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��hiphatie amimimiom ao-iol mimumilomguo-s of i�-mmmo-thiioimmimme t limit imihihit t In o-mizvnnmot mo symot hio-sis o of 5-

adenosyb-i�-niet hmioumuimio’limmve ln-o-mm (Io-sigumo-(b ounu t imo- hmisis oof st ntio-timumil , o-o mmufomm-aunt io mmumil, amud
electroumie o-oimmsideratioumus. ‘Fhmo inihmil)itoouv mict ivity 0 of t iieso- (o mllij)OoiImi(l5 limos lu-o-nu o-vmobtnmoteol

‘iiitim I)antiall� 1)unifio-d 1)ro-1)mluatioumus oil 5�’FP :i�-muio-tImioiminmo- 5-miobo-muomsvltnau,sfi-rmiso- (F(’

2 . S - 1 . 6) ohtaimio-d fuoumm hako-m-s’ vo-ast , J�’&/oei-ichia- co/i, mimuol rmit liv-u-. i’hie o-ffo-o-ts oil vmin-imit iomi

in lemmgth and branmehinug o if (-arho in chmiimu , st o-nio- o-ounufigurmit io mu , olo-gno-o- our p0 osit mmmi oml tumismot unmi-

tio)um, amid thmo- initi’oudU(-tioomi of o-hilouro grooups lmmiv- luo-o-nm miiumil\’zo-(b iii mini o-ffoort too oio-dtno-o- tin-

utmost favounabbo- fo-aturo-s four iimimibuitionm . \Vithimu t hmis o-lass oof oo iiimjuo omnni(1S, 2-miniinuo o-4-hn-xvnmo mic

acid, (E)-2-mimimuou-lia-im.s-4-hiexo-umomio- aoid, amid (Z )-2-mimmuinuo m-5-c-hh mn.om-lia,os-4-ho-xo-nu oio- mit-ic! mire

arnoung time immoust pom\m(-rlmul imuhiluitouns symutiio-sizo-d. mi o-oomutmmost, (Z)-2-monuuimioo-cis-4-imo-xo-imomio

acid and (K) -2-anmino-5-chbor(m-cis-4-hexoomoio micid omn- mv-ak iniuihitours oin miro- inactive ‘limo-
activity of time moore po)werful inhibitors appears too ro-siobo- oxoltusively in time L isounmiers.

(Z) -L-2-Amino-5-chborci-l,aims-4-imexemiomic acid displays (-onsicbc-nabiy gro-ater specificity four

the inhibition of rat iivo-n enzvnme (15o = 0.55 nmi) tlmminu for hut yommst (‘5(0 = 3.0 nmii) our

E. coli (I�� = 4.2 ni�n) acbenosybtranslenase. Exammminatioonu oil mmmoolo-ouulmir mouli-ls ro-vomils mo

Clo)Se similarity in time size, simape, ammcl mmulecular oommmtuun h-tw-emm mini o-xto-n(bo-o1 conufoorma-

tioim of L-nlo-tluioniuuo and L-2-mtflmino-4-hio-xvumooio- mi(-iol mimmb (Z)-i�-2-mmnminmom-5-o-lubomroi-toan.s-4-
hexo-noic atid. Ammother conmj)ouun(1 wit ii sigimifit-auut inhibit oorv mictivit v is (25, 45) -2-minmminoo-

4 , 5-methvbone-5-imexenoic acid (hmypogbyo-imu A).
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th-io- 5\’Iithl(siS 0 of P olvanmminios (3 ) , :010(1 mo ml

millmuml)o-m oof uegonlmitoorv mumotab)oolio moubos (4)

lumis j)m0 miuipto (1 00 0 to -t miibod st imolv oif t Ito- to omit m�oul

of tIuo- svnitlio-sis out’ 5-mido-mioosvl-L-muiothmiomminio

l)\’ .�1l � : m�-mimot ho omiinio- #{176}u-mt(bo-muosvltnmmnusfeumiso-

( l’(’ 2 . 5 . 1 . (�u ) in vmmnioous 5�)0cie5 momal tissuo-s,

amid mo so-arc-it loon inihul)itoors ouf timis neoio-tiomm.

l’:mon-lio-i st tudio-s Imomnm t his loiho onmit 0 on\ (.
iimovo (bo-limio-moted t he mo-loot iv(-lv numiru-oo� sinlu-

stnmit( siuocititit\’ oof thuis o-mizymmn-, amid himivo-

11110�0 uvo-mo-ol t limo -o- 1)0051( t\1)OS of mimuminmom mio-i(1s

�vimio-Ii imuiiii)it tIme ad(-muo os�’ltmomuist’o-ummso-2 uo-ao--

I iommimi (-omnmj)(-tit1001 \VitIi L-mmio-timioomiimue hut

(tub -m ��it Ii i-e-s� io ct t 0 0 t ho -ir -itonio, i-loot mo nuio,

amid o-o onilo)mmummot io omimol no-boil io omisimitus to o u-
mno-tiuiouniiuuo-. ‘I’hoso- iniliiluitoorv o-oonmjuooumusls

imuoludo- (a) smotunmmito-olmona! umisattuumoto-d mohi-

I lumot ii miiuiimmoo moo-jobs o-mmdo owed w it ii appro oluui -

at o 00 onifo unuimit io onimol rigidity minu(h omit iomilly

pl:ioool uo-gio muus 0 of imnusmit imrmot ii mu , siio-im mis

2-niumimmo o-li’aio.s-4-luo-xo-mm oio- moo-id ( I \ ) minud

i�-2-momuminoi -4-Imo-x\nmo oiO moo-job ( XII \h ) ; (b

obomivmitivos out so-miiuo- amid o-ysto-imio-, suo-hi mis

O-mioetvl-L-soIimle, O-o-mimIumomuuvl-L-so-Iinmo, minol

�‘�-omiuIumomumvl- L-o\-st emnio : momiol (o ) monluoa-\’o-hio

amuiinuo 0 mi(i(15, simo-li mis I -minmuinmomovoli oluenitamie-

I -o-amIuooxylic mooiol.‘l’hio-so-limudimugs hmavo- lo-d to

(bO(IU(t 10 onus to mmioo-mmmimug t lit- limO oluabuho oo omi%or-

nuimit io omm 0 ml L-iuuo-t huio mmmimie mit t ho- moot lye sit o- ouf

thmo�-mido-miosyltumimust’emmoso-. In thuo- jumo-so-mit gm-ouup

0 if 1)mllu(-m5, thu t oopougrmo�uhiy 0 ot#{149}t Ito- miotivo site

limis I oeomm lmuaj)po-ol imi furl ho-i obot moil by niomimis

oml a senios ool’ adolitioomimil inihmihitous timmit (mill

imitom thmo-o- stmuo-tunmob o-lasso-s: milmpiimitio mimmiilmoo

muids, mon mmuumotjo minmino 000i(ls (6 ), mommol -mombou-

oyolio- minl(1 hot ono oo-vo-li- mimumimuom moo-itls (7 ) . rfiie

o-lfo-cts ol thmo- 00(hmumjiuist mmotjomni (of nopnosomutoi-

I ivo- imuhiihjtooms out’ limo-so- tvjoo-s oomi tissuo- lo-vo-bs

oil’ �“-miobonioosyl-n_-mumetIuiomnuiniomuici L-miuotlmio-

muinu- imi toots amid muujoe imavo ho-on timo- suhojo--t

out a dotmiiboob m.o-(-o-mit stimo1�’ (8).

2 ‘l’hio :ihuhm’cvt:mt loomis utsool mono- : aoho-m,uusvlt m’amus-

1o-m’aso- , .\.‘1’1� : m,-mmuo’thioomui no- � -aolo-miousvlt ramisfo-m’ase

(1,;(_.’ 2 . S . 1 . 6 ) ; o�is - amioh trans-omout vhglvoimte , (Z ) -2-

:umuimiuo-cis--1-lnxemtoiu’ ao’id ,mtoI ( I�’) -2-amuuimioo-tramos-

#{149}1-huexomiomio’ ao’id , m’osl)oO’ t ivol� . ‘I’hio- o-xpmo-ssio ni 1)15

is imsod to (ho-m)(000- 0h( vahoto- of bug, (l/I� for a

givo-mi I Ii luilmi t oum’, ��1tomo t ho- � val imo- m’efo-m’s I o time

mmiuolam- uounio’omit matiomt (of imihiluitoom’ m’ooitmireoih too

ohomo’o- nO#{176}imiluihitioumi oil o-muzvmmue :io’t ivitv utmido-m’ ooomu-

oht momts siumo’mfieoh im, tlio- to-xt . It siiooutld ho- nt00e(1

o limit mmioost � Va1 lOS it, I ho text im’c o-xpm’ossed itt

mtumlltmmioolam’ o’outu’o-mit mat joumis, who-mo-as I ho- p!.. v:olumes

m’o-l’o-m’tOo mmoo’lo,r i’oomu’o-mtl mat loomIs.

