver
COIT of lenoradpenaline-c=bitartarate 2 x 10”5 ¥
without Leacetamidomathyltropolone and with
l=acetanidomethyltropolone 3 x 10°% u,
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Plgure 21. Relative rates of U-methylation by rat liver
GUMZ of lenaradrenaline-d-bitartarate 2 x 1073 N
without added inhibitor, and with 1 ml, of the
olear Iinsubation miztupe from the deswthylase
system (ges "Experimental®),
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PMigure 22. Relative rates of O-methylation by purified
rat 1iver OUNT of lenoradrenaline-debitartarate
3 x 10°3 ¥ whide varying the mole % of #g** and
li=methyltrapolone in oppoeite directions,
(Job's method of continuous variation ) let
100 pM Hg01,461,0 = 100 mole %
1 uM of L-methyltropolone = 200 mole §

(A) = 200 mole £ ¥g** and O mole ¥ lL=methydtro-
polone
(B) » 90 mole % Mg** and 10 mole £ Le-methyltro-
polone '
(¢) = 75 mole £ Mg** and 25 mole % L-methyltro-
| polone
(D) = 60 mole % Mg** and 5O mole % Lemethyltro-
polone
() = 25 mole % Hg** and 75 mole § Lemothyltro-
polone.
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Flgure 23, FRslative rates of (emsthylation by muified
rat liver COMI of lenoradpenaline-d-bitartarate
122073 # plus ¥g** 5 x 20" M (500 mode %)
without Lemethyltropolone and with Lemethyl-
tropolone 1 x 1074 K (200 mols %),
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DISQUSSION

It has been shown experimentally3” that the de-
carbosylation of anino ecids proceeds stereospecificslly,
However, with the diescovery that asyrmmetrically deuterated
biagenic anmines oan lead to confipuration dependent isotope
120 4t beowmo
imperative to estadbiish the absolute sterecohermistry of the
enaymio decarboxylation of amino aeids. S$inge retention of
" configuration is e characteristic of elestrophilic displases

effects on certain phmoologien reanonses

mont pesstions, it may be expeated that over-all retention of
confipuration osours in the ensymic decarboxylation of amine
asids. The chemical synthesis of both isomers of Ged-typa-
pine, (that is, Re and B-ce=detyranine) fron asymetric inter~
mdiates of known absolute eonfiguration was the first obe
Jective to be rosshed,

A, SYMIHETIO

Hydroxylation of p-allylanisole (esdragol) with
porfornto ac1d'%® gave 1,2-dthydroxys3e(psmthoxyphenyl)e
propane, which wae cleaved with lead tetrascetate in hensene
to p-msthoxyphenylasetaldehyds, (See "Experimental” page 6h).
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Redwtion of depamphor with 1ithiwm aluminum deuteride in
other at «70° ¢ gave 1-d-iaobornool35 at least 97% laveled
on the carbinol carbon (ses "Experimental” page 6L). This

reduction reaction would be expected Lo proceed as fono\m”:
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+ l/h Llftll‘rh -t
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(LIV)

(Lv1)

e

(LvIII)

0-AY

H

0=A

uzo

0-A
1,0

OH
<+ | D
(LV)
0
/4

(LIX)

Stnltwiénr” found that the reaction of camphor with an
equivalent amount of lithiwm aluminum deuteride at low tem-

perature leads to insorporation of deuterium only on the care
bino) carbon without the intervention of significant amounts
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of enolate salta, A small amount of bornecl 48 formed howe
ever but this i immaterial as wae shown by Streltwieaer.
Tho deuterated 1soborneol was converted to the bromoe-

magnesium aaltm?

and treated with pepothoxyphenylacetal-
dehyde acoording to Jtreitwieser's prtmdux'a36 o Thepe resul-
ted a LOF yleld of ledeperwthoxyphensthyl aloohol which

exhibited a sipnificant rotation of '19!{!{00“

\

+ 01130 cnacuno —
b
(LIX)
Oligtr
(LX)
?
CHBO Cllz-?.OIl
I
(LXI)

In a recent peper, Stnituiauer37 has noted that with
the possible exseption of ensymiecally prepared l-desthanol,
all optically active deuterio alsohols of dbaolute sonfigue
ration (LXII) are dextrorotatory. In view of the exietence
of wehydprogen bonding in our aloohol (see Goldman, I.H., and
crl.l‘” HeOsy Jo Ol‘f’,c Cherm, aia 751 (1%8,)9 the oign of the
rotation may lose significamce.




