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SUMMARY

COULTER, A. W., LOMBARDINI, 1. B., AND TALALAY, PAUL: Structural and o-commfornma-

tional analogues of L-nmt-thiomminmo- as iimhibitors o)f the enzymatic- synthesis of S-mmo!eimosyl-

L-miiethioumino. II. Aro)niatic- amuuiruou ao-ids. 31o/. Pharmacol. 10, 305:314 (1974).

A scnios of aromatic aummimu acids structurally related to L-flmethiommine wo-re svnmtho-sized as

potential inhibiturs oil the enzymmmatic formation of S-adenosyb-L-methicunine In’ partially
purified preparations of ATP : L-methionine S-adenosyltransferase (EC 2.5. 1 .6) o of bakers’
yeast, Escheric/oia coli, and rat liver. 2-Amino-5-phenybpentanoic acid was a comsiderablv

better inhibitor of the liver enzyme than 2-aminopentammoic acid (norvalin-) hut pno)duced no
inhibition of the yeast and .E. coli en.zymo-s. (E)-2-Amino-5-phenyb-4-peumto-noio- amio! 2-miummimmo-
5-pimemmyl-4-pentynoic acids were superior iii their inhibitory activity to the (-o)rresponding

chain-saturated analogues. The phenyl group thus imparts a favorable immfluo-mmo-o-iou the in-
hibitory power. S-Phemmyl-DL-homocysteine is an even more potent inhibitor of time biver
enzyme, i)ut is also devoid of activity in the microbial enzymc- systenms. O-Phenm\’b-DL-

homooserimme displays similar properties, hut was not quite as effective as the sulfur mmnalogue.
In order to evaluate tho- effect of electroun-do�unating and ebectromm-withdrawirmg suhstituo-nmts

on the phenyl ring, the following compounds were synthesized : O-(p-fiuourompimo-mmvb)-uor�-
homosenine, O-(p-cimborophenyl)-DL-honmoserine, 0- (p-brcunmtupheumyb)-m�-Imonmosc-rino-, 0- (p-

nitrophemmyl)-DL-homosenine, O-(p-mmmetimoxyphenyl)-DL-homnosenimme, O-(p-methmvbphuemmvl)-
DL-homosenine, O-(m-chborophemmy!)-ni�-homnosenine, O-(rn -bronmophenyl)-Dm�-honmoserine,

O-(m-nitrophenyl)-m�-hommioserimme, and 0- (no -methtoxyphenyl)-DL-homosenine. When time iii-
hibitory pc)tencies of theso- compounds (-xpressed as pI�� values) ivere analyzed iii tennis of

the Hamrnett a’ vabuo-s oof the substituemits, the inhibitory potency was correlato-d with the
pousitive magnitudes of the � valuo-s. If the anomabous nitro compounds are excbudeoi, the
Hammett sigma-rho equation PI�o 1 .45oi + 1 .82 is obtained I)y least-squares limo-ar no-gro-s-
sion analysis. This finding suggests that th- electron-withdrawing suhstitueimts are ummost

favorabbe for inhibition, amid that the creation in the analogue of a partial positive o-immmngeat

the heteroatom beanimmg the pheny! group mmmay resemble most cbosely tho- transition state of
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the o-mmzvnuatio- i-unction, in which the thioether group of L-mo-thioninmo- is comiverted to) the
positivo-by o-Imarged sullonium group of S-adenosyl-m�-mo-thionimmo-. O-Mo-t.imyl-DL-homoseniume is

a strong immimihitor uI tho- adenosyltransferases of yeast, E. coli, and rat liver, and 0s1)ociably
powerful for time .E. co/i enzyme. Since it has been sii(owli that timis compound inhibits the

growth o of o-ertain microorganisms and viruses, as w’ell as displayimmg contain specific toxicities

in roo!emmts time possibility shoubd be considered that these effects an- duo- to) inhibition of the
ademmo usvl t ranslo-raso- rc-actioim -

INTRODUCTION

This paper do-st-rihcs the synthesis amid
o-vtmhumitioimm oil mm so-rio-s of aromatic aummiimo

acids do-sigim-o! mis inhihitoors of the enzymatic

symmtIio-sis of 8-adc-mmosyl-i�-mmuethionine by

luartimillY purified pro-parations of ATP :
nmetimio)luinme S-ademiosvltransferaso (EC 2.5.

1.6) oil hookers’ yeast, Esc/uer’ichia co/i, and

rat liver. These studies are part of a sys-

teimmati(- effort to (ub)ttiimi inhibitors of this

reaction ms’itim mmhigh degree of potency and

tissue selo-itivity. Iii omco-oumumpanying papers,

ss’e no-pourt on related series of aliphatic (1)

ammo! o-vclic (2) anabogues of L-methionine
that possess simmiilar inhibitory properties.
The ratiommale loin time design of such aimmino

acids, omnd timeir effo-cts ciii tissue levels of

L-imio-t imioumuino amid S-midcnosyi-m�-methionimme,

hoivo iuocim set out mm detail elsesvhmc-re (3-5).

Timi- aronmmmtii o-ornpouunds exanuined in-

clud- terminal pimenyl denivativo-s of the

sat urated and ummsaturated alipimatic amino

acids descnibeol iii a companion paper (1). Iii
additiomi, w’e have synthesized a senio-s of

O-pimemmylhmo mummosenine amid S-phenylhomocys-

teine obonivatives in wimich the aromatic

nimmgs imoive been substituted with electrcun-

withdrmmis-immg or o-lectron-dommating groups.

limo- imufluo-umo-t-s oil timc-se groups on time in-

hml)itory 1)oteImo-�’ 0 ml time ammoibogues have been

immto-rpreteol imm to-rums of time Hainmnett sigma-

r/iom u-elmmtionsimip (u).