‘[Ito- o-nuzvmumat 1( svmithmo-sis of oS-midenm osyb-L-

1110 t iiioumiimuo- iii’t olyo-s the trmimmsfo-i ouf time

moclo-nosvl muiooietv ouf .�TP tom time sulfur miteumim

oI� L-immothioommjimo w ithi tho- foriummition of a

1 )0 )sit ivo-ly cimargo -o1 , liigh-o-uio-rgy sulfoumiuni

obo-nivativo- momici tho- u-rio-mist- oof immoum-ganic j)Iious-

I iiimit e mimiol ji�ioiju1io O5j)lititO, a(-(-orolilmg t(m time
foolbommvimug stouio-imiomumo-tny (9):

I-- � Eothmio oniimio -I-- .�‘1’P 1”’.

�‘o-moobomloos\l-L-mumoti1iooniinuo -1- PI� -+- 1)�

‘I’im- mido-niousvltmminusto-mmiso- alsou (lisplays an

immtnimmsio- ii\’hio olvt ii- mmo-tivity timmit prooiimo ito-s

tiio- o-bo-mivmmg- o )f enlZViiie-l)O ounid cur exougo-mious

t mipo mlvphmo osjuhat o- t 0 0 �ii( ongmiimie phoospimato- amid

P�’m0 ipiio is� ihmmt e ( 9) . Ihie imitero-st imug mmmccii-
amuismmi oml this iemietioumi imas ho-en tii- oubject oof

intomusivo stmuoho-s, which havo- 1)0-0-mi no-vu-wed

luy ?sludol (9), amud to o \vlmi(-h rmmo�umo-r(-cemmt imiioir-

numitiomi lmmms hi-c-mmmO(b(10d li:i�’ (ro-o-mue (10), by

(‘hmoiu amuol ‘l’molaloiv (11 ), amid by Lounihardimmi,
(‘Imon, miii(l T1�almilmov (12). l�iiusumib kimuo-tic

0�0oimmi)bo-xil jo-s have bo-emu o-mioouuiiter(-(l iii tiio-so-

st inches. 1 )o ouhlo-ieeipi’oomil jubomts oof time ro-

miotiooui iro-ho oojty ouf �‘omist , u-mit livo-m, miiud .E&he-

/1(11 ia (‘0/i mioboia msvlt umimust’o-nmiso-s mis a fummo’tiomi

0 of i�-iu 10 t ii ii iii immo- 00 onioo -mit root jo omus (ummden sat -

imimot ing .�‘FI� oo onmdit ioomus) do-nuomist u-mitt- do own-

wmind obo-flo-o-tioouus fnomni hino-anitv fun yeast mumd

1::. (‘0)1! mido-nmomsvltrammsl’o-rmoso-s ammol mimi uI)wand
oloflectiooii ton time mmmt livo-i emiZViu)e (1 1 , 12).

i’\ I o oneomvom, thio- livo-i o-nzvmmmo- obiffers jut a

lniuiollie iiimmimmmoi t’mommmm other nmaimmmmmabiauu and

iumio-uoul)ioii -nmzvimuo-s (-Xammuuime(1, imm that the

kimuo-tio-s is sigiumoiidmul w ith respo-o-t too L-imutIm-

io onimmo, mmmii iuo mnisul)stnmito- ammombomgtmo-s oil m�-

limo-t iiio oiu inuo at li av o mui(o-iut rat io mum stinmulat e

(ho svmitimosis 0 ii’ �%-mo(bo-umousvi-L-nu(timic)mminmo- liv

0 mI)hitoImOt mug t ho-so- sigmumo midab no-bit ioins (12).
r#{231}j Limit-tie moii oiuumihios pro-o-lu(bo- ao-ourate

obo-tonimminatio ins oil \ I io-imao-bis couiistmiuit (.h,,)

i’milmnos l’o ii- t iuo - siul )st moot os our oof K ,- vabuo-s lou

inihihito Ons ��luo-lm oil-c- inobo-po-mido-mit omf sub-

st mat e o-o omno-nit umit io onus. ‘Ihmo i)O it -umo-io-s 0 of

imoimiluito ins Iimovo co mnus(-o imu-nmt by l)OeuI o-xpno-ss(-d

mis oo onuoonut n-mitio)mls 10’Omired t(o ro-duoe time

V(bo)oit\ too ��() 0 (J� voibuo-s) mit a spo-citied

0�0ouioouit u-mitio on 0 if’ L-iuuet hmiouiiuuo- (37 .5 �t)

unmiobo-m I)m0(150lY dOtinuo’(b ro-mm-t join co oimobitions

� \\hiomm 1\oI i-hmao-lis-) Io-mut(-uu kimmo-ti-s is

0 ol )0\0 ol , 1 1oo - no-loot jo omu I n-t\vo-o-um fmmoo-tjo umuai iii-

hiibitio iii vmobuo-s (stmo-lm as � anud time inihibi-

lii ni 00 omustmonut (K ) doiuonuhs lij)(Oii timo no-moot ioni
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..\.. \\‘. (‘ooulmer :omtoi 1. S:,it , ttmipothli�-oiio-o1 jum’oo-

cedum’e.

niochammisnmu , as recemmt iv show’um by (‘hiou

( 1:3). 1mmthmo pres(-mit o�mise aIm ammabysis of this
type is miout possibbo-, amid kinetic imitenpro-ta-

tioumus oil imuhibitorv potemmcies are preo-luded.
Neverthmo-lo-ss, time- 150 valuos ol)taimied ummder
st oinidard o-omiditiouis are Imighly reprcuduo-ihle,

amid mi�)pareImt \Iiclmou-lis-\Ieimtemm kimmo-tics is
Ol)SerVOd over even quite extemmded o-omnceum-

tratioun ramigo-s (7) (sec 1”ig. 1).
In additiouum, it has beo-n c(uuivemii(-nt to)

tiuammtitato- inhihittory l)imto-umcY mm termmis (ii an

inmimil)itiounm iuidcx, P’i#{176},w’hich is time iio-gmitive
boganithmimm of tho- I�o vabue expresso-d in
uioalar ooouioemmtratioouis mi ordoi to oohtaimm

vabuo-s ouf convemmu(-nmt mumaguiitude anol avoid
mio-gmmtive miummil)erS. Titus I�o values oil 100,
10, 1 , amiol 0. 1 mm�i correspond tou PImo values

(if 1, 2, 3, mmmd 4, respt-ctivo-ly. The advaum-
tages of tin-- use of pI�o vabuo-s ratlmo-r timami

I� mumo-asurenmermts is that thie founmmmo-rrelmite
directly (natimer thmmmi reciprocally) tou time
inmhmih)itcury pcmto-uicies, amid in sonmo- inistanic-es

relativt-bv coummst.amut inic-ro-imi(-nts mm pI�,#{176}values
cant ho- ascribed too specitio structural ciimiumg-s.

Ma/em-ia/s

EXPER�MENTAL PROCE1)UIIE

All solutiommis m�’ene Pro-Pano-ol in do-joonmizeol,
gbmmss-cbistilh-d w’at(-r lnounm -hmo-mmmic-als out tlmo-

l)0st (oumimmumono-jab gradt-s availabbo-.
Ccl lulo iso PhosPimat 0’ 1( iii (-xcimalug(- j�aj�er

discs (23-mmmmmmdiamo-to-r, typo- P 81 ) wo-ro-

1)ur(has(-d froumi Roevo- Aumgo-1, Chiftomm, N. .J.
Ado-mn usilmo 5’-t nipho ut-quint o- (diso udiuimm ) �

puro-imaso-d froini P- [� Bioo-hmo-mmmicals.
Tho- pninmmary ammol so-co ummdary so-au t i 1latoirs

PPO (2 , 5-dipheumvbouxoizo oh) mimmd l�)I�)P

� /)-h)is[2- (5-ihio-um�’bouxmizool�l)1bo-nmzo-mio �

purchaso-d froum No-is’ Eumgbaumd Nuo-lemmn
Spo-otroscoopic quality p-oliomxauio- timid glyc.-
orcul and romtgemit graobo- nmmphmthalemuo- ivero-
j)urrlias(-d froummm i\lathio-somi, (�obenumami, mmmd

Bc-lb. m�-[,ne/hy/-’4CI?ibo-timioummimmo- (33.6 nmCi/

uminiole) amid [S-’4C]ado-nio usimie 3’-t nij)hiiusphmmlt (#{176}

tetralithmiuumm (47 mmmCi nmmmmmole) w-ro- tIn-

prooluo-ts 0 if Anmo-rshani ‘So-anlo- (‘orpo mrmit iouum

amid SoImwarz/ 1\ Iann Ro-so-arcim Lal)onat ounio-s,

no-spoct ivo-ly. Crystal hizo-d ho uvimmo- j) lasumma

ahi)unminl ms.ois purcimaso-ol froommmA nmmuuimr I �himmr-
mmmaeo-ut icab (1ounmpammy.