This represente & aspscific anplication of the Veepweine
Ponndorf reductions The reaction with optically active iao-
tornyloxymagneaium bromido and benzalderyde-d hoe beon showm
by Streituleser et 3136 to produce an alcohed (hengyled-de
alcohol) of relatively high optical rotation, (See footnote
on previous page), They also have deronstrated that the
observed optical activity is dus to the deuterio aleohol and
not to an iupurity.’

The use of the lsobornyl system iz espesially cone
venient sinse it can be prepared readily from camphor which
is availadble as the optically pure dextrorotatory enantiomer.
Vavon and Ant;oni.nim?. have shown that isobornylmagnesiim
bromide w11l reduce phenyloxalie acid to yisld mandelic acid
of 15 per cent optical puritys borneol was inert to these ocone
ditions, Since borneol reac.s 80 much more elowly than 1so-
torneol, its presence in the redusing egent is not objection-

able,

Doering and Young"w rropesed the involvement of &

quasy six meubered ring in the mechanism of Meerweln-Fonndorf

Streituieser’! has also suggested that the rotation of
the a-d aloohol prepared by reduwstion with iscborneol is rather
close to the rotation of optically pure elochol, IHe found
that lebutanol-l-d produced by the reduction of butyraldehyds~&
with 2«ootanol had only about one=fourth the rotation of the
optioally pure alcohol, Hovever, that obtained from the iso-
borneol pedustion had 0,93 & 0,09 times the rotation of the

optically pure aloohol,
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redustion of ketonss with aluminum alkoxides, KHoshep and
La Conbon‘o have also proposed a siuilar oyolis transition

gtate in the mochaniem of reduction by halomaznesium alkes

xidogs
— -
.o . X X
R Mg X R O=Mg R Oulig
(':-o ¢ é - tl/ R - c‘:/ R\
| |l12 - | M:,/““a - ¥ ,H:,/wz
R HeGeR, kg R g
(Lxar) (LXIII) (Lxv) (Lxv)
R oug'x R
\ / l
¢ ¢+ CuCH
/ \ |2
R H R
(LXVI) (LXVII)

The sbsolute configuration of (+) oamphor has
been established to be as shown in (avi1n) 122, Hence, ()
{soborneol which &8 formed on reduction with lithium aluminunm
deuterids is (LXIX), This configuration cen be represented
a8 (LXX) in shich the medium methylene group, ¥, is at the
rear and the large quaternary oarbon, L, 18 in frontj the
srall deuterium atom is denoted by D
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(LXVIIX) (Lxax) (LXX)

In the reduction of the p-methoxyphenylacetaldshyde by &
halomagnesium alkoxids from (LXX), the oyolic mechaniem, can
theopretically proceed by way of two transition states, The
more stable, depioted in (LXXI), involves steric interactions
betueen the mediwm group, M, and the large group, R, and
between the large group, L, and the small hydrogen., The alter-
native transition state involves steric oppositions betwsen
the laprge L group and the large R group and is consequently

of higher emergye. Ihe deuterated aloohol which results from
(LXXI) must have the configuration shown in (LXX1I)

N
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L H i

(LXXI) (LXXYI)

Agoapding to Strottwiour”. who has done rotation and con=
figuration studles on & variety of optically sotive deuterium
compounds, the shove alaohol ghould be near optical purity.
Beosuse the mechanis of the Meerveln-Pomndorf
reductionl?® 1s now well established, the absolute confipus
ration (5) oan be safely assigned to (LXXII) (R & pemothoxy-
bensyl), This aleohol (LXXI1Y) was converted to the tosylate
(a resstion which does not affect the asymmetric centre)
and was subsequontly converted to the corresponding aside by
peaction with exoess sodium aside. This direct alsplacement
peaction with axide ion is closely analogous to the similar
renstion with acetate lon in methancl, shich has been de-
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monstrated to procesd uith complete invepsion of configura=-
mm38 « Reduction of the oruds aride with lithiwm alumimm
hydride in ethep followod by hydrolysis with hydrobromic acid
gave Reled-tyramine (M.VII) which vas isolnted as iiw

b

azu-c}.u
R

(XLVII)

orystalline hydroohloride. It follows that its deuteriun
content must be the same as that of the starting deuterio-
{soborneol, The preparaticn of the enantiomer Seled-tyraxine
(XLVIII) was sccomplished by first treating the alsohol