EXPERIMENTAL IROCEI)URE

�Fluo’ muumitenials mmmd nietimods used mu timese

exjmeninumemits havo- lu-eu described (1) The

inhil)itoonv poto-iuo-io-s of all anabogues ms-i-ne

o-xmmmniumo-d msithm l)omrtiotllY purified ProI)omrol-

tioumis (it adeumosvltn-ammslc-romscsm cml hakirs’

�! ‘[he abbreviations used are: a(len(usyltralis-

fermose , ATP : L-mnethiommi rue S-adenosyltransferase

(EC 2.5.1.6) ; I�, , comicentration of inhibitor re-

yeast, E. coli, amid rat liver (1, 5). Tho- coum-

centrations of rnimil)ito)ns required to produce

50 #{182}�immhmihitioim of enzyme activity (I��

\ralu(s) �s’ere deternmimied at L-methionimme

concentrations of 37.5 �m by the graphical
method of Dixon (7)

Amino ACi(/ Ana/ogues

The structures ant! inmhibitorv potoncies

of aib anuino ac-id amuabogues are shown in

Tables 1-3, in wimio-h i-tic-li o-ompound tested

for inhibitory activity is assigned a Roman
nummueral. Table 4 lists all compounds and
intermediates svnthi-sizd , together with

their physical constamits.
Corn mimercial. L-Pimemmylalamne (I), L-tyro)-

sine (II), and DL-hounmosinine (XI) ms’ere sup-

pli-d by Scimssarzj?slanni. DL-Honmocysteine
(VII) and O-etlmyb-DL-honmosenimie (XIII)
ms’ero supplied by Piabtz and Bauer.

Gifts. S-n-Propyl-DL-honmocysteine (VIII)
amid S-n-butyb-DL-hommmocvsteine (IX) were
synthesized according to pui)hshed pro-

cedures (8), an(1 kindly supplied by Dr.

H. i\I. Kolenbnammdo-r, Central College, Pella,

Iowa.

Syntheses

Genera/. �sIeltimug Poilits msere determined

Oh a Tcofier hot-stage immelting point apparatus
and are ummcorrected. All ness’ ooummupoiunds

were analyzed for C, H, N or C, H, halogen
and ms-crc within ±0.4 � � of tho- timecuretical
values. Immfrared , muucbi-ar mnagmmetic resomiance,

amid nmass spo-ctra ouf mill compoumids were

o-oimsistont msith th� assigmmed stnmn-turos.

Preparation of i�-aiiiimio aci(/s. Acylase I
imvdroli’sis of time i)L-2-acitaniidtu anmiumo acid

aco-omrc!iuug to time go-micra! pnoc-o-duno- iuf Greon-

quired to achieve 50#{176}-:; redmic t iomi in ademiosyltrans-

ferase activity mumuder specified coiuolitions; ploo

hog10 (1/I��) , where time I�o value is mu mumo)lar units.



T�nLm: 1

Iuiloibitory polencie.c (of w-phieomyl-cmib-ctiliiled alipbualic Omoiimio) ecu! amiabouqiie�’ ooi �-l TP:L -omielh ioiii inc

S-wlomuoosmjltramisferase.� of yeast, K. coil, (mmu(1 rat hoer

The mmdenosyltramusferaso- activities were measured at 37.5 �zmi u�-nmetluiooiuimuc- as (leScribe(l (1).

Corn- Structure Configura- Maximal Concentration required four

pound tion at concentration 50�� inhibition

No. C-2 tested - -
Yeast F. coli Rat liver

N H, oil_if nzor maim ioimi

I KII�>(112 ClI-CoOhI u� 35 I I I

NH,

II HO ���-CIl2 --�H (‘OOH I- 4,4 I I 41#{176}’

III L 10.0 I I 17”

NH,

IV c:� -CII----�Cll�-(’112 -�H-COOH i 3.9 I I 12”

NH,

V �ii::� � �‘ (‘H, -CH---(’OOH Dm� 2.5 I I i3”

VI Q (‘ (_ (‘H, (‘i!-COOH m)L 14.4’ 15’- 1.6

_________________ Nil (0) (113

(- (‘oumiupomnriols isere (lesigmiat ed as I (i nimi(-t lYe ) if less I luau 10� i mihul)it imuni was uobuserveol mit 0 he muu:mxi nmummium

(-ounoent rmot iuni t limit iuumul(l lie teste(l lueoause oof 1 inmi t mit ioons 0 of soulubil it v.

0 These values were obtmoimued l�,’grmmphicmml extrapoulmmtioun, mind are root 1)rmmoketed buy experimutemit a! oubo-

servat ions.
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NH2

(��,y---CH2-----(CH2)2-CH---CooH

stein and Winitz (9) mmffcorded the L-mimimuo
acid (Table 4).

Previously described Uliliflo aci(/s. Coin-

pounds III, IV, amid V were prepared ac-
cording to the procedure of Schlogl (10).

Compound X was prepared by the method

of Armstrong and Lew’is (1 1). DL-MethOxln-
inc (XII) (12, 13) was prepared by Dr. H.
Doshan of this laboratory, by o-o)fldensation
of methanol with 2-propenabdo-hydo-, fol-
lowed by Strecker synthesis.