�t in-i/u) Acid A nalegues’

‘lime structures oil toll mommuimiouno-it! mmmualomguo-s

are repro-so-umto-d in Fmil)lo I - Rounmanm uuummmo-rals

r(-fer to time stnuo-tum’(-S shiomwnm mi tins tabbo-.

lime go-o unmet ii( 0-0 iii figummo t lo)uuS oof 0 oloti miic

conipomumicis an- olesignmtto-d as o”Is o on lm’aiis in

accomrdamio-o- w�ithm. time ouu-iemutat io iii 0 ut t hmo- bug-

est carboum c-himmiui. If tin oboouhubo- ho omit! is

tenmmmimial and -mirnic-s mmhalo ogmo suhst ituo-nit
cis’ amid ha-mis’ do-siguimmt mo)mus ano- 1181(1 to m mobmmte

the o)nio-nitatioon of tIn- suhstituenit tom timo-

bouigo-st c-aml)ouml chmaimi. Ho omvo’v-n, in oomd-u to

avooid mimi’S mummuhiguity, t imo- o� unmuinmuniols mine

furthmo-r dc-sigmmato-d mis .E (en/gegen) monid Z

(zu ta in imoemi ) mit-co oudinmg t 0 o mmiou-e u-oct-nit j uu-om-

l)0S00lS four miounmio-uicbaturo- (14).
( ‘olnlnel(-iaI. u.�-�\ lethiiOliumio, nj-no orboon-imio-

( I), mmmd ii- amid i�-mmouvomlimuo (\‘ll ) m�o-ro sl.Ij)-

I)1i0d l�’ $cimwmiuz1/�\Ianini i!o-so-mmuoii Lmiluiua-
tories. m)-iN(unho-uo-imuo- (1 ) ivas pumohimusd f’moummm

( 1ychu (1hio-mmmio-mml(‘0 oI-Iioummtt jo oii.

(.iiJls. L-2-��nuimmoi-3-mmuo-thiylemioh1examiooic

muiol (11) (1.5) was mi gilt (if l)n. ( . I )moutlemimio’,

l-’oicult#{233} obo�m� So-io-mmoo-s .�gIo mnioonluiohucs oh-

l’l’;tmit , (�emmmhlouux, l�(-bgiumuu. mn�-2-.�nmmimio o-3-

mmn-thivlht-xanooie mmo-id (11 1 ) ( 16 ) mono! (.E

muu�-2-aimmiImoo-4-um1o-t his’l-/ians-4-hio-xo-nu oio- moo-id

(VI) (16) wo-no- gifts oil Dr. W. Shivo-, tmii-

vo-rsitv omf To-xmis, Austin. ‘Thio- hilton corn-

1)oilnid � obo-rivo-d froumi tiglabdohmyde, amid
is pno-suummmmhly thmo- .L’ isoonumo-m. Synitiio-tio-

1)L-2-anulinioo-4 ,5-hmoxaojn-nuoon- �u-jol (�Xi\�1 ) (17,

1$) m�mis mi gift oil I)r. W. S. (‘hijltomni, lmii-

vo-rsit�’ oil \Vashminigto mi, Somittlo. F1�juo ogbyoimi

.:�.. (2�$ ,4o8’-2-anmmimiom-4 ,3-nuuo-tii\’bo-nio--3-hio-xo--

miomio- mioiol, XiVIII) (17), (25,3/?-2-mimumimio-

:3 , 4-muio-thm�’bo-muo--5-pomut-nuo ijo- moojob, XVI I ) ( I 9,

20) , muiti 2-mommmimiom-4-nmmo-t luvl-3-lio-xvnio ujo- moo-jot

(XIIX, to-mmtmitivo-bv mossigmi(-d tho- 25 4/? o-oomm-

figurmitiooni) (21 ) mvo-mo- nmoturab jum uhmno-ts amid

iveno- gifts oil l�uomfossoom l�. l”owoh-ni, Umui-

vo-rsity (‘oullo-go-,Loonidoumi.

Synlloelie. mun- mmmiolm�-2-��mmuimmoo-4-hio-xvmiomjo
mu-iols mviii- mi\’nlthio-sjzo-(b 000(0 mmolimmg I o u jumoo-o--

dmmr-s cho-vo-Ioupo-din this l:iiuoum:itomry (22), anol
by A. \V. (‘ooulto-r mimmd 1. Smolt.1 #{176}J’Iioeis’-(Z)

ammd Ii’ans’-(.E) isounio-ns oil mui�-2-momuuinuoo-4-

hmo-xeimomio- aoiol iimiv- 1)0-0-mi pno-\io miusly oh--

sc-niheol (22, 23).

Thmo- (‘ls’ isoummmen (\-‘) mvmis jirojimmm�o-o1 huy I jni(l-

lan o-atmilvst no-otuo-t io mi oml 0 t lm’o’b 2-moo-i -t monuuiobo

2-o-anho-tiuomxy-4-hexvnioomito-, to obloumvo-d liv hm�’-

dnoobvsis aniol obo-o-morl)ouxvbat i ni (22 ) - ‘l’hoe
liamos iso oimmo-u (I\’ ) \�mis jum0j)mil001 luy so-loot ivo-

o-hmromnuooims mo-oluo-t io iii oml’ muL-2-mimmuinio m-4-Ioo -xv -



X
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iii iir moo-id, mmmdci- so obvenit 0-i omiotit io mis fmivo oniuig

liumos’ reoluotuomnm.i Thmo- g(-ooummo-tmio-ai isoummmers

(IV mimic!V) ano omlutmiimiooImi pure foumnm by

hmiglu-no-scuhimt ii on ioum-o-xo-hmammgo- o-hronmmito mg-

naphiv - WI u-n o-hnonmmmit 0 ugraphmo-ol ummdo-r time
spo-cifjo-ol 00 omidit ioums (22) with appropriate
stanuobmirds, thus- tunos oil elutioum o)f tho.se

minuimiomno-jotS iso-ne mis foullows: cysteiimo-, 500

TABLE 1

H2N-1c�H

COOH

L�METH1ONINE

H2N

COOH

I

CH

H2N H

COOH

U

H2N_(<

COOH

m

H

COOH

COOH

H

COOH

H

xra

H2N-���’

COOH

H2N

H2N ‘�COOH

H2N

H

COOH

XI

CH OH/2

H2N-t#{231}H
COOH

H2N-��

COOH

�ra

C H3

( Cl

COOH

xa

A’
H2N-c�

COOH

x�u �VIff
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mmmiii; mmmetimioomujnmo, 322 ummimm; \�, 349 niimu ; 1V,

.5o:� mmmimm; isombo-uc-inc-, .594 nuimi ; leimc-inmo-, 617

mimi.

IuL-2-Ammijlmo-4-penito-miouit- mtciol (VI II ) ssas

pro-pared aco-ourdimug too Goering el al. (24).
‘�Fhme gosmotrical us(uummers c)f muu�-2-aniiniou-5-

chboro-4-pemmto-muoie acid (LX m-tuud X) svt-r-

pro-pared 1�’ a ummodificatioumm ouf the prouo-o-dmuro-s
tlescrihod (25-27). Counudo-musatiommi oil (Z)-1 ,3-

dichboroproupo-nie aimtl (.E) - 1 , 3-dichmboro upno u-

po-umo- ss’it It dio-t hiyl acetamiiidommmabommoit o-
funmuishu-d (Z)-o-thyl 2-acetanmidou-2-carho-th-

oxv-3-chboro-4-pelmtcnmoumite (mump 35-56#{176}) mmnid

tho- (.E)-isommumer (ummp (�9 -71#{176}),ro-s�)o-o-tiv(-ly.
Hydrolysis was accommmuplished by ro-fluxinug
four 4 hr in 6 x HCI. TIme amimimiom acids iso-re

jsoulated 1)\ bmmrge-scalc io umm-o-xc-lmmmmmge o-huro mnmmmi-

to ugraplmy , oharactenizoob 1�’ N \ I H ammo! mmmass

spoctrab data, aimd amialyzed with a sirugle
o-oulunmmmt (0.6 X 140 mmm) autoummuatie omnmminuo

aoid aimalyzm�r, using Biou-Rad Aumminex Q- I 5
S resin. Tiit- co)lunmlm � oupo-rated at 60#{176}

at- a flouts’ nm-ito of 39 muil/lmr. Elutioni oil tho-

alnmnmou acids was o-arrio-d ouut with mo mmimio--
(-immmnml)er variai)bo--gradio-mut do-vico-, imsimug

citrate huffo-rs ouf pH 2.88-5.00 (22). Unido-r
timoso o)�)o-rating oO)iuditio)mis l�X mmmd Xi iso-re
clmrommumitoigraplmed wit hm mippno upniat o- st amiot-

minds amid thio timmm(-s oil tho-ir elutioumi wi-no as

foubbousvs : valimuo-, 363 imium ; o-ysto-inm-, 400 nuinu

�ci, 406 mmmiii; LXi, 413 mmiimm; mmmo-thiiooniinmo-, 426

mini.

‘I’huo go-ooummotrital iSiunmiers oil mum�-2-ammmimmou-5-

clmlouno-4-hex-mmouic mit-id (Xl amid XII ) wi-n-
pno-paro-d bY c-ouuido-nmsimug oliothyl mntaumiiotou-
nmabonmato with I ,3-obh-hboroi-2-hutc-mmo- to)

give a mmmixturo uf (K)- amud (Z)-etimyl 2-

aco-tamiiidou-2-c-arl)(-thmooxv-.)- ohboonou - 4 - Imo-xo-uuo o-

ato- (27). TIn-si- isoinmuo-rs svo-r- so-parato-ol luy

o-hirounmatougra�)hiy ouum a dry silica gil o-oulumnui

tim affiurd Purl- .E (o-is) (immp 62-62.5#{176}) ammo! Z

( li-amos-) (mmmp 75- -76#{176})modducts, tlmo- .st(-no-oo-

ehmo-mumjo-alc-oonufigimrmmtioumms1x-immg assignuo-d milto-r

time d-to-rnminmitioumi tuf tho- struc-turo- ouf XI ammol

XI I huy N )1 Ft. o-xpo-ninmo-mmts. Time dli-sto-rs

iso-ri- hvdro lvz-d ammo! do-canhomxvlato-tl to

(Z)-2- mitetaimmio!ou - 5 - c-hilourom - loaios- - 4 - ho-xo-uuomi(-

ao�id (rnp 1 i3- -114#{176};svhmemu sublinmuo-d it nmo-lto-d

mit 140#{176})ammo! (E)-2-aoetaumiidou-5-o-hmloirom-eis--

4-hmexemmuic on-id (nip I 24-125#{176}). Bas- huy-
otrolysms affordo-d XImi mumid XIlmi, \V1)ih-

mmo-vlaso- I hivdnoulvsis �io-bobo-t1 XIIiu mimud Xliii.