D

o
R

(XLVIII)

(LXXII) with phosphorous tribromide in the presence of colll-
dne., Under these conditions (presence of collidine),
virtually complete inveralon of configuration should occur”.
The bpomide thus obtained was subjected to the same reaction
sequence (1.0, dleplacement by sxide lon otc,) already

A

ST e i e T



applied to the above tosylate to pive the desired S«l-de
tyramine (XLVIII),

Bo INTERFEETATION OF RMZYMATIC RESULTS

The rates of oxidation by rat liver MAO of theae
two synthetic substratesvere measured using tyramine as &
standurd. The results are shown in Pigure 2 where it can be
seen that the slope ratio (at initiad velocities) s 2.00
vien Rededetyramine is compared with tyramine and 1,25 when

Seqed-tyramine 1o compared.

’ »
R H-geH HefeNlly
oil, ¢,
0B ol
(LXXXII) (LXXIV)
Beted-gyrenine Sxteds

The ensymatic decarboxylation of [rened-tyrosine
ia 1,0, and of Letyrosine in 1,0, as detasled in "Experi-
mntal®, had slready provided us with the optiocally pure

enantiomers of Gedetyramine, Slope ratiocs of 2.3 and 1,0
have been obgerved vith those enantiomers, (Mg 3)s It




followa that the a«-d-tyranmine obtained by decarbaxylation of
Letyrosine in Dzo & the solvent, end which prodused a alope
ratio of 2.3 when compared to tyramine, (Fig. 3) has the
seme absolute oconfipuration (LXXIII) as the synthetio eample,
whioh rives rise to an isotope effect of 2,0, The smaller
{notope effect obtained with (LXXIII) indicates thet this |
prepavation is optically slightly impure, although 8treit-
wiesor at a137 olaim that alechols produced by this method -
should be of nesr opticel purity. It sust also be remerbered
that the aleoho)l was earried through several resstions in
ordep to obtain the corresponding amine, liowever, there are

many precedants suggesting that these resotions proceed with
complete inversion Of optical integrity. On the basis of

these experiments, it is olear that the ensymioc decarboxyla-
tion of tyrosins and presusably of other amino acids, (being
decarboxylated via the PPal mechanism outlined in the intro-

R

4
L
-4
A%

dustion) prooseds with retention of eonfiguration.
¥ow that the absolute configuration of tis two

Atakiy

ensymatic ensntiomers of a=d-tyramine had been eatadlished

P

1t was & natural and necessary objective to settle the
question of the absolute optical speoificity of monosmine
oxidase, The main feotor shich led us to pursus this objective
was our Alsoovery of a markud inoreese in the adronerglo
astivity of sympathomimetic amines prodused by sterecapecific
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deuterium substituilon. These §n vivo results will be dis-
cucsed balow, MAO had already oxhibitod an isotope effect
tovards Ged,=tyramine (Plge L) Subsequant work led to the
discovery of a configuration dependent douterium lactope
ef'feot in the sngymatic oxidation of asymmotrically labeled
tyramine produwoed ensymatiocslly, This s fully dissusged

in another thesis’s These results revealed that HAU is an
ensyne that exhibits a degree of stercospesificity paralleling
that of alcohol dehydrogenass. ¥he operation of a "three
point contact® betwsen ensysw and substpate is & natural cone

sequence and some dedustions about the nature of the groups
{nterasting with the active sites of the entymes can be
derivad from these observations.