General method for preparation of (/iet hiy/

acetarnidemialonate (lerivatives. The appro-

priate alkyl or aryl i)romide (14-16) (10%
excess) in absolute ethanol was added to a
stirred solution of diethyl aco-tanmidomabonate
in absolute ethanol contaimming an equivalent
amount oil sodium ethoxide. Time mixture

msas nefluxed for 16-24 hr. The ethuanol mva�

renmovc-d imumoler net!uo-ed pressure, ant! the

resultimmg oil was extra(-ted with ether. The

COflmI)iiied i-then o-xtnacts were washed sue-
cessivo-ly mvith mvater arid soituunoited sodium
chloride solution, amid time ether was dried

ovor sodiuni sulfato. Tpomu o-vaporation o)f

the ether, time resultinmg cub usually -rystal-
lized. If c-rystallizmitio)n obid not occur, the

oib was o-imromatogroiphcd on a silica gel
coluiimui ant! time isolat-t! product was crystal-
lized from etimyb acetate-petrobeuni c-timer;
yields ms’ere 30-70 �; (Table 4).

General nmetho(/ for preparation of V-acy/-

ani mo aci(/s. The diethyb acetanmidomumabolmate

derivative ms’as refimLxed for 4 hr in a 5-fold
excess of 2.5 N sodium hydroxide, o-o:uohod,

and acidified to pH 2 with 6 N hyoirocimlorie



Structure

NH,

R-S-CH,--CH,--CH-COOH

R=

(onfiguration Maximal
at C-2 concentration

tested

Councentration required for

50%, inhibition

Yeast E. cohi Rat liver

II -
(‘11, -CII, (‘11, -

(‘ll-(’H,----CH,-CI-l, -

DL

muL

m)L

VII

VIII

Ix

Na

Nb

Xc

c� - I)L 4 .0 I I 11 .

I. 4.0 I I 13.5�
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ui/i i l)it(ir!/ polemm(io’.s of S-.� iilOS(i(ii 1e(l 1u)m)ioey-sIcimio’ dcrii’atirem on A TV: L -omit/li mu imme *S’-aoicmiosyltransferaso.s

of yeast, E. -ohi, (Loud rat liter

The ademoousyltrmomisfermtsc activities were nutemisured at 37.5 �oun L-methiouniimie mis described (1).

(‘on�I uounoi

No.

no.11 malI mn.%I mom_If

20 44a 34’- 46”

S.3 I’- I I

4.2 I I I

mu 4.0 I I 12

-1 Ihiese values were Ol)tmiimie(l bui’ grmopbmicmml eximapolatiomi, timid mire mint i)rmocketed by experimnemmtab

oobuservmmt iomms.

S (‘� omfll) )mmmi(Is iv(-re (lesignat o(l as I (imima’t ive) if less I lumoni 1O�� imiliil)it ion \s:ms o)buserved mit the mnmmxinuu rut

i-oruoemitrat momu t limit could be to-sted becmiuse of linuit at ioomis ouf solubility.

acid, Time obicarl)o)xylic acid mi-hicim pre-

cipitmit ooI wmms o-olboo-tccb timid olooanboxylated

hi� no-fluximmg Ion 4 lii in water. The solution
ms’as adjusteo! to pH 2 with 6 N imyobrochionic

acid mint! oooieol tou 5#{176},timid the V-acvlanmino

acid mvmis o’oilleo-too! mind crystallized fronm

cthmmmuol--mvato-r; i’io-lds, 50-75% (Table 4)

General lilCt/io(1 for aci(l hiy(lro/ysis. The

dio-thyl acetanmidoiimmabonatc t!cnivative (1

immnmoole) ms-as no-fluxed for 4-5 hr iii 5 ml of
C) N hvobnumo-hlonic omeid. The solutiomi ms’as

adjusteo! too pH 5 mvith 10 x so)diummm hydrox-
ido-, mimmo! tiii- precipitateol aimmimmo acid was

ccilbeo-tetl mimic! i-rvstallized from hot water;

\‘iel(ls, 45-95 %.

RESULTS AND DISCUSSION

w-Phiemo y/-s ubsl it oiled a/iphial ic amino ac i(/s.

Although i�-nonvabiume is a rather poor in-
imiimiton (if time mmt!emmosyltransferases [Iso

144, 45, mint! 124 nusi for time yeast, E. co/i,

amid rout liver systemmms, ncspo-o-tively (1)], time

iimtnoduetionm iuf mt t-nmmmiuimil pimemmyl group, as

iii L-2-almiino-5-phit-mmvlpemmtaimoio- ao-id (III,
Table 1 ), led to considerable emmimaimco-ment

of the inhibitory activity for the liver en-

zyrne (I�� = 17 mimm). At the saimme tinme,

this structural modification totally abolished

the immhibitorv i)noPerties for the two nmicro-

hial o-nzyme systenms. Since the introduction

of tennminal olefins and aco-tylenes coumsider-

ably onimaimced the inhibitory properties oil

L-florvaline (1 ) , these structural modifica-

tions were commmbined with a w-phemmyl group,
and (E)-2-amino-5-phemmyl-4-peumtonoic (IV)

amid 2-anmino-5-phenvlpentynoic (V) acids

were prepared. The unsaturated phenyl

derivatives were both considerably better

inhibitors of the liver enzyme (Table 1,

1)0 = 12 m�r for L-IV amid 13 ummist for I)L-V)

than their paremmt coimipounds lacking the

phenyl group [150 65 umm�i for DL-2-amiuino-

4-peumtenoic acid and � = 20.5 nmimi for

DL-2-anmimmo-4-pefltyfloiC acid ( 1)]. \Toreover,

just as iii the case of the saturated analogues,

the 5-phenyl olefin and acetylemme were with-



T�mum�i.: 3

Inhibitory polemucies of O-.uobstituoted liommooscri,ic (leriratires On A TP:r. -mmmclii ioni i/ic S-ademmox!Jltrami.sfera.s’cx

of yeast, E. cohi, amid rat him-cr

The mmdeniosybtranusfcrase mmo’tivities were nuucmmsured at 37.5 �mr m.-nuethioomiimie mis deso’ribueol (1).

