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Structural and Conformational Analogues of 1-Methionine as Inhib-

itors of the Enzymatic Synthesis of S-Adenosyl-i-methionine
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COULTER, A. \V., LoMnm�ntIuiNi, ,J. B., Su�’uix, .J.mN1�E H., .kxm) ‘I’AL.tLAV, P.�UI, : Strtuo--
tural amid commioornimtitiomial timimulogucS oil L-mmmo-tiiionnmle mis imiiuiluitoursoil time o-nzvmumatio-

synthesis of kS-adenmosyl-L-mmicthioiminie. I I 1. Canhoo-yo-iic ant! imo-terouo-yo-lio- anmimuoo ao-ids.

Mol. P/iarmaco/. 10, 310-334 (1974).

1-A.nmimmcucycbopemmtamme- 1 -carl)o)xylic tto-id (o-vclolemucine ) is a ooonmpo-t it-is-i- imiimil ut our oil time
svmmthesis of S-adeuiosvl-L-nuio-timioumilmc In’ i)unitiet! 1)rel)armmtio)mos oof ATP : i.-miuctimi mmmc
S-adenmosyltrammslerase 0)1 yeast, Esc/ierie/iia coli, ammo! rmmt liven. This immimiluitioumi is strictly

dependeimt upoii ring size, amid is abolisimed by time iimtroduct-ioim of 2-mulk�-l or 2-muitroo substi-

tuents. Of the four isoumiers of 3-mm�ethylcyo-kulo-ueiime, ommly 1R-anmimmoo-3/?-mumo-tim�’lo-vo-lopeiutano--
1-carboxylic acid has immhmibitcury tietivity o-oompmmu-mibie too o-vo-iobo-uc-inio-, msho-ni-mms 1�-mimuminio-

311-mnethylcycbopeuit-amme-l-o-anboxylic mu-it! mvmis fan less mmo’tivc, ammo! tiuo- o-nmimuti(onmerS of timo-se
comnpounds mvere imiferretl to be imimictive. A.ltimougii tim- no-gmmtivc o-ffco-ts out’ o-o-rtaiui substituemuts

oum inhibitory potemicy inmmy i)e time result cii bmntk of ‘‘l)ubk tobem-mmno-o-” in soummm- to)po)graplmii-mil

regions of time emmzynme, otimo-r fao-tors inmflui-nmo-inig phmysic-oa-iiemmiio-al liroulient io-s, hound mimmgles,

amid conformnations are probably of gm-o-tmto-r innl)orttmmuo’e. Time j)nc-scnm(-o ouf tim- tmuumimio amid

carhoxyl groups on a 5-mmmcmmmhercd nimig mippc-ars to l)c a nuoo’c-ssary o-oumiolitiomu fo)r mninhitioimm.

Itigidification of the c-yo-bi(- anmuiimiu ac-ic! skeletomu nimmy influo-nuo-o- timo- inimii)itorv jiroopo-rties pro-

foundly. Thus 2-ammmiuioadanmmmnmtaume-2-o-arhoxylic a(-id lmmo-ks ii uimibit our�’ mu(t ivit V. ( )f t ho- four

isomenic 2-aimiiumoimmorborummimue-2-ommrboxvlio- tmokls, (mmlv timo- 1/? ,21? ,4S-isoummuo-n iumts signuitIcamit

inhibitory activity, mshicii mvas slightly sup-nioor to that oil (-yO-bOli-imo-ilic mm till tiunco- iiizvmnc

systemuu.-s. Time addition of mini arounmiatio- i-hog to) thmo- cyc-liobeucinme too -no-mmto- mimi imi(lmimuo- skiIetoiu

depresses time immhibitory mio-tivity, ms’heno-mis time addit-ioumu oil mmsc-o-onud mmroonmmiti- ring, as in
9-anmiumofluorene-9-c-arhoxvlio- ao-itl, gives aum excellent imuhiil)itor oof yo -mist tint! I iver -nizvmne

mvith little activity for time E. co/i eimzvnmmo-. Timo- o-ffo-o-ts of inutroolu(-tioun ouf iieteroattonuis into

the ring system lea(1 to) c(unmpouncls msitii citimer o-mihano-ed on bc-juno-sscd tictivity. Titus 4-
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minummmmou- I , 2-dit imiuulmimmo--4-o’mmnhouxvlio- mu-ic! is mmmiO’X(-o-lbi’mut imiimihit o ii’, su1uo’mio ut to o-yo-boubeuo-imut-,

ssiic-no-me-i it s sulfo mmii- [(I?�)-4-minmmimmo u- 1 , 1 -diouxou-1 , 2-t!ithioltimme-4-cam’hoix\’lic- muck!] is ntithmer less

mutim’o t iimummtimo- olisulfiolo-, Imutmot!mmctioun of suifum mmtoummmsinto) 6-mimo-mmmho-no-d riumgs, mis jim 5-

anummmio 0- 1 , 3-dit imimtmuo--5-ommmho uxvlio’ ao-io! mimud (R%)-4-mmmmminuou- 1 , 2-o!ithimiimo-4-ommm’boxviio acid,

mufli im’ds o- unmupo uumuo!s ivitim littli imuiiil)it(umy miotivity. Cimcumhit imuo (I?S-3-anmimmopynnolidimu-3-

mmi’houxvlic mit-ic!) immis s’o’iv little inuimihitiumv activity. timid this mmmv hi’ tho c(unseOlUOflOe ouf a

1-uuu-mmmtuljuo usit is-i- ciimii’go- oumi t ho- m’inig mmitmougo-n atommm mit j)imysi(ubOgiomil jill. 1�\5�() mmoms immo-thyl-

mi)omoitlitou obi’mis’mutivis out’ o’vo-lio mmmmminmoumic-ids mso-no- svntimo-sizeol : I /?#{176}�-amimiiuoi-3RS-(ummetimyl-

t liii i )ovi-biuiuo-m it ammo-- 1 -cmmnl)o uxvl ii- ai’id, msimi-h had so unmmo inmiiil)ito)mv mat ivit y tmssotiat-ed with

oumu of its m’mmo-t-nmmio’j)miir�, timid lRo’�-mummminiiu-3/?8’-(mmmetim\’ltimiou)o-vo-bouimo-xmmmmo--1 -c’mmnl)o)xviic- mmo-io!,

ms’hio-im mvmis imimuo-tiyo-. So mmmii-o it’ t imo-so- o-tmrl)o)o-vi-lio- mint! hi-to-nuo-v-lio’ mmnmuimmomaids Poussoss vani(uus

jiimmmmmmitmo-oubougii-mil muo-t is’ities, imuo-luolinmg time omij)aoity tou inuimihit t ummuoun guosvtim, suppm’ess time

inummmmlmmi(-iisj)i umiso-. muid Plo ui-k mimmmimnou tic-ic! t utmimspout . Fiie st iiat mural sj)o-o-ifio-it it-s foi timese

moot ivit u-s mmm-t-olit’I’o -n-i-nut . (‘ ummf’ouummmtit io umitil , i-hot mommii-, mmmuo! st i-u-ic- l’tmi’to ums mill no� �imime ci umisido-na-

tmomm mi fbi- o!esignm out’ inulmiluitours hum time mmo!o-nuous�’ltrmuiusf’ormmss.

mNTIIOI)CCTIOX

�f1mis papo-n descm-iho-s timo- syuutiio-sis mon-id

o-vmthmatio iii 0 uI mi so-rio-s oit’ c-tim-ho uo-yclic amm(I

iio’t c-i-i uo-yo-lmo- minimmuu mto-io!s mis P0 utntitmb mu-

immhitons out’ tiio- emuzvmimmmtie svmmtlmesms out’ #{176}‘�-

3(109 10 os\’l-L-nmio-t ho unmitme �-�:-�‘ pmmntitmlly puriho-c!

I)m’(-l)mmmmttionis 0 it � P : i�-mimo-t lmii mmmc �S’-michmm-
ousvltu’tmnsfo’m-miso-s (I�C 2.5. 1 .(i) out’ l)akem’s’
�‘mmst , L.’�(’/I(’i’i(’/i U! (‘01/, mmmd mat bivo-m. limo-

studio-s ionmmi lumut out’ mu svst-muumttio -ffourt tou

oulutmumm immhil)ito us 0 if t his m’otuo-tioumu msit ii mmhigh

degno-o- out 1)otiIudY mimic! tissue so-li-t-tivity,

ms’it hm mu s’io-ms’ tim i-xplouniuug tiuo-im 1)()tomititml as

oim-mmmouthio-rmtpeutio- mug-mmts. 1mm mmo’oonmptmuiyiimg

PmmP#{176}�5ms-i- m0l)i)tt (0mm tho- stuuo-tunmml, o-bo-o--
-t m-oummio-, mulm(! o-ommmfom’ummatioumal t(’mmtuio-s oil

aliphmati(’ ( I ) amid tum-oumumitic amumiumo u micid

(2) mmnmmiogiuos thummt are imihibitiurs of mmdeimosyl-
t m-ansf’o-m-tuso-s’ imu to mnumpo-titio mi msitim L-muu-tiuio u-

mmmii-.

( )imn’ inmteuo-st in o-v(’ho- anmmiuuuu maid mmmmtmloguo-s

origimuato�l ms’it ii tlmo- oubs-rvmitiomm thmmt- 1-

mmimuinouo-\’cloul)o-mmtminuo-- 1 -o-tmrbo ixvbio mmciii (i�’lim-
lo’ia-mmuo) ms-mis mimi iniuihitour of timo- svnitlmo-sis

o)t ‘�-mmo1o-muoos\’b-L-1Imo-timioumuimuo-mu o-ommmpo-titioumm

isithi L-mumetlii(umimmio-(3, 4). Of’ mm mmuummher of

cyclic ammuinmou mit-id�m (it varying ring size

(-xmmmmmimmo-(l,timis inuimil)itoom-y activity mvtms coim-

2 The ibioreviat iomis mnseol mime : muolemnusvlt mtumis-

ioi’mosi , tom’ .\1�’1� : L-muuet liiomuimie �S’-ademiosv1t ramis-

f-rase (1’(’ 2.5. 1 .6) ; ‘vcbouleuei nue , fon- 1-mumnimuo)-

(‘vo’l(ubuemmt amie-1 -(‘arb)o)xvlio’ a(’i(I ; I �, , the coon-

cemitm’atioumi of imihibuituum’ n’e(luimm’e(l tou muo’hieve 50#{176}��

m’edtmo’t ioui imi ademo osvlt m’amisfem’,use �i(’t ivit V uimudem

51)ei’ifieOl o’uumiditiuunis.

fimuec! too ;5-mmic�imml�-ro�! m-immg stu-uc-tum-cs, ammo! time

iimmg sizo ms-as o-i’itio-mml (3, 5).

(�‘t-bobo-uci iii - immis mit t rmuot od (-o)misidemable

imito-m-o-st be(miUse out’ mm imuiumbo-r iii unusual

iiimmuu’immao-olo igictul 1)m’(iI)ii’tioS. l�his 0(uimmj)O)Und
is mimi iimlmii)itOul’ out’ tlmo- gm’oums’tim oil h’. co/i imi

c-oummmpo-titmoun ms-it iu L-nmo-t iuio uiuimue mmmmo!L-vahitme

(6, 7). (�‘o-loilcuc-imme m’o-tmu’ds time gnowtim of a

imummml)cm’ 0 if o-xperimmmi-imtmml tuummons (8-10) timid

iltis i’e(-O-ivc(I (�XtOim5iV0 o-bimmietml cvalutmt iou

iii mmmliii mvitiu sommmo- i-mo uuragiimg no-stilts, os-

ic-o-iali�’ ut leioiumvo usmmro-ouuimtms ( 1 1 ) . \Vitim time
singbo- cxo-o-ption of timo- Nouvikoff hepatonma,

for smimicim 1 -anmimmo ic-vt-li )imi-xamme- 1 -cmlm-1)oxylic

acid is ti(tiVo’ (8), th- o-ycboupeuitaime nimmg is a
strict structural no-oiiuimemeumt for gross’th

inimil)itio)im of mmms-ide vmmnio-t�’ oil tnammsplanta-

l�ubi- tunmouns (9, 10) mis mm’cll as ion the inhihi-

tioumi iii time ac!enos�’ltntmnsft-rmmsc-s (3, 5).