The results with rat drain MAO, (Pig. 5), show an
absolute optical speoificity fdentical to that of rat liver
¥AO, Hence, one sust seek another explanation for the 3
dlfferert activity of soms enantiomeric drugs in the brain 5
a8 compared to the peripiery. The fact that the Ky/K, ratie %%
10 1,6 (tyranine as substrets) with rat brain NAO, vhile it
18 2,3 with rat liver MAU might be related to differences in
the purity of the respective ensyme preparations or to the i
Jower concentration of substrate that hed to be used with the o
brain ensya. However, our only interest here wae whether rat
brain MAO showsd the same absolute optical speoificity as rat

liver MAO, The results are nevertheless conoluaive.
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G, INYERPRETARION OP IN VIVO RESULTS WITH THE SYSTEM MAO-
DEUTKRATED SUBSTRATES

It had not yet been possible to assess quantitati-
vely and unarbipuously the role of MAO in adrenergic mecha-
nisms at the effector cell level because previous studies
relied upon the use of large doses of nonoompetitive inhi-
pitors thus ereating conditions that are far from physioloe-
gloale Moreover, these druge (such es fpronianid) lack
specifieity in that they produwce side effects such &8 anale
gesia, hypoglycemia, hypotonsion, etc. It 1s likely that in
their presence, the physiology of adrenergic effeotor cells
my be altersd, thus meking the interpretation of results
diffioult.

¥e have discovered a new approach, whioh 1s free
of embiguities, to the probles of the physiologiocal role of
MAO {n adrenergio mschanisme. This approach is outlined in
the introdustory sestion (see page 27)e

Prom the results obtained as descridbed on page %
(see olso Pig, 6) the following ocmelusions becsme obviouss

) The ensyme monoamine oxidase must be intirately
asscoiated with adrenerpic effector cells and must be an
important fector in the 1imitation of the action of tyramine
and tryptanine.

11) The MAO involved in adrenergic mechanisss dleplays
an abaolute eterecpecificity which is {dentical to that of
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liver NAU, thus meking it probeble that these two ensymes
are very similar in properties and moshanism of action.

131) MNoradrenaline is not a substrate for the ensyme at
tho adranergic effector cell level, This excludes an oxidae
tive deaminution of transmitter as part of the sequence of
events leadine to a pesponss or to inactivation of the subse
trate.

iv) The role of the ensyme in adrenergic mechaniams oan _
best bo plotured as a protective device for the rapid dispo-
sition of clrculating or endopensous nontransmitter amines, ‘

To the best of our knowledge, the only leotope
effeot on a pharmecolopical response that had heen reported
was by Erlermwyesr and Lobuklzz who olaimed that acetyloholine
deuterated in the methyl group was less aotive than asetyle
choline in various tests, lHowever these reaults ocould not
be confirmed in our laboratories mo that our results with

-
. i

dGeuterated adrenerpic amines constitute the first repert of
fsctops effects in the field of pharmacology. OClemo and
Svanl®) nave desoribed the synthesis of completely deuterated
adrenaline but ocould observe no differemce in blood pressure
pesponss when compared to adrenaline, Yo feel that this
mthod constitutes a novel approasch that should prove a
powepful tool in mechanism studies at the receptor level,

Ds CATECHOI O=MBTHYL TRANSFERASR

The search for & powerful nonecompetitive inhibitor

of COMI that is not a subctpate for the ensyme soems o have
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reached gfclimax with the disoovery of the inhibitory pro-
perties/ 4=methyltropolone:

CH3 ‘
\
(L) “

Figure 8 shows that 86% inhibition of the enzyme
at a tropolone concentration of 3 x 1074 ¥ ooeurs. Pyro-
gallol was found to be approximately equipotent in ouwr
system, The tropolones are far less labile biochemically
than pyrogellol, and are far less toxic.* Hence with the
establishment of the inhibitory activity of l-methyltropolone
towards COMT, the question arose as to whether it acts ocom-
petitively or non-competitively. Lineweaver~-Burk plots
(Fig. 12) clearly established that L-methyltropolone does

* Tnis staterent is based on the fact that the LDy, (14pe)

in mice of L-methyltropolone is about 500 mg/kg. We are
{ndsbted to Dr. M, Pindell for these data.
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not act comretitively, in marked sontrast to the polyplenol
type of fnhibitors, It may be recalled that lineweaver-Busk
plots provide a basia for dlstinguishing quantitatively
batween the two possible typee of inhidition, See note p, 1.7,
It was then thought possible that inhidbitory potency
of tropolone inhidbitors could be varied by introducing subse
titusnt groups other than methyl, provided these groups
could interaot with accessory sitee on the ensyme surfacs.
It vas also reasomed thet if a noradrenalirne side chain
be introduced on the tropolone ring, a better fit on the
engsyrs might result, noradrenaline being a natural suhstrate
for the enzyms, As seen on page 102 (Table 2), the vesults
of inhidbition studies with the various analogues of tro-
polone show approximately equipotent inhibitory power
regzardless of the nature of the substituent on the tropolone
rins.“ It is noted that l-methylaminc-7=thiozo 1,3,5 oysloe
beptatriens is the wealust inhibitor of COHI' which is not too
surprising sincs, if the chelation mechanism (LXXVI) ie
operative, then one wuld expect this compound 10 have weaker
chelating ebility than the tropolones. Another inhidbiter,

