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ASSÎRACT

Radfoactlve colehlefne vas obtafned wben varloue
1A

c'=-laber.led aubetrateB were adninletered to colohlcuF

gg.@!glg L. pLants. Colcblcine derivad fron clnnasate-S-C14

vas found to have eubetantiaL actfvtty at C-5. The

O-æetbyl groups wer€ labelled ln ooLchfclne derived from

¡nethanol-cl4. Actlvlty fn eorchfclne derived from acetate-
2{L4 was found rrostly fn the F-acetyl groüpr ?here \Haa no

appr€elabre acttvfty fn colchlclne derlrred from ornithlne-
24L4.

Acetate-l-c14 and aaetate -2414 w€r€ eupplled to

GlbbereLlP fu.Í-lkurol (saw. ) T/r. cultures and the radloactive

fusaric acld feolated. Acetate-I-cl4 contrlbuted actlvfftr
nalnLy to oarbone 4) 6, 7, I a¡¡d 10 of fuearle acidr

slrereae acetate-2414 contrfbuted aettvi@ to carbone 2, 3s

5, I and 11 of fuearle aeld. These reeults ar€ conelstent
wtth the hfpothesf e that fuearlc acld lg fo¡aad f¡o¡n a

po\yacetate unlt and aspartfa acfd or clos€ly related

metabolfte s.
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TSTRODIETIOF

Coleb,fclne (r) ls alkalold found prlncípalJyatr

5

H_CO-J3
cocH3

H3C0

ocH3

I

in tbe corlo, seed and flowers of gplgblg¡& autrp4ale, and

soa¡€ otber uembere of tbe ¡llant faætly lllLaoeae. Eæell-
ent euræ,r!.ee of the bfetorgr blologrr and cheuletry of
colohlalno aay be found fn a book by Eteetl and Ðuetin (I)
and fn tbe revfewa of, Cook and toudon (21, and T¡¡ilrînan (S).

The al.kalofd was ffret f.solated ln a relatlveg
Þure fora fn 1820 þ Pallotfer and CEventou sho belleved

lt to be veratrlner Geiger and ZalBaL obtelned cryetalllne
colehielue eontalnfng ftmaly bound ehlo¡ofo¡m of ctggtelL-
izatlon fn 1883. âna\ysle of the conpsund ty Zeleel gÉ.v€

a uoleculer fonrula of CAA"AFOUE. Purer o¡¡rstalllne
soLehlalne w&s obtained ln 191õ ao pale yelloç needles¡

Erpo L55-15?o by elewer¡ Greenr and Tutfn (4). chenlcal
s¡rntheefe of colchfcine wae aoeorpllshed in l95g (Srg).

At the outeet of tble study in 1962, the pr€curtsors

of tha O-totlgl groupg and F-acetyl group of colchfefne

[.\
f-- t

ðl
3c
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had bee¡ estaþl1shad (tr9) *e weLl ae the pr€cursor

contrlbuttng to rfng A and C-5 (g). Eor¡ever¡ thele wee

no poeltlve evldenoe concErnlng the biologlcal orlgln of
tbe tropolone rlng of oolchicine. The obJectlvee of tbe

present work wore (f ) to dete¡ølne the preeureors of
thfe rtng a¡d oarbons 6 and ? of the B rfng; (¿) to
propose a meeha¡llæ for tbe blological forratlon of
solohlolne fron lts precüteorBr Theee obJectlvee ha,ve

recent\r been achfeved S otber workera (lOrUrlPrI3).

3



I.TTEFATURE RggITEW

The Qhen!.eal Struoturq sf Colchfcfne

Mltd acfd þdroþcls of, eolahlclne yierds methanor

prue aolchloelne¡ a eonpound csntalafng aa enoLic þdroryt
group as lndlcated þ an fntenee gr€en eoror ¡lrodueod
slth ferrle ebloride (r+). a zetael netbo:gr detemiaatfsn
(rs ¡ on oolahlsine lndloatee the proeenc€ of f,our nethoryI
groupa ln the øglecule.

Prolonged acíd þdroJyef e of, oolohfcel-ne ¡esulte
fn the fo¡satlon of aaetia aold and trluetþIcolahlclnlc
acldr a coupound contalnlng I free amlno grouD (fo).
The remainlng orygen ig unresponerve to carboryl roagente

both fu¡ eolchfolne and oolohlcelne (fZ). Ifdrogeuatlon
of eoreh!.ofne (re) wfth Adaata cotal'yet yields tetra\¡rdr-
odenethoryeolchlej.ne and heæþdrodenatho:qr coLchlclne.
The tetrafordro derfvatfvE has ketonro propertf,ee¡ whlle

the hexa,bydro coupound þehavee Llke an eleohol. It thue

followe that the eixth oryg€n of colshiclne fe ketonie
Ín nature, EexaWd¡ooolohrclne aLeo reaote wlth perbenzolc

aold (ff ) g.na EonoÞorphtbelto as,ldj (fg) indtcatfng the
ples€ne€ of a, tblrdr nor€ resfetant¡ otWlente bond.

wfndaus hae sr''nnarlsed (tl ,zo) a serree of lnvest-
lgetfons perforaaed by hlseelf concerrrlng tho neture of
the rlng rysten of colchlolno. Ife concruded that three
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rlnge existed ln the colchíclue mol€cuJ.€. H€ found tbat

oxldatlon of eolohiclne wlth alkaline peleangÊ.nate yielded

triæetbo¡çrphthaLfc anþdrlde (20). 0n the baele of addlt-

lonal. reactlone (21), he propoeed that the anþdrlde

produeed ças 3r4r5-trfnethoryphthallc anþd¡1de.

The nature of rlng B was dete¡nlned through a

eerlee of re&ctfone starting wfth dee'mlnocolchlnoL aetlyl
ether (rf) n?¡lch le obtalned by treatnent of colehlcelne

H3C O

H3CO

n\
\i

/\

H3CO ¡-\\i
H3

tl

¡vith alkaline Bpolodfte followed by reductlon with zinc 
í

dust to yteld S-aoetllcolehfnol sretbyl ether (2?,)23).

Treetuent of thf6 colrpound wlth phospborlc sxide fn

boiLlng nrlene yielde 1I (2+). Sarton¡ Cook¡ and loudon

(2õ) found that treaünent of II wlth osnluh tetroxLde

followed by Oxfdatf.on with lead tetraacetate yielded

a dfaldehfde whioh cyclløed j.n alkall to a nonoaldeþde.

Oxidation vlth peíüanganate ylelded the eorreeponding

acid 'rl¡lch sras found to be identieal !y1tt¡ 2¡tr|r?-tet-
ra'uethory-16-pbenantb,¡ene oarbo:s¡llC acld. This series

of reactlons could onty be explalned tf rlng B of colchfelne



€as e€ven-Bgmbered. Thfg was

ryntheole of ooLchinol uetbyl

and loudon (e0) and Rapoport,

t.. i
-:i;:

concLuslveþ proven by the

ether (rff) W Cook, jack¡

\'{l111a,ne¡ a¡¡d C f uaey (2t ) .

6

Although the C ring is not a benzsne ring¡ it fs

readll¡r converted to one by such treataente as aIkallno

lypolodlte (22r25), alkalfne þdrogen peroxlde (?8)r or

sodlum nethorfde ln uetb.anol (ZVTSO). The compound,s forred

sith eoditm metboxlde ln nethanol are alloaolcbiclne
(tVrn=Onr) and alloool.cblcelne (IY,R=H¡. the stu{y of

H3CO

H3CO

H3CO

Hfo ír \f
H r-\

\l)
NHCOCH3

ooR

IV

the oxidatlon
with perlodlc

fndfcatedl the

produot obtatned þ treatlng colchicelne

acld (sr) ty Ahed, Buoha,aan and Cook (sz)

pr€s€nce of o{rp unsaturated acld and

ír
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Ï-lactone groupg ln the product. The structuros proposed

for th.o product ser€ 1¡ï and v whioh would indrcate that
tbe C-rlng wae a tropolone rlngr aa previousþ proposed

7

Hsc H3CO

NHCOCHT
- H3COH3CO

VI

þ Ðewar (gS ).

$ynthesis of I þ Eeohen&ooor a.nd co-urorkers (b)

and van Taæelen and co-ìilorkers (o) a¡rd ite identfftcation
ae coLehiclne suocesef,urly ended the quest for the chenic-
al etruoture of aolchlcine.

$q¡otheqee of golqhlìcf¡¡g B{oqene$.iF

The benaene ring of bforogfcall¡r dorlved aro¡aatic

eompounda le generaltry aekrowledged to arlse fron eithe¡
the ehlklnfe aeld pathway or ttre condsnsatlon of acetate
unlte to ult1¡nately f,orm tho deeired rlng.

The fonsatlon of ehikiuic acld and eventualþ
pheuylalanlne and tyrosine fron pboephoenorpyruvato and

D-erythroee-4-pboepbete fn bloohenlcar nuta¡rts of EEaherf-

chrå coltr ls well dosumented (S¿rgO). In btghor plants
it j.e not poeslble to work wlth auxotrophlc uutante and

o)
\-

7)
\-



I
ft has therefore been n€cessary to utllføe tracer teehn-

lques and €nztrne fsolatlon to eetabrish the exietence

of thfe pathway. sarrdy and Gangulf (s0¡ have shown that
phoepboenolpynrvate and Ð-erythroee-4-¡:boephate are

optiaar eubstratee for 5-deþdroebikimate fomatlon fn
ertracts of mung bean eeedlings and he,va aleo pa¡tÌy
purffled 5-dehydroehlkfmate reduetaee f,¡oa the a&Be Eource

(sl). Tbe saüne €nãyme has also bee¡ purif,ied fron pea

eplootyle by Saltnely and Ðavlee (38)r who aLso report
purlfieatlon of deÌSrdroqulnase f,rom eaullflo¡ver bude (¡g),
The oonvsrelon of qufnie actd'C14 to ehlktnic acid¡
pher{flalanlne and troslne has been denonstrated f.n young

Tose blooms (Aa), whfle the converslon of shiklþic acid-
C14 to phenylalanlne and tyroeine hae boon dononetratod

fn three dlfferent ptant famflles (¿Or¿l).

Tbe work of trfo galls. and Neleh (¿O] and Brownl

iTrfght¡ and Nelsh (eZ1 coneerîlne lienín preoursorg le
signtflca,nt ln the eetabllsh¡nent of the pbeqylpropanoid

(Cu+, unlt) preoursore of arouatlc cornpounde. The

lrrporta.nt f,eaturee to he noted, ¡rlth refotance to the

present problen ar€i

1" Fhenylalanfne and tyroafne wete not lntercon-

vertlble 1n I out of L0 pLant fa¡nlllee etudfed.