Compound Structure Configuration Maximal (‘oncentratioun requireol four �
No. NH, at (‘-2 concentration inhibition

� tested
R-O---CH,---CH,-CH-CO0II Yeast E. celi Rat liver

R =

on.If mil�%f mill! on.’i

XI H- - moL 64 52 6()

XII (‘H:, nn� 1:3 2 7

XIII (‘I!,-CIl,--- mom� 35 1’- I I

XIVmi mon� I I 23’

XIVb �__>- I- 3.2 1 1 26”

XV F-�(��----- mn. 13.5 1 1 22”

XVI C1-/ ,�-- mum� 4�3 1 I 6.1

XVII Br_4I(�> m)L 4 0 25#{176} 1 4.1”

XVIII OtN_-<”��J�i---_ 1)L � I I 5.1”

XIX (‘HmO<��>_ 6.6 I I 36”

XX (‘11, - � n)L .1 .0 1 1 15’-

XXI CI mun� S�S 2s’ I 5,2

XXII K\ / moh ‘1.4 16’- I 3.2

Hr

XXIII �\_ iom� 7.6 1 I 5.7

O,N

XXIV mum. 25,9 93” 1 14.6

(‘H,O

‘- (‘ounipourids omere designmoted mis I (mao-i ive) if bess t bimmni 10#{176}� imihuluit ioun was oluso�rm;ei1 at i}io mmiaxi-

iiitmiui -ounieent rat iiomi t limit o’oulol lie tested beo’mommse oof hinii t mit ioumis uuf souluboili is-.
� ‘fliese vmolmmes s�-ere oubt mumied lu�- grapbiio’mil ext rmmpubmot io on , mimic!are mioot borao’ko-t o-d buy expo-mimmiemot mob ob-

servmmt ions.
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x V R, � It, � H � I\Ielting Iuoimtt

(‘6lI�--

� (‘�11,, -

� (t611, -

(‘�1 I

Coil � --

I (‘�,1l,,--

(‘fill, -

� (‘�11:, -

� C611,,-

� (‘6!L--
(�H

(�,ll- -

C6!E -

� (‘,lI. --

� (‘11,--
� C,IL

(‘611.,--

(‘6I1�

C6!!. -

I /)-F’C,114 -

� p-F’(’,114- --

p-Br(’6114-

p-BrC0FI4-- -

� p-N0,Coi114

� /)-N0,C6114

� p-Cll:OC6I!o----

xix nuL � p-(’1I3OC’6lI4--

� p-(I13CiII4- -

XX n)L � p-CH,C6114-

� omo-CIC0II4-

XXI nun. mmu-(’1C6I14--

ooi-BrC6II4-----

XXI 1 � mum. oot-l3rC6lI4 -

� nu-N0,C,114 --

XXIII � on. imi-N0,C6H4-----
lii -(‘H,OC oIl4�

Xx I \- m�m. umi-( ‘

tim. p-Bm’C6114--

XIVa � muL

� ion,

XIVb I

XV � muL

X\.l � DL

Xvii � DL

X�o’11I DL
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‘, 1(ef. 10, mop 206-209#{176}.

TABLE 4

‘,m’,,,/ Omm’e.s ((mimI 1�’ !I�� ((01 (000,5t(tmi tm if ariommuotic (Lmfli100 acids 010i(/ i mmt4mOiLe(li(otox i/i their .‘�!/0itIi(’.Si.-

It’

X Y- (‘11,-C- H,

N H 14

(omlt- � Steric

1)uutim)(1 con-

\�. Iiguratii)n

� nun.

I mui�

III L

� (E)

� (E)-DL

(E)-nm.

1\. (E)-L

\r � niL

VI mum.

Xmi � m)u�
,� DL

Xb �L

Xc In)

XII � Di.

- (‘II,CII,-

---(‘II,(’ll,----

-Cll=CII--

- (‘Il=(’Il-

� - (‘II=CII-

- (‘il==CII-

I -(�C- -

� -SC!!,--

� -SCII.,-

� - -SC!!,-

� -OCII,---

I ()CH,-
� - -OCII,-

- -OCIT,-

� - --OCII,---

� --O(’lI,--
--

� -OCt-I,---

-- -OCt-I,-----

� --OCIL,---
� -

� ()CH,-

--( )C!I,-

� -

� --OCH,-

� - -OCII,--

-

- --SC!!,--

-(‘( ),lt �

-II � ---(‘0,11

-11 p _-_(��( ),l!