��ll inmto-rmnediates amid protluo�ts wo-ro’ -luar-

ac-to-nizect by inufrmmno-d, N\h1�, ammo! nuass

spo-c-tromummo-try, mmmd luy o-lemmmo-mmtal amuoibyso-s.

t$umdo-r thmo- miluoivo- o�uo-roitiuig o-oumuotitiouns for

tho ammmimio mioid aumalyz-r, o-omump munuds Xl mind

lxii i wero- cimro ommmat0 mgrapimo-d iv it hi mop� r ul)ri -

mite standards, ammo! tin- tinmes ouf thmc-ir o-lutiomu

wo-ro- mis toohloows: nmo-thmioumuinmo-,405 mmuinu; isoo-

bo-uo-imme, 472 mmmiii; )(I, 482 mmmimi; b-no-moo-, 490

mmmimi; Xli, 505 mmiinm; tvrousinuo-, 545 uuuinm. ‘flue

asSumm)o-d go-o ummm-trh st c-ri-i oo-ho-nuist u�v o of t hit

Pure ammuimm(u acids ms-as uuio-quivimo-miblv o-omni-
finmumo-ot 1)1 omhso-rvatiomnm (if a o-h-mmr--ut nitlo-h-ool-

()v-rhuauser o-fli-o-t mi timo- o-aso- oof Xiii mind its

aluso-nmoo- imu t iii- o-ase o if NIT iii t ho- t 19- \Iliz

N1i� sjuo--tnoummmo-ter. (‘oummuiuouummot N I 1 limos

also 1)0-0-mi isoubatotl mimic! ss’muthesizo-d lu’s ( ‘huil-

tout amid �fsoou (28) froimu ;t imoanila sn/a/ia,

hut no(ot u-jgom-ouslv o-hmirmio-to-nizo-d svjt ii n-i--

sjnot to sto-ro-o u-hmemmuist ny.

m�-2-��nmuiiueu-(i-hmvoiro ox�’-4-lus-x�-nu mu- moo-job ismis

iuro-pmmri-d h�- mibkvlat ii umi 0 of tbiot lm� 1 moo-o‘t monuuido-

mimabounumito- w’itim 1 ,4-dio-lmbounou-2-huut vmm mis-to

inig to Januso-mu (‘t a/. (29). Base hmydro ol)sis mom!

tbo-oomrhouxylatiomnm u-o-sulto-d mm mono ooil (the

_V-ao-o-tyl dorivmitivo- omf ni�-iX.\-’), svhiio-li l’mojl(tt

to cmvstmillizo-. Tlmo- omil was livdroolvzo-d with

imoug kio!mmo-y mmo�ybmiso- I mu thio- ustnmil mmumomunio-n

(30 ) t 0 ) miffo mutb n�-XI\’ , oh-to ommuposimug oil )(oVo -

250#{176};jnifrani-o! slo-o-trumum ( b�Br) 3415, 306()

2400, 2250, 2000, 1658, 1587, 1505, 1031
cumi.m ; N)dI�! (I)�), o-xto-nnmmtl tnimuio-tluvlsilminuo-)

o5 2.88 (ob oil t, 2, J = 5.5, 2 lIz (‘�me(’- -

Cu2- -), 3.90 (t, 1, .1 = -�.:-� Hz (‘H -

C00), 4.22 (t, 2, J = 2 Hz () (‘H�---

C�(’- -) ; mmmmiss spo-o-tumnmui (70 e\ ) in e

(n-boitivo- inmto-misitv) 143 (0. 15), 1 2U� (2.5),
99 (23), 98 (37), 80 (19), 75 (60), 74 (100)

53 (31), 52 (:15).

C0119N03

(‘alctnhmiteoh: ( 50:34, 11 6:34, N 9.70.0.(1 :33.5:3

Fouomnd : (‘ .u().34, I-I 6.27, N 9.0.17, ( ) :3:3:301

IJumolo-m timo- d(-signuati-ol oojuo-nat mug oo omidit jo onus

for the mmnmimiou no-id anmubyzo-r, t ho- i-lot ii mi

timumis oil X\’ who-mu -lumoonumoitoogm-mojuhmo-dis ithi

appu-oupniato- stminmtbmmrds iso-ri- : misj umomtmc moo-ic!,

(JO mmmimu; X\’, 105 nuimu ; si-nimuo-, 1 16 mumjmi

gbmntamuiic- mioiol, 1:1:1 niimu.

]Je//inds

I�1’(/)a/UliOm/ 0)) iiiel/oiouio in( (1(/(’m/o.s/Jlli(lio.s -

fei’a.s-e. 1�rooo-o-ohmnm’o-s boom- punilmo-motioumu oof thu
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�-o-most , h’. (‘0/i, momid mat bivo-i A’FP : m�-nmietimiou-

nuimuo- ,8-mmoho-mio usvlt rminisfo-umisos immovo- 1)0-eu

obo-so-ril)ool (5 ) . Ihui spioit�i mootivit jo-s tnmmicnoo-

mmmo)les 0 of o$-IiOleIiO isy l-m�-mmmo-tiiioumiimui- svmitimi--

Smz(-o! i)0m umilhigu-ammi oil pnouto-imi 1)0-I- 30 mm�iumouf

imuo-uhmot ii iii mit 37#{176}unmobo-r spo-cified i-i mnmditioumus

(5 )j 0 ot t lii o-muzymiue j)ri-pmilmmtioonis used imi

tiuo-so- studio-s ssemo mis toohboiws : yo-ast, 4.7;

Ji��’� (‘()/j, 4.2 ; root livo-r, 6.2. ‘limo- no-muctiouum sys-

to-ni fo or (lit o-umuiimiat ii omu oof spo-ojfio- mittivities

oil tho- omuz\’muuos \5.�5 timi- saumme mis musod four

inmimihuitoum st l1(!105 (h-losv) ext-i-jut flint tin-

m-nio-thioonuinuo- o-oomit-o-nutrmitiomnm is-as 2 mmu�m.

1#{176}miZ,iJ)i/(lliC (l.S.S(l�j.s’ an(/ (Ielel’iii i,iatio-n oj

i///iiLOilOl’/J /)0)l(’l/(ij. lhmi missa\’ o-ommditioums
tmso-cb ii on- ii ihmil)it 1011 stuoiio-s is-i-mo- do-so-nil)ed

h�’ ‘sbiio!d�‘l (1/. (31) and mmmoodiiio-ot liv Lommm-

luminoljnui et a/. (5). TIme ronotioum svsto�mi con-

tmiimuoot tho t’omlbomwimmg mu mm fimmal voultmmmmo� of

0.1 mmml (mi nuuji-roonmmoobis) : l�I(1l, 20; #{176}slg(1b2,

30; glutmithmiomimo, 0.8; ‘Fris-HCl, juFi 7.6, 16;

L-[nlethq/- ml( ‘lniio4imio mmmii- (:150,00() o-p�m� ),

0.()0375 ; A’FP, 2 ; immhmiluiton in vario-oI

al-no uiunmts ; momiot t-nuzvmuue ivimicim \s.m-os mmso-d to

iumitimttt- tiio- mimio�ti(uui. Linui-mmnmtv hetweemi

vo-bocitv ouf m-(-010-tioni (formmmatiomu iii S-ado-mm-
OSVI-L-uimetlmio)Iiinme) mis mi fmlmiotioomiomf tiuiue or

bum�teimi 0O)miienit rmitioum \s.mos estmilulisiuod, amid
(01)1 iimimil ((ummohtioonis fom time thmro-e isooluumo-

tioommmil o-mizs’mumos svore deto-mmuiinio-ol (5) : �‘emmst

10 immimi, 2.4 ,ug of 1)rooteuni ; h. (‘0/i, 30 nmhm,
8.4 �.og oil luuooto-ini ; rat livo-r, 6 immimm, 9.4 ag

out’ j)r�to-imi. By mntilizinmg i’i-ny looms bo-vo-bs of

L-nuuethuommiiluomitimo imuo-imhmitiommus\’stolmi (375

1.trin (mmmii ooomuoomit rationi) timo natioo oil immhihitour

t 0) sulustnmoto (m-mmuo-thioonmino- ) o-omuld ho- mmmadt-

vo-m-v Imongo-, t1uo-mo-i�’ nimigmmifyimmg timo imuimihi-

t 0 OI�V �)O it o-nuiv 0 )t’ weak imuhuiluito lu_s. In this
s’ost i-nil , smot unm-it mug 0-i uuioo-nit nomt ii mis oof L-

nmo-t hmio onminio - � mo udimo-o- i-iimixin-uumim vo-bo i0-j( jo-s.