2. Sydrory}atÍon of the bensens rlng to foru tbe

ltr^gnln pr€eutsors slnaplc and forulfc acld oecurg

after foranatlon of elnnaatc aeld frou pber{flalanlne

and not fron tyrosf.ne derlved precurÊors euch as



I
p-rydrorypherryl¡ymvf c ac ld.

Inetancee of the blosynthsals of arosatie compounde

from the Llnear condensatlon of a.cetate unlte folloÇed

by eyolfzatlon bave þeen found 1n Bfcroorga.nlme¡ fungf

and bfgher plante. 3or onupl€r feediug of aoetle-t-€14

acid to (æ) led to 6retþ1-
eaLteylto acld (.ll-f¡) fn aocorô wlth the f,ollosi,ng eeheuer

CHa

óbox
cH3c"ooH

CooH

cHg

vll

In hfgher plante, a numbor of flavonotds have Þeen ehown

to be derived fron a oomblnatlon of a Ce{S unft ar¡d a

benzene rfng derlved from eoetate. Coupounde derfved fn

thie Dann€t ars lo¡ow¡¡ ae CO{S{U eonÞounds. An eæuple

of thts type of ooadøneEtlon le the fla.vone¡ Queraetln

(\t-¡ff )' Rlng A of thf e oøpound fs derived frou asetater

9Hs
coooH

9Hg

coooH

---* 
"\Å,

vill
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whlle the rflßl.alng earbon atome 1n the uoLeoule are

derlved frou a Cu4, unft (¿¿r¿g).

ufi,th the establlslaent of the basls of, ths blo-

gen€sfs of the bensene ring ln bislogtcally derlved

aroaatle oompounds, tt ls now poesible to proceed to a

conslderatlon of þpotheae e proposed f,or the bíologlcal

fo¡uatton of the eolehlclne uolaGül€r

Roblnson (¿er¿f) suggested tbat colchfclne nqr be

related to the flavones wfth the tropolone rlng dorived

from a rlng enlargeanent of e' ll2-¿lnnenol as f,ol].oÌre¡

HO

----)

HO

-Ð

HO

XIX

HO

ír

-r)
\-:

XI
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3e11eau (+e) propoaed the oxldatfve couÞIlng of tço uolee

of 3 r4t1-trtþdrorypharyl¡gmvate as the blorynthetlc
pathway to colchlcine via the folLorclng coupounde¡

c00H
I

co

ÇHz
OH

=0 --+ HO
OH

XIV

x lrlxtl

Venkert (¿g) propoeed a

tonated Scbfff baee {:m)

5-þdrolgtropoloae (Xvf )

condengatlon lnvolving a pro-

fo¡med froa prephonlc acld and

to fom eolohfofner scott (go),

cooH
I

co
f

cooH
I

co0H



1A

HO

uelng Robfnsonts theor¡r, has suggested a pbenollc couplfn€;

proo€res to Join rings A and C analogoue to tho rlng

olosures whloh glve the nor¡lhlne skeleton (51). Th,e

reactive lnteløedfate would bave a etrt¡cture aucb as J(YII.

XVII

Sr?erfnegle on Colchteln? BfoceneglE

å.d¡nlnietratlon of acetate-I-CL4 fu C. autuunale

or Cr ÞyzanÍtnrnu led to the fornatlon of radioactive
eoLehfolne labelled almoet exeLuefvely ln the Is-aceWl
groupr trblle the o-metffl poeltfous of the molecuxe

wer€ Labelled aB a reeult of aetblontne-!ûet?ryL-C14

HO
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feedinge (ZrA). Tbe negLlglble eottvlty formd ln the

rlng etnroture lndfcatsd that the rfnge wers probablg

not derlved þ a oondeneatlon analogous to the flavonofd
coupounde; and¡ ln addltloul th,et rlng c was not ryntheel-
zød, ln a nâ¡rnoÌ almlLar to stlpitatlo ecld (gA), ê
tropolone found ln PenlcillJüE eti¡ftatunr.

Other ex¡rerlnente ehoTúed thet the A-¡lng and

carbon atoae 5 and 6 of the B-rlng Ìfler€ derlved frou
phergrlalanlne (grtol tut not tyroelno (e). lbe non-
equlvslenee of pheqylalar¡1ne and trrosine suggeeted thet
¡lng A and carbono 6, 6, and, ? v€re derfved frou * co{g
fragnent vla the clane¡rlc acrd pathway. The resurts of
Battereþ end oo-'workere (11) with pherylala¡rl¡e-l-€I4
and cfnna¡nate-g-cl4 h"o" ehown tble bpotheeie to be

oorreet. ïn the Êa¡. pap€r¡ the Lncorporatlon of ffrosine-
3-c14 lnto tbe troporone rÍng of col-ohiolne Ls reported.
Addttisnal experirnents wlth þrostne-õ.Cl4 ß27 tudieatsd
that oolehlaine elaborated under these eondftiong wag

1ab6r1ed Bpscfftealþ at poertfon 12 of the oolchlofne
uol.eoule. Batterglry end 66-qsorkers (fg) heve deeerlbed
thefr conprete experfuente on eolchlalne bioeg¡thesle
and bave propoeed a meehanlø for lte fo¡uatlon !.n the
plantr



E]CFSRTME}TTAT

F1a,rit Culture

Colablerna gg.!g,!g L. eorae (Sthne¡f e Sureery¡

Drolmore, Manltoba) wsr€ obtained ln tbe f,all, allowed

to flower and tben placed fn a cold rooa at 3tC for a

perlod of fron four to elx monthe. The plants wore then

placed ln a greenbouse for a two to thrae day perlod

before the oomenceuent of foedlng eræor{uoenta.

AttenBts w€r€ made to use eeedllng plants for the

bloegntbesle ex¡rerlaents. Tb€ gg¿gb!.eg seed, appeared to

be vfable elnce poaltfve teeta w€r€ obtalned slth ?¡5¡5-

trlpheryltetrezollun chlo¡lde. 8ut lt sac not poeetble to

gerufns.te the seed¡ ln eplte of a varfe{y of treatmentgo

Seeds¡ eterlllued wlth 4f, esLafi¡n lrypoahlorfte, !Íer€ left
on rnolstened ftlter papcr fn petrl diebea for up to 3

nonthe wlth no evldense of eproutfng. Seerlfloatfon wfth

concentrated.sulf,urlo acld for L0 mlnutes¡ o¡ with eandpaper¡

etratlfleatlon fn molst ve¡alcullte at 8oC for up to 6

weeke¡ Elbberellde aold treatrseat¡ t% Wþogen peroxlde

treatment¡ loúÁ oryg€n atnoepbere¡ or hot (3oPC) and

oold {g3c ) tem¡rerature treatuents were aL1 entlrely
non-effeetfve ln prøotlng geminatLon.

Tho resulte of theee teets are eonsletont ¡cfth

ear.lier experluente of Butcher (59 ) who reported¡ oseed

sae left on claop fllter papor ln a petrl dleh for ovar
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slx nonths¡ but

b.oscever, three

nolüg'I eeed ln

Methanol.Cl4 a¡rd acetate-Z{14 were obtalnaû fron

Atoa1c Energr of Canade Llultad' Clrnauate-S-C14 çae

obtafned frsu Merek; sbarpe ar¡d Doblle of ca'nada, Ltnlteô;

rctrlle o:n1thlr."-2-C14 was oÞtalnod fror¡ TracerlaÞr

\falthae, HBBs.

Tbe radfoaotlve tracers wer€ fed to the plaute bI

on€ of the follorvlng uethode¡

1r Topleal Applfcatlon'-Tbe ssterlal to be f,ed

vaE clfesolved ln a l# aq'ueoue eo].utlon of *"6n 30'

Àpproprlatea.nor¡nteoftheeolutfonrger€thenplacedon

thesurfaceoftheleavestobeabgorbedtbroughtbe
l-eaf Eurfao€o

?. IaJootlos.*ft¡gçtt voltass of a¡0 aqueou8 aolutlon

of tbe radloaotivo traa63 w€ro lnJeoted with a lrypo-

derufgeryrfagalntoorn€arthevegetatlveeBexoftbe
plant.

5.rfllekf,eedlng..slxetr8^ndsofoottontbreadEerê

lneerted tbrougb the young Go¡ß¡s þ areane sî a aurglcal

needle. fhe thread was treated wlth 1Ø tseen 20 solutloa

tothoroughlywetfta.ndtheendstbenBt'acedlnaennall
boakeroontalnln8ago].utlonoftbottrgger.

no change occurreù.

eeeôIfngs gala€ uP 1n

the sprlng of 1949.Ö

In trfiarchr 195L,

a pot ssvrn wlth
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Aesæ of Aadtoaetdlltr

The ¡adfoaatfvlty of a ea4r1e nas datemlned þ
oD€ of tso nethods¡

1. Fedtfoaatlve eaupleõ r€r€ eæbusted to atn6,
uslng tbe ¡lereulfate aetbod ae deecrlbed þ Ea,ta¡

Abra,ba¡n and Saker [64). A¡r êqu€ous eolutlon of tbe

ea,æpler to yfeld at l.eaet 10 ug barfu@ earbonat€ was :

placedl ln a ã0 ü1 Erlen¡¡ryer flaskl aeldlf,led wlth 2F

eulft¡rlo aold (g drope)r ead the ryste¡a thEn f,rozenr

Fotagaluû pereulfate (ZOO ¡*¡ e¡¡il 4fi sllver n!,trate

aolutlon (f uf) woro tben added ts the frosen contentg

of the f1aak. A vlal osntalnlng 0.2S a1 csrbon dfoxfde-

f¡ee 2Ø sodltñ þdroxld€ sas addeûi tbe flask sealed

trltb a B€rub etopBer and evacuated. Ehe ryetem was

plased fn an o?6n at ?S-80cC r¡ntfl euab tlne ae the

contente of tbe flaçk olearod (z-3 boure). After tbe

flssk had oooled¡ the vlal eontelnfng the eodltuu

hfroxlde soLutlon sae traaafereô to a eentrlfuga tube

eontalnln8 I ¡¡1 of a Læl barlrn cblorlde -7$ E'nø¡r'unlrm¡

cblo¡lde solutfoa. Íhs barlun carbonet€ waB colleoted

þ eentrlfugatlonr resuepended ln carbon dfoxld€-free

sater and B1ated unf,fo:a{y on nloropotous poroelaln

planohetso lAe Bla,nohats¡ aftor eo¡rylete drytag at

IIOOC anô welghlng üo deterrlne tho anount of baril¡ncarbonEte

preaent¡ w€re aseayed for radloactfvlty uetng a rylar
¡rlndos oontfnuoug gae f1oç autouatlc counter. Apprcpt{,ête
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Gottåotlons were esde for backgroundr eelf-aúsorptfon¡

and variatlon tn efflofency.
2. Ihe welghed sæplð ças dfeeolved ln a !¡roçn

volrme of a suitable eolvent. An altquot of thte

eolutfon wae trar¡efeu€d to a glaoe counting vlal and

a solutlon oontafnlng organfc scfntfUato¡e (S-fS nt)
added. the couposltlo¡ of tbe eolntillator eolutlon wae

efther¡
a) zr5-ðlpbgrsrtorauot€ (ppo) (¿ e) plua t¡4-b16-

2-(6-pb,eryto:rauol.yl)-benge!€ (PoPoP) (go eg) 1a

tolueae (t tlter).
b) naptb,alene (go e) r gpo (¿ e) a¡rd PoPoP

(roo n*¡ ln dloæneretþLoellosoLve (srr) (r lf,ter).
Tbe eolutlon of ,eanple anð gefntlllator waa capped¡

ehaken, and counted ln a lluolear Chloago llodel ?24

llquld ectntlllatton epeetrmetar. Bae&ground eorreotlone

w€re aade autoæatfaalþ and the obgellveû eount rata

ws,B oorrrerted to aa abeoLute value (1.e.r dfelntegra-

tlons) uefng the Chennel Retfoe Uetbod (ãõ).