lemetiylaxino=7-msthylinino 1,3,5 oycloheptatriens gave

® It 1s interesting to note that the methyl ether of
Li-acetaxd domethyltropolons showed potent antimitotisc sotivity,
The compound is an snalogue of colchicine, and this indioates,
although more ecrroborating evidense 1a nscessary, that only
this part of the colohicins molecule is nscessary for antie
mitotic astivity. The experimental evidence was provided by
Dept. of Agriculture laboratories in Ottawa,
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identioal results. Also, 1t is sven that colohicine shows
no astivity as an inhibitor (Pig. 17) at the soncentrations
useds 7This showa that the tropolone hydroxyl group must be
free in order to produce inhibition,

It was seon previously that catechols 1ike, 3,l-
dihydroxyrandelic ssid, 3,4-dihydroxyphenylplysol, 3,k
dihydroxyrandelic aldehyds, adrenaline, nopadprenaline, and
even catechol itself are all good aubstrates for COMI', Also
polyphenols 1like pyropallol act as excellent substrates for
COMI'y It $8 evident then that the catechol nusleus sust be
an integral part of any moleculs in order that it can act as
a substrate for CONT, The various substituents on the oate~
chol nuoleus seenm to play a very minop role. It was shown
(Table 2) that the tropolone nucleus was ossential for inhi-
bitopy aotivity, Alao, it was noted that the wide variety
of side groups on the tropolons ring d1d not alter to any
significant extent, the inhiditory power of tropolone. There-
fore, va seo a distinct paralleliem between the lack of ye-
quirement for substitusnts on the ring of inhiditors and the

nuoleus of substrate moleoules,

B, COMPLEX PORMATION
IP the chelation mechaniem (XLIX) page 9 wiloh has
been proposed for complex formation betwsen catecholaxines

and COMI' nolds tpus, then one could by analogy write & similer

e e e



mechaniem whioh would aoscount for the inhibitory power of
the tropolones in yitro. The mechanisn of ths enzymic
pethylation has been plotured as o displacoment resction on
S-AMe by a nuoleophilic hydroxyl group of the catechol ring.
The above mechaniem (XLIX) oan be modified to
account for the nonecompetitive inhibitory power of tropo-
lones, for it is obvious that the nucleophilic attesk by a
phenolic oxygen anion on the methyl group of SeAle could not
coour in the analopous complex (LXXVI) with tropolones,
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Tho oyolohsptatriens ring being electron deffolent in its
favored resonance f'orm would rost probebly lead to strong
interactions with electron donors on the enzyme surface.

The eleotron density on any of tre tlmee oxypens that partake
in the ohelate complex should be distributed evenly in this
resonsting system, and the oosplex itself boing electrically
neutral cannot ionige. Therefore, no nueleophilic attaock

on the methyl group of S=ile 18 possible. An analogy cen be
drawn betwoen an alcoliol and & ketone with regard to ease of
methylation)

¢ =
Ou0 = C=0 (11)
ReQ — R0 ¢ B (12)

Hepe, the alcohol on lonisation acquires a full formal
negative charge and is a nucleophilic species whereas with a
ketone, the resonance form (11) 1s electrically neutral and
e not nusleonhilic.

Purthermors, Witkop et all7' studied the effects
of diffepent divalent caiiions on ensymatic and noneengymatio
O-methylatien of 3,4~dihydroxyasetophenone end 3, ~dihydroxy-
venszaldehyds at different piis They showed that the transi-
tion meta) cations that withdraw elestrons from the cateclhiol
hydroxyls most strongly, prevenmt nuoleophilic displacement
of the methyl group of SeAte. This speaks strongly in favor

T

PRRCERRR

>



N TN

of the 1315l enzyne=motal=pubstrate complex (XLIX). ismperie
ments wepe performed which support mechanism (IXXVI) for the
inhidition rechanism.