‘limo- pomto-no-io-s ouf the monumiboogue inuliil)jtoors

sso-no - omiboubat ott I is’ t he miuotimo ott oof l)ixommi

(32 ) , iviuio-ii jmi�’o olvo-s mu gnoiplmic-mil mo-pmo-so-nuta-

I ioomu oil t ho- no-o-ipuouo-mtb omf time po-n-o-ntmigo-s ouf

0�0 in i I n-i ul volo ui-it y mis mu fumio-t iomu 0 of timo- inmhihi-

t oum’ to unuromit umit jo nm. 1 mu tins mmuanumuer tin- 15o

vmobune (tiuo - 0#{176}omioo-mut m-oit ii umi oil imuhiihito mu- at

whmio-iu t hmo- eo omit moml not ivitv is 10-(tu0-eo! hi

#{176}- ) oould 1)0- n’o-moolilv obo-to-rmmiinmo-d. I�inio-minitv

ot’ I ho grmmpluuo-al m-epm-o-semmt mit io on ouf t iuo cbmit a

y�.i ouliso-u-vo-ol ouvo-m- a wide u-amigo- out’ inuhuluitour

ci oni(-o-notnmot io umis (o-.g. , Fig. 1 , rot. 7), obo-spito-

timo- olo-vimot joumis t’ro mmm \ I io-lumio-lis- )o bo-muto-ni ki-

uio-tio-s o!iso-uss-d ahouvo-. \VImo-im tIn- expo-ni-

mmn-mmtallv attaimuable o-ounueo-mmtratiouius of mu-

hmihit(urs did mmo)t1)r000tuc-o- .50 #{182}�mIuhul)itio)mm, I�ij

valuo-s loin von’ wt-mik inuimihitors were deter-

mninuo-d iii’ gra�)imio-al o-xtm-apolatiouum. In order

to obetenummmnuo- wlm(-t ito-n a mmmo-thiommimmo-aumalougue

\vmis a suhstrato for time midenosvltraumsfenase

reao-tiomm, 1 j.oumiO1e of the ammmiumo acid ammabogue

ivas added to thmo above assay system iii

j)lace of L-mmmo-thmit)nine and time o�uaImtit-y of
A�fI) w�mis ro-duco-d to 0.5 ,umobo- ouf 1S-’4C1-

A�fl) (o-oumutainimmg 300,000 cpumm). \eboucituo-s
wi-ri- cc)mmmpared witim those obso-rvo-d ivith 1

pimmoobe oil L-Iumethiio)mmiuie.

Time immo-uhations were carrio-d out mm

gbass-stoppo-nc-d tuho-s at 37#{176}with agitat iou
l’our sommuo- ouf time immo-asuremmmeumts time ro-actiomu
was tt-rmmmiumated as j)revmously do-so-nihed (5)
timid tin- radioactive 5-ado-umousyl -L-rno-thio-

iuimme was so-parated fronm L-flmethiomiimme omu

iouum-o-xcimang(- combunmns. I”tur the mmiomjority cml

time nmeasurernemits no-pointed ium this paper, a

mmciv amid sirnpbified immetimod has 1)0-en dcvel-
omped (33) four timo- separatiomm oil �S-ado-mmosyl-

i�-nmethicumuimmo- frommu L-niothmiouuiiluo- o on co-lluloso-

j)hmoSpiititO omit i(un-exchuamlge discs, 011 which
mimi ahquoit (50 ,.d) oil time incuhatioumi mixture

is dnii-d, w’asiic-d ivith a immiuuimmmummi of 200 miii

oil distilled w’ato-r omm a filtratioumi apparatus

(to m ro-nm(ove 1.�- �ni el/i y/- msC]mmio4 hmioumiino-) , amid
thu-u directly plao-o-d mi mi so-iumtiblatiomm viab

o-oumutamning 7 mmmloil Bray’s (34) soimmtillatiouum

fluid. Hadiomao-tivitv wois do-to-rnmimuo-d with a

bio1imid so-mit illat iomm spo-o-t romo-t er is-it ii an

o-flicio-nic’t’ for t4(’ oil tii)OuUt- 70 #{176}� . Timis missav

s�’stomum is oxtneimuoly so-musitivt- mud cmmpahho of

ummo-misunimmg 0.05 mimmioule oil $-mudo-mnosyl-i�-

niot imiommmmuo-.

l”omr this- iuuhil)itio)mm studies time o-nuzvnmo-

luno-parat 10)115 were diluto-ot with I uoovimmo- so-runi
alhummiimm (2 mmig/nmh, pH 7.0) o-oouitmtining 20 #{182}‘�-

glyco-m-oub mu on-obo-n to stmmhibizo- thuo- tliltmto- i-ni-

zvnmmo- 1)ro-1)anatioonms.

RE5ULTS AN1) 1uISCUSSIOX

(,�)ua-nlilal mu ou/’ il/li ibiloiy a(’lnilies-. ‘[ho-

structur(-s oil thi mt!iI)himitic mmnuimmomno-id nun-

boogues inmvoubvo-oI mm timo-so- stmuolios mini- slusmwmm

imu i�ibbo- I , anud thit-ir immiiilujtomm-v J)00t01m0i05

loom pmintiabby 1)tuuifit-oI isoo!’unm-tiomumil modo-muomsyl-

t rmomm-ilo-nmisos oof �‘o-must , IA’. (‘0/?, mmmd rmtt hivo-r

muro- presemmtetl mIt Ta1)lo- 2 uim to-rmns o)f houtim

15fl mimic! pI�o vahmo-s. A to-is’ouftimo-15))values



Compound Compound Concen tration requireol
No, for 50% inhibition

Inhibition index
(p150)

Veast E� coli Liver

multi mmi.ui mail

38- 23”

118#{176} 310”

\east E. coli Liver

1.25 1.42 1.64

0.77 0.93 0.51

26

190”

12.5

63#{176} 0.84 1.59

I)) 0.68 0.72

6.5 1.96 1.90

1.20

2 . 19

6.5 9.6 7.1 2.19 2.02 2.15

P 90’- Jb 1.04
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TABLE 2

Inhibitory polemicies of aliphalic analogues of L-flielhiomiine on A TP:L-ooiel/uiooiine

ademiosyltramisferases of yeast, E. coli, amid rat liter

The enzyme activity was measimred at 37.5 �z51 L-methiomiimie, mumud time inhibitourv potency was deter-

mined as described under EXPERIMENTAL PROCEDURE.

In L-2-Ariuilmouhexanouic acid ( i�-norleuci tue ) 56�

lb D-2-AmiflohexanOic acid (D-nor- 170’

leucine)
II L-2-Amino-3-mumetlmyleoiehexmuouoic acid 146

LII DL-2-Amino-5-niethylhexaluoic acid 210

1\-’ (E)-DL-2-Amino-tramis-4-hexemuoio’ acid 11

(trans-crotylglycine)

V (Z)-Dm�-2-Arnino-cis-4-hexenoic acid 170”

(cis-crot-ylglycine)

VI (E)-DL-2-Amiluo-4-methvl-/rans-4- 275�

hexenoic acid

Vila L-2-Anminopentanoic acid (L-nor- 144#{176}

vahine)

VIlb D-2-Aminopenmtanoic acid (D-nor- 122#{176}

valine)

VIII DL-2-AmiruO-4-pentenoic acid 110#{176}

lx (Z) -DL-2-Amino-5-chhoro-cis-4-pen- 113#{176}
tenoic acid

x (E)-DL-2-Anmino-5-chloro-tra mis-4 - 37

pentenoic acid
Xlmt (E) -DL-2-Amiruo-5-cluloro-cis-4- 1#{176}’

hexenoic acid

XIb (E)-L-2-Amino-5-chloro-cis-4-hexemioio lb

acid

XIIa (Z) -DL-2-Amimio-5-chloro-trans-4-
hexezuoic acid

XI lb (Z) -L-2-Amino-5-chloro-trami-s-4-

hexermoic acid

XIII L-2-Aminom-4-pemitynoic acid

XIVa DL-2-Amino-4-hexvnoic aciol

XI Vb L-2-Arnino-4-hexymuoic acid

XV L-2-Amino-6-hydroxy-4-hexymioic acid

XVI DL-2-Amiluo-4,5-iiexadienoic acid

XVII (2S,31?) -2-Amino-3 ,‘l -nuethiyloiie--i -

pentenoio- acid

XVIII (28 ,48)-2-Arnino-4 ,5-methyleno--5-

hexenoic a-o’id (hypoglycin A)

XIX (?2S ,?4R) -2-Anminu-4-metlmyl-5-

iuexi’noic acid

55#{176} 80#{176} 0 . 77 1 . 26 1 . 10

80#{176} 165#{176} 0 . 56 1 .10 0.78

45#{176} 124#{176} 0.84 1.35 0.91

45’- 76” 0.91 1.35 1.21

27#{176} 65#{176} 0,9(1 1.57 1.10.)