� -11 � - -(‘0,11

--(‘0,l-�t � -CO,l-t

--II

---- II ---C( )2l1

--11 -C(),l-1

. -(‘o,I:t -(�),Et

� --11 ----(‘( ),11

I __�� #{149}--(‘0,11

-- (‘O,Et -C(),Et

I -II --(‘0,1-1

� ----Il --(‘0,11

� --11 -C0,11

� - 11 -(‘0,1-1

� II � - (�),II

-- C0,Et � -C0,1’t

- -11

� -11 -C(),11

� - II �

--C0,I-t �

-Il

--C0,I-t -(�),1;t

� -11 -(‘0,11

- -(‘O,Et � -CO,l-:t

-Il ---(‘0,11

- C( ),l-t � � ),l-t

--II

- ( ‘( ),l-:t � -C ),Et

� -Il � --(‘0,1-1

� --C0,I�t � -C(),Et

---II �

� - (‘( ),Et � ---C0,Et
� -- -11 I

----Co,l-:t i

---11 --(I�0,I1

- --(�),Et � --C0,Et

-II � ---(�(),Ii

� - (‘o,I-:t �

---H � -C0,H
11 - -C0,11

oc

--(‘OCIl I 55-86

� --COCII3 � 143-145

� --11 I 216-224 (d)

� -1-1 209-211”

� ---COCII, � 5-1-85

I - -cocn3 � 146-147

� ---1-1 � 211 (d)c

---11 � 197-200”

� - -(‘110 54�

-Ii � 215 -221) (il)t

� ---C()(’Il � 126

� (�)C1l, (u7-68

� - --11 � 210-212 (d)’

� ---C()ClI, � 160-162”

� --- II � 215-217 (d)’

I -i-i � 211-214 (d)i

� 11 22(i 225 (d)k

(‘0(�t1, �

11 I 210-217 (ol)

I -C()CH, � 125-126
----11 � 215-23() (d)’

� COCII:, � 6M-(’u9

� ----IT � 190-201) (ol)

� -(‘OCt! � 83-54

� -11 � 205-212 (d)

I - ---(�)(‘11, � so
I ---11 � 271-274 (ii)

---(‘OCT! 10)0-101

---Il 197-19#{176}.)(ci)

� -(‘O(’ll, 55-56

� --1 1 � 221-224 (ol)

---(‘oCt-I, � 56-57

-II 230-232 (d)

� COCI!, 57-59

-11 197-20)5 (d)

- -(‘O(’ll, (12-63
- 11 203-20( (d)

- C0C11:i I 115115

� ---11 � 197-1#{176},)9(d)

---(‘0C11� � 50-53

-11 � 197-204 (d)

--11 2-23-233 (d)
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out imihibitory effects omi time yeast timid E.

coli onzyimmes. Although strict c-onmpanisons

Of inhibitory activities coubd not be made,

Simmc(- all timo- o)l)tical isonmers msere not avail-

al)le, it niay be imiferred froimi tho-se findimmgs

that timc- l)reviotmslY established ro-batioimmship
that prougressive ummsaturatio)Im at (�-4 iumm-

r�roves the inhibitory power 0)1 aliphatic C5
aimiinmoo acids (1, 3, 4) also applies to their
5-phc-nyl derivatives. It should be notet!
that although the immtroduction of the phenyl

group enhances the inliibitory 1)o)tcneY and

restricts it to time livon cmmzyimmo-, tho- umisub-

stituted aronmatic nimmg is imot as inhibitory

as mm mmiethyl group [c-.g. , four DL-2-aimmiflo-5-

pimemm�’l-4-pentynoic acid (V) I�o = I 3 mimrmm,

ms’herea.s that for DL-2-aniilmolu-4-imexs’mmoic tic-ic!

is 37 nimr for the liver enzyme (1)]. Imi this
conimection it would I)e of interest to cx-
aummine time optiimmuimi locatioum of time �)hmcmmy1

group i)y preparing 4-phmemmyl ammd 6-phmcmmyl
o!enivatives of the shorter and longer imcuimmol-

ogous alipimatic aummino mmcids. \�Ve kumoms’ that

the phenyl group may umot be platco! 2 c-ar-
bomi atoms closer to the amiumo timid o-arboxvi
to-rmmmimmi,since phemmylahammimme (I) is quite mm-

active. How’ever, in this coimtext, it immay ho-
recabled that elongation our commtra-tiomm oil
time chain hetwo-emm time a-carbon and the
sulfur atonm oil L-mmmethiommine destroys sub-

strate propertits without leading to sig-

nificant inhibittury activities (3, 4).

The terumminal phenyl group augnic-nts the
immhibitory activity for time liver eumzynme

while conmpletelv abolishimmg aimy o-ffcct on

time yeast timid E. co/i eumzymes. Simici- the
w-plmelmyl coumipounds are mmo)t strict structural

or electronic ammaboguc-s of ummo-thiommimu-, mme
are lcd tcu believe that timeir o-mmiimimmo-o-din-
hmihitory I)roul)Orties uimtm\’ I)0 tiscrii)OI’d to a

hydrophobic immto-ractiouni msit Ii a commij)le-

mnemmtarv regiomm on time livo-r c-mizvmo-, ms’hicim
is not 1)rc-so-nt or available four i)imm(!immg imi time

isc)functiommal emizymmio-s of nmicroi)ial (unigini.

This fimmdiimg I)roVIdOs clUes for time achieve-
iimemmt of so-lcctive tOXioit-\’, mmimd the tissue

specificity (-)f timese o-ommmpo)uniols annonmg aumi-
mmml tissues o!cscrves cxmumminmmti(omm.

S-Substituted oat ocyslein C (/erii’atives. liL-

Homoc-vsteine (VIT, �I’mmblo- 2) is oruly a

nmediocrc iiuhibitor 0 if timo- mm(Iemmosyltransfcr-
ases. ?slethylatiouii mind o-thvlation of time

thiol group 0)1 iuo)mmm(uo-yst(-inuo- prouvide the

natural suhstnmito- (i.-immo-tlmicummimmo-)timid etimio)-
nimme, respectively. l’;timioniIm(� is o-ommvo-rto-d to

S-aclemmos�’bethiomuiumo- by timi- \‘o-ast and hivo-r

adenosyltrammsfermiso-s, hunt it is a- viny poor

substrate o�or immimihitiur four time E. ceo/i enmzvnme
(3). I’urthc-n cmmbargo-nmmc-nut oil tho- S-alkyl
grouju to S-n-proopyl- (VIII) our S-n-hutyl-
(LX) DL-imomumocysto-inue results in o-oumnpo)ummds

that arc imcitimo-r substrato-s nor inihiiuitors of

the o-mmzyummo-s. Thus, nnudcrato-ly sized alkyl
grcuups abonme are insuffit-io-uit to 1)no)duo-c’ sig-

nifio-ant imvdropimohic l)irmdimig to) t lie enmzynme.
D- and L-S-Phiomm\’limommmoc\’steinmo,s (X) proved

to he immoderately good inhibitors of the biver

ado-mmusybtnamuslerase (I�� = 1 1 .5-13.5 mmi).