Sauple eotlvltl€s w€r€ deteralned ln dupÌtoato

trlth a countlng €rror of 6fr or lese ln eacb ôEtenulnatlon.

Fa,dtoaotfve Traoer Exoerlments

Tro e:çorl¡rente to dete:nfne tbe level of C14O,

produritÍm after adnluf stretfon of traeer wsre perfotaed.

rn one cas€¡ sodiun aoetate-}.4Lå ßfrl ú¡e/rerole) rÍ&g
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ad¡¡laletered f¡ a afngle doee try topleal ap¡ùlcatlon

to a C. eutu¡Falg plant. fa the sesond caÈer dal\y
applleatlons of, DL-ornithf.ne-2-Ct4 (fS¡ oi O.?9^c,ó@$oJ.e)

çer€ toptcally adulnlstered at the rate of le/dry. Tho

CO, waa colleoted and aneþzed as follo$a¡

The plant wae Blaoed fn e beLl Jar througb whfoh

a Elon etreau of elr wae paaeed. The exit geð ües

paesed through a eolutloa of tF soatire þdrord.de to
trap the aarbon dfoxlde. Tbe ryetem was ¡llaced ln a
fiue hood and expoeod ts contlnuouE.fLuo¡eeoent ltgbt.
The oarbon d!.oxlde trap wae otrenged dafly. Alfquots of
the eodlru þdro:cldo solutfons E€ro ta,ken and the carboa

dtoxlde preefpltatod aa barfis oarbonate sltb a LúÁ

bar.ilm chl,oftilc -¡fl, g¡¡ter,unlrm ohlo¡lde eolutlsn. ''' .,

Tl¡e barlru oarbsnate sae Easq¡ed wltb e oontlauous

gae f,low oounter.

Ílre oarbon dlo¡cfda ftou the acetate-¿-Cl4 ex¡rerfmeat wae

colleoted over a st,x day perlod boglm¡fng tbe day after
admlnletratlon of the tracer. fhe oarbon dloxtde fro¡o the

orzlftbln6-B.614 e:çerlnent wae colleeted over en l8 day

perlod, tbe flrst aqù'T1e Þefng takaa ffve days after the

ftret adninfetratfon of label.
Feedfng e:çerlments perf,orted ln the greenhouee

under nonnal grostng conditlone ar€ lteted ln Table I.
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l¿3r,8 I
În-åcER SlGERrlÍsNTS ì'ÍITH g. JlIEgg4JE

T]ffDER }TOR}gAI. GROVTH CONDITIO$S

Wtr Aottvityr ^ No. of
Conpound W ðrpotrr. Rate* P1a¡rts

x 1o-8

A. c lnnanate-5.cI4 g. g z.L a. ob ro
3. Methanor-c14 0.4 E,o go. oo r.

C. Ácetate-?-cl4 L.o 1.o 4.oc z

Ð. a) omithlne-z-cl4 lz.B l.? p.6ord g

b) ornithtne-Z-gl4 l4.g z.o 2. ob r0

aD.p.m./ plant/ day X lo-6.
b* lek feediag.
cTopleal Applloatlonr
dInJeotlon.
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IE$rþtfon of the Colchicfne

Oolchfcl.ne was lsolated frøa the plant naterlal
uslng a nodlflcation of the nethod deec¡lbed W leete (fO).

The plants were uaoersted 1r a warlne; brenrlor stth aetha¡ol
(1 ttter per 500 g plant naterlal). After etandlng 24

boure¡ the slurry wae flltared on e Br¡ch¡er ftrnnEl and

the flltrate reduoed to one-tenth lte vôlr¡ü€ on a rota4r

evaporator. Tbts eolutfon wae f,lltered througb Cellta a¡d

the flltrate ertracted wltb petroleru ethe¡ (b.p. 60-8CP ¡

3 X I00 El). fhe aqueous leyer vas u,ade baçfc wltb eodfie

blcarbonate and ertreeted wlth chlorofo¡a (¿ X 100 al).
Evaporatlon of the drleal ohloroform ertreot ylelded the

o¡r¡de alka}olds¡ À ohromstographlo ooltm (fS X I an) wag

prepared çf th neutral Ïleher alrø!.na þrseløaa aotivf t IIX)
(fO U¡ rrslng a alurry ln ben¡ene. Ihe alkalolde, dlesolved

ln benaane:ohlo¡ofom {f¡f ) were added to the colr¡m a¡rd

eluted sfth the B&ü€ eolvent {fOO u.1). Tbte sae foLlowed

þ elutfon wltb t0 ul aach of 60, ?0r 80r eaÛ 9Ø ohlorofo¡n

ln benzene¡ ahlorofo¡a (foO af )¡ 50 Dt eaoh of 2¡ 4¡ 8r I0r
20 and AØ etþl eoetate ln ohlsrofono¡ and ffnallg LVI

ethe¡rol ln ehlorofora {200 rnl). Tbe eLu¿te wae colloeteü
tn 20 nl fraottons. Colchtcin€ seg detected þ lnfra red

epeotra of tbe varloue fraôtlone a.nd wae noraalþ for¡nd fa

the ethanol¡cblorofona eluate. The colahlolne f¡aotloas
w€r6 bulked¡ orystallfzed fræ etÞI aeetate-petrolerm
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etber and aøsayed for radloaottvltyo Depondlng on the

amount of eolcbfci.ne obtainedr the radloactlve naterlal
wae dlluted wlth eold u¿terlaL before s¡ after req¡yetall-
lsatlon to a oonetant specifie aetlvfty. The uelting potnt 

',

of the final produot wae 156-15?c9.1

Golehlolne DesradatÍ ong

A. C lqrreætc-3-CltE¿gl.d reçSfqE Exug¡taent

Tbe radfoaatfve colehfctae (ff¿ ne) lsolated froa
the plante wae dlluted wftb a¡ equal welgbt of, unlabe].led

elkaloldr

3. 4.Ð-TrfTetboxrphtþallF Alhvd¡tde (g ). + olchlclna
(22S Eg; 0.5S rnnoles) waa added to a eolutl.ou of potaesfræ

Sdroxtdo (g e) and potaaelun ferrfryanlde (so e) la water

(200 nI) anô the eoh¡tlon beated wfth attrrlng fo¡ L2 houtee

A further eua.ntlty of potaeslra bgdroxide (g e) an¿

potaes1tmferr1oyan1de(sog)raoaddedatthfet1ao.A
ii:

efiellar addltlon tras Eade after õ6 hourÐ ruld efter 60

bours tba solutfon was oooled a,nd flltersð. tbe ffltrate :

ças acldtfled slth Eoneentrated sulfurlc aold and the

eoLutlon (200 nl) ertraeted with ether on a eontlnuoue

ortractor for 24 b,oure. The ether extract wsg eYaporeted 
'

to near dr¡¡neee and the resldue eublfincd at 160c9 uader

reduced presgure. The sublfuate (sZ Dg:' L42-L44oC) saa

I*fr ueltfng polnts are unoorraetedc
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'iclyBtallf,sed frou acetone to yf eld eororl.ese plateo of
5¡4¡5-trtraetho:ypht?¿a1le enlgrdrlde (39 bg; zrøl tsopr rd6-
14?cC

õ . 4 . 1-1 rlFe tboTrE¡n zo I o Ao,4 d. -B r 4 r 5 -lrfne thoryDbth-

aLlo anþdrlde (89 EBI {Bs refluæd tat L2 houra nltb
oolroontrated þdroehlori,o aotd (r ur). fbe eolutloa waa

filteredl bot and on eoallng ytetded 3¡4¡5-trluetho:FrbenaoÍo

aold (g.¿ ug¡ 31øl¡ hrpr L66-l6BtC.

Deaarbo?rçletf on of S. 4.5-Tqtuetbo¡gbgagst-o Aoldo -õ¡ 4¡

5-Trlsethorgbenaote astd (9.4 ag¡ 0.044 uu*ole) wee refluæû
wfth oopper ohroafte (fO au¡ ln qulnollne (2 lnl) ln a

ourront of oarboa df.oxlde-frso aftrogen for o¡¡e hourr The

exlt gagsg wåtr€ paaeed tbrough 0.125 $ barltn Sd'roxåiie to
y¿e'¡Le:-¡arium. carbonate (?.n mg; gg/").

3¡ uEtþa¡¡ol{}1 Fpelr¡f S¡cperlag¡nt

fhe radfoaetlve oolehlef¡e {25 eg) was dlluted sltb
unlaÞelled alkelofd (?5 B).

'Colcblcelneo-Cslohlefne (foo ag) was dlegolved fn
water (S af ) aontalnlng coacentrsted Sdrooblorlo a€fd

(O.OC uf) aad refluxed for 3 bourg. The eolutlos cag

flltercd b;oi', and on eoollng yfelded Bet€ y€lloÌr need].es

of eolchleel.ne þdrate¡ !û.D. 150-Iã5e0.

lïre eoloþlcefne Ías oxidlzed ae f¡ part A to yfetd
5;4¡5-trluothox.phthalfe ansdrtde (õ.9 EB)r Depr r6õ-16?cc .

Êq¡llc è01q.-3r4r5-Trluethoryphthallc anbdrtde (fe ue)
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was r€fluxed wtth 5V" Wc;úsdle acfd (f uf ) for three b,ours.

the eolutlon sae ortracted wfth ether (g x 5 hl) e¡rd the

ether extrsat çashod wtth eodfu¡n thfosulfate eolutlonr Tbs

drled ether extraot yfelded a cæpourd (g.g ne¡ &opr 223cC

dee.) *fcn ha.d an fnfra-rcd epeotrm eonsfEtent wtth tb&t

sf gallle aoid.