T�ing (-mubmulg(-iumo-mmt (ui cummtractiouim beads to

o!rtmnmmmtic i’o-duo-tiomms in these inhihitomnv

tictivitio-s, and iso- immuvo- suggcsto-d t-ho- possi-

l)ilitv ouf a causal no-latiounship betss’eemm these

PnoPo-rtic-s (5, 1 2) . �1Th- ummoubo-cular immecha-
tmisi-m-ms of at-tioun cii -vo-loleucimmc have also

i)eemm attnibutetl to imutenlenence mvithm valimme

utilization (13-15) timid to inimibitioum of

o-o-llular anmimmo mu-it! uupttikc (16).

C�’elobo-ucimmo is iii t �ignificantby iuu-tabo-
lized iii mmnirmmab tissuo-s muimd imas bt-cui used to

study mmumd to immhul)mt tho- transpom’t of tm

variety 0)1 aumlimmo mtids (17-21). Tim the rat

imut o-stimme cycioleuo-iume appears t ou share

c-omnmmmoim trmmmmsport- mmmediatons mmitim L-vaiimio-

tmimd i�-methiounine (17). Studio-s liv Oxcmmder
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and Clmnisto-nsemi (18) of mimimino) mu-id tramis-

port inmtio Eiirlich aseites tuimmour i-oilsmn(hio-ate
that under o-o-rtmmimu i-i oimditioius cyo-lolo-ucimue

inhibits tho- uptake ouf glyi-iimo-, abamiimmo-,

leucimie, ammo! piu-muvlalanimme. Aiummmo-d and
Schoulefio-ld (19) imavo- coumucltidot! oun tho- basis

of conmpo-tit(ur studies thmtmt cyo-loobo-uucinmo- timid

L-mmmo-thio oumine siitiro- a ci oiiiimio in i t rmmmmsjii mt
systenmu mm Eimnlit-im ascites tumnoors. The

tramispomnt- func-tiomum oil (yolie ammmimmoommo-ids is

muo)t spocifio for a .)-nmenmmbo-ro-d riumg struo--

turo-, amud also) differs mm (-o-m-taimm outho-r no-spo-t-ts

frommm time sPecificitY of tho- structurmml mc--
quiremmmo-nmts four iimhibuitioumi of t ime ad-niousyl-
traumsf(-rtmso-s (17, 20, 21).

:‘� Ion- rco-(-nitiy cyo-iiuho-iuo-immo- iimms o-vo oko -ii

inuto-no-st as tmumiummmmmunmou�)imarmmmao-oolougi(-alago-nit.
Cycbouho-ucimmo- imuhmihit s antii)ootly symu t iuo-sis
mit tiuo pro-incluo-tiomm (22). This comnmmpounol is
efft-etive mm allo-vitmtimmg the so-verity mimid

ioosv(-rinmg time incidemuce oil tmdjuvmmnt arthritis

mlnd o-xiieninmmommttil ablo-n-gio- o-mmco-piualo!ummmyo-1it is
(3). rfiuo mumoode of mictioumi reso-mmmbbo-s thuat ouf

inmnmmummoisi.ijiprossivo ago-imts rat itt-n t hiani mmmiii-

imuflanummato my mmgents, alt homugim t ho- mmmo-o-hmm-

muslim humus co-rtaimi ummioluo- fcaturo-s. Subtouxic

douses i)i cyt-loobo-ucimme permmmit hunug-to-nimi no-

teumtionm (if hounmougralts mm immio-o-, ms’iuibo- otiuc-n
imnmuuuo usu�)pressmmmuts tin- less i-ITo-it ivo- o-vo-ui

ms’ho-n given imi mio-mmr-lo-timmtldouSmigo-s (24).
Experiimmo-mmts ms’ithm o-yo 10oh-ut-mu- mm rodo’mmts

have uumcoovered the into-resting finahitig thmmt

timis ccounpound is ccummcc-nitrmitod tom muhigim cli--
gro-e mm time pano-ro-as ouf sounmmo-s�uo-o-io-s (25,
26) tunic! imm ccrtttinm tm-amnsjulanmtmihbo- tmnnmmours,

such as tho- \Valken 256 tunic! time Less’is lunig

tummmoors (1 2) . A,dniimmistm-at mum iuf i-vt-li ulcuo-imme

rc-sults mu t lie acounmmulatiooui of L-nmi-timio ummimii-

mm all tissues extumminict! timid boms’o-rs time S-
adt-no usyl-i�-met Imiomminc bc-vo -Is i mmt ho-so- t issues,
with thc- exc(-pti(imi oil livo-r, ms’imo-no- houtim

L-umio-tiiionumo- mind S-mmdo-nmoosvl-i�-nio-t imioummi iii-

c-omicentratioiims i)o00)imii o-ho-vmitc-d (1 2). Tin-se
findings are commsisteimt- ms’itiu mini mniiih)jtioutm
of ATI� : L-mmmethioninmo- S’-mtdenosylt rammsfo-nase
Ill V?VO. Poussible ro-tisommus four tim(- mippmiro-mitl�’

paradoxical situatioomu mmthe liver imavo- Is-i-mu
do-vt-loped clsemvhmo-no- (1 7, 27).

In this paper ms’e expbooro- mi iurtho-r do-tmuil

the st niuctural, electno unit-, mimic1 o-unifuu-miua-

t-ioimmtml requiremmm(-nmts anmoomig o�’olio mmflhinuiu
acids for immhmii)itiomi of ado-nuousvlt rmunisf’o-rmiso-s.
\Ve immmve exammiimmo-d time o-fli-o-ts ouf smno-im nn000!i-

tic-mit ii urns 0 ii cvo-lolo-uo-ino- oon t lie mnimil)ito my

po)to-micy fouu timo- mido-muousyltm-mimisfo-rmuso-s, mimmd
to om’ t ho-ir solo-it ivitv ii mm isoil’tmmn-t io uimil en-
zviumcs. lime spo-t-ifio- st mit tnrmul mimodiflo-mit ioumms

imuo-ludo- suhistitutiomu oil mi1k�’l groou�us oum tue
cvo-bo upo-nmttmni- ninmg, o-oin to un-numit ii mmmii nigmdm II-

otitioomi oil tho- nimog s�’stomui in’ trtinmsmimi-

mlumimmr o-tmu-huounm i)nidgcS o um I iv i mi(-ounpo ira t ii cmi

O)f thii o-vo-boulo-tuc-inmo- intoi an o-Xto-nm(!i-d! ring

systo-num, tuimt! mitnouobuo-tio mi oof’ hot i-nootitommums,

suto-im mis muitn-o ogo-nm timid sub finn- into i t Imo- n-inmg

svsto-mn. limo ri-stilts imiohio-mito-tin- io-asihilitv

of oubtaimiiumg nmouni- o-ffo-etivo- imihihitoum-s than

o-vo-Io oh-mu-mu- aniol iii mio-hieving o-oumisit!c-mmmble

tmssuo- sclcc-tivitv mvitii soum(- amimmiogues.

EXPElI�MENTAL I’RocEIiURF:

‘I’iuo mmmatcnials mmumo!not huoucis 1150-i! imu t ho-so-

i-Xjuo-m-imiio-umts ilmivi- luo-o-n o!o-scm-iho-o! ( I ) . limo-
inhibitory poito-nmc-io-s (if all aniabouguc-s micro-

o-xmunmino-d ms’itim iimirtial lv imunifio-oI I)n(-uimina-

ti(umus oil aolo-mmoosvltrmumisf’o-raso-s I if hmtko-r,s’

i’emmst, Ji,,’� coli, mimic! n-mit hivo-r (1 , 3). Time o-oouu-

co-umt ratio ams oil iniiuihit ours no-ojuiro-d I o u rom-o tluce

So ( ; imuhibitioumu cii o-mmzyuno- mio-tivity (I5(�

values) �vo-no- tlo-to-rmmmimmct! lu�’ I iii- grmmpiiio-mul

mmmetimool out’ 1)ixomu (2$) at L-mmmo-timioumumnuo-o-oomu-

c-mmtrmmtiouns of 37.5 j.on minol umudo-u- -ani-fullv

olefmmuo-(l o-ounoht io umis (3 )

�8’(flI 1(’CS 0/ _-1iii iii �u .1 oi�I . 1 iia/oq ou’.i’

“Fimo- stn-uo-t mmi’s 0 ut milI aiim no u mio-iol munmubouguo-s

miro- rijureso-mmti-oI iii ‘Umulibo- 1 . i-;��-u� o-onmuioooumid
is assmgmio-d mu i�oomnmtn nominal.

(‘oiii iiu’i’eia/. I -��mmuimmooo-vi-lo upo-mmtmimu -- 1 -0-mum-

IuouXylio- muoio! ( I ) ss’tms iuunmo-hmtmso-c! imo inn t I ii-

(‘yolo u ( ‘imo-mnioal ( ‘0 mlii ira t iomu.
� .:\.� mimixtum-e oil tue t’outum isoumno-m-s if

lJ?S-mtmninuo u-21u’S-nmit n-omo-you upo’nittmmme- 1 -i-au-i )o mx-

\‘bio- mu-id (I b b ) ss’mis mu gift of 1)m-. \V. B.
�fmmruuo-r, I muujuonimml ( ‘inmniomul Immdust rio-s. _\1-

do-nhov Pmmrk, \ I mit-oho-sfio-hoh, (‘imo-shinc, tT . l’
l�hme synthesis oil 111 tunicl soomime oil its pr(upo-n-

tio-s iimmve i)(-o-ml olo-sc-ribo-ol (29, 30).

Timo- foolloss’immg out hia(-yo-lmmmme amuuimmo ao-ids

ms’cre svnthesizeol liv l)r. II. 1”. Herbrammclsoun,

Deptmrtnmment oil (1ho-nuist my, Remussclao-n- Po ol�’-

technic- Tmmstitmmtc, Trouv, N. V., mmmc! sv-re

Supb)hictl too ins hi’ l)n. Ho-rhnammo!somm manic! iu�’

1)r. T. Sss’eemmo-v oof limo \Vmilter Bc-cc! Armuu�’

i:� Ic-dual T�leso’mmro-im Iimstitmntc, \Vashmiumgton,

T1T,�. C. : 4-auumimio u-I ,2-olit liii o1minie-4-o-mtniuux�’hic

muoio! (VI ) . (RS )-4-mmnuimio o- 1 , 1-cliooxou-1 ,2-oh-
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t imiolanio --4-c-mimi uouxvlio- ti(-io! (\1 I ) , .5-mmniminio -

I , 3-(bithimimui-.i-ommniuO uxvlic mioio! (\11 I ) , mimi(!

(IfS )-4-mimuuimm m- I , 2-dit iuimimuo-4-cmmubo ixyhio- mu-ic!