Like time W-l)iieuil,’l mmlipimatit- amumiumou acids,

the iS’-pimo-umylhoummooo-\’sto-immt-s olisimbayo-d strict

selectivity for time liver enzvmmme and ms-crc miot
iumiubitorv for tho- immio-rohial (�flZVfli0�s cx-

anmimmo-d. \Vithm a- vu-mm- too cxpboitimmg timo- t!esir-
ahlo, o-bo-o-tu-omi-msitimolm-ams-inmgpropertio-s oil sub-
stituents (si-c 1)tbOms) , 5- (p-hroimmopimo-nmvb) -

DL-hmonmoo-vsto-inmo- mvmm-o synthesized, but Un-

fontummmito-lv this ctummuiuouumd 1)rom’c-d to be

extu-enmo-ly mvator-iumsolimbb- ammo! timu� could
not l)O� o-valuatc-d in timi- eumz�’mmmc systo-mums.

O-SiLl)StitUlC(1 biommi oseiiitc (leril’alir(’s. liL-

0� [ali�+22.2#{176}((j, �, imi 1 N 11(1).

� Ref. 10, n�p 213-215#{176}.
d [abc -18.7#{176} ((S,1, mi 1 N 11(1).

e Ref. 10, nsp (10-62#{176}.

f Ref. 10, ttmp 215-215#{176}.

U Ref. 11, ntp 229-232#{176}.
0. Ref. 11, mp 164-165#{176}.

‘ lab� +29.2#{176} (c, 1, mi 1 N 11(3) ; ref. 11, nip 234-2301#{176} (d), � +30.3#{176} (i, 1, imi 1 N bIG!).

2 kI�:; -29.0#{176} (o’, 1, imu 1 N IICI ) ; ref. 11 , muup 233-236#{176} (ci) , aIj� -30.2#{176} (c, 1, in I N IIC1).
6 Refs. 12 amid 13, mp 22()-25() (ol).

1 [a]�� -152#{176} (c, 0.5, in 11,0).
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iIommmouseniime (X�1, rlaib 3) is a poor t-mizyumuo-

inihmiiuittum mmmuotis so�umimo-ssimmmtimmfo-nior to DL-

iiiulmmoi(\’stOimii (\1 I, �1’i1 2), as niigimt be

o-xpo-o-to-ol, simio-o- timo- smmlfur olo-nivativo is
o-l(-mmnlv mm o-louso’n -‘tntio-turmti mmiiol c-beet rounmio-

mmmmtmloguo 0 of m.-niuo-tlmioinimio-. 0-1\Io-timyl- ior�-

Imoonmuosem-immo-(mun�-muuo-tlmoximiinme, XIII) is a pousso-m-

ful imulmihito u. o ii’ mill tb- t 1mm-i-i- mmolenosyltu-mmmms-

fc-nmmsos, hut is i’sl)ci-immll\’ o-ffo-o’tivc imu time

�h’. co/i systoniu. mum.-\Io-tiiouxiiuinme ms-mis first

s�’mut1mcsizotl ii:��’ Roul)iimi (‘I oh. (12). msimou ro--

I)ourti-d its imuhmiloitioun out’ time gm-ousstim oil io-itmminm
nuu-n-oooum-gauiisimus. � o’flo-o-t msmms aumtmmgoummizo-d

by i.- i)Ut- miot I)-llmi1imiiuniimuO (12, 13). 1mmimigh

comm-cmmtratioumi, immo-thouximmino- mulsou immimi1uit�d

tho- gr’o)mVtiu oil m’tmo-o-imiimi virus iii tissuo t-ul-

tmnm-o- (17). Imi i-mmts, timo- t’o-o-olimig ouf n)L-nmo-tim-

oximmimmeresulted mimsoigiut 10)55, no-ummi tooxic-ity,

ammo! lomseninig oil timo liI)iO! o-oumitcmit of mmmmimmmais

mmmaiiitaino-d oun a imigim-imut , hooss’-protciiu oho-t

(18). ‘Flue 1)OssiI)ilitv simoiUlo! lie t-oilmsit!o-mo-o!

that tb- ammtimmlio-nool)imml otTo-its mmmc! soommic cuf

time touxic offoo-ts oil nimo-tlmouxinuimme ma�’ he

duo- too timo- imiimihitiomm ouf timo- tideumosyl-

translerases. Evo-mm mmmmuooolost ima-nommse in size
oil time milkyb grooU�), o.g., 0-othm\’l-IiL-imoomuuou-

scnimuo (o-timoxiuuimmo-, Xiii), o!ostrouvs immlmihitory
activity, mmltlmougim tho- 1ou�s- sOultul)ilit’\’ uf XIII
in muoluo-ous systonms imiiglmt immive oui)s(’imno-dl a
loss lovo-1 of immhui)ito)rV 1)o)tommo-Y.