C. Aoatate:F:C1é I'aedfns Ex¡erlnent

Radloactfçe oslohfefne (foe su¡ was dlluted with

r¡nlabelled alkalof d (f Og Eg).

Trtæotblpolohfo$nie Astd.-Colchfef¡e (219 Dg)

sae refluxeû to¡ 5 boura f,u a eolutloa of wEter (g El)

contalnfng ooncontrated eulfurfc acid (o.yg eIl. Tbe

eolutlsn wa$ r¡€utrelfsed wlth eodfrm earbonate a¡¡d the

prectpltate aollectod t¡r flltratfoa. Ibe precfpltete was

dfseolved ln water (fg uf)r the solutlon extreoted wfth

ohlorofora (¿ X e0 aI) and the drlect eblo¡ofo¡a ertraet
evaporated to dr¡rnegs under vatur&. the reelduo waE

cr¡rEta1llzød froæ ether to yleld trfaotþlaolebfelulc
acid (2L4 ug) I ErF. 1ã6-158cC.

Sodirs åaeleter-Îh€ equoouo flltrate obtalaed frm
f,lltratfon of tbe crude trluetþrleolchlclnlo aoid wao

actdtf,tad with Eulfurfe aafd and dletflled. fbE dtetfllats
wae tltratedl to pE 8.0 sfth ssdfrm Bdro¡ldle s¡¡d evaporated

to dryneee under v&Guunr lho reeldue wae dleeolved fn
sater and anaþsed for oarbon eontønt uslng the persulfate
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method ae prevloueþ deserfbed.

D, Omfthlne-2-C1Í Feedfn¡r,E¡cnerluontq

êlloeolehf,çøfng fzgrsO).-colehlcåne (s¿ ne) wag

refluæd for 2 houre wl.th 2 [ ¡aethanolle potaselua brd¡oxlde
t'

,{€6 u1}. The eolution rdae Der¡treriEed sftb 5 I{ þdrochto¡ic
aald, the fnorganl.c salt reuroved þ f,fltration a¡¡d the

flltrate reduced ln vollme on & fraeh e?aporator. The

resuLtlng eolutfon was aoldiffed a¡rd the preolpltate
coLleeted ty flltratlou. Tbe fitt¡ate wae extracted wlth
chloroform and the chlorofor¡¡ extraet evaporated to
dryneee under vâoütrü¡ Thle reefduer coätelnlng unreaeted

eolchlcine¡ waÊ reactedl agafn wtth 2 F uethano].lc potaseiuaa

trydroxfde end the on¡de allocolchlcelne aolleéted by

preclpttatlor rvlth *oiA ee deecrtbed above. The crude

alloeoLchl.ealne (¿s ag) seg cqrstallfzeû f,rora ben¡ane to
yteld allocolchiceine¡,,,,,&.p a ?62-264:C.

Docarboxrletl,or? of Allocolchlce 1ne. -Allocolebl.ce lne
(¿S ag; 0.12 mn,olee) waa rof,l,uxed for 3 boure wlth eopl)6r

chronite (fS *¡ fn qulnollne (S nf) fu a etrea& of ca¡bon

dfoxlde-free nftrogon. Tbe exlt geseE w€re passed through

&, 0.125 S eolutlon of barlre þdroxlde yfetdlng bariun

earbonate (1.8 arg¡ ßf,l
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P.ESTII,TS .AffD ÐISCUSSIOI

A portlon of the 16suLtB presented here heve been

rgported eleewhere (f0).

Radfoaetfve Traoer E:cPgrinents

The reeulte of the ex¡lerluente to detertlne the

love1 of CtnU, productlon af,ter adulnletratlon of t¡acer

atr€ presenteð ln Table fI.
The reeulte of the acetate-8-c14 e:çerfnent lndloate

tbat ov€r 6ú;Á of the applled aottvtty ts lost as CtnO,

four days after the applloatlon of tho traoer. trn additLoä¡

the loss reaaheg a uaxlut¡s value wf thia the ffrst day of,

applfcatÍon. fn the ornlttrfne-2-Cl4 ercperlmoat¡ the por eent

the total aceuuuLated doee lost as CI4O, r€mêfns rel.etlvety

conetant resultlng ln a contfnual lncreace ln radloacttvlty

withln the plant durfng the courao of, tbe exp€rlment. $he

portlon of the accumuJ,ated doee loet ae carbon dloxlde

throughout the ueaeurement parlod waa 42%.

Srou theee !ßes,Bureraente¡ no lnfom¿tlon regardlng

coløhicine bioryntheele can be gathered. 3ut they do

lndlcate that the radloaetlvo oompounds are effeotlve\y

abeorbed lrhen applled toplcally to the Blant and are

extensfveþ metabolfzed þ the plant.

Ðata concernlng tbo lncorporatlon of label lnto

colohlclne frou varloue cl4-labe1led compounda¡ and the

dletrfbutlon of label ln tho uoleculer are presented Ín

Tables III a¡rd IT.
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T.ô3I,8 II
aaru or pRoÐtnrror ol'' cr4op AEIER ,aÐMrNrsrR.rTroN

OF TRACm TO C . .lUTtlUNå.LE FLANTS

A. Aéetate- 24L4 Experlnent

Daye after
leedtng

Aottvlty
of GO¿¡

eþE x L0*5
?er cent of^

A¡plled Ðoseo

1
2
3
4
s
6

2.49
â.11
2.14
1.81
0.47
0.48

L8.3
15.5
15.7
13.3
õ.45
3.õ2

3" Orrnlthino-2*c 14 E=pu"lment

Ðaye af,ter
I'fret Seedlng

Acct¡nuLated
Doga r

epm x 1o*5

åotlvtty
of COg

optr x 10-5

Per eent of,
A,carnaulated

Do ea

6
6
I
I

IO
11
12
13

L3.2
15.8
21.1
?I.l
23.9
26.4
29. 0
31. ?

0.93
1.30
2.88
1.59
L.43
1. ?5
1.96
1.55

7.0
9.26

12.6
7.5
6.0
6.65
6. ?5
4190

-̂Applled Ðose æ 1.96 x Lo6 oIrE.
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TABIE III
TIIE rt{conpon.A.Troll oy v¿Rrous cl4-r,¡¡grJ.EÐ
e oMPouHDg rNTo corslTlcrFg BY C. AIITIIEHåIÆ

Colchicine IeoLated
C oupound

Adnfnistered Wtr $peclflc
Eg Actlvi.tyr

d.p.Et. 'll@'ole

Inoorporatlon
dp

A. c lnnmate-5-914

B. Metha¡¡ot'C14

c ' Aeetate-8'cl4

D. a) ornlthln s-B-4L4

b) omLthin s-B'4]-4

114

25

109

L22

32'.|

2.P x l.o5

2.0 N ro6e

?.0 x 103

5.? x 1054

6.9 X 105

0.1

1.0

0.01

Q' 0€
0.003

46ounted with a rylar wlndsw 
'ontlnuoue 

gas flow
oounter and conVerted to d'p..Dr tfus[e Of Cm¡¡otüld.
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TABÏ,8 ]V
l,

DISTRItsTJTIOE O3 CT4t ¡Ï COI¿IÍICT$E PRODTEED IN THE
.l,

PBESErcE 0I' VAAIOUS CÅ*-LABET&FIn COHPOUHÐ$

Conpound
Êpeclfic
Actlviür,

drPoE¡¡fuole

A.

3.

C.

D.

c lnFa.nate -5 { 14 
.E¡c'pe f tqent

C olchiclne

3, 41 5 -Trlurethoryphth^altc anTydrlde

5 ¡ 4;5-Trlmetho¡qrbenzoic ae td

BarLum os,rbonate
'tÀ

3¿e thano l-C ¿E E:nce rlment

C olohloine

Colchleeine

3 , 4 ,5 -Tr lua tho rç¡phthal 1o anþdrf de

GalI1o acid

.{ß€ tats -2-C14 Expe rlnsnt

C olohlclno

Trlmetþloolchinlo aeld

Sodltm aeetate

ornithiEg -P -C 14 Exeertne4t

C ol,chlo lne

3aril.ua carbonâ.te (from aLLoeolohisetne)

1.1 X lc
o.gz x 105

0.8L x ld
o.8g r 105

6.0 x L05

2.9 X r05

2.? N 105

0.0

3.5? X Los

1.04 X 105

2,Q X ]d

5.? N 10õ

0.0



*{.. C fFna¡aate-5-C14 Ex¡grþent

Ehfe erçerluent ças perforrned lndepeadent\y of
Battereby g.!, g!. (ff ). The percentage lncorporatfon öf

label obtafnod þ then was & factor of ten btgher tba¡¡ that
presented here (ta¡te III). The dlatrfbutlon of, lobel fn
colchlclne¡ however¡ le coaparable (fabte IV). The decarbox-

ylatlon of trlnetho;gbensolo acfd de¡aoaetrated thet ovor

8Ø of l]na lebe1 fe loeated fn C-5 of eolohloine. Battereþ
and co-vorkere reported LoØ" of the actlvlty frou ainna&ate-

14
3-C- - feedfnge fn triaethorypbtballc anþdrfde.

The reeults of the ofnnaalate-3-C14 feedfng €]cperlmente

lndlEate that the pathwary leadlng to tbe A-rfng and C-5

of the B-rfng fe elmller to the one nhlcb fo¡ns the

frmedlat6 precurgorts of the llgnfne (+orAZ). In addition¡

they alço lndlcate that rlng Â, C-5, C-6 ar¡d C-? ere

probebly derfved frou an lntaot CO{S unlt.

8. 3[ethanol-cl4 EncerlmenS

The percøntage lncorporatlon of label frou aethanol-
C14 te ldentloal wlth the !.neorporatfon data of leete End

Nesreth (g) for 5-¡ethlonlne-uetþl-C14, It would thue s,pB6er

that nethanol rapldly forug an lntermedfste wl¡ich le at
leest equfvalent to L:øethfonfnE. coealns (5?) hae reported

thet metha¡ol{l4 f s rapldþ uetabollzed þ verlous plant

tlseuee wtth eerlne¡ nethlonlner rnetbloalne eulfoner and

methlor:lna sulfoxld,e befng the aoet lrnportant labelled
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aotrpounds ln the arnlno aaid fractlon. The EoBt Brobable
pathway for lncorporatlon of, aethanol into coLoh,ialne le
the o¡6-ss.rbon patbway f.nvolving r,-æethÍonlne end s-eder-
oryIuethíonfne (Se).