55#{176} 48” 0.95 1.26 1.32

40 13 1.43 1.40 1.89

1#{176}’ 1#{176}’

1#{176}’ Jt�

5.15 8.0 1.0 2.28 2.09 3(X)

3.0 4.2 0.55 2.52 2.38 3.26

26 9.0 20.5 1.59 2.05 1.69

4.7 6.6 3.7 2.33 2.18 2.43

2.2 3.1 1.5 2.66 2.51 2.82

77’ Jb 87” 1.11 1.06

33’- 23 12.5 1.48 1.64 1.90

75’- 25 -15” 1.12 1.60 1.35

a These values were obtained by graphical extrapolation, amid are miot bracket-o-d by experimental oub-

servmotions, since the range of concentratiomms employed woos linmit-ed by solubihit-y.

5 The designation I, for inactive, indicates that at the concentrations of compoutmds that were attain-

able less than 10% inhibition was observeol. Time highest comucentratiomis tested were: III, 20 mit; XIa,

35 mM; XIb, 17.5 mi�o; XV, 35 mM; XIX, 35 miii.
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hmavo- 1)0-0-mm reporto-d o-anlio-n (5) amid are ut-

eludo-d iii Tabbo- 2 for Purpo)so-s of coumnpmmni-

somi amut! t-omiipleti-mit-ss o�uf diso,mussiomm. in order

to) ohtaimm sonic imiclicatiouum oof time utility uf

the derived iIihii)itiomi immdo-x (pi5o), we Imavo-

exammmimied its commsisto�mmcv imi thmo- thro-o- o-n-

zyimmatic systems (Fig. 1). iuu this illiustnatioumi

tiii- sucoo-ssive effoots oumi thus- iumhihitiiumm imnto-x

of oomivo-ntimmg nL-2-minmimmoupo-mutanooit- at-itt

(VII) to) nL-2-anmiumo-4-po-mmto-mmoic mit-id (Vill)

amid to luL-2-ammmiuuo-4-po-mit\’umoio- acid (IXIII1)

have 1)eo-mu ooommmpano-d. Tho- first -hammgo- pno-

tluo-es a mmm-anm immo-no-aso- in �I�#{176} of 0. 15 unit

(nammgo-, 0.08-0.22 munit mi tlio- thni-e ss’sto-mns),

mud timo- s c-o-ommd (fnomui luL-VIlI too LuI�-X�i1i),

it Iii(miIm mutt-ri-misc imi p150 omf’ 0.23 unit (ramigo-,

0.17-0.32 unit) (Fig. 1 ). Thmu�, mmlthionugim time

mii)sOOltltO mumagnitudes of time 1�’5u vabuo-s vary

o-oumusido-rmmhh’ , timo- ro-asoummal)lv parablo-l limo-s

oubt miiumo-d smuggo-st t himit t his - sammio- st nuot urn!

abto-natiomus to-mit! to) prouoluo-e simmiiban t-imamigo-s

mm p150 vmilw-s iii emn-hm emuzymmme systo-m.

2.0

0.8

0.6

0.4

0.2

0

I’m om. 1 . L.t1e(�ts of proqme.�smcc i i,Iro)(/u(’tion of

oo,,.(1(imr(otiomi iii alip/ioitic ozniioo aciil.� on iii/iibitioni

in(l(’.) (p/so) for .4 TI’ : L-mliet/000 iiiO? S-cmdeiiosyl-

1r(m/i.�fo’ra,s’e of !/C(1.�t , E. mu , (1)1(1 roil lii’cr

‘Flue gra�)hm shousvs t lie effo-c I ouf ooiuvensioun ouf

nm-miuu’vahimue (�‘ I I ) 0 o o i�-2-ami�imio-4-po-nterioic

aO.’i(h (\� I I I ) mmnid iom.-2-mmnuuintio-4-peni tymuooio’ ao’id

(�XI I I ). ‘Flu- imtluibitioumi index for om.-N�II1 oii’as cal-

culat i-il fromii I wice t iii- I� vmil no-s for i.-N. I I I , amid

0 hat fom’ iom,-�I I , froomui t li(osi- oof m-\II :uid n-VT I

liv t ho- formtuula (nm-I50) = 2 (u-I50) (i-I�)/ (u-I5

+ L-150) (35).

Length. of carbon c/i-aiim. Nounvalimie (Vila

amid VIIh) is amm o-xtremeby weak immhihitoon

of time ado-mmosvltrammsfo-rases of \‘east onto!

liver, I)ut c(ommsidc-nahly nicure active for tIn-

�E. co/i eumz�’nme. If we consider L-iionvalilue

(VlIa) specifically, time addition of a tem-

immiumal niethmvl group to) givo- L-mmounbo-uo-ino-

(Ia) mmiarkedbv enimanco-s tim(- iumhihitcur\’ no--

tivitv for time \-o-ast amid liven o-mmzi’mimo-s

(�mpImo 0.4-0.7), hut this change has

littbo -ffo-o-t imi the E. co/i system. Tho- positive

o-ffoot cmi the tenmitimmal immo-thvb grouup on mu-

hihitmrv i)(0t(�m1t�’ is also ouhsenvo-! almiolug time

ObOfiuiiC (conmpane IV mimud Viii) amid thmo-

aoo-t�’bemmic (commipare Xiii ammo! X1Va) mimmot-

bouguo-s. ion time s’omist mtiuoi liver omuzymes, time

additiomm oif mmt(-nlmiimua-l mmieth’o’l gromup too thu

(1� o)b(-hmi too givo- tin- E coumufiguratiouu i-mi-

hmommmoo-s tlm- P’50 valuo- l)\ 1.0 unit, amuti time

o-iumalogouus mmio-thyl group additiomm to) timo- (‘�

mmoo�t\’boume (coummipare Xiii anti XTVa) o-nug-

ummemmts the iuihmil)itourv stno-mmgtim by 0.7 uuiit.

‘[iii- o-ffoots of timeso to-nmiiinmal mmmetiiyb gmouup

m-idditiouis 011)1)0-ar tO) in- far bo-ss marko-ol fon

the L’. o’��/i o-nmzvnme. #{176}mlouno-ouven, it shmouuld I)o

umouted that a!! the (1� oommipoUlids an- o-omm-

sidenahlv nmoure 1)o\\enful immimihitoirs for time

J�:. (.0)/i o-muzviume timamu foot- tho’ othir two cmi-

zvmmmo- svsto-mmis.

( ‘nm�figu i-al in ii nj ama in o (Jl’o�u/) . �\ mmiimug t hie

satuno-ito-ol o-onmpouumuds, thm.ere is little diffo-r-

ouice iii tiio C5 so-mio-s 1)i-t\\0o1i tho- ssoak imu-

hiihitoomy poowers of time iu amud m� isoonmom.s (of.

VIm mmumd\T1I1)). Houmvoven, iii tho satmuratool

(16 5it�05, thieno- is a o-lear-tut 1)no-fo-nelm(-(- boui

timo- i.� o-onufigunatiomi (of. lb amid Ia) ammo! the

P’s(� i’miltmm�s diffo-n i)V 0.5--i . 1 mumuits, ium lavo ui

oof thmo i� -oonilnuumio!. l’umtimo-mmmioono-, a. oo mmmi-

J)an�s�un oil the imiimii)itonv miotivit\’ oof timi

DL- amud L-oIOetvbouiio (16 (-ounipoimluds X1Va-

mimmo!1XiiV1�u bo-omds tom tho- (�ouuuo-lusmouum that vim-

tuallv mill of tho- iuuhmibitomi’ j)owo-m oil ni�-2-

anmimiom-4-hmo-xynooio no-id (IXI1Va) resido-s mu timo-

L isommmoi’ (XI1Vh). �fhis pnfenonce for tin- i�

coumuligunatioomi at (1�2 is oommsistemmt isitii the

bitt that tb- o-miz�’immosano- ummabbe to a(-tivtmto-

n)-mmiotiiu( ummummo-ammo! timat this isonmo-r imas bitt li-

mmuhmul)itomrv miotivitv (5). 1mm tiio oasi (of the

num�- ammo! m�-2-mmmmminoo-4-oimboonou-ti’aius-4-hoxo’nuo oic

ao-io!s (XIiia ammo! XIlh), this- o-mmtino- iuiiiui)itool5’

miotivity ouf the naoo-imiio nmmixtun cmiii also 1)e

miso-niho’d to) thm- m� iso)mmmo-n. l’imus, mu mill no-asoumi-



INHIBITORs 01 *-ADENOSYLMETHIONINE SYNTHESIS. :301

ably pomto-nmt immimil)ito)rs, thmo imihmihitiomm activity

is duo- tm time L isoummuer.