( I \1) . (1� omuupo munich \� iimis mulso I uo-o-mmc!osoribool

boy Shmo-nu minuol \\mill’uumd (31).

r1�im t’omum isommumcmio 2-mmummiiioumiiuhiummmaiuo-2-

i’mimi)o)X\’hii ai’mds (2-anminoiuio-vclo[2.2. 1 lhieiu-

tmumuo--2-o-muu’iiomxvlie tic-id, XIII) (32) of kimuussmm

mul)So uluti’ Co uimfigun’mit io iii (33) ms-c-I-i- pm’opmiuo’cl

b�’ I)m-. Fl. S. �fmmgo-m mumd kindly sujipliicl to

us iuy I )m’. 1-1. N . ( imnisto-iuso’mi , I )o-pmuutiument
of Biologiomul (‘ho’iumistmy, [Tniveu’sity oml’1\ I ic-lu-

igtmn, �\miiu ��m’booa’.

(J?’-u’)-2-.�nmiiio u-5-iuvo!no uxviniolamio--2-o-au’i muix-

yhio- at-u! XIV (34) 1 mvmms mi gilt oil’ b )r.

-I:!. �:#{176}i1.Pimiclo-u’, (‘ho-mimic-mu l)o-l’o-muco 1’stmui)lisim-

mimi-mit, Poum’touni l)uussmi, Smihishummmv, \\lltsiuim,

U. K.

(l?�8’) - I - ��nmmiuioinc!mtmio- - 1 - (‘mU’h(uxylio- muoid

[)�TV, NS( 32833 (10)! mmmio!9-mimmmimiouflimomo’no’-

9-i’tLt’i)OiX”o’hid ac-ic! [NIVI, NSC 3284$ (10)1

mm’c-ri- gifts of’ 1)u. Ilmumy 13. \Vouod, h., of’

liii- :\:�tit io mimi! (‘tmmio’i-m’ luist itmmt i-.

S!Jli t/i(’.S’(’,’�

11?- and h”--.l llIiflo-3J?-llleh/i!I/eyc1oI)eimt(-lne-

1-(’al’bO.i’/JIi(’ (1(1(1 ( II). 1 -J?�$-�immimmiu-3i?-

mmio-timylo-vo-bol)o-mutmuimc-- I --min-luo ox\’hjc mucic! ss’mus

svimtlui-sizc-t! i)\’ I )n’. H. I )u usimmmum l’rommm 3R-
nmet imvlo-v-lo oI)emit mmiii no- mui’o-ourdinig to u t hue pro-

o-o-c!uire 0 if Z-bimiskv tunic! Stac!nikcuff (35 ) , but

uimo�!ifio-cI by smmtunmitiouiu iii tin- souluti(ummms-it-li

tmmmmimioummimi to miiiiuinmizo- f’oum-nmmmtion out’ time

imumimlo uc!iimitrile. l’h- iimt-nmmmo-dimtte 1 I?S-mimumino-

31? - immo-tiuybi-yo’lu u�ueuitylomui’l uiumuitmilo imyolno u -

o-imhouiio!e limit! iiIj) I 44--I 46#{176}(ss’itim o!o-o-oinpou-

sitioumu imi mu so-mubo-ol t imbo-) ; nimiss spiitruumu

(70 o\?) 1),//o� (mo-Imut ivo imito-mmsitv) I 24(26,

ii’s1�-HCl), 95(100), 82(56), 81 (98), (19(44),

68(67), 56(75), 43(57).

(‘7Hi:0C1 N2

Cmmlo’ulmul cc! : C 52.33, H 8. 1 (1, N 1 7.44, Ci

22.07

F’ommmol: C’ 52.19, H 8.14, N 17.63,

Cl 22J4

�Acio! iivo!rolvsis ( 10 mmmloif c-ionic-i-lit n’mmtec!

I-ICb) out’ ti-ui- tihouvo imlto-m-mmu(-diato- ($03 immg) at

reflux tenmpo-mmmttmmo four 2 him, l’ollosvo-cl by

evmipoummitmoii timid c’iimoumumatogumipy on a I)ussex

50-Xs (1-1�) coluummu, affo uu-c!ed 508 mug of

11?,’-; - tiiuilii(u - :3/f - nmo-tiivle\’oboul)(-ntamuo- - 1 -

imull)iiXl’lic ticio! : mmmp304-304.5#{176} [mm-it-li deo’oimm-

l)OsitiOmm mmmmscaic-ci tUl)e ; recordec! (35) umup
2#{176}.)9-3()0#{176}J. TIme mumut 0 unummts anmimmo tmcid anal�-’-

zou (3(1) slit umvo-c! t ms’o0 mil)1)ni)Ximummitel”� o-oiual

0�0 uiuupono-nts. Time o-ocmmmjuouuno!s, in ourdem- of

their clutio on tri)nm t ho- o-culuuimii , ate relcrni-d

I ii mis iso ummm-m- �\. (Ilmi) timid isoimmer B (IIb)

mmmuol\somo- si-ptui’miticl oumu a 1)u’el)mummit-ivo hmigim-

no-so ulution (-ati(umm-o-xo’lmtuige o-olmumn. Time o-o!-

mmmii iiueastuuo-o! 1 18 X S cuim ammcl utibizo-d

1mb-by gnado-c! 1)oumso-x .�‘i() nc-simm (Bio-Racb,

Aiimimuox Q-1SS). rn o-olunmmu wmis used in

timo- Nmu± f’ornm mimic! wmms o-luto-d with sodium

o-itm-tmto- i)UfTim, pH 3.57, msitii 0.20 �ui

amid 0.05 :mi i-if m-mmtc-.

Isoumn(-m ;� : mmmj� 247- -251#{176}(choooumupositioumi

mi to so-alec! tuiiio-), {aj� -0.122#{176} (e, 3 in H20),

[al�m,m -0.062#{176} ((‘, 1 .5, iii 4 N HC1). Isonmer B:

ummp 234-240#{176} (do-o-oumimpositiomm mu mm scalt-d

tube), {aJ�5 -0.130#{176} (‘, 4, iii H20), [aJ�5

-0.063#{176} (o’, 2, in 4 x HCI).

Ni-ntmv t!iffnao-tiomi minmabvsis by (1arncil, (hi!-

ho-ni, mint! ( -� lmmsko-m- (37 ) � of’ cmysfmils of isonuoi

�A � uro-l)miuo -ci tm’o�umum31?-mno -f hylo-yobopemitammone

po-m’mmuitto-d missigniumo-imi oof’ the absculute con-

hgmummmtio)ii 0 it 1R-mmnmmimmo-3R-nmetimylcyclopo-n-

I mimic-- 1-ctirb(uxyhc mit-ic! to isomumc-i A, anti of

1 0S’-aummimmoi-31?-nmethvhovcbi upo’ntmimue-l-ctirbox-

yhic acid too isounuem B.

(IfS) -C’ou’ui ii) it in C Ii �J(/i’OblO?ul ide [ (R�S) -3-

(1 iii ill O/)yl’J’Oli(liliC-3-(’al’boi!J/ i(’ aci(l Ii y(/1oI))’Olfl -

i(/(’, I 1] . lins cocmnpo munid ssmm� svmmtimo-sizo-d I)y

l)r. ‘F. Kminpo-tslo’ mu this laI)iuu-tutony hi’ time

junouo-o-dmmuo- of Suim et al. (38) via 1 ,3-dictmrb-
et ho ux\’-4-p\’1-m-ulio!ouno (39) . �fh u-ecnystaibizcd

IV hmmo! imup 284#{176}(o!o-comimpositiomm) [recorded

(40), 286#{176}(dec-oummmisusit-iomm)J ; mass spectrum
(70 o-\�) iii c (relative immtciisitv) 130 (44,

:\i± - HBm’), 88(47), 85(12), 56(34), 43(10());

iimiraro-cl spe-truimm (KBr) 3225-2775, 2400-

2325, 2000--1#{176}�K)0, 1634, 1575 ciii-’ (40);
NM1�t (1)20) � 2.60-3.20 (iii, 2), 3.80-4.70

(iii, 4).

(R8)-3-_4 ii, ii-, oh/i iO/a�l e-3-cai’bo.ry/ic at-id

( � This o-i)IImI)olmmit! ms-mis synthesized i)y

1)n. H. Douslmami mi this laboratory from

thmiolami-3-omuo by t hut- Stno-cken procedure.

Timo- ketoummo (2.04 g, 20 nmnmoles) aumol 2 drops

(of ju�’nitlimme svc-nc mudded tom 15 mmii of HCN
timat had been cooled, amid stirret! at 0#{176}for

5.5 hr. Excess imy(!N)gcli cyanide ss’as i-c-

uimoved, mint! the cnut!o- proo!uct- was dissolved
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imm 15 ml of tei-l-butyl alcouhol nmaimmtaimuo-d at
saturation mvitim animoumimu. St-irrimmg svas comm-
tinued at 4#{176}for (16 hr. Time bnoiw’nm suspo-mmsion

ms’as filtered at 0#{176},and time filtrate mvmus
evaporated at 25#{176}undo-n no-oluceol pressure

to give a broms’n gelatinous ummass is-imich
mvas dissolved in 10 ml of o-hloroform, cooled

to 0#{176},and saturated mvith hydrogen chloride

gas to precipitate the ammmiumonitrile hyc!no-

chloride. The solvent- ms’as remmioved, givimmg
a browum oil w’hich mm’as dissolved jut ms’atcr

( 10 ml) ammd washed w’itim five 5-nil portions

of ether. Time aoiueous pimase ms-as treated
with 4 ml of concentrated HC1 and reflux-d
for 2.3 hr to effect hydrolysis of the amiumou-
nitrile. Time cooled reaction mixture ms-as
filtered, neutralized with potassiunm car-

bonate, and desalted on a Dowex 50-XS

(H+) column. The amiumo acid was eluted

with 1 N NH4OH, mvincii ms’as evaporated to

dryness. Time orammge residue ms-as crystallized
from water with time addition of absolute
ethanol to afford 117 nig of (RS)-3-amino-

thiolane-3-carboxylic acid (V) : nip 279-280

(with decounposition in a- sealed tube) ; in-

frared spectrummi (KBr) 3510, 3125-2940

(broad), 2040, 1680, 1626, 1575, 1310, 1375,

1255, 1220, 1183, 1144, 778 cmm; mass spec-
trum (70 eV) nm/c (reltmt-ive immtensitv) 148

(4.5), 147(54, Mt), 130(18), 119(13), 102
(100), 101(18), 100(37), 85(25), 73(12.5),
56(10), 45(20).

1 -RS-�.4 )fliflO-3RS - (inet/iylt/o io)cyclohe.ranc-

1 -carboxyiic acid (XI). Metimyl nmercap-
tan (20 g, 416 mmumcules) mvas i)ubbled into
a stirred mixture of 23.8 g (24$ ummnmolcs) of

2-cyclohexemm-1-oummo-, 200 mmmgof cupnic acetate
monohydrate, and 200 nmg of imyo!rouquinone.
The temperature ms’as nmaimmtaimmed at 25-30#{176}

by coioling. Stirnimig mm’as coumtimiued for 24 un
at roomn temripo-rature. Timo- mixture ms’as
filtered, amid the filtrate ms-as frao-t-ioumatec! by
distillation to yield 15.9 g of 2-cycloimexo-um-

1-one amid 7.8 g ouf 3R8-(mmmo-thyltimio)c-yclo-

hexanone : bp 62-64#{176}/0.2 mummum(65 � based

on the ammmoummt of starting umituterial con-
sunmed) [recorded (41) hp 55#{176},/0.1mini ; imu-

frared spc-ct-rummm (CHCI3) 1715, 1445, 1418,

1310, 1225, 12(10 cmmm’. Tiio� Sciumictiri)muzol)mme

imad mmmp162.5#{176}[ro-corc!o-d (41) mmmp 165#{176}J.