The labe1 ln eolohlolne fro¡a metha¡¡o1.Cl4 f,eedlng

nae concentrated eole1y tn the netbolyr earbone¡ wltla aú
fn the c-ring nethoryl gtoup a€ ehown ty the con?ereioa of
colcblclne to colehfeeine. À Zefeel deterrinatlon oonverting

trlmethoryphthalla aefd to gallfo acld denonetrated thet
the renainlng 6ø was preeent fn the uetho:yl groups

attached to the A rlng. Tba dtstrlbutfon of Lebet fron th{a
preeursor fs not conslstent ¡vtth feedlng experlmente with
L-uethlonlne-,ruetlyl-C14 (f ) rchere onlJr Lül of, t]ae label tE

oolehlcln€ l¡Ía,a found ln the c-rlng æethogl groupr slnce

the O-uethfl group of tbe tropolone rlag le aore labfle
tban tbe other aethorgl groupa of the rnolecule, lt would

be e:çeoted that thfs group would exahenge &ore readtJy

wfth netþl donore efter fomatlon of colchicine. Tbus¡ tn

the l¡-methfonlne exporlulent¡ where a sfngle doee of traoer
ws,B applled followed þ one nonth of rneta,bollsø þ the plant¡
conelderable exehange of thlB group ¡nlth unlabelled metllyl

donore oould oocur. In the preeeirt ex¡lerfnent¡ however¡

the pLants were adulnlctered dally dosee of label over a
ten day period and were haweeted after fourteen days of
totaL contact wfth tra4re¡. Aesumlng that ¡¡stbanol le
equlvalent to L-æetblsul.ne a,Ê a netþl donor¡ the reeulte
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plss€nt€d bere would appear to be ::r€asonable. ' rl

C . 4eEtate-2-C 
14 ETnrerfuent

The slllflarlty between fncorporatfon of acatate-

a-C14 ln the Breeent rcork (fatte III) and that of Leete

(f) wtth acEtate-l-€14 would lndfoate that tbe utlllsatlon

of the carbone of aaetate for colchloíne biogenesle are

efmllar, or aol.€t probablyr that the aeetate r¡lllt fe

lncorporated lntaot fnto golchlclne. Tbe dllutlon factore

how€v6r, (to6r, tbe ¡atlo of the speeffic aetlvlty of, the

adnlnfetered traaer to the epeefflc acttvlty of tbe leoLated

produot) for acetate-l- and -2-C14 do not eo¡¡fl:¡a thlE

?rypothegle. The dflutlon factor for aeetate-1-C14 is

5.4 X 104 whf1e for aoetate-Z4l[ the di'l.utj.on faetor !s

1.1g N 106. Ertth other f,actors being egua1, the dirutlon

factore ebould haVo roughl¡r the sa¡ae orde¡r of magnltude'

The aother f,actore( fn thla case, 8,r€ Uoet certeinl¡f not

egüa1o The acetate-1.cI4 SXperlment waE p€rfo¡øed on

flowerlng å. Þrzç#tt,nr& eoras uefng a slngle appllcatlon

of trscer vla a rrylok¡ whtle tbe acetato*2-Cl4 e4erlment was

perforaeû on [. aptgl¡nale Gotas durfng the vegetatlve etage

of the plant uslng multfple¡ topleal applloatione of tbe

traoer. It fe therefore not poeafble to dlreotl'y eory€lat€

the tvo e:çerJ.uents.

sodlt¡ø a€€tats¡ dertved frota tbs ll-acetyl grouB of,

the labelled colehlefne¡ oontafned f,6// at the aotlvtty tn
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the molecu1e, wti.Jln 29% ln trtuetþloolehlcinlc aeld

(ratle rv). There wae t?rerefore Lífr of t,t.e aettvtty 1n

the tropol.one O-aetlyl group. The preclse 1ocatlon of ths

c14 reæafnfng ln trlmetþlcolchfelnlo aoid was not further

lnve stigated.

D. or.n 1tþlne -2 -C 14 Eroe {fun-ent

The baele for the ornlthlne-2{14 "rp""iuonte 
wae

the poeeibtLlty that the C-ring of eolahlclne uay be derfved

{n a Eann€r ef¡¡flar to the tropane alkalolds (SgreO). Theee

alkalofds ar6 belfeved to be dErfved fro¡¡ glutarrlo eealaldo-

srde¡ fonned þ oxldatlon of omfthlner erd acetoaoettc acfd

ln a Tilannloh-type eondensation. FlgUre I deuonetratea a

plauelble seehanlm ln whleh thfs type of eondeneetlon

oould be utfllzad ln the formatlon of coleblclne. Condensê-

tlon of glutanlc eemleldefrrde wlth a pberylpropanold unltr

f,ollowed t5r o,ycl.lzatlonr yleLde XEItrI. Condeneatlon of ICVIII

wlth acetoaea|gle aatd, followed þ decarbo:çylatlonr ylelds XIX

(eO ). A reaotf on anrslogouB to erilrauetlve metrylatlon

tra¡sfotæs XIX to Jff" Eydro¡qflatlon of ffi ylelds )Q(Ir whfob on

i'tauitistße,rlzation, fo¡ta )GIf. 0ondeneatlon of the tropolone

nolety of lOffI qtth the benaene rfng yialde lfEIIIt whlcb

on ellrrlnatlon of a Sdroxl group forsne )CKIV. I'{etbylatlont

reduetlve a,nfnatlon¡ and acetylatlon ylelds colcbiclne.

I'o:satlon of tropolones frou Eubstltuted troplnonee

le krovn to ocour roadlllf. For exaapX.er f-tropolone uetþI
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ether (XXVf) fe fo¡øed tn LOVÃ yfeld from )etg (n = CUõ,

X = ¡r) þ heatlng on a stea& bath wltb 1 lrH sodfr¡E

bicarbonate eorution (or). Treahent of tcnnr wtth dtlute
agueoug sodfu¡m bfcarbonate at 100oc ytelde gZ% tropanø (6g).

---)'

XXV XXVI

*r(81nt

XXV II

The Low lncorporatlon of ornftþf¡s-B-Cl4 lntO
colchfelne (rebte rrr) and the proof that @roelne-g.614
1e Lneorlorated lnto the C-rlag (ferIã) sonclualveþ es_

tábri,sbe)Ë; thst tbe pethw4rs to colehfclne viE o¡zalthå¡e
do not axl.et.

H3C\O-,CH3
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A degradatlon experfmeat rlth the oolebfolne frou
e:qrertaert D (a) was perforaeû¡ bosev€lr to s€e tf the

æell ns,ount of label lneorTorated wae aoncentratsd La e

portloæ of the g-rlng of, solohfeine' Tbe barllu oarbonate

derlved frou deearboryLatlon of alloaolcbfaelae ln the

o:r¡ftblno feedlug experlaent repreeeuts C-9 of eoleblelno
(zgrgO). Thø reeutts {EaUlø IV} l¡dloated tbat tbere wee

no epeoiflo labell.Ing fn thl,s Bøeltlon f,rou o¡nrlttrlne-8-.

c14" It le proþtble that the aatfvfty frw ort!.tblas-!'6L4

was g€n6ra13y dletrfbuted throughouÈ the colehlefne

uoleeule,

Sfoeeneete of, Coloblolne

&

BattørslEf and os-workere (fS) have presented a

eobe¡ae for eolehlolne blogeneeie baeed on tbefr reeults

whlchp vfth poeofble ml.nor varfetlons, fa probebly tha

pathway to eolahfelne. ltelr seheæe ls ehown fn Figtrr€ 2.

The rlng expalrefon (rffil+ffiIf+ColehlEl.ne) 1e dorlved

f,ro¡n the propoeed necbanls for the fo¡matfon of efuple

tropolones f,rsæ netho:q¡ euÞstftutød 1¡4-dl$drobeaeryltoryLatee

(6õ) a¡rd requfres thet sXr be a good Leeving grolrpr

There ara Bms polnte ln Batterslyre thoolf shlab are

lef,t une:çlalned. Fl.retlyr hotr does the Ce{' unlt condenee

Trlth ths 0g{t unft? In tbe condeasatlor to f,sra ffiIII¡ the

løglcal neobær!.em le ån electrophf lto attaak þ C -? on the
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fig*tt ual6" Yhe psef.tfan øf attaeks bøweverg åe røEdered

el"eeèrøn úefsøleså W tbe prøe6$e@ of ø^Xs, ax¡ elaetron

wlthdraxç9ag grønpu and èhe presen@e øf arz unshfelded

lrydraryl. grou1, me€a ts tho posltlon øf, attaako To

cønpeneate før thlsa lt eøuld be aaer¡æed that the furdro¡grl

f,e sraskeô by a metforl grsup e,r¡d thet the leavlng group "X,u

le ala,bcrated aftør tho laftlal, eondeRsatlon tø fo¡*a ffiXIIn
BattoneÞ5rte neehenfw 1a oonsåatønt wfÈh tbe

labeLLlag paÉtern obtefned for eoLehlaåne derfved f,roan

Srøalne-g4L4 (fgls s,nd f,rom rsug*165ul1ed @røeâne (øo).
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Varfoue Cl4-IabelÌecl subgtrateg were adnlnlEtered

to ColChlsgg alr!@!a,I€., L. plants. After a perlod of ti¡aer

colchfcfne wae lsolated fron the plantsEnd tbe dletrlbutlon

of aetivfty ln tbo co}chlofne detelü1ned. Tbe f,ollowlng

rsgultð v{ere obtalned¡

1. C lnnamate'3'cl4 .ro*" lncorporated lnto coLchfoine

and epeclflcall.y labeLled Foeltion ã of the uoleoule'

P. ![ethanol-g1¿ wae ineorporated lnto solehfcfne'

Sorty Bar cent of the actf.vfty presgnt 1u the colchfcl*e

was found fn the o-aetryl group of the tropoloaa rfng

wlth tha relûaÍaln g 6v" tn the o.aretryI groupÊ of, the A

f,lag.

3. Àeetate-Z-Cl4 waa lncorporated lnto eolchlEl¡e'

Fffty-ElÍp€ra€ntoftheaatlvlWincolcblclneÌfeE
found 1n tha X'-eoetyl Sroup of tbø ãol'eculo i LÛfi t¡¡ tho

troBolone O-uetbgl group¡ a",a 2& ta trt¡setryloolchlel¡ole

acld.

4. O:rnfthtn6'24L4 naË not appraclably lncorporated

fnto eolchlofue.
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TBTRODÏFTIOE

Ilearle aofd (¡) sae ffret lso1ated þr Yabutar Kærb6t

and Hryaah!. (f) aB a ¡setaÈollo product of Ft¡aarir¡a

botergÐoo¡Tm Foee¡ a faault¿tfve paraelte of rfde dlEtrlbu-

tlon. It EaE Later recognlrad to Þo e¡¡ luBorta¡t çtlt to:d'n

Þroduoed ty &EgEJg lyeotsrqlel, E. vaslufectu¡o Atk.r atrd

elbbst?lla e;[Åþ¡gt (Sar.) Wr. þ Garmann aad Go-sorkere (21¡

anê bas been fomd ln no feçer theu 6 aeu¡bora of the feafly

ffy¡røcreaceae (g).