Lffe(lS 0/ /411 salumal ion . Siimcc’ t lii- I iaii s- mmmd

cis-crot.ylgbycimmc-s (IV mmmmdV ) wo-rc- oomuly

availombbo- to mms as racenmic mmiixtuno-s, din-ct
ctummmparisonis w’ith tho- m�- amid m)-nmoirbo-uo-iuuo-s
( Ia timid Ib) arc’ sorno-what umicertaium. Houw-
evo-r, ii we o-stimate 1�o values foon DL-I from

the 1��o vabuo-s for time I) and L isoummmo-rs liv timo-

procedure of Schiaeffo-r el a/. (35), it may he

Se�Ii timat /ians-oroutybglycimmo- (1%’) is umuoumo-

pouwo-rfmub as aim imihihitour (�pI�� = +0.66-
0.88) thmami the saturat-d DL-muounbo-uciumo- (I),

who-reas muL-cis-crotylgbyciumo- (V ) is �mnoohaluby

aim equally weak or sonmo-wlmat juououni-r immhiihi-
to)r timamm nL-nourli-uciuie. Thus amuv advammtago-s
iIiiI)oised hi’ the jresemmcc� oil time olelimmic

group are o-o)umito-raet(-d by time pro-so-tic-i- (if

tho- to-nminal nuothvl group in tho- (lS comm-
uiguratiunm . The ccuimcbusiomn timat L-mmio-t hiio ummiuuo-

therefono 1)robablY exists u-i the o-xt-midi-d
comulormatiorm out timo- surface ouf tIme o-umz’s’mmio-

has been drawmm o-anbh-r amid illiustrato-d w-itiu
phoutiugraj)hs 0)1 immobo-cular nmcudo-bs (5). TIme

suj)o-nitum-itv o)f IV ouvo-r V as atm imihul)itour oil

t-hme \‘etiSt ado-muosvltramisfo-raso’ ivas first no--

porto-d I)\’ Mudd (9).
“fhic bo-muo-hciab o-ffo-ct of atm oubo-fimuic liimkago-

iii time C-4 1)oSitiouui is also iuifo-rred fromumm a

commml)aniSomi 0)f t ime inhii)it ory pout o-mmcio-s 0 if the

5 o�(immmj)ouuumds : 2-amimmopemmt ammodc at-id (VII)

amid 2-ammiimmo-4-po-mmtommoic acid (VlIi). If ms-c

o-stimumate the imuimih)itourv ao-tuvitv oil 1uL-VII

amid coinil)anO it witii I)L-VIII, timo- oubofimuio C�
couummpcuumud imas a PIso 0.0$0.22 unmit gro-ato-r

timamu its satunato-d analogue (I’ig. 1). It mumay

I)e uioito-d that time o-ffo-ot of a C-4 doubbo- hound

is far gro-ato-r mm the C6 senio-s thaum mu thmo- (‘�
senio-s.

Au ao-etvleuuic limukage joimmilug (�-4 amuol (‘-5

hit nouduc-o-s evo-mu gro-ato-r iuuhmil)itoury 1)o\so-n
thamu that co)Imfo-rro-d by a domuble honol jIm this

I000sitioulm. Thus in time C6 s(-ries L-2-ammiiflou-4-
hmo-xvuiouie acid (IXIIVh) is omime oil tiio 1)0-st

inimihitors examimmo-d . The ac-t \‘bo-mic 1imukago-
results muman incroase in � valui-s oil 1.1-1.4

umuits over timm� saturated o-onmpouunds. As oil-

ready mo-mmtiomm(-d, tin- tennmiuial methyl gruup

is inmmpiurtammt four imuimihitioun (cf. XIVh amid

L-2-anmulmo-4-pemmtyumoic acid, XIII). If this

mumetliyl functiouum is Imydromxylato-d, as imi i�-2-
amimmom-6-hivdrcux�’-4-hmo-xvnouic acid (LXIV) , tue

immliibitorv PouteuicY i5 dranmat icablv bumso-reol
Tiuo- relative greater effectivemmess of timo- to-n-

imiimmab ao-o-tvbo-muio- limmkmige, in o-oumitrast too thii

to-rnmimuab omlo-limu, niay mibsom i)e seemm 1�’ (Oulil-

�)arimmg ‘tlmo- imuhmihitomv 1otemmcio-s mIt time (‘�

so-rio-s (cf. \‘ll ammo! Viii with XIII).
Thi- jumo-sc�uuoo- mimic! o)nio-ntatiomm oil timc- to-u-

immimmab nmo-thvb gnooup anmoung C’� o-oonmpouumuds

a�)p(-mmns too 1)0- oil o-oommsideromhle ilmij)ourtalmoi.

Time I)L-2-t1Iumiumou-4 , 5-hmo-xadio-umoic oio�id (XIV1)

is a so)Immo-\shmat 1)OuourOr imuhiiI)itour timami iuL-1ians-

t-rotylglvcine (IV), amid XVI is a nmuo-hm better

immhihitoun (‘�pIso 0.4-0.9 unit) than imI�-

cis-cromtvlgl’voiime (V ) . Time limmo-ar allo-muic sys-

tern pbmmco-s time to-rnmimmal c-ani)oumu mitorn in a

l)oSitioomu imuti-rmmmo-oliato- to that assunio-d by
time (-o)nro-s�)omuding grciup in lV amid V. Timeso-

diffo-no-mmo-o-s an(- immoost mmmark-tI four time ‘s’o-ast

and hiver o-mzs’immes amud loss pronmimmo-Imt for thio-
E. co/i o-mmzvrno-.

Bra-i (‘Ii iii g (if combo-mi she/eloii . Tim e immtno-
ductiomm oof ot umio-timvbo-nue group (II) at C-3 ouf

i�-2-anminioiio-xommmoio- a(-id (la) no-duo-os thuo-

immhihitonv j)(utemmcy (�pIso 0.4 unmit) four

timo- yeast mind rat hiv-r o-muzynmos, timid slightly
unmpno)v(-s t ho- iumimui)it oil-V j)out i-mucv for thu L’.

co/i o-mmz’vnme. Timo- immsertio:un cmf a termimmoob

1)rauu(-huiuig mmmetimyl group (III) imito i�-2-
anmimmouimo-xnmmoic acid (Ia) is a furtlmo-r iflml)eli-

immo-muttoo tho- oilnoadv J)�ur mnmhiil)itouryI)outemio�’

ouf in, i-you if adjustnmo-nt is mmmado- four tho- fact

that Ill was unIv mivaibomble mis time iu� mix-
tiuro-.

I�1Jcels of (‘Ii /niin e su bsl i/u/in ii . Chbonimuo
atommus ammo! nn-timvl gnouups have quite sinmilar

vomIt do-n \Vaals rao!ii (i.e., 1.8 A and 2.0 A,

no-sjuo--tivo-by), hilt diffo-r imm tIme ebo-ctrommic mi-

flmmo-uic-o-s timat times- o-xo-rt. (‘ommmsequeumtlv we

imavo- examiumo-c! the o-ffects oil the immtrcuduot ii mum

of o-imboonoo mimud mmmo-timvl gniuups (aloomme oum in

0�0 ommihumuat ioum ) oon timo imuhihit oor’s’ pi owirs o of

vanioius aniimuo o ac-it! mmmmombouguos.
rn twoo iso)Imminic (Z)- mind (.E)-iui�-2-

ammiinou-5-o-hlouro-4-po-muto-mmoio- omoids (11�XI amid

X) mmuav In- ViO’Vlett ous structural (!o-nivativo-s

out nL-2-amiluo-4-po-nmteuioit- acid (VIII). lc)r

the E. co/i emmz’vimmo-, booth IX mmd X arc- stunmo--

wimomt boss imuiiii)itoulv thaum timo- ioareumt coin-

I)0)Umutl Howo-vo-r, iii tin- yo-ast amid livo-r
syst-mmms, timo- (E) -ciibono denivat ivt- (X1),
wimio-hm o-arnio-s timo- o-hulooro sui)stmtueuit iii timo-

samo- sPatial comutiguratiomm oms time muuo-thyl

group ouf /ians-o-ntmtylgbyciuie (1V), is mmmmmore

poumvo-nfub immhiiluitoor (luy I�’so 0.40.7 umuit )
than the umisul)st it mit i-tb anminopent euuoic acid
( \�1II), wimo-no-mis timo- (Z)--hmloonou oomnmpooumuoi
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(LXI) limos time smmmuuo-mo-bmutivo-lvlouis inmiiihitony

l)00t011(Y mis thus- tlmusui)stitUto-o! j)aremut conm-

juoutmmid (\‘IIl) anucl is mmmiinihuiiuitour (-omiml)arahbo-
too ci.s’-omoot�’1gl�’cimme (\�). \Ioouo-oovo-n, it 0-aIm be

cOuIuollldc’(I for tue \‘east ammt! iivo-n svstemm.is

timat jIm time stone iuositioumm foivooroihbo- boom- mm-
imibitioun, the o-ffo-o-t oil thu mimi-thy! grouup

(-�i1� = 1.0 inmuit ) is o-oomisi(!t-nal)lv lounger
thamm tlmmmt oil mmo-imboiroi gnomuju (�pI5)) = 0.47-

0.70 mmiuit).

‘[ito- u-o-imioroho-xo-muouio- muo-ids (Xl mumuolXii)

limo-my luo ro-garcic-ot o-itimi-r mos miololitiounus ouf

ummetlmvb gnooups too X and IX, nespec-tivo-lv, oum.

0_us modobitions uf -iibouoi guommu�us t(o \‘ mumiol I\

mesluo-o-t ivo-li’. Time addit ioumi of a 5-ohmlo iii m

gnouu�u too trans-o-rcutybglycimuo- emiimoomioo’s time

imuhmiiuito im-y l)0\501 o-ouuisio!o-m-moluly, iSl)0(imolb\’ loom

timo livor o-umzvnuo- (ci. I\ aniti INIIIa). 0mm the
0 othom Immmnmtb,time I’.’ isoummor is qmmite inactivo-

005 0011 imuhmihitomm, multiiougim thus- spomnimig soulu-

huibitv oil thus coimiuiuoounid puo-(-lut!o-cb its o-valua-

tiounu mit concemutnoitions thimot mmmight hmmmve

deto-oto’d ti booms oor(!0n oil inluiluitourv juootemmc-3.