To a solution of 1.60 g (30 iimimmoubos) ouf

anmummmoniuimmcimlonido- and 1 .95 g (30 mmmmmmolo-s)

of l�(’i’\� in ,S mmmlout’ ms-mitt-u- ms-i-n-i- midclo-t! 2.97 g

(20.6 iumummoles) oif 31?mS- (mmmo-timvlt imiou)-v-lou-

iuo-xmumiounme dissoilvot! iii 5 mmml ouf iumotimmmmmoil.

Tin- mmmixture ms_mis (-001cc! tou 0#{176},sat unmit-o-d

msitim mmnmnic)mmimugmis, amid stirno-d to)r 24 imr mit

1’OOOfl) tommmpcntmtui-e. Wato-m ms_mis muo!c!o-d tom

t!issolve a sniall milmmo)uumt of l)ri-o-iPitmite, aimd

time solution ms-mis o-xtracted ms’ith five 10-mmil

1)ourtionS of ctiu-r. Time ctho-r ms-mis ms’asho-tl
tmvicc ms’ith 10 mnl emit-hiof a saturatc-d sout!iunm

chioniohe solutiomm, dnio-d over Nmu2SC)4 , mimic!

evmmporate! umuoler no -ducc-d l)ressure to) yield
2.5 g oil yelloms’ ouil. limo- oil ms-mis dissolved iii

c-timer ammo! o-ouoilo-d to) )#{176},ammt! c!rv imydrogen

chiorido- ms-mis hiuiublo-tI imttou tho- soilutioun to

precipitatc- 2.39 g (56 �‘; ) of lJ?$-muummimmo-31?S-

(nmc-thmyltimio)cvcloho-xmumc-canl)o ommitrilt- imvdro -

chloride, w’hmich ms’as crystallized fnom et ii.

ammol-ao-c-t onit niho-ct lien : immirarc-d spo-c-t runi
(KBr) 3125-2380 (broad), 2075, 1580, 14S0,

1445 c.mmrm ; ummass spo-o-trumim (70 i-V) mit/c

(relative inteimsity) 170(27, �\I� - HC1), 153

(15), 123(37), 105(17), 96(25), 81(100).

(‘5H12C1 X28

Cah-ulmmtc-o!: (-1 4fi�4$, H 7.31, N 13.55,

Cl 17.15
1”ouunuo!: (��1 46.62, H 7.19, N 13.39,

Cl 17.37

.A sculutioon oil 5()() mug (2.4 nmmumiolc-s) of lRS-

a-uumimmo - 3RS - (mmio-tim�’ltimio)cyc-1oimo-xtimuo-o-arhoo-

nitnile hmvdrccimlonido- iii 5 mmmloil 6 N HC1 ms-as

refluxed for �3 un, coolo-d, timud mmdjustc-d toi

1)11 5 ss’ithm 1 N NmmOH. ‘T’imo- Si)lUtio)fl ms-as
desalted I)y adsourptiomi oommtoi a columimn of

Domvt-x 50-X8 (H�). After timorougim mvashummg

of the o-oulunmmm ms’itii ms’att-r, timo- 1RS-aimmiuio-

3RS - (miietimyltimio)c-vo-loiu-xammc - I - cmmrboxylic-

mmcid (XI) mvas cluted ss’itlm 1 x NHf)H. The
eluate ms-as o-vaporated to drym-ss mumider

reduced pressure, tumid the product ms’as dis-
solvc-o! imm hot- w’ato-r mimic! tli-colourized by

filtration timrough a lmmyc-r of ciuaro-omml. Uicmmm

the at!tlit-iomm of acet omme, cryst mm1lizmmt hun be-

gan. A further crystallizatioumi fnoom imot

mvater afforded 270 imig 0)1 aimmimmo mit-id, nip

271-273#{176} (ms’ithm do-eoommmposition) ; infrmmrcd

spectnimiru (Kiln) 3200-2400, 2050, 1640, 1600,

1525, 1450, 1430, 1390, 1335, 1295 i-nm’m;

immass spec-trmmm (70 eV) -in -‘c (no-lativc- in-

t-mmsitv) 190(4), 189(39), 172(48), 144(9:3),

127(35), 96(1()0), 87(35).
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( ‘5H13N( )�mS

(‘mmloulmmted : C’ 50.76, H 7.99, N 7.40, S 16.94

1”ouuncl : C 50.85, H 7.95, N 7.37, S 16.81

1 RS _-1‘ii i,o-o - 3R8 - (noet/iy/tli io)c!jc/o-

/)(‘n-tane-l -cai-bo.rylic aci(i � ) . i\It-tlmyl mimer-

o-apttunm (29 g, (105 nummioles) ms’as bubbled into

a stirret! mnixtuno cii 23 g (305 niummoles) of

2-cycicupemutemm-1-omic, 0.5 g of cupnic tuco-tmmte

uimoon(uhyd!mtttO�, mimic! 0.5 g iii hydnomo�uimmoimme.

Tin- to-numperature mvmmsimiaimmtaiuio-d at 35-40#{176}

dum-inig flit-ac!clitiomm, mimic! mit ioocmum to-nmpt-rmi-

tunic ouvtrmmight . ‘l1imo- mmmixfune ms’as filti-rec!,
ammo! time filtnato- is-as fnao-tioumied by c!istillation

too yii-ld 8.8 g o of’ 3/i’S-(mumo-thuyltimio)c-ychompeni-

tmiuuoouue, lip 61#{176},1 .6 minim (3% � , l)tisec! omu time

mimiioumit ouf stmum-timmgimmato-nial o-ooiisuummcoi); mm-

Immured sioo’ctniummm (nit-mit ) 1 745, 1433, 1400,

I 280, 1 250, 1 16:3, 1 1 30, 964, 900, 798, 755

o-ni’ ; imimuss spectrumim (70 o.-V) iii, e (ielativo-

imitc-misitv) 132(5, (‘6H,0O34S�), 130(82, C6H10-

()32S�), 8:3(48), 82(20), 74(32), 61(18),

55(100), 54(24), 47(19), 45 (25).

C5H1008

C 5534, H 7.74, 8 24.63

(_1 55.41, H 7.56, S 24.81

‘I’m- so-muuicamhazoumo humid nuiju 137-I 40#{176}(i-f ii-

ammoml)

C7H1:,NiOS
(‘mulculmo.to-c!: C 44.90, II 7.00, N 22.44

F’ouounmol: (‘ 45.38, II 7.05, N 22.36

iRS - Anminmou - :31?8’ - (mmmo-tim�’htimiou)cvclo-

l)(-nitmimui--1-o-muml)(ux�’hio- mit-ic! ms-mis I)mo-pmuncdl intummi
t hue ket o 0mb- biv t-imc- � uo-o-thumii- do-so-u-ibo-d mibiove

tour t hmo- imoimumouloogous cvo-bolmo-xvl aimmimmo acid

( �xi I ) . ‘limo- i moot! mit mitts o’ryst a 11izo t! t’uoummm

msmito-u to muffounol ms’lmito- plmifo-s, ump 260- -265#{176}

(ssitiu ohio unmjuo sit iomuu) -

(‘7Hi:1N( )2S

(‘mihi-ulmil i-cl : (‘ 47.97, H 7.48, N 7.9#{176}.)

l”outmnol: (‘ 49:38, Fl 7.40, N 7.70

\Vimo-mu minmilvzec! smith t Iii- mummminmumu-ic! momma-

lyzo-m, t ss’oi ninihmyt!n-imm-poosit ivo- po-tuks ms-i-u-c

pmcso-nit iii tin- rmmtio out’ 1 : 1.3 mmmcl is-i-n-i- ch-s-
igmiato-ol isouimmo-us A_ mmmid 1� in ouiclei oil their

clintiomni. ‘Ubmoso- fms’oi olimisto-n-o-oomiioni- miluiiii(i

mo-icls msei-t- so ‘� umim-mmto-t! 1iv luro-Pmmrmmtivc high-

m.d-so ulut ion cat io umm-t-xo-hmminge o-bmmounuimufo igmmij)h\

amid ht-td time lu ohio umsimig buri upo-rf u-s.

Isounio-u-.:� : moijo220#{176}(isitli tloo-oumumpousitioumm)

iimtiss shioo-trummm (70 eV) -rn/c (neitutive imm-

to-nsifv) 177(0.5, (17H13NO� ��S#{176}),176(1, ‘s’1�

+ 1), 175(10, C7H1:,XC)2 32S+), 158(4), 132
(1, i’sI� - 45), 130(18, M-#{176}- 45), 128(18),
113(6), 88(9), 87(10), 8:3(1 1), 82(100), 55

(15).

Isommmc-r B : nil) 235-240#{176} (ms’ithm c!t-conmposi-
tiomi) ; nimiss sl)octrunum (70 o-V) -ni1e (relative
imitemisitv) 177(1, (17H13N02 34S#{176}),176(2, �\1#{176}’

+ 1), 175(18, (‘7H,3N02 32S+), 158(14), 132
(2, M� - 45), 130(19, M� - 45), 128(17),
I 13(21), 88(12), 87(9), 83(11), 82(100),

55(15).

2-A-ui iiooada man-ta io-c-2-o’a i-boxy/ic acid

(YIIJ). A o-ouoilo-t! soulutiiumm ouf 1’(1N (1.6 g,
25 nummuoles), NFL (‘1 (1.3 g, 25 mmummmciles),amiol

adamumantaii-2-ouno- (2.3 g, 1 5.5 mummmmoles) imu

1()0 nil of �30 � ;� aqiuo-ous ummo-timanol ms’as stitu-
imitt-c! with NH3 (gas). rfime solution was

stiu-m-o-t! at nooimu I o-mmmpo-nmituro- foot’ 10 t!ays.
Alter dilution mvitbi 50 mmmlof H20, the reac-

tion immixturo- ms’as o-xtnmmc-tctl mvith c-timer. The

eounmbiuucd c-then o-xfrmicts ms-i-nt- washed smith

smiturmitco! mmolueous NaCI, dnio-c! ovo-r i\-IgS() i

filto-r-d, aimd timetu bnoumughit to dryness un a

no)tmmrv o-vapormttor to give 2.4 g of a ummixtune

(�0 umutaim uing crude 2-amimmoadamamitamme-2-oan-

luoummitniho- (0.9 g, 31 #{176}�), imifnmmned spectruni

(KBr) 2240 cmii ‘ (�-C�N), ammo! recovered
:oclmmmmmmimuttmmi-2-ooiuo- (1 .5 g, 65 � ), infrared

51)0-etrimmum (KBn) 1700 o-nm’ (‘-C===O). The
enuudo- ri-mmo-tioumm mmmixtimre ssas no-fluxed for 18
hr iuu 100 mi-il oul (m N HCJ, during is-uk-u t-inmo-
liii- mu!aummamitmumm-2-ouumo- (1 .5 g) subhimmmc-d into

tiuo- ri-flux comidoniso-r ammo! ms-as reo-overed. The

((iO)10d! mio-ic!io- soulutioumu mitts mmcljusted too pH

4.5 mviflm 2 N NmiOH. It svmus filto-red mimic! thc-n
o!o-smilto-c! tim-i a I )omvex 5()--XS (Hj c-ohmnmnu,

timid thio- amiuinom mit-id wmis o-luto-oi fuomn time

o-obummuni mvit-h 1 N NH ()H. Timc rccovo-ni-d

mimmiiiioo tic-id ssmis rccrystmmhlizotl front ss’ato-r

usimig thai-coal tom give :37() imug (27 #{182}-� based on

i-u-much- 2-aimmimmoatlmumimuuitammo--2-carbo�immit rile)

mmiii 271-272#{176} (ro-o-rvstmuhhizcd tmvice frommm

ms’ato-r) [no-undo-tI (42) ump 308-310#{176}, sealed

-mipihlmorv] ; iumfmmino-ol -po-o-trummm (I’iBr) 3100-

2500 (hrommc!, NH3j, 2050 (-NH3#{176}),

1(1(10, 1640, 1580, 1520, 1465, 1:360, 865, 755

o-nim’; mmimiss sbuo-t-tm-umul (70 t-\�) no/e (mclmitive

imitc-umsitv) 150(1(10, #{176}uI--(‘O�H) ; Ni\IR (C]/3-

( ‘( )21)) S 2.55 (s, 2), 2.02 (no-, 12). 2-Anmino-
moclmimuutommtmmmuo--2-o-mimlxux�’lic- mu-id, ms’lmcuu ehro-
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.� 1�uiiuumIoIi&oho’oI oiusom’vatioiis.

ummmitiugra�)1mc-t! on the amumimuou aciol ammalyzc-r

colunmn undo-n flue o-oumuditiomums do-scnibed pie-

viously (36) wit Ii ap�in- ulumitm.to- stmmumc!ards,

gave time iollouss’immg timmmes tunic! positioumms out’

elution of timese almulimo) acids : juiu-muylalamuimme,

520 nmini ; NH3 , 604 mmuinm; 2-anmiiuioadmtmummini-

tane-2-carboxylic acid, 662 mimi ; lysimme, 743

mm ; histit!ine, 777 nun.