4Blo,ffi
,lll

r-roocf\* ,/"

Cbaaloallyr ftsarta a€td le õ-a-þrutyl ptaollnfe

aald sltÞ au oul¡lrloal folsula of CrOErrOt{ enA a uolecular

selgbt of 1?9 (t). tna aø¡rould çae f,frat ry:othestsad t¡
L964 þ Plethcr¡ Kgl1er and Boller (¿) and heE sinoe beæ

ry-nthealøed þ olùo¡ sorkere (5).

There bavc been tro 3re'vlous etudlas larl) aeattne

speelffoally w!,th the Þfogenegle of ñtesrlo acldr but no

conoluslve Bloof regerdlne the Breeurgors of the aoleaule

ças obtalnod. The ¡rreeent study çes undertaken (f) to

esteb$eh tlre precursorg of fuearta aald¡ (e) to dete¡¡afnE
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tbe dlstrlbutlon of actlvity ln fugarlc acld derfved from

the preeureors; (3) to test two theorlee regarding lta
blogene si Ê¡



LTÎENATUNS HfiTI3lry

Iuearie Acfd

Saawe1 (8)r fn a etudy of the ¡netabollsts of,

I. Avgooefelol, reBorted that fuearlo acid ean be produced

ln sulture ¡ledfa. wfth glyolne ae the Eole carbon goürger

Ee Euggosted that aeino aclda pray a sfgnfflcant rore xn

tbo blogeneela of fuearlc acfd, wÍth a1a¡rlne and cltn¡Ilt¡e

befng poeølble pr€cürsorao

Sandbu (6) p6rfotßed soãe studfeg on the blogeneeLs

of fusarfe a,cfd in E._ff,gglg.¡gågj! and gåEÞ.e.Ee^Lle ft¡llkr¡rof

uelng leotope conpetitlon technfquee a.nd g14-1s6e11ed

a¡nlno s,nd orga,nlc aoldse He found that $. lglåþEgl wae

far superfor for studlee of thfs type¡ eince lt produceo

about 20 tfaee uor€ fusarlc acld Ln a glven ttne tba¡t

g. Lvconorelcf. Ieotopo coupetltlon experluents wtth

glucoeo-U{l4 deruonst¡ated that lnactlve f,-anfno buþrlc

acid¡ aLanlne; ee¡lne and acetate produced elgplffasnt

dllutfone ln the radfoacttvity of the egrntheelred fuaarlo

acid, ¡lhlle aspartlc and succlnle aalds produced malle¡

d!.lutlons. A1a¡lne-U-cl4 and serine-U'cl4 w€r€ readll.y

lncoraorated fnto fusarlc a¿fdo Aeetate-l'Cl4 was utf'llsed

to a leeeer ertent, whl].e glyctne-il{l{ a¡d l-amlnobuþrlø

aold were only eftghtly lnaorporated. F.edloeetlvlty fron
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f¡¡uarate -2fi{-f4 dld not app€ar 1n fusaric acid. IIo

ohenfcal degradatlons Ì?êl€ performed on the radfoaatfve

fusarlc acid.

The work of Dobson and Vining (Zl was the flret

etudy in whleh e14-tabelled fuearfc acld derived fron

feeding e:qrerlme¡fg vrag partialJy degraded. Grov¿in€;

Cultures of Ïl¡sartt& oqtho-qeTAs App. and ',j/r. lncorporated

L6'fr a¡,d TV.l Tespoetlvel^y of the radloacttvlt from acetate-

L-C14 and acetate-Z-çLA j.nto fusarlc acld. Àspartate-1{14,

aspartate-¿{I4r rralotrato-2-c14, and glyaerol-1 r3{L4

each contrlbuted about 3/' of their C14 to fusarlc acid.

The fusaric aeid obtafnad frou tha feeding elqrs"l¡s¡f,s was

degraded to dete¡øfne the per cent distribution of radioact-

lvtty fn the pyrldine ring, the butyl side chaln, and the

earboryl. group. fhe authore concluded that the eide chafn

le derlved frou aoetate and that the pyridine ring Dxaü be

derlved from a eondeneatlon of aepartate and acetate or

aspartate and malonstÊo Vlnlng (g) hae sugg€sted that the

molecule ls elaborated through eondensation of a poJyacetate

unlt and aspartfe aald, 1n the followlng uanner:

,.r"f;t
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Leete (ro¡ h.as

condensation to

proposed a slleht\y
fom fusaric ae.ld¡

dlfferent polyacetate

aE shogn below.

Ivridfne Rips Bloseneefs

It fg now waIl eetabllehed that n'ore tban one route

exfete for the bfologfoar fomatlon of the ¡¡rrfdtne ring.
In ua¡male and 1n the fungus Saurospora .crasga,, nlootinlc
acfd (II) f e qrntheef¿ed fron tryptophen (rrr) vta
Srnurenfne {fv} and 3-þdro:ganthranllfa aafd (v) (ff ).

ttt't 
_.,

\Aol
cooH

IVlrl

1\'"'^
\*/

il

-_--->
-.)



r,..lj-i ì.ì:r.. .r ì: r',1

49

In blgher Bla¡rte (12r13r1411.5r16) and certaln bacteria (1?) r

howevorr erçerluente wfth C14 or lI3-Iabelled tryptophan h¿ve

fafLed to ebow ar¡r tranefo¡u¿tion to nicotinic acid.

In Eecherfchfa ç-q11 ft bae been shown (fs¡ that a

three garboa coa¡:ound¡ süoh ae g\rcerol¡ ar¡d a four carbon

dloarbo¡gIle acid are capable of euppþfng the carbon atæts

of nieotfnic acfd. Erperluente wlth either grye€rol-Ir3{tr4
and unlabellect Buccinate, or sueclnate-2r3-cl4 and unlabelled

glyeerolr bave ðhosn that only the ¡ryridine ring of,

nicotinfc acid becomee labelled (18). Ad¡nlnlstration of

euecinate-l¡4-C14 arrd unlabelled glyceroL yielded nlcotinie
acíd labelled only 1n the earboryl group (fg).

lilhen a nlcotlnlc-a.cfd-deffcfent muta¡¡t of $. co].l

ss,E grown 1n sodla free of nLcotlnfc acidr growth waa

exlribfted only ln the preBence of cíncbo¡neronlc acfd, (Vf )

(2o)Bugg€stfngthatthlsaeldwasthetnreproeurÊor

COOH

of nlcotfnfc aeid in the organÍem. 0ther workere (ef ),
however¡ have reported the forration of nleotj.nlc acld

¡rononuclootlda f,¡orn qulnolinlc acid (VII) ¡¡¡ U. gglå.

VI
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Qulnolfnlc actd hae also been {nplfcated as e. preculsor

of nlcotinlc acfd 1n ua¡æale (22) and plante (2S). This

hae led to the Bugg€stion (ef) tbat tt rnay be a univereâ,I

lnteraedfate fn the bfoegntheefs of 3¡rridine ring eourpounds.

Rfo-Eetrada a¡rd Patlno (?A), uelng non-radioactlve

precursortsr fot¡nd that aspartate and alanfne were good

pr€curËore of nfeotfnfc aefd fn &egÞg-te.Eålg 3.Uþg-rculp-9.åÊ.

They aleo found that glycerol -24L4 wae not Lne orporated

lnto nlcottnfc acid. .{.darlnletratlon of aepartate-4-C14 to

g. tubereuloelq reeulted ln the fo:matlon of radioactive

nfcotfnlc acid rclth all the actlvi@ ln the earboryl groqp

(25). Aspartate-1r4414-¡¡1ã feedlng (26) reeulted ln

carbo:vl-Iabel1ed nlcotlnlc acld with " 
g147 g15 ratio

consletent wfth tbe fncorporatlon of one uoleeule of

aepartle acld nlnue the o4-carboryl group fnto nicotinle

aÆld'

In @åL[gg nose,tFrfum 1t has been suggasted (27)

that dfpfeoltnlc aeld may be fonned from a condensation

of aspartlc and ¡,ryruvlc aefde (scheme 1) or alar¡1ne and

o:Ealecetlc aefd (soheue 2). ïn addftlon¡ 2r6-dlaelnopiãdllc
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Scheme 2

HOOC COO H

acfd (Vfff) U*s been ehown to be a Freeursor of dlplcollnfc
aeld ln þ. uqeatarlur (¿A) eüd EgBIsl¡,[.Ig cf treo-g;!g;[¡þ (Ag).

There bae been consfderable lntereet fn the bto-
goneets of the plant alkalold nfcatfne (il[) a¡¡d the related

ccæporind, anabaelno (X). Xtcotfnfo acfd has been shoÌtn to

vill

XIX

H
5
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be a pt€Eursor of the ¡yrldlne rlng fn botb nleotlne (SO)

and anabaclne (gf). The €xp€rfmente of treste (S¿) ar¡d

$rerrtn and Grlfffth (¡g) eEtabllshed thet acetate-24L4
and oølrounde that could be metabollzed to acetate-2+14

v€te lncorSorated fnts the pyrtdlne rlng of nfcotine a¡rd

anabaelne. GIJ¡oe¡ol was found to be an ev€n Eore efffefent
pr€oureor of tbe ¡¡¡rfdfna rlng of theae alkelofds (S¿).

Orffffth et al. (S¿) ehoned that ebout one-half of the

radloaottvf@ fn the pyrldlne rlug of nleotlne derived

fro¡a acetate-ã4l0 wae located at C-5. trfore reoent]y (sS)

they have ehown that nfootfne derfved from aspar.tater.g"tX4

h,ad Ene-half of the astlvfW of the ¡¡rrfdlne rlng at C-õ.

The er¡lerfmente of Srledua¡¡ and IeEtE (SørSl) bave dsnon-

etrated that aaetate-?'4L4 lebelE C-2 and C-5 of the

Sgrrldfne rfng of anabaelnø eeual.ly¡ whlle glyaeroL-?{14

labels E-2t C*3r and C-5 equally wtth lfttle acttvtty in

C-4 and C-6. They have lnterpreted theee reeulte aB ar¡

lndlcatlon thêt tho lgrrfdlne rltg of a¡abeslne fs forÞed

froa gl.yoero1 a¡rd suaofnla êold or aLosel¡r ¡e1ated,

uetabolfte g.

The ¡¡rrldone rfng coapound; rlolnfne (XI), froa

0cH-

,tÇ.*ltl\* 2x
Cr.

XI
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4lelnue g.g6gggLg, L. 1ø apparently derlved 1n a elailar

Ertnner to the pyridine rlnga of nlcotfno and ÊnabasÍne.