0-Pho-miylhoimmouso-rino- (X1\r, i’mmiulc 3) is a

nmodo-ntmto-ly good immimihitoum-, ms’hio-iu, as imi time

case oof time abu-cadv nmcmmtioumeo! i)iicmiYl au-

pimat ut amiti S-phemiyllmooniosenimmo derivatives,
simoiss mm iiigim degno-o- col selectivity for time

liv(-r i-mizymmmo-. A si-rio-s 0 if imucla- amid /)ara-

substituto-d hmalou, muitro, nuo-timyl, tumid nm(-timoxyl

oio-nivat i\’o-s of 0-pImc-ni�’!- nun�-hmonuiouso-rinmo- mvere

symmtiuosizoo! msith a m’io-ms to evaltumuting tho-
immfluo-mmco-s 0)f time elo-o-t nooum-cli unmm.tinig or i-bet--

tromi-ms’itimolramsiumg proupertio-s of substituerits

on thuo immhmii)itO)r\’ 1)0)t0i1cY, iii ao-ccurdmumce

mvith timo- ms’olb-kmmomvmmIurinmo-il)les o-stmihlished
i)V Hamimmmmett (6 ) . ]‘iui-so- o-oonmpouiut!s (XV-

XIXIIV, ‘I’al)le 3) diffo-netl i-oumsid-nabby in
thtir inmimiluitorv stremmgtlms. All oil timonmm re-

seummbletl the joarommt o-ommmpoummd, iii ti-mat they

ms-crc- o-ithor very mvo-tmklv inhibitory our immac-

tive ms’ith the � co/i mmum(! vo-ast enzvmmmcs iui

comnj)tmniSomm to tho-ir mmuore l)ossonful immhibitory
o-ffeo-ts omi time livor cmmzynmc. Substitutioum in

time para positioum omm time phmemmyl immoiet-y

of 0-pimi-mmyl-DL-hommmosenino l)y eloct romm-w’ith-

o!rammimmg gnooups emilmmmmmo-o-c!time inmimihitoum-v
poto-muo-y. Timius, ium t ho- iummlogomu -sul)stituto-(!

scm-us, 0 - /) - i)I-o)nio)plio-mi\’l - mm� - imonmosenimn

(XVI I , a- = +0.232) is mm l)cttOr inhuluiton
timani timo- 0-p-chboro (XVI, a- = +0.227) o-o)mmm-

piouniol, timid timo- iatto-u- o-o)mmmpotummdmmtum-mi is
inut-im I oct to-n t imaum 0-p-fluono uplmemil’i-IuL-iloumno-

sonimui (XV, a’ = +0.062). Nitratioun oil time

1)iio-muYl muuooio-tv mi timo- pa/a j)ousitioumi also fmmvors
c-lcctromm msitlmo!rasstml mmmiolrcsubts mi a POt-mmt

inmlmii)ito or (XVIII ) . 1mm -o ommtrast , tiu- i-li-ct r(on-
tloonmmting p-mmmetlmoixyl gu-outup (INIIINI, a =

- 0.268 ) do-t matts fm-i mu t lii- imilmil uito ou�’ i�o-

to-mio-v oii 0-pImt-mmyb-ni�-iuoummioiso-nimmo-. TI’Ime i-icc-

tm-(un-(loonating p-mmmctimyb grouup (XX, a

- 0. 1 70) cmmimamico-s tiio� iumhibitoory pcums’er of

0-�uimo-miyl- muI4-h(ummli)senimmo-.

A so-rm�-s 0)1 ?neta-sul)stituto-o! 0-pimo-mu�’b
olcnivmmtives of imommm(oso-rimmi- mvo-mo- milso sylm-

timosizoo! mumid simomvcd bo-imavior simnilar too time

/)ara-slul)stituted aimmmlouguo-s. Time mmuoust- c-bc-c-

triomm-msitim(lrmmmsimmg groups on tiuo- pimo-imyl nimmg

mmgo-mmem-al prout!uceol timo- lu-st immimihitoors. i’he

imilmihito urv 1)oteumcY 0 of t imoso - stui)5t it uted
0-pimomu�’l-uL-imommmo’uso-nimmes obc-o-ro-aso-d imm the

ioullouss’immg ordo-r : l/l-l)nooflhou, iii-oimloouoo, iii-miit no u,

mimic! iii -mnctiiouxyb.

�Fiuosc fimmdiimgs ms-i-no- mmmmmmiyzoci mu-i-i uidimmg to

tiio- ms’o-ll-knoms’ui sigma--i-ho eolumltio)mm oil Ham-

ummc-tt (6) i�’ plottiiug time i’�� vmiluo [ii-.,

loogmo (l,I�)] agmminust tiio- a- i’m-mini-s mtssigmiod

too omio-ii sul)stituent acco)rdimlg too its tendenmoy

t(i tiot as an cleo-tromm-doimatimmg our o-lectrcumm-
msithdramvinmg group (l”ig. 1). A reasommmibbt ccor-

relatiomi tipj)cmmrs to o-xist 1)t-tsso-elm tim- I�’so

vmmlues mmmmd time positive niagumitude of timo- a-
values four all time substituents, mvitim time
0Xct1)tiOuli of time in- amid p-nitropimt-mmyl dorivmt-

t ivo-s, msiiioh an- o-lo-arlv ammommmmmlooils. This
do-vimmmut ho-havio)r oil nitro)1)iieny! groups hmLs
1)0-0-nm ouhso-rv(-d in so-venal otimo-n Hanmiuio-t-t

ammtmlyso-s oil -mmz3’mumo- immhibitons (19-21). II
the mmitrophommyl do-nivatives mini o-xc-ludo-d, a

least -sqiummrts limm-ar rcgressio mm mmmmmilysis of

timo- mmimiort-mmiaiumimig o-ommmpoummds It-ads to the

follomsimmg Hamummmmo-tt o-quatiomm : uI50 = 1 .45o’

+ 1 .82 (msithm ml o-c)rno-lmmtion coefficioumt r =

0.853). 1mm aui ao!oh-mudurn to this pap-r,
Hulhcrt (22) has ouhtmmino-d aim almost per-

feet correlatiouum l)ctmvcen PImo values and a

combination of Hammmmo-tt- a- arid Hansch �r

values.