C11H,7N( �2

Calculated: C 67.66, H 8.77, N 7.17
Ii’ouncl: C 67.27, Fl 8.70, N 6.89

RESULTS AND l)ISCUSSION

I�ffecl�s’ of i-i-n-il size a-n(I substitution of

eaibocyclie analogues. \Vo- have jino -vio utmsly

reportc-cI that 1 -mmummiuuouo-yclopo-mmttimio-- 1 -cam--

hoxyhic at-ic! (c-yo-kuleuc-immo-, I) is a muiiuol-

erately ioto-imt iimiuihitor iii several nmio-roubial

and aumimmmmm!tissuo- ac!o-muousvltransfo-nmiso-s iii

conmpetitioomm mvitim L-mmuo-thuoumminie (3-5). Aim
extemuded sent-s of mmo-ms’dcto-rmmmimimttiomms ut’ time

inhibit 0 )rV l)oteimo-Y 0 ii o-ycloleucimmt- gavo- mmmcmiii

‘10 values cii 3.4, 3.8, timid 2.1 � tour timo-

yeast, 1?. 00)/i, timid nmit livi-r emuzymimes, i-i--

sl)octiVc-lY, at L-mimotimiommiinue concentrmit ii umus

iii 37.5 /.L�n (Table 1), imi go(uc! migro-eummemit ms’itiu

earlier mimetusuno-mmmo-nifs (3). limo-re is mmstn-oomig
depeiudemmce 0)1 inmhiil)itoory stu’-umgtbm ouli mmmmg

size, simm-e thmc- o-yo-Iobuttinme ammc! o-ycIo mlmo-xmtnio-
anumino acids mini- mimturkcdlv less tmo-tivc-, tonic! time
cvclopropmmmie ammo! -yc-louimeptmuno- mmmitiloogucs

tire inactive (3, 5). limo-so- fimidinmgs nmighit ho-

o-ommsideno-c! souummo-ms’hiat sturpnisiumg to mu- so-vo-ial

reasons: (a) time ao-vo-hio- mimnimuou tb-it! ms’ith tint-

samuuo, muuumuhc-r ouf t-murhoumi mitommms (muoumlo-uo-iimo-)

is alummoost iimmit-tivo- (3) ; (b) timo- imitnoocluo-tiomnm

of regiomms of mij)pmo ujumimito-ly jihtiiic1 o-bi-o-f n-i in

demusit�’ (as mm2-momuiinoo-4-imc-xvmiouio- ao-io! ion-

2-miimmino-ti-ans-4-imo-xo-miouio� mit-id) imutou mibiphimitic

counmmpouuimols leads t ou nio in-i- pouti-nt inliibiiton-s

( I , :3) , ms’hio-no-as os’olo ubo-imeimut- lao-ks suo-bm mono

elo-o-troimm-demmso- mo-gio mm; (o) muL-2-miuo-thmybnuo-f hi-

ionine is inmactiv- mis mimi immimibitoim- (3), smug-

g-st-inmg t limit suhst it utioumi oil mu t-morboomi mitonim

for the a-imyclrogo-nu mit (‘-2 is nout toubo-m’mmto-o!

ammo! (d) t-vo-ltubo-uo-iuio- o-onitainms mmougroumip i-tom-

respoundimmg to�) thii S-nuio-tlmyl group oil n�-mno--

timionminme, ms’imo-ro-miso-xhuo-ninmo-nts ms-it Ii vmuuio ills

ci mind C6 aumminom mmo-io!s hiavc- suggo’st(-tI tlmtot-
time to-m-mmmimmalmno-thmvl grommnp plmiys mu o-m-itiemuh
rook- in augnmmo-ntinig t ho- buindimig to!’ tuliphiat it

:inummm(uacid! imlhuib)itouus(I , :3).

rEhioso ooIuso’m�’mitmoumis suggo-t tlimit thui’ mm-

iuihitoui-y lioutimi(�’ of’ o-ycloli-uo-ino- mmimoy n-sub’

iii t lit- mobility out t lie mimog oil I his mao ulo-o-uho- tom

missummii- mu 51)O ci Iii- i-u iii f’i mm-nmimit mummi t hun t is mu-

ctn-atel�- t-cummm�)lcimmo-ntmom-y I 0 0 tO no-gicon oumu I iii

o-liZ3-��1�uie tumid to) o-muto-r imitim mu SPillS oil imito-m--

moct iomms I iy hiyo Iroui)iiobiC on o!ispersi ye fon(-o -s

which are effo-i-tive oumlv tot vt-nv c-louse rmiuig(-s.

limo-se types oil foirco-s imitiy iii- oil’ k-sso-i- mi-
juc)mtanic-c-in flu- luiuuc!imigii!’ niouno- poolmim mimic!

flexiblo- mit-vt-ho- stuuuo-f nm-os, ss’iuio-hi �umo-suiimmuhu1y

tb-pt-mid fo mm t him i mit o-nmuo-tiomis 0 uni o ml ii -m mmmii-

1cc-milan fc-atuno-s.

rfhc intn-ouchuo-tiounm oil -c-rtmmin sinhistituo-mots

0 umi t lie o-�’-1olc-uic-imio- nimug ho-moths I o u miouptour-

immo-ut 0 ii time inimihito uus’ fumu-tio mm. I I?$-��imminuo m-

21?�8’ - nitm-ouo-vclo upo-mutamie - 1- c-mu-ho uxylit moo-it!
( I Il, ‘�-Fmii�)lo- 1 ) is to mmmiii mso-ako-n- inuhoib)ifo on-

timanm timo- tnnisuuiustituto-cl jimoio-mmt cy-loulo-uo-inoo-

( I), multimougim timo- � vmmluo-s fo)r thuo- Intro)

t!emivativo simomubc! he immto-rpro-teo! iii ten’iims oil

louur isonmo-u-s ms’imio�hmmom_i-pmoub)mihily pro-so-mit mm

iiiico�uimil mmnimouimnts. (‘ounuijuouunmicb 111 is momiatnumil

puoud!uct iso ulmit(c! fromnim .1 .s/)e1’(Il//us u’eiitii mont!

has 1)0-i-nmsimtuss’imtoo mniilih)it tiio guiomsth oil

nmaiiy pimomuts, o-spt-citully J)i-mi soo-tllings (29,

30). rn imlimii)it(unv offtots oof thoo- nitro

dc-mivativc 0 ml t-yo-louleucino- c-mimi 1io- m-o-vo-n’so cl

i)V L-lo-imcimio-mint! tom a li-sso-m o-xt(-mlt liv

L-nmct liio omiulmo-. �,:\,�lt lmoughm plmmmut moobo-muoosyl-

tramisfo-rmisc-s himovo- mmiii boo-nm st ucbjo-o!, our

fimmdings sunggo-st t limit t iii- mmmo-o-hmmniisnu oof t ho -

gromvth-inihumbuitoum-y o-ffccts of III in l)lmommtS

nmav hoof imovoulve immhibition ouf S-miolt-niosyl-L-

ummetlmiommimie svmmthicsis.

Imitu-ouduc-tioumo oul 2-milk�’1 stnhstituo-nts imi

cycloohoucimmc-, mis mi 2RS-o-tiiyl-1 /?�“-mommmilmo-

cyt-hopo-nit mommc�I -i-mom-hooxylic- moo-it! (3) � on-2-mmuo-t hi-

ylcyclouli-tuc-imie,3 moluoulisimes tho- imiiiibuitouro’

j)0)m5’ii’s Ii mu I iii- acl-iiousyltrmimisfo-m’ases. Of’ t hi-
f’omur is mini-mu- :3-mmmo-tii�-l o!o-n-ivmit ivo-s o of’ (-\‘o-lo u-

lo-uo-iiio-,(ilil\’ ounc (Ilmi, ‘I’mmhube 1 ) hummol imi-

hibitoumv moot mvitv c-ounmmpmmrmmi)lo- I o u I mmii out

cyclouh-uo-iime itso-hf, ms-ito-ri-as mo t!immsto-m-eoommmer

[lib (3)] w��s ccummsitlemahly loss muo-tive. \Ve

hmavo- previously inferno-cl that tho- c-mmmmim-

tioummers oof l)oithi oil timosi- o-oommmpouuumols, ms’iuit-hi

ms’ere not movailmoble t15 cimo-muiiomul c-ntit mis, mire

o-itimo-r vcm-v ms’o-miklv mic-tivo- ouu imimuo-tivo- (3). �Fhmo-

abso mluuti- i-i umiflgummiti(umm o if t ho- umo ust moot i ye

msounimon’ is mioums kn(umsim too iii- 1 I?-aniiimou-31?-
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TABLE 1

Inhibitory pooto-uicios of carbocyclic and heteroo’yclic oinii no acid analogues oii A TP: L-niethionine

*S’-wlcn.o.s’yltrauusferascs of yeast, lu’, coli, and rat liver

The enizynue activity was mumeasured at 37.5 ,i’�m L-mimethiounimme according to described procedures (3).

Corn- Compound Structure Maximan Concentration required for
pound concentra- 50�. inhibition

No. tion tested � - - - - - -- -�-______________

Yeast E. coil Rat liver

mM rn-’i mM mM

I 1-Amimiocvclopemitmomie-1- H2N COOl! 54 3.8 2.1

carl)oxviic aci(1 (cyclo-

leucine)

ha 1/?-Amimio-3R-nmetlmvlcyclo- H2N ,, COOH 6.0 4.3 3.2

pentane-1 -carluo)XyIiC acid

(isonter A)

. ‘CR3

JIb 1S-Amimio-3R-rnetlmylcyo-lo- H N #{149}‘C0011 14.6 28 4.9

pentamie-l-(-arboxylic acid 2 .

(isonier B)

3

III 1R5’-Amiuimuo-2RS-niitroucyclo- H2N COOH 20’ 77a 20e

pentamie-1 -carboxylic acid NO2

(4 isi)muuers)

Iv (RS)-3-Anninopyrrolidimoo-3- 112N COOH 54- 220” 14a

carboxylic acid (JIS-
cucurluit imue)

Nil

V (RS)-3-Amuuinotluiolamie-3- H N COOH 9.4 4.6 3.2

o’arhi)xvlic acid 2

-�‘I 4-Aniinmo-1,2-dithioolmumie-4- H2 0011 2.2 1.9 0.9

carbouxylic aciol

VII (1?S)-4-Amuuino-1,1-dioxo-1,2- H2N COOH 13.4 12.5 2.2

dithiolmumie-4-cmirboxylio
acid

S _ S 0

-VIII 5-Arnino-1,3-ditlmiamie-5- H2 COOH 17.5 I” J 1

carboxvlic acid



Corn- Compound
pound

No.