Irike tbese alkalofde¡ nlootlalo ac!.d le a pxeoursor of

rfcinlne (¡ersg). July and trÍb,rlon (¿o) eupplled acetate-

2414 to &[¡i[ggg g.g@BILLÊ, t. plants and found tbat the

Iryrldone rlng of the reauLtant radloactlve rlclalne was

I'abelled exolueive\y and equatþ at c-2 and c-5' sucolnate-

2¡4,L4 gave alnost an ldentlaal pattern Ef labeII1ng.

üla1ler cnd }lendersoü (41) found that suactnat€-1r4'C14

afforded rad!.oaettve rlalulner ln wblch nost of the

actlvfþr wee located on the nltrlle sarbonr a pattern

conelstent ¡rlth the dfrect partlclpatf.on of aueclnfo acld

or a eloeefy ¡elated uetabollte. G\yoerol-1¡3'€14 and

gþcero} -24L4 lf€r€ aleo fnoorporated lnto the ¡yrtdons

r!.ng (+ZraS) tfre pettane of labeLltng etronglJ suggeettng

that the three-earbon ahafn of, gtrycarol fo¡aed C-4r CI-5

and C -6 of rtcfnlns.

Sequontfal Deß¡rsdatf oF rof the,Frridlre Elne

tTnttl 1965r studfea on the blogeneele of the

¡yrldtne rfng werét harnÞered þ the lack of a eultahle

¡lethod for sequential degradatfon of the rfng. In that

yaar, eequentlal degradatfon of the ¡ryrldone rfng of

rlclnlne was sooohpllahed (42143) and a uethod for
feolatfon of C-2 and G*3 of the ¡yrldlae rlng of nlootlnis
aofdt lrag B16eented (¡o). subeequent er¡rarl¡eente (sl ,++)
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establlehed conplete carbon-Sr-carbon dogradatfone of

nlootlnlc aefd.

The nethod for sequentlal degradatlon of nicottnto

actd aoeord,lng to Sriednan and T¿eete (ggrSZ) fs presented

!n tr'lgUre 1. Slootlnfc acld (ff ) fs reduoed vla lte ¡¡etþl

eeter (x¡r)r stth lttht¡m aLtninræ Wdrlde to 3-Fdrory-

notryl lryr'rfdfne (XIII). lv¡e aleobol 1e conve¡"Èed sttb

thforryl ohlorlde to ebl,oroaet$rlwrldine (:AV), whlch f e

the¡ þdrogenated !n the pr€tsono€ of palladiu¡n on barlr¡st

oarbonate to yteld õ'æetBlgrrldlne (ng) ' Reaotlon of xtr

wltb pheqylltthfr¡n yfelde õ-ut tw1-2-phenyllyrfdf.ne (:arr )

whtch 1e convertad to lte uethiodlcle (Xfff ). Hydrogenatlon

of xtrII 1n the pregeno€ of Adaure aatahret yfelds 1¡5-

dfinethfl-2-ph€WlplBerfdtne lXVfff lr wblch ls the key

eompo¡md ln tbe degraðatf.on. Ohro'nla acld oxfdatlon of

ICfiII ylelde benzolc acld, rspresontlng C-2 of nlcotlnic

aeld, and aoetlo actd¡ !€pr€eentlng C-3 a¡¡d C-7. A Sohtdt

degra.datf on on the eodll¡E aoetate ylelds C -5 ae COt.

Oonverelo¡ of XVJII to fte methtodfde (XIX) followed lg an

&nde reactlon uefng eodfr¡m ln llqutd arrmonlar preferenttally

oleaYee the plperidfne rfng betneen g-2 and the nftrogen

to ylsld lß. A Eoffueyrn €trhaustlve uet?{flatlon roactfon

ytelds XNX, wbtch ie then reacted wtth offilun tetroxfde a$d

eodr.rm perlodate to produeo 3-uetþl-4-phelrybutanaL (ÐtlI)

and forualde$de. The forualde$de¡ oollected ae the

dluedone derlvatfve¡ represente C-6 of tho ¡ryridlne rfngo
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Oxldation of tbe butanal wfth a etolahloûnetrlc aæount

of ch¡omi,c acfd yfelds the corleepondlng acid )ogIIr vrhlch

Eay then be reacted wtth sodfte azlde fn eulfurla aeid to

yield earbon dloxlde frou C-5 of nlcotlntc 4,81d. The

autbore found that the flnal Sclunidt reactlon dfd not go

to courpletfon a.nd they leolated a þ-product whfch they

asefgned etruoture mÌf. A.e a rogult of the lncornplete

reactlon C'4 of nlcotlnia acld wae dete:slned ÏY

dlfferenoe.



EF'ERT¡TÛSTAT

Condtttone of Culture

gtbbereil.e fujfkurof (saw. ) wr. ¡ etraf,n ETE ìÅ Bz

wae obtalned froa the Departnent of Speclal. Botany¡ $rles

I'ederal Instltute of, Tech¡ologf , Zurlc\ SwitzerLand. Tbe

fungUe wae Eafntained on malt ager or Dlfco potato-dextroee

agar BIa.r¡tB at 4Úe wlth ragular eubculturlng evory two

mouthE.

Inoou|.¡sl was prepared by traneferrfng a soLution of

the rryoellr¡æ to 125 &1 Srlenaeyer flaEke containlng oterfle¡

vater-aaturated¡ ¡ice. After 5 days ln the darkr the conldla

ver€ harsestecl þ shaklng vlth sterfle dletllled water

(60 rnl). This 6por€ eueponefq¡ rú48 trauefe¡red to a 250 ml

Erlenmeyer flask and fnoubated ott & ebaker la tho dark for

?4 houre. Ten nl of thte lnoculum wae added to ?50 !01 of

Caapekrs medfpn ln 1 lfter ErlEnueysr flaeks a.r¡d the fuRgua

wae groçn 1n tbe dark ln ebake culture.

Czepekr B tnedlun has the followlng coþpoeitlon;

Bucro6€ (4") , sodlte nitrate (OÃ%\; nonopoteeslun phoephate

¡O.t/,), ¡1agne BllE suLfate (0, OS'/"), potaselun chlorlde

çO.OS/"), ferroue sulfate (O.OOt:fr) fn dletfged water. The

pH of the uedluat ïta6 adJusted to 5.5 before autoclaving.

Ad?rlnf eü:at lon- of l€ùeLlgd C onnounde

The fun$re froæ three day old eb,ako cultures ÌYa'B
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colL€et€d ty low-epeed centrifugatlon. The harroeet from

two eulture flaeks wae r€suglended |n Czapekts n€dlulr

(SO !û1) a¡¡cl used to lnoculate f¡eeh medlun (2OO E1). Slx

flaeke w€re nogtally used for eaclr tracer axperlmont.

Aqueous eolutlons of eôdlr'¡m acetste-1-c14or -?-ct4

(etoate Energr of Canada, Ltd. ) were preperod a,nd dlvlded

equaily between the elx f}aeks. Aftor 24 b,oure shaklng fn

the dark¡ the flasks w€¡.€ reaoved arid the fusarlc acid

extraeted fron the culture ffltrate.

Aseav of Eadloao-ttvlF

Saæplee Ìf€r€ counted Xn a l{uclear Cþlcago 1.Iodel '126

lfquld eslntfllatlon spectroøeter aa deecrlbed on p' 17

of ?art I.
carbon dfoxlde from a degradatlon procedur€ waB

assay€d Ity flrrshfng the reactfon veseel wlth earbon dfoxlde-

free nltrogen and pasafng the exlt ga,seo through elther¡

(a) a eorutlon of ethanolsû1ns¡nethvl Gellosorve (r:e)

1S nf). Tbe solutfon was dlluted to a knorrn voltme and

allquots vere taken f,or radloactfve assry and Qua¡rtlta-

tlve detertfnatlon of earbon dfoxlder Tbe carbon dloxlde

content was detomlned þ actdlfloatlon of an allquot fn

a cloeed syetea Esapt vlth carbon dloxfde-free nitrogen.

The Gatbon dtto:d.de was trapped as barfin carbonate 1n

0.1e5 F barfrm þdroxlde (S rnt). The bariurn carbonate

vae oollected lY eentrffugatlon¡ pleted on mloroporous
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porcelafn planch€ta, drfed at 1l0o0 for I hourr a¡d

welgh,ed.

(U) 0,125 F barlr.rm þdroxfde (s ¡rl). The barir¡n

eerbonate was quantftatlvely deterurined ae in (a).
fhe planchet contalnlng the barlr.m carbonato, was

pl.aced, along with a cou¡ting vtal contalning 8V/" laotlo
aeid (fS nf¡, in a wlde rnoutl¡ 25o EJ. Erl€¡¡'¡syer flask.
A eecond countfng vfalr euepended on a string¡ and

contalnlng ethanola¡rf ne taretþL cello so1ve (tt Z i (f uf )

was placed fn the flaek and the f,lask etoppered. Êo

that thle vlal wae euäpendea fn the flaek. The vial
eontalnlng the lactfc acid wae tipped¡ and the rysten
allowed to etand overnfght. Tho vfal" containing

ethanola,af.ne:aetSrl celloeolve and trapped carbon

dloxlde wae remo?ed¡ toLuene ecfntillator eolutlon added

(ca. 10 nl)r and the radfoactfvfty aseayed.

Ertractton a¡nd Ïeolatlon of the ÏT¡earlc Acld

Cel.fte saa added to tbe sulture flaeks and the slurry
flltered. the flltrate rsae reduced to one-quarter of lte
voluue on a rotary evaporator a¡¡d ffltered. The filt¡ate
(e*, 400 81.) was adJusted to pII 4.0 gnd extractod ¡.rith ethyl
acetate (g X 500 ¡n1). The etlyl aoetato fractlon rrae €vs,por-

ated to drynees¡ the resfdue diesolved 1n sater (50 nl)r end

the pH adJueted to 8.0 wlth 2 ff eodlr.uo þdroxlde. After
extractlon wlth ether (25 ul) r the aqu€ous phase was



60

adJueted to pH 4.0 wlth dil,ute þdroohlorÍc acld and

extracted wlth ether for 36 houre fn a contlnuous liquid,/
l.lqufd ertractor. The ether extract wae drled wlth

a.nlgrdrouo nagneeltm eulfste¡ flltered¡ and ovaporated to

dçrneee on e rotary evaporatotr. The reeldue was ext¡aeted

wlth petrolerræ ether (S X 100 El) and the extract evaporatod

lo drynesso The reeidue was ctystallfzed three tlnes f,rom

petroler.ru ether affordfng colorlose needles of fusarfc

aeid¡ hopo l.0I-1O2eC.