Time positive correlation bctms’eemi time Pjm#{176}
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FIG. 1 - A oialy.s’ix 0�Ioeour(hi1ig to JIaooionct/ .s-iqooia-rluo rehotio),ish ip of iou/u ibo br!, poteouoies of a series of

SuLbSlilultC(l O-ploemoyl-DL-homoseriooe dcrivatin’c-s- for A TP : i_ -noel/u ion Hoc (1(h(’010,’/!/htrilOiSferaf6c of rat lin’or

The pLo values [bog,, (1 ‘I,,,�.) I mire ploutted as a function, ouf t he Hanmmet t a- vaiues four each 5111)51 it uncut
The I�, values were oobtained as described under i:XPF:mmumIF:NTAL Pimoct:muuimt; and are expressed imu unuits

of noolarili,. The � values were assigned accoording to Hamnsett (6). Tlue limue was drawn on the basis of a

least-squmares regressioun analysis of mill I�o amid a’ values except thouse four time nitrou derivatives. Time oie-

rived equatioun is Phi l.4Scm + 1.82. TIme o-ourrelation coefficient, r, is 0.553 (r’ = 0780).

values anmd time ebectron-ms-ithdramvimmg to-mud -

enc-v of the aromatic substituentS iii this

group of compounds suggo-sts that tim- crea-
tauni of a partially positive charge at the

heteroatoni bearing the aronmatic nimig favors
bimmdimig of the inhibitor tom tho enzynn-. This
finding might b(- rebatc-d too the fact that in

tiuo- o-mmzymmmatio- roactitimm timo- t imioctiior sul fur

atoni of L-nictimioonimie i)o-animmg tms’o pairs oil
fr-o- olet-troons is o-onvertcd to a subfommiumn

gnlou�) (S-ado-muusyl-L-niethioniumc-) o-arryimug a
miPt j)ouSitivi charge. Thus the traimsitioomi
state of time -nzvummatic reactioum might in-
V(ilVe time dovo-loupumic-mit of a partially 1)iisitive
charge iii the topougraphio-al mmeigiml)ouniu000id oil

time imeteroatom. A forniab Iiositivc- o-hmtrgc- onm
tiui- sulfur atonm does mmot appear tou imivoor
i)inc!iumg tc timo- emmzynme, simmo-e th- sulloomuitumim

di-nivative, S-mimc-thyl-i�-ummc-timio oumimu-, is a q uit�

poor immhibit-cur (I�� = 55 imnn, imiactive, and
90 mn�t for tho- yeast, E. co/i, amiol liver
c-nzvuimes) . Time bast -immemmtiouied (-omiil)ouhud is,

oil o-ourse, closely related structurally to time

r(-mmctioum product. Thus these iuuhil)itors ap-

P�-mmr to act as trammsition-state ratimer thamm

produo-t-mmmimmlouguc imiimihitors. It is to) i)(� muoteol

that o-vo-ui timo- iumtrouduo-tioum oil timo- ummoustp���’cr-

ful o-lo-o-t romi-msit imolramvimmg groups did mmcotle-ad
to ituiiil)ito)rS supo-rio)r to) tiioso o-uio-oountored

ammmommgtime tmbiphatie (1 ) mimud tho- ctmnl)(icy(-lic

or imetoroo-vo-lit- mmnmmmlooguos (2).
L’n an lionieric .sj)ecficity. I nm t lie mmo-eomi -

j)ammyimmg r�a1io�rs (1, 2) it imas i)ceum imouted that
anmoomig nIb mcmmsoimummluly 1)oommerful inmimibitiurs

that ui-cur imi i-mmaumtioummmeric pairs, timo in-

hibitorv 1uooti-nmo-� mippoars to nosiclc iii ionic

niemmiher oil o-mu-im suo-h pair. Aimmonmg tue

0-pho-mmylimo unmcoso-nimio-s (X I V) amud S-phmcnmyb -

imcimmmoo-ysti-inucs (X1 ) , mmo o-miant iommmo-ric spe-

cificitv o-oulcl lie dcto-(-ted. It imiigimt iii-

assuiumo-d t huat timo- livol ro)pimol)io- intiract iou oil

tho- j)hOIi’5’b ring ouutmso-ighs tin- inumportamio-o- of

thc- o-ourrcct sto-nio- fit in timo- rt-gionm oil tht-

a-ominiioini of timi mmnmimioi mitiol, or thmmt mm fact

time elictrtisttitio iuito-ractioonms of timo- (�()O-

and NH3+ grooups iii thc- ammiimmo acids mvith

thmo- o-oommmpbommu-mmtmmrvgroups ott time -mmzynmo-

arc very ms-mmk, �ur doi hot 000-t-ur. 110(miius( o)f

this back of sto-nio- 1)releno-mmce, time substituted



314 O’OULTEH ET AL.

0-piio-mi�’l- num.-imounmooseninii5 (i’mmblc 3) ms-i-no- nmout

Sll1)�OO’t0(l tou 0)ptiotul u-o-soulutiomnm.
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