When & "motal enzyme® ia exposed to comventrations
of a ligand which in an aqueous system will cccupy all the
metal's available coordinetion sites, the stolehiometry of

the metal chelate foremed will be e significant gulde to the

meohanion of interactian, Memsuremente pepformed on eny of
the physical or ohemical properties mentioned in the "Intro-

dwtion" may serve ns gauges of eomplex formation. Rquation

(7) page Si represents & mixed complex: ensym=mtal-1igend;
the metal is bound to btoth, The metaleligand interastion

oannot procesd fully to i1l all the metal's coordination
sphere, since SeAls already acoupies some of the covalent 3
sites and indications are that 1t is not displeced. On the

SRR A

other hand if equation (6) represents the mechanism of
{nteraction, the complexation of metal with ligand vill be
such that all the metal's coordination sphere is filled.

The results obtained using Job's Nethod of Oentie
nuous Vertation (Plg, 22) show that there is a proportional
deorease in inhibitory pover as the mole % of h-mthyltropolone
{s decressed an¢ the mole £ of Hg** ton 1s inoreased. How
if this system 1s loaded with a large excess of Ng“' (500 _
mole £, detting 100 pM = 200 mole £) while using 100 mole g |
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of Lemethyltropolons as fnhibitor (1 x 0% M), there should
be a large reversal of inhibition 1f equation {8) i operative.
If mechanism (LXXVI) 1s corpect, then the percent inhibition
w11l approximate the percent inkibition shown by 50 mole %

of Mg** and 50 mole ¥ of Lemethyltropolone, This would indie
oete that a 111l metal=inhibitor=coensyme complex is formed .
#nd this further substantiates the ehelation mechanism pro-
poeed by Witkop et alm‘ ae sacounting for Michaelis complex
formation. As the results show, the inhibition curve (Pig. 23)
where & large excese of Hg“ 48 used, shows 73F inhibitien
whtle the owrve where 50 mole € Mg** and 50 mole % inhibditor
are used (Plg, 22) shows 67% inhidition, Femse the results :
support the forsuletion of the complox as shown in (LXXVI) ‘
(page 142) avove since the metal-inhibitor=sofastor, complex
(L:OVI), is not dlsrupted reedily by excess #g*t, 1
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CLAIMS 70 ORIGINAL RRSEARCH

Chemfoal synthesis of the followlng new compoundst

(a) HeaeDeuteriotyramine

(b) seaeDouteriotyramine

(o) 1=a~-Bisdeuterionoradrenaline

(a) LeEthanolaminotropolone.

Ensymio preparation of the two enantiomers of Ged=
tyranine. _

The discovery that pat brajn MAC displays the same
absolute optical specificity as pat llyer MAO, in vitro.
The application of kimtie isotope offecte with deuterated
substrates was used for the first time as & tool for the
atognimuon of this kind of storeospecificity.

The discovery that MAO at the effector cell level
(nsotitating menbrans of the out;) dlsplays ths same
stopeospecificity as rat liver HAO.V

Unambiguous yroof is provided that noradrensline is not

a subatrate for MAC at tle adrenergic effsctor cell level.
The suscessful lppnqauon of kinstic isotope effects in

the £ield of pharmacologys
The discovery of & poverful non-gompetitive inhidbitor

(h—uthyltropolom) of COMT,

A
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8, The establishment that the tropolons nusoleus is ell
{mportant for {phibitory activity toward coMT,

9, The development of & new aseay method for COMT activity.

10, The establishment of & 113l metal-cofastor-inhibitor
complex as & mechanism of COMT inhibition by tropolones.

11, A mechanienm is proposed that explains the non=competitive
{nhibitory power of tropolones toward COMT,

HOTR,

Shortly after complotion of this thesls 1t was
dissovered that the Lineweaver-Burk plot (Pige 12) wae
based on valusg of substrate concentration that approached
vm. Hence the epparent nop-competitive nature of the
Linewesver-Burk plot becomes doubtful, and the proposed
necbanism of inhibition of COMP by tropolones 1x no longer
trus, Alse, Dre D'Iorio has obteined preliminary results
that indlcate the tropolones to be competitive inhibitors
of COMI. It 18 boped to show in the nesr future whother

the tropolones gotually becone pethylated through the astlon
of COMT. |
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