It is thueno-lo mm-i mmoit j� ossil mb- to u aso-c-rtmijmm

\shiethmer )(Im-i is imu boot siguuificmiumt lv oliffemo-mit

itt imuiiihitoirv I)outo-mmo-Y fnommumDL-eis-o-nootylglv-

(_.mnue(V), mmmd eoonisc-c�uo-mmtiy time cimmoomutitative
o-tIoot oof t hit- o-lmlourn StI1)st it Ut iO ill lIi )�I oanmmmout

loo migoontummsly evoolummtool. \Vi immay iioms. ion-

si(1O’I tho c-ounmhinio-o!miolditiomnuout’miuetiuvl timid!

ohio omO gnomups mit (‘-5 0 of 2-amuuiniom-4-po-nutemiooic

OHio!, �1i tiuo opt imuummlsto-nio- i-i unufigunmot ii onu four

i mihuibit io omu. Iii tiio so-iio-s ouf o-o oumvo-rsio omus 0)1

VIII too Xli vimu 1V iou IX, it i-mm bo- si-i-n thuat

tho- immhihitionu mn(bo-x imuo-mo-nuo-mmtsmmmi- miomt

strut ly oidditive, mmmuottiummt thmo o-ffo-ots ouf tin-

mumo-thmvl gmouuj) mmmd thus- o-Iulo)noo gnooup mmn-

I uomis_i-m-fuil ly symmi-ngist ii-. �\.ni o-xanmimmmmt ii omu oil
I huo Juhmo)t 0 ignmophms oof miii obo-ommbmommoouo!els oof m�-

niethmio mimi- mimiol (Z )-i�-2-ammmiumm-5-o-imlo moo-

lia-ns-4-imo-xo-muo mu- mio-id imu thu ap�uno upnimuto-

ooumufo urnimitiomum simo)\ss st rikunug sinmibomnit jo-s iii

muuoolt-o-iubmim sizo- momio! shioujui- ( big. 2). ‘fime

J)1i0 ot 0 mgmtipim shmoisis t lint t iii o-hli on u gm-i imp

l)ro-o-iso-lY oovo-nho-s timo- smulfum mmtoonm, amuob timat
t iii- smommmo-i-i onufo urmumat io onu is mmbso o sinmibmin spmm-

t imillv tou i�-2-mimuuinuo o-4-hmoxvmuo oio- a-itl (i�Xi l\’h).

‘i’Iuo- vmmmi chit- \\‘mmals nml(bn ouf ohibomiimio-mimic!

somltun mutoummis mime molnuo st iolo-mitioomb ( 1 .80 mmmd
1 .85 .:� , ro-spoot ivo-ly ) , moniob oio u muo it obiffo-m

gro-mmtlv frooni tho- nmoo!iims omb’ timo- mmvo-rage

miuo-tluv! giouup (2.() �\. ). mu mmmualvzjnug tho-

efTo-o-ts 0)1 o-iilouroo mmmiii nimo-tiuvl groups mm mm

Fm 0; . 2. I�1io)lo)gr(lpli.� of ( ‘o or/a omlil imioloou br

miioolcl.o uf L -2-ammn/io-4-buoJ.!/mioio noid (a , o-omnpo)oi mid

_‘�:-i I ‘5) , (E) -L -2-ammi i ,ioi-.4 -lramis-/oexcmioic acid (b,

o’o)mmipoommi(l 11), L-mmiellimomiimie (o’), amid (Z)-L-2-

(mmmiim)o-5-(-Iibooio-lramis-4-/io.remioi( qojob (d, �ommipoum mid

XIJh)

N�ote the close simnilmmmi 0 ies in m’oumifourmmuatioumi amid

Size of the nmolecmnlo-s. TIme -hlorou group in ob is

closely superimposmmble omu the sulfur atommu (of i

s�’hiciu molsoo comresp(un(hmo t o time mmcet-ylenuic amiol oh--

f-hue groups of (K and b, ro-spe(-tively.

gloomiI) out’ immhil)itonv mmmuaboguos, o(ummsic!c-umotioomu

simomubo! l)o omlso givo-um ttu time i-bo-otromui- mi-
flmmo-no-o-s oil thoso groups mind tom timo-ir -

fomrnimmohilits-. ‘‘ It mumav i)e nolevauut too luomilmt

omut that ishmilo- o-imbonou sul)st ituo-uuts fno-quo-mit lv

not mis o-bo-o-t mooni -witimdnaw’ing grouups, t ho -y

mm-imi-s-,ivimoni mmtttmohmod too ti (!(iUi)lt’ imoimuc!(d

tmlIi)oium atoumi, ti-no! too shoire timo-in o-k--tuoonus

w-itim oulefimmio- himukago-, timoro-hy I uooo umumimug less

o-lec-tronegative. Tho-ro- tin- souimmo no-mosoomus loin

Iuo-hio-ving tiut-it mm iuantial p�sitivo- o-Immmmgo- imi

duo- no-giouum momummbiogoous too time smulfur tmto�umu 0 of

L-iuio-thmmoumuimuo- mmimtv muuomue -boiso-iv siinmibatc time

trmimum-itioomm stato- oil tho- o-nuzvmmmmitio- no-mm-tioumu

oil id o-oimmst-quo -nit lv 0-i omitnihut o- t 0) nb ono favo ml-

tilubi- luinding tom thu o-mizvmmmo- smumioo(-o- ((o ).

Timo- t (01)0 ugnapiiio-al siiumilanit ic-s i)etw’o-o-m u t ho -

assunmo-d o-oomufounnmatiouu oof i�-mumo-thmiomuimmo- momio!

(.z )-m�-2-amiiimmou-5-oimboomou-liai,s-4-imexemuooic moo-ic!

simomisni mm l’ig. 2 so-i-mum quito- o-oumvimueimug. 1mm

o-xammminmimmg liii obo-o-ular limomdo1s, o-o-rtoiimu to-mi-

tumos do mmout i)o-o-oonmo- o-violi-mmt ; omnmounmg thuo-so-

55.0 have alno-oidv o!istusset! tiio- o-bo-o-tnommmio- in-

flmmo-nmo-o-s 0)1 -ortomimm subst ituomuts, iuut fium-timom-

o-oomusiobo-natioumm siuouuld tulsom he givomm to) tiii c-misc

is’ithm is-h-uit-hm -o-rtomiuu gromups our mitoonus mmii-

suhjo-o-t tou �o-ominpno-ssioonu’’ our ‘‘ohfoornuatioumm’’

\‘mmnioous hnmi-s ouf o-vio!o-mui-o- suppoul-t tho- vio-w

tiumit oIibouiinuo mimic! sulfur mono- far moire ‘ ‘o-ourn-

pro-ssihle’’ atommuis thimmummm nuo-thyl gnomup. Out-
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nmalmifo-st-atiolm oil this propo-rty is the nmeaim

free energy difference betms’een axial amid

equatorial coumlormat-ions of sui)stituents on

a cyclohexaume skeletoumi. Typical values for

such cunlonmational energy differences (in

kilocalories per immole) are - 1.70 for -CR3,

-0.43 for -Ci, and -0.7 for -SCH3 (36).

Thus the effects of chioro and methyl groups

oun the iimhibitorv propertio-s of this series of

compounds depeumd in all iikeiihood on a

coml)inatiomm of vami der Waabs radii, ebec-
t-rolmic properties, amid deformabihity of the

relevant groups.
Dieiies a-nd cyc/op-iopy/ deiii’alives. DL-2-

Anuino-4 , 5-hexadieimcuic acid (XVI) is a o-on-

siderably i)etto-r inhibitor than DL-2-amllmo-

4-pentemmoic acid (VIII) for the yeast amid
liver elmzymes, and equipotemmt for t-ho E. co/i

ado-nosylt-ramisferase. This observat iomm fur-

timer supports several observatiomus timat the
E. co/i enzyme has a far more elastic rcquiro--

ment- for a terruminal cari)on atom than the
eukaryotic enzymes. The inhibitory pcotency

of XVI is mmut as great as that of ui�-/rans-

crotyiglyciome (IV), amid coummsiderabby greater

than uL-cis-crotybgbycimme (V) It would so-enm
that time spreading omit of time o-bo-ctronegative
doubbe-boimd system cur time improper st-nic

orientation of the to-nina! immo-thybene group
accoummts loor the diffeneimces betw’eemm TV amid

X\TI. If the dio-ne (XVI) is further modified
by a 4 , 5-cyc!oupropyl bridge, as in compound

XVIII, tho- immhihitory potency is somewhat
improved loin the yeast system amid probably

i�s unchango-d for the E. co/i aumd liver cii-
zymes (omi timo- assumptiomm timat oumily tho- L

isomer ol XVI is active). Hypogbycium A

(XVIII) has the 48 configuration, amid it

would tim(-relore he oil gro-at into-rest tom o-xam-
inc the 4R conm1)(uuuud. Trammsposit-ioom oul the

cyclopropyl group to) the 3 ,4-pcisitiomm arid
(lisplacenient of the douhbo- houmd tou time 4 , 5-

1J(usitiOmi, as in nio-thylemuo- cyo-bopropylglycine

(XVII), do-stroys timo- imihibitory activity.
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