Deeradatfon of, the iì¡earfo ¡lcfd

The Ìúefghte fndicated ln the followlng reactfons êr€¡

sfth tbe exceptfon of tlrree reactions¡ tboee obtalned fræ
tho degradatlon of fuearfc acld derived froæ a¡¡ acetate-l-

C14 feadlng ex¡rer:l-uent. Dllutfons wlth non-radioactlve

lnterredlates w€re nade whenever the n.r,ror¡nts available

yrere too moall for eubgequent degradation etope.

fü¡lo¡¡-Rolh Oxfdatlon o{. Ir¡earfc Acld. -}ì¡sarlc acld

(fag eg) ln water (2 ul) wae edded to e refluxing solutlon

of ehro'mfrn trlorlde (o.e e) h La'l eul.furlc ecid (f¿ nr)'
Dfetlllatf.on was started lmedlat€lJ. The volume of the

reactlon ¡rfrture waa laafntatned tV addftion of df etfLled

water througb a droppfug funnel. The dfetlLlate (fSO mL)

wae tftrated to pH 8.0 wlth 6.93827 ñ eodlua Sdroxide
eoLutfon (20.1 Eü) and evaporated to dr¡rnese. ths residue

ças dleeoLvod fn water (5 ml)r actdiflad (BE < l.) slth
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auLfurfo acld and extra,cted wtth ether (a X 5 n1). The

ether extractr coDtalnlng aoetfc and proplonfc aclde¡ was

drledr flltored and evaporated to eê. 0.5 EJ. fn a¡¡ afr streau

at tooa temBeratüf€r

Tbe nlrture of, aeetle and proplonlo acfde wae

eeparated by gae chrornatograpþ¡ uelng a copper colunn

(O ft. X 0.2ã ln. O.D. ) paaked wlth 
^ff, 

neopentyl gþcol

Buoclnate sn AO/8O aech flreb¡fck treated wlt]n 2%

phoapborlo aôld. Tbe coluun teaBeratur€ was I28oC whfle

the hetltm floç ret€ rcae 50 aL per mlnute. îhe pure acide

rÍer6 sollectetl þ bubbllng the exft gas througb dletllled
water and then tftrated to pH 8.0 wlth 0.03227 E sodlle

tgdroxfde solutfon (4.56 eI for propfonle acld; 3.52 El

for acetlc acld). Tbe so}utlong s6r€ each evaporated to

dr¡rnesa lg yjûgg¡ dlesolvød ln aÞaoluto ethanol (fO nf )

and evaporated to dryneaa agafno Treatment wltb abeolute

ethanol was l€peated, *wlce¡ folIow€d l,y flnal treat¡aent

wfth e.bsolute etber (fO af ) and evaporation to drynese to

yfelcl the dry eodlle ealte of acetls and propionlc e.clds.

qohl+t Rgactlon oB So,rll!Ð Acetatg o¡, Sodlutr Fl'oDloqeSoo -

lbe flask eontefning the dry eodfr¡¡a salt of the acid (0.1-

O.Lã rsnrlole) wae coolod fn a¡¡ foe bath, LOU,6 sulfurlo actd

(O.f nf) addad and the oontente dleeolved lðr rotating the

flagk. Sodlr.u azfde (fS *¡ wae added and the flaek waE

connoeted to a ges traln contafnlng a á/, Pataeeium

pernanganate tn 5% eulf,urfc aofd Barubber (to rouove sulfur
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dloxfde). The fLaek was fl.usbed for 2 ulnutee wtth earbon

dloxlde-f,rea nltrogerr aÐd a ea¡Þon dloxide trap of

etha¡rolaulna or barfi¡m þdroxlde attached folì.owing t}¡e

B€ruainganate Bcrltrbbsr. Tbs nltrogen flow was etopped and

the rctaotlon flaak ¡rae heated on a, water bEth at ?5-80oC for

one hour. The e¡reten rgae f,lushed wlth nltrogen for 15

nlnutee¡ af|,er. whlctr the earbon dloxfde trap wae ronoved

and anaþzed for earbon dloxfde a'ad redfoactlvfty.

Des¡Edatfon gf Motþvl,a¡ufne fro¡l. Sgbutdt Reactfon pæ

S.odir¡m åcetate¡-A Bolutf on of Sfr poteeelum peraanga.nate (5 æ1)

was added to the reetdue ¡'enalnfng fræ the Schldt reaetfon¡

folLowed fur the addi.tfon af 4Ø eodfud þdroxfde solutfon

(0.2 E1). Tbe flask wag oonneeted to the gas train¡

oontalnlng a fresh carboa <tloxlde trap¡ and was heated for

15 ¡nlnutøa on a bofllng rrs.t€r bath. îbe ryeteu was fluebed

wfth nltrogan, th.e rnater bath renoved¡ end the reection

uLxture acfdffted wlth eulfurfc eoid to releaEe oarbon

dloxfde. .å.fter fLuahlng the etretsa witb nltrogen for l5

æinutoe, the carbon dfoxfde trap EaB r€aoved a.nd tho cont€nte

anaþzed for radfoactfvity and carbon dioxlde.

5-n-Butvhrrllfne.-A flaskr eontainlng fuaarle acid

(2.95 g), wee con¡eeted to a reflux eondenee¡ End flushed

wtth earbon dfoxlde-free nftrogen. .4, gae trafn containing a

dtlute eulfurfa acfd Eert¡bbar ¿nd a eatbotr dtoxide trap was

oonnected followlng th€ condensetr. fhe nltrogen fLow \ras
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etopped, and the reactlon flask heated at 20OoC on an oil
bath. .A.fter 5 houre the ofl bath wag rê¡noved and the rysteu

fluehed wíth nltrogon for 10 nfnuteeo The carbon dioxlde

trap wae renoved and the contente analyzed as before. Tbe

condenser ltag eet for dlettllatfon and the fLask contente

dletllLed under reduced pressur€ yieLding 5-n-butylpyridlne
(2.04 g,¡ 94Ør.

Sfcotfnfc êc1È.-$-¡-$,qtylHfrtdfne (a.O¿ g)r mlxed

wltb water (SO øf ), w&B reected wlth potaeelurn peræanga.nate

(¿ g). Tba potassltm p€r¡m,figanate was added 1n 0.5 g portlone

olFer a 4 h.our perlod to the etfr¡ed eolutíon. The teaperature

of the reactfon ufrture wae ralsed to 4OoC and addltfonal

portlone of, peraanga,nate (¿ g) added after 12 aüd 24 hours¡

After 48 hoursr the exo€ss B€nûang8.naf,6 waB deconpooed þ
the addftf on of mathanol. The uangnrese df oxfde r¡ae filtered

off and thoroughl¡r washed wlth bot water. Tbo conbfned

ffltrates wsre €vapç¡ated to drynees¡ redlseolved ln v¡ater

(25 El) a"ra the pE of, the eolutlon adJusted to 8.0 wtth

dllute þdroeblorlo acld. A saturated aqu€ous solutlon of,

cuptlc acetate (50 u].) vas added and the reeultant

precipftate of ouprfc nfaotfnate f,lltered of,f and waahed

wlth water. The copp€tt Ba,Lt we's eusBended ln water and

decmpoeed wlth þilrogen sulffde. The nixture was f,lltered
and the ffltrate €vsporat€d to d6rnese. The reeld.uo wae

cr:rstalllzað, froæ etbanol¡ ytetdlng nlaotlnlc acld (e6a ryt
47%).
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Ðecarboxrlatlon of, Elcotinlc 4P;l-Ê.-Elcotfnfc acid

(ef *¡ sae reflu¡ed wlth qul¡o11ne (f nf ) a¡d copp€r chromlte

(¿o us) for 20 afnutes ln a etrean of nlt¡og€llo The

llberated oarbon dfoxfde sats Þegeed through a solutlon of

2 F eulfurlc acfcl (to reurove ¡yrfdi¡e vaBors) a¡¡d thonce

trapped !n ethanola¡afneeuet$l celloeolve or barfum þdro-

xftle solutfoa. The yield of earbon dtoxj.da ln the reactlon

wae 9l% of the theo¡etfcal Yfald.

Eethvl,Flootlnate'-Flootfnlo aald (2'e e) vas ref,luxed

wlth thteryl oblorlde (fS uf ) fsr é hours. The ernaess thlonyl

chlorlde wes renoved þ va¡uE and netbaaol (fO ¡.f ) added

cautfouely to the reefdue. Tbe ulrt¡¡6 w&B wa¡sed at 60oC

for 20 nlnutea a¡¡d then tbo ets€es &etha¡rol' ¡enoved ¿g

Igfgg. Tho reefdue rras dleeolved fn water¡ uade baefc wltb

eodfr¡l¡ carbonater a,¡rd e:rtrasted çftb ether. Evaporatfon of

the ether ertrast afforded EotÞ1 nlcotinata (S.O2OO g,

96fi1; Erpo 58-4ocC.

3 *bloFsme tbgluv rldÍ¡rg. -H€ tlryl nleot fnate ( S. OeO O g )

in dry ether (25 Ef) waa added 6lrer ê B€rlod of 30 nlnutee

to a stlrred solutfon of llthtle alrmlnr¡u Srdrlde (Z e) l&

dry ethçr (ãO B1) uafntatne¿l et OoC. Aftar 2 houre¡ rvater

rsae added to deooupoee the €æ€ee ltthlrryr aLuolnun @drfde.

Sodfr¡m Wdroxfde ealutfon (2&, 2 El) was added and the

preclpitete of eodiun alrmfnatct saa removed þ flltratfon
a,nd çaebeó sfth ether. The ooubfned ffltrates ÌYBr€ drled
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çfth Eagn€sluu BuLfet€r a,nd eyåporeted to dryness l&, vecu@

yleldlng 3-gdro:$raetþlSyrfdlne (1.?¿ e). Tbfe alaohol

vae edded dropwf ae to tbtoryl ohlorfde (fO nrf ) cooled to

-8OcC. The ¡nlxture ¡yae allowed to wa¡m to roslc teaperatur,e

and etlrrod for 1? houre. The e:@eeg thloryI chlorlde ¡ras

reæoved þ evaporatfon !g ygggEt final tracee were removed

þ diaeolvlng the reeldue fn benzene aad €vaporetfng to

dryne86o Cryetallfsetfon from ethansl and ether ylelded 5-

ohlorcøetlylwrfdlne (L.76 g, 6s%)¡ Erpr 125-12?cc.

3 -!fe tlsluvrld lne. -3 -Chlorøe tbl¡ryrld lne ( t. zo g ¡

dleaoXved ln abEolute etbanol (So æf ) waa þdrogeneted fn

the preaanse of 6/" palladfun-on-caloft¡u earbonate catalyet (S,O g)

f,or 90 nlnutee at a þdrog€n preesure of 2 etaoeph€t€Br

The ulxtur€ vae fllteredr alrd soaeentrated Sdrocblo¡fc