Structure Maximal
concentra-

tion tested

Concentration required
50% inhibition

for

Yeast E. coli Rat liver

Ix (RS)-4-Amino-1,2-dithiane-
4-carboxyiic acid

B]

H2N��COOH

Ls

CH3S##��

H2N�1

mM mM mM mM

17.5 I I I

165a 3O0’� 4#{216}5a

44a 37.5�- 87a

20 I I I

4.0 2.8 1.7

35 I I 47a

60 1 I I

35 f�5a I 30.5

COOH

00H

COOH
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NH2

Xa 1RS-Anmino-3R8-(ntethyl-

thio)cyclopentane-1-

carboxylic acid [(RS)-

isomer A]

Xb 1RS-Arnino-3R8-(methyl-

thio)cyclopentane-1-car-
boxylic acid [(RS)-isomer

XI 1RS-Anmino-3R8-(nmethyl-
thio)cyclohexanme-1-car-
hoxylic acid (4 isonters)

XIIa (11?, 2R, 48)-2-Aminonor-
bormiamme-2-carboxylic acid,

(-)a isomer

XIIb (iS, 28, 4R)-2-Aminommor-

bornane-2-earboxylic acid,

(+)a isomer

XIIc (iS, 2R, 4R)-2-Aminonmor-

bornane-2-carboxylic acid,

(+)b isomer

XIId (1R, 2S, 48)-2-Antimiounor-

bornane-2-carboxylic acid,

(-)b isomer

TABLE 1-Coiutinved



.:-�:\‘ I )-:�mnimioof1umnmomu(-9-O’mLr-

boxvlmc ao’iol

14d) I 140

:32% o’Ot’LTEII E’f -iL.

,_I�imon_E I - -(‘onti ii

COfl�-
irnuio’l

N.

(_‘,nii,��un,i

_‘�: ii I 2-.-�m,uimioo�oo1amioamu1ami-2-

(‘ai’lOOOXVliC acid

,\ l\’ (/�S)-2-;�mnimuou-5-1i�’olroux�’imi-

olauio-2-o’mimtuoxs’lio’ mi(’i(l

Structure Maximal Concentration required for
concentra- 5O’-� inhibition

tiOn tested -� -� �---- -

\‘east E. coil Rat liver

on 00 � 3! 7?! .0! Vi .01

4.4 1 I I

NH2 42 70a :32’-

x\’ (/o’S)-l-Amuiimiooimiolmomie-l-cmir- H2N COOH

loiox’o,’Imo’ ao’i(l

0
H2N COOH 3_ 3 52#{176} 1.5

2 ‘I’liose �‘mo1ito’s �‘oi’o out miinii�l liv grmi�oIuicmt1 ext m’apoulmitioumi , mumuolmime iioot l)l’a(’keted by experimnemital

o)liserVmtt moons.
I, ( ‘iomiil)ounniols wi-ro’ olisiguiatod mis I (imiact iV#{128}) if less t hamu 10#{176}(imuliibit ioumi �sas olusemved at the mnaxi -

muuummmuooomio’o’iulmat out ihat (‘0)111(1luo� to-sled becmiuse of linmitatiomnis of soolubilit�’.

mimi-I bis’bovobiopo -mot momii-- 1-o-miubo uxyl ii- mi(idl [ha
(:37)1,imumugn’eo-mimo-nmtms’ithi omi.ii� i�if’o-m-o-mmt-es hmised

Oh simmuilmim’iI u-s tto tho- o-mmzvmumo--luooummcl eo)n-

fornimutiooii mu!’ L-nnctlmio)umimmc-, as do-t!llo-t-d! im-oimi.
c-murlio-r jmiiiihoitoum’ sti�itIio-s (3). ��btlmouiugii the

i-c-suits iubitmoimuo-ol ms’itim varmo)us I -momimino-

:3-mimi-I hivlo’vo-Io ujuo-nmtmilmo - 1 - cmuubuouxylio- tmo-ids

mnigbmt ho- into-rpro-to-d iii to-rums of ‘‘bulk

to ulo-ramio-o -, ‘ ‘ 0 ml. Imu-k t hs-n�-oil, in t-i-rttoin to mmmi-

pho-iuicumtmmm-y n-i-gmoumis oil time emmzynmme, timis nitty

imout- hue thmo- oummis’ fmio-tour comutn-iliutiuug tom the

diffem-c-mico-s ili -Ihue inmhmihiitourv biooteumc�’ out’ tht-

isommmo-ns. Bmiso-o! cmmmXi-rmmy c!iffrmoo-tioim stutlies

cml o’rvstmuls 0 of’ mmic-cuumic Ihti, (1mmmm’o-lI, (hmllcmm,

timid Glusko-r (37) o-ouumcludeo! tbumit tlmo- initm’o-

c!uc-tioumm ci 1 ho :3-nuo-timyl gnomup mmlsiu mo-duct-s

timo- I lmermimal lmm(Ob)mbit-V oof thuo 5-mmmc-mmmhicrcd

iimmg i-i info un-mimmotioumi mund mmioudifio-s c-o-u’tmuimm cuf

its huoommc! momigbo-s oounmsidontmbul�’. 1”ouiur oil time

C----- ( ‘ ( ‘ booomit! miumgli-s oil the ring svsto-mim

(hen-emo fto n no-fo -umo-ci I ou as ii i t o-nIumoI n-inmg mmnigbo-s)

0 if 1 I?-miniuinio-3R-mumotimvic�’oboupcumtammc- l-cton-

l)oiXVbit moo-id (11mm) ho- bui-tss’o-c-mm 104.6#{176}mimic!
107.9#{176},ms’ho-neas the nimmg momugle mit time sitc of
time ummethivl substitutioumi is 99.9#{176}.Crystallo-

graphic studies of tiic pmmno-iut- c-yc-loleucimie
(43) revo-al timat time hydrate of time anuimmo

acio! exists mu tss’ou eiummlonmmmmotioummmilstmmtes, 1)0th
oil ms’iuich ommmi be c-ounmsidc-ni-d as cmmvc-lopes.

Thmo- J)ro-donniumammt structure imas immternal
ninug munglt-s i)i 104A-109#{176}, ms’imi-reas time al-

to-nnative st-rut-I ure htms immtcnnmil nimmg angh-s
oil 102-10�-.2#{176}. linus at ic-must oimmo- intc-rnal

niuug tingle of 11mm is counsido-rtuhly simmallo-n

thianm thmoosc oil cvo-loleucinme.

Crystmubbogrtmpimic studies of othc-r cycbo-

mulij)himitio anmmimioo acids (Table 2) huavo- shmomss’ni

thiat- thmc- mivo-rage ring boommol lengtims oil tho-

5-�3-mmio-nimbcrc-d c’s’-lio- structures tire umot umma-

t enially o!iffo-rent betmvc--n t hi use compoummols

thmut turd- tto-tive inimibiitoum’s (1 .50--i .54 �\.) anut!

thooso- tlimmt mire not (1 .52-1.55 A). Hosvever,
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TAbLE 2

Boild leiiglhs amid bond (bugles of eycloaliplualio’ (IW150 (melds

Comc-ound Compound Internal ring llz.\--(-- CO[ Mean bond Ref-
No. bon(l angle bond angle distance erence

at a-carbon between ring
atom’ ‘arbon attoms

I I -Aniimmocyclopemitmtmue-1-cmurboxylic muoicl I-12()

Predominamuti 104. 4#{176} 108#{176} 1.54 .13

Altermoativet 108. 2#{176} 108#{176} 1 . 54 -13

I 1 -Amuuinuoc�’cloopemitamue-1-earboxylic ao-iol - II Br 103. (1#{176} 106#{176} 1 . 51) 45

IItt 1/?-Annimio-31?-nuetluylcyclopemutamie-l-carboxylic ao’id l04.b#{176} 108.0#{176} 1.52 37

I -Anuminocm’clohexanue-l -carboxylic a(’id 1 14. 1 #{176} 104. 3#{176} 1 . 53 -14

1-Amimiocyclolueptamie-1-carboxylio’ acid 1 15. 9� 108. 8#{176} 1 - 52 44

1-Anninuocvclooctamie-1-carluoxylic aoid 115. 7#{176} 104.9#{176} 1.55 40
x I In (111, 21?, 4S)-2-Anmimiomiorluornamie-2-carboxylic muoiolc 1O�3. 6#{176} 104. 9� 1 . 54’ 33

‘- “Flie a-omirlooomi is t hat bc-miring the mmnmiimioutmmi(l emirhoxyl fumict ioomn-o (43).
0� Tiue hydrate (Of cyclooleu-imue exists imu t lie cryst al in two -omifoormuumtt ioumus , ouf whuo’h oone lori-oloomuui momtto-s -

C This value applies too the 5-nmemnbereol rimig as well as tou all the outher bomids (of I ho- rimig svsto-mmu.

timi- imuto-rntul ring ammgles tore riot ido-ntical.
Titus, if svc- consider the a-carbonm atounm

bearimmg the anuino and carboxyl groups, the

intermmal ring angle for time compounds (I, ha,
XIIa) is 103-104.4#{176} (assuumming the predonu-
inammt comuformation of cyclcileucine), mvimereas
for time mmomiinhibitory c-oinmmpo)unds t his ring

angle is abciut 10#{176}larger (114.1-115.7#{176}). In
co)uitrast, the +H3N__C_Co2 angles 0)1 the

sammmo cyclciahipimatic tmlmiinuii tic-hIs vary be-
tms’oeum 104.3#{176}and 108#{176},amid there appears to
l)e hO relation b-tsveen this angle and iii-
imibitory propertic-s. Although bound aimgles

cammumot i)t the Si)!c- deternminants of nmhmii)i-
toury pouto-ncy (simmce, for o-xample, time enan-

tionu(-rs of ha and XhIa are essemmtially
inactive), and iumfourmimatioim is available tin
only a himmuited nummiher oil c-ommmpcuunds, o-losely
defined limits on tlm- into-rnal ring of the

a-carl)on atonm niay h)e a mmecessary comudition
for a go)od inhibitor.

��Jet/m yimercapl() derivatives of (‘/jc/ic amino

acids. Cboso- inspo-ctiomm uI spac-e-fill jug immooli-omu-
Ian mimoudels of L-mfletlmiOlmine amid uf nmethvl-
immo-rcaptoo derivatives ouf cycloleucine revealed
ro-miummrkable simmmilarities if hotiu nmoleculo-s
assumned certainu ci mmli urmmmatioums. rJOhis ooh-

servatioumu PrommiPted the syntho-sis (if iRS-

mumuino-3RS- (nmethylthuou)cvo-lopc-mmtanc- 1 -car -

hoxylic acid (X) mind tho- lmiglmo-r huoniculogue

ivith a (‘u-immc-mbt-recl o-arbocyclic niumg (XI).
Coommupouumd X 1)ut hut commupounmd XI dis-

l)lmoYetl nmeasural)le in imihitory ti(-tivity, i-rn-

pimasizimig tiimmt mimig size is to l’moo-to ii. o of critical

imiipoonttmnit-e inn thus sc-rio-s molsoo momici Ihmot tue
c-ycloopc-nt-vl anmimmo micid is greatly sulueniour tc
it S (i-niemmmbo-ro-d hmoummmolioguc. N ‘it hmo-n- XI nmom-
XI ms-as mmsuhstrmito- four tin- ro-mic-tioumi. \Vhmen

the tmvo t!iasto-ro-oonmi-rie pmomr.s ooi l/i’�S-monmmmuoo-

3I-?�S’- (mmit-thvltimiou)c-vt-louiuo-nmtmonio- - I - 0-ar-

boxylio- too-mo! ss’o-ro- so-pmmu-tmt(-d! iii! o o I ms-ti race-

iuitito�-s (Xmi mimic! Nh), time lmosl-miuo-ntioonmo-t!

nmixtum-e junoovc-dI tou b)0 iiiiisiobom’mibul�’ mimomm’emoe-
tivc timamm Xa, althoougim mmo-ithmo-u-rtio-emuimito- ms’mos
particulmmm-ly pc)ms’ertmml as mmmimnihihitoom-. ;�mmmi-

logies ms’ith the c(ummlourummatioomm oof m-muio-thmio onhio-

deducc-d i-anlier (3) ms’ou]d suggo-st that tb-
niost pcusverfmml inimibitor is liko-ly too hmovc- tue
1R, 31? i�ouufiguratiouim mimic! timmot isoomiio-r A (Xmi)

is in imict timo- nmmcemmmate (11? , :31? + IS , :35),

in ms’hui(-h tin- 1-carboxyl groiu�u tmnmtl liii-

3-sUl)stmtuo-mmt mire (ill timo- saumme sit!o- ouf time

riimg (mmmummalogy mvith coimmpoummob Ihmi).
/��ffC(ts (If l’i(/i(Ilfi(’atloin (if I’ilif/ system:

nombormianes. Alt hougim o-ryst tubto ugnaphic- o-vi-

t!eneo� iumml)liis t limit t lie ilit no odtio-t ii in oof mi

3-methyl grou�u into o-yc-loobeuoimmi- leads to mm

sigimific-anut inc-no-misc mmtimenmmiab stmib ility (37),

a fan iuiouro o-ffectivo- nigidificatioomi of 1 lie

ring systt-mim is achieved o-itho-r by bunic!gimmg

time 5-mmmo-umibc-red nimmg oor luy inc-i urpo)rat big
it- immtoi mmlargo-r ring systt-mmm. Exmomiuples oil’ lotuthu
t’s’l)es oil ii mnuij)i)UIids ms-ill I)e juno-so-nit i-c!.

limo- ii our isoonio-nio- 2-timmminio umuooubooommuanu --2-

ctmnlkoc-v(-lic mio-itls (2-mmnmiiniohicvi-hom[2.2. 1.1-

ht-ptmmuio-2-o-mon’boux�’lio- ao-iol, N I I ) litivo- lii--
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o-oiimo miVtiihtOi)hi through tho- o-li-gtmmmt-ms’ork of

l’tiger mmmii!(‘hmrist-c-imso-mm (32) , mimic! tim-ir at)-

soluto- (-ounifigurmitiouui titus hto-mm do-tc-nmmmiuuec! liv
Apgar mmnmolLu(!ms’ig (33) � time bmtsis of

X-ray chifTrtmo-tioumm study of tho- livdrcubrommmidc

of timo 11?, 21?, 45 isommier (XIIa). limo-se coin-

l)Ouumd!s nmmiv for our purpos�-s be cuumsider-d
nmotlifi(-mitio)nis oil cyclo)lo-uciumo- iii ms’hich timo-
)-lmm(miibio-ri-cl rimig system has ho-i-mm(-ommmpleto-ly

rigidified luy time introdouction ouf a 2-carbon

tra-misamummular bridge o-xto-nding frommi C-2 too

(‘-4 (timums cretmtiuig a 6-mmienmbo-rcd nimug as

ms’c-ll mis miii aclo!it-iouial 5-nmcimmbo-rc-d rimug) . Time

inimibitorv p(�m�.ers of thiese isonuers are
nmidicmmlly tlifferent (Table 1). Dixomi plots of

the t!cpoiidemmce of reciprtuial enzymmue ac-

activity iou inimibitor commceimt-nations for time

four isconmo-nic 2-aminommonhorimane-2-carbox-

ylie ac-ids ms-it ii time liver cmmzvmmueare showim in

Fig. 1 , timid compared wit-h oycloleucine.
Anmommg the foumnr coumupoumuds oummiy XhIa [time

( - )mu isoimucni (1R, 21?, 4�S) ms’mmsa pomverful

inimibitor, mvimicim in all three enzynme systemmms

was slightly but- consistently superior to

cvcloleucine. The emmamit-ionuer XIIb [time (+)a

isomer] was weakly inhibitory for the liver
emizynie amid imcut nmo-asurably active in the

othier tmvo systems. rfhe (+)b isouner was

inactive, and the ( - )b isomer shcums’ed some
slight- activity iii tw’o of the three enzyme

svstenms.

The finding that 1R-amino-3R-methyl-
cyclopemutane-i-carboxylie acid (ha) is the
most iumhibitory of time 3-muiethyl derivatives

of cycloleucine cannot be readily reconciled
mvitim time finding that- XIIa is time best in-

imii)itcur in the mmorl)ornmmne series, if we coim-

sider only stenic honmologies between bridge
origins of the latter and methyl group orien-
tations of the former. Time internal ring angle

(Table 2) of XIIa for the carbon atom
bearing amino and cmirboxyl group is 103.6#{176},
and therefore is clouscly similar to the c-our-
responding angle oil ha (104.6#{176})and of the

>
I-

U

0
0

Foot. 1. 1)ixo,i- plo/s .5-/mci Ii� i ,ihibzlioii of rat lime,’ .1 7’J) : i,-melluio,iine S-a(l(-liosiJl(roulisferozse by flue

,fouu-�isoniors (if 2-u-ui i ioooioi’boriiu il-o-2-(il il)(iJf/li ( (1(1(1 (1 0(1 11!, 1 -ala 0 li-(ueycloop(’Ii(ol ut-i -o-ai’biuxyli e an il

,I,lI(_ imubiiluitiuomis were mmieastnre(l mis obo-so’riho-d tumicler EXm-ERmMENTAm� PRouc’EDt’mts.
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predomimmant conformation of cycloleucine

(104.4#{176}). Consideration should also be given
to the fact that other properties of these

cyclic structures may influence their bummd-
ing to the adenosyltransferases. Thus Tager

and Christensen (32) detected differences
betmveen the (±)a and (±)b isomers of
2-aminonorhornane-2-carboxylic acids with

respect to pK0 values of both carboxyl and
amino groups, infrared spectra, aimd rate
constants of hydrolysis of their N-formyl
derivatives. The results are to a consider-
able extent inconsistent with the generally
held views on the greater steric accessibility
of the exo over the endo positions. Thus addi-

itional factors that are not completely under-
stood influence the physicochemical prop-
ert-ies of these compounds and may play a
role in their interactions with the adenosyl-

transferases.
The iuiteraction of the cyclic amino acids

with the emmzymne surfaces may be visualized
as a tms-o-step irocess in mvlmich the polar

NH3� and C()2 groups detect their corn-

plemneimtary regions by long-range Coulombic

forces and thus initiate time intermmction of the
enzynme witim time inhibitor. When this has

occurred, the simorter range van der Waals or

hydrophobic forces beconme effective and

complete the fine details of the interaction.

On this basis, rigid re(luirements are im-
posed fo�ur time orientation of the NH3+ and
C02 groups in the binding to the enzyme
surface. Since a 5-membered ring appears to

be a cardinal fc-at-ure of all cyclic inimibitors,
we may examine the three-dimensional

structure of coinupounds XIIa-d by super-

imposing their NH3#{176}and CO�r groups aimd
observing the effects on the remainder of
the molecules. This is mmmost easily clone 1)y
examination ouf time projection drawings of

Tager anmd Christo-imsemm [1’ig. 2 : A, super-

BNH�

FIG . 2 . Suiperionposit�oooi of the four isomers (of 2-amino,oorbor,ia ne-2-o’arboxylie (1-cid

The amino and carboxyl groups of all isomers are drawmi so as to occupy the same .spmitial positionus.

Jim each case the single line structure is the (-)a isonuer, whereas time structure that is being simper-

imposed is shown in double lines. A. Superimnposition of (+ )b omi (- )mt. The 5- mind 6-mmtenobered rings are

spatially interchanged. B. Superinipo.sitiomu of (-)b on (-)a, In this case the 5-niembered rings have

closely similar conformations, but the 2-carbon bridges point iou two different- directions. C. Superim-

positioni of the (+)a on the (-)mm isomer. In this ease the rinmgs poimit in different direct-ions amid there

is very little steric similarity between these mutolecules. Interchange of N11� amud C(li’ groups represents:

for A, (-)b on (+)a; for B, (+)b on (+)mt; foor C, (-)a on (+)a. IHel)ro)dumo-ed with permission from

Tager, H. S� & Christensen, II. N. (1972) Journal of the Ameriea,i Chemical Society, 94, 968-972.]
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imuul)Ositii)mm of (+)b ion (- )a ; B, smupcnimmm-

l)oSitit)mm of ( - )b on ( - )tu ; C, supenimumposi-
tiomm oil (+)a oumi (-)mmj. Ommlv mm time super-

immmp(usititun of (-)tt mmmd (-)b [or (-f-)a and

( + )b] isomumers do time c-nit icmml 5-unc-miubo-red
ring structures mossumumc very simmmilmir coumlo mm--
nmtutio)n timid occ-upy til)liroloxiimmmmto-hy timo- smuimmo-
spmmtimml positioums ssitlm no-spo-o-t to tiuo- NH3#{176}

mouth C()2 groups. linus thu- tmvu is(ulmm(-rs

( - )ti mimitl ( - )b msithm mimomismurtublt immiiibitomry

moc-tivit-io-s immuve a mio-mmnlv to omumuimounicomufoniuma-

ticumi cii t-imi- 5-iimoimibuo-m’o-o! u’ing structuu-o- tumid its

0 onio-mmtmmtioun msitii resluco-t to o timo- fummo-tioumitul

gnoups. Homsevo-r, time mumo)st pomtc-umt iso)nu(-r

I ( - )mij mimic! time �‘o-r�’ mmuuo-h less pcmt o-mmt-
[( - )bJ I)0m55c-55 tiuo buhl�’ nigic!ifving 2-o-mmrbomi

buridge ooui CuppO)Siti� sic!o-s 0)f time o-vclopo-nttmnmo

ring b)omtninmg thu mmmninuomtinti cmmu’booxs’l gnooujus.

‘linus time 2-t-arbon bricigt- mmppo-ars to) bc mmmucim

iuotto-r toulo-natec! if it is on the sanme sidi-

nmmtiuer t-lmami oh time oppoosite side of tiuc- plane
of time .)-unemmmborcd ring mis tho- o-mmnbuxyl

gro)up. However, it immay tmlso ho- limit-rued

from Fig. 2 that time 5-nii-uimbem’c-d nimigs of
time ( - )a- amid ( - )b iscmmmmers iumive vomy

simumilmmr comulormations, mimic! it is eumtire!y

plmmusil)Ie that timc- ccuuiformnmoticuns oil the
booonids mirount! I hue mummuinou mit-ic! funoctiouim mumay

be nicore iimiportmumit loom’ time biumdimmg lun000-ess

thutimu aumy sto-nio- imimudrtumice imuduo-o-d liv i)ulkv

1)nidlging guoilll)s. Tago-r amid Ciunistemiso-mm (32)

poointed otut time closo- spatial sinmmilmon’itio-s of
time pairs oil isonn-rs (- )a amid (+)b ion (+)a

moiiob (- )b. Preciso- counmformmmatio)nal factors

limmoy i)c c-xpi-t-tc-c! to) iii- ouf spi-i-uil inmmpourttmnce

msimo-ni- immtc-rmictions nmmmst mciv comm dispersive

fooro-o-s, msimieii art- mmmuciu mmmore suso-eptibole to

mvo-mokemminig i)V immimmor cimatiges iii ‘fit’’ timan

mire o-lo-ctroustatic iorco-s. It is cii initerest timat
t-iui- go-oumimet neal nt-oiuirenment s of t iii - ammmiimo

miio! nOCcj)ttir for instil i mmro-leaso- b\’ pmuimorcat mc

ish-i i-oils mire c!iffc-u’c-mut im-ounm timouse imuvoivo-c! in

thio- svmmtimesis of 0S-mmc!o-mmousyl-i�-iiio-thmioommimme,

5mb-u- ounlv tue (- )bi isoonmmeu is mit-tivo- imu the

ptumio�no-tutio- system (47). 1mmmmmumino�omicic! tnans-
1)i)nt s�’sttitis time ( - )hu iso)mmmcr is molsoo the

li-ni ost tict ivo o-cumumpo uuno! , 1io it hi mos mo sub ist i-ate

amicb mis mmmiinhuiboito mm’(32) -

J�1T�’ts Oj l’i(/i(/lfi(’OtiOiI 0/ I’ill(/ .s’/Jst(’illS

a(/010a-mo-taml-e. \Vo- hmmivo- l)m�tl)mi1id! thu- m-igid 2-

miniimmommtdamntuiitmummt--2-carbouxvlio- at-it! (XIII).

��o’oourdimig to) i-xiuoittmt ii ohS, t hiis i-i ummmpoouimd

ms’as totally iimmio-tivo-, buro’stmmmimui)lY b)c-omous(- time

anmimmo ac-id functiomm is nout located omi a

�u-mmmeluui)ered ring. All tiuc- rings of the ada-

niaumt mimmo- skeleton are 6-mumo-mimberet! . Becmmmmsc-

of limmmitatioims on solubmility, it is difficult to

asco-rtaimm mvhether XIII is less active timan

1 -mumiium ucvclohexane- 1 -canl)oxvlic acid, amid
tho- o-ffe-t ouf the additiontml ring systeimu ro--

nmaimis umiolo-fimmec!. Iii this o-ooluulcctit)n, it is

iumto-ni-sting too mmote that- Xagmmsams’a, Elbo-rlimmg,

mimic! Simirota (42) recc-ntiv mulso svmmthesizo-d

XIII in time hope that it mmuighmt be a moire

pooss’o-u’fub tummmo)r immimibitoun timaim o-vo-loih-imciumc-.
.Alt imouugii t ime t unmor-inimib)it omy jro upo-u’tics cii

XhII ss’cro- disappoiniting, tiuo- c-ommmpouuumc!did
imuhibit titi�- trtumisl)ont iii L-lo-ucilmt- aiio! L-nme-

timiooniiumt- into Eimrliclm aso-ito-s c-i-his, mimic! in

timis no-spo-o�t ms-as nmone o-ffo-o-tivo- timaum c-yclo-

lo-ueino-. It�- mvould thus tipjuo-mir timat in timis

0-tisi- milso) time g-cummm-trb-al rt-o�uiremmmo-mmts io)r

t-unmo or inmhibitiomm. mint- olimit o- o!iffc-no-mi t fri mmmi

t-hcusc- for tmnuimucu ac-ic! trmmmispoum-t. Timc- Imick of
mmlmy o-ffo--ts on tuimmoir gross’th ammo! con time

mudo-nmosvltrammsferases ms’omuld to-umd to support
our viess’ (6, 12) thtut mit- least a part of time
mmmititimmour action of o-vcloolt-uciuio- is mt-dituted

timrouugii imuhmibitioom#{236}of time synthc-sis of

S-adcmuoosyl-L-rno-thionimme.

Effects of i-id id-ificat iou oi/ i’iii-(/ systcmmi �:

-in(/an-cs. 1usio)uu ouf mmmi tmroummiatic ring toimto

o-v(-bomlc-uo-iume leads tu the imidano- niumg system.

Althouugim coumimpoummois XIV and XV are muout

st rictlv colmml)armible , becmuisc of t imo- acicli-

tiounmil 5-imyciroxyl fumuctiomi imu XIV, this

st-rtmotural mmio)dificatiomu, ms’iiicim tutlcbs a bubky
ims’dropimombuic rtgio)mm ammo! no-stnic-ts j)so-uc!oo-

noitmitiomni cml time c-yclopcntauie rimmg, is cbo-bo--

t-orioous too inmimibitory activity. Homvo-vo-n, oumo-
i�if timc- mmmomstinterestimig obst-rvationis is timmit-

timo- tuck!itioumi of a so-cond pimo-mm�’l group tcu time

immdmtmme systenm, to give 9-aumiimmcmfluoro-ne-9-

c-arboxvlic acid (XVI), i)rod!uces oomie oil the

immoust poumvc-niul inimibutours oil yt-tist tmnd liv-r

o-nzynnc-s, ms’itim very hittlc- immimihitory mmctivity

four the F. co/i c-mmzvmtmo-. 1mm this couummpo)und

t ime o-oummlomrnmat icmmmoil t lie -yo-lopo-nt mmimt- rimmg

is nigic! ammo! no-arly flat, timid larg- nt-gums four

imydroupimobio- immto-rmictioun ms’ith time emuzynmes
mmnc tnomited. Tho- omnigimumii ri-ports (10) iii-

c!io-mito-cl timat XVI j� do-vomid i)f tumor-mu-

hiii)itomrv pnoopi-nties, but it nmight be appnoo-
pniate to no--extumimimme timis finmding.

IJe(eo’oo’y(’lic afl(llO(/U(’s - \\t luavo- ahlucho-c!

tii)OiVc too the fact timmmt o-vo-Iooho-ut-iimo’ o-mmrnio-s mioo
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4 i-I.F. Ilerbrmumidsoumi mmiii El, 1-1. %Vood, l)ersoumimul

coinumimuni ictot iouni -

electronegat ive groups conrespommding t o time

regiomms out uumstituratiomm reotuired four immiuihi-

tion ammuomug the aliphatic aumalogues (1, 3).
Efforts to iumtrouduce metimylthio groups omm

cycloleucirme led to) loss rather than enimammce-
immemut- of inhibitory activity. It ms’as c-o)n-
sequently oil interest to exaummine timo- effects

of time immtroduction of sulfur atoms directly
into the ring. A series of cyclic anminc- mmmd

aimmino acid disulfides wo-re pno-paro-d by Her-
i)randsolm timid \%7ood (45)4 imu tmmi effount too

desigmi agenits protective against iommizimmg
radiatioums, mmltlmough such activity w’as not
fouund . Aimt-i-inflaimimmmatory activity has been

ascribed to tiuiolane mind ditimiolaume amiumo
acids, altkuugh details tire mmot available

(31).
The rmio-o-ummic (RS)-3-ammminoutumiolmmne-3-oar-

i)iiXylic acid (V) had inimibitory pnoupert-io-s
imot- greatly different- front t-imose of cyclo-
leucinc itself, omm the assummmptiomm timat only
ono of time enaumtiomers is immhibitoirv. Imisen-

tioimu cii a secound sulfur ato)mmu to give mm
5-mimemmmbend ring systcnm ccuntainimmg a distil-
fide bnidgc- (4-ammuiumo-1 , 2-dithiolano--4-car-
h)oxylic acid, VI) leads to cute of the best
inhibitors thus far encountered, despitc- time
fact that time disulfide group inanko-dlv o-mm-

largc-s timi- 5-imuemmubered ninug mu rc-latioim to time

carbuocvclic commipound. The reasoins four time
gro-ati-u’ c-fIiciincy of tue c. disulfide oovo-r t iii

C5 lTit)imCuSulfidO� are not entirely clear. Al-

timouugim t-imt- emmlargcnmo-mit of time ring syst-c-imm

nuigimt to-mit! to reolucc- imuimibitony tictivity,

electrommic factors may o)utmveigim sptitial
conisido-rmutiouis. It is no)t uuiexpo-ctt-oI that it’

the rimmg system is furtimer o-xpammdt-c! too 6

memumbers with 2 sulfur atoms, timi- ro-sultmmnmt
isouncric t-o)mnpounds (5-anmimmo o- 1 , 3-dithimuuio-

5-etmm-boxylic micid, VIII, mimic! (RS)-4-mimimmo-
1 , 2-dit-imimumme-4-canboxylic mucid, IX) ms-ill be
do-void uI inhibitory no-tivity. ()xio!mmtiomm of

timo- sulfur iii onc- of tiui- tsV(u positioums of tho-
5-mmmo-mmmbo-rcd cv-lic disulfide to) time sulfo unue

RRoS’) - 4 - amimmo - 1,1 - dioxtu - 1,2 - cli-
timioultimme-4-ctmrhoxylic no-ic!, VII] do-tracts fnoumim
tiii- immimihitoory mio-tivity ton time yeast mimic! E.

e.()li cnmzvmno-s svimilt ncttmimuimig o-xcello-umt inimibi-

tiomu four timo- livo-r o-nuzymmmo-.

In tho- mmmmturahlv ooo-o-uu’riumg ammmimiii at-id

cucurbitinue [(R�S’)-3-anminuopynroliohimio--3-o-tmr-

hiooxvlio- mit-ic!, I\�] , C-3 cuf o-ychoulciucinie is mo--

placc-o! by nitrougeum. ‘l1imis o-oulmlpo)und is a pour
ilmimil)itu)m, possil)le liecause of tho- fc)nmmmal pOSi-

tive cimmurge carried by time so-comio!anv aumiimuo

muitnogo-n mit phmysiological pH, in c-oumitrast to

timo- relative (-lo-ctnon(-gativity of time niimg
sulfur. Cut-unbitinio- hmtis 1)0-i-mm isolat c-d frouui

I)tmmmipkin so-u-ohs timid ido-mmtifiec! as time muo-tivc
�)nimuciplo- nesjucunsiblo- four time o-hc-mmtothmera-

peutic o-ffo-o-ts oil tlmo-so- st-c-t!s mmtimo- tni-atummo-mit

of schistosommmiasis. Time chernothmerapeutic

activity of cucurbitimie is imot hugh, amid the
conipcuummd is o-ffective only agaimist inummat-ure

schmistosouimmo-s mind has very limmmited utility in

nmedicine (38, 40).

(Specificity of an alo�j uies for isofunctio�nal

enzynmes. It mmiay ho- miioted timat the liver

adentsyltnammsfo-rase displays scime degree of

selectivity ammmommg niammy nmcmi)ers of this

group oil comnpo)unds The iumhibitory 1)Ott!imc-Y

for time liver i-mizvuume is cit-arly supenicur for
comtipuitiimds I, Iha, JIb, IV, V, VI, VII, X,
XIha, Xliii, mimic! XVI. 1mm sonic imistanco-s
the diffo-reuicc-s are very great, as for XVI,

mvimichi hums mmmiI�o valuo- of about- 52 nm�si four

the E. co/i c-nzymmme amid 1.5 m�u for the liver
eumzvmmmt-. It ss’oould timc-reiomre I)c oil consido-rmtble

immto-no-st to determine ms’imetimer there o-xist

diffo-ncmic-o-s jIm susc-ptibulit-y to niimii)itioii iuy

those commupoumids aimmoomig mmc!cimo:usyltnmummslcnaso-s

O1)tmuinmtd! froumn a- vtmu’i(-tv 0)1 muouumuimil ammo!

nialigmiamut tissuc-s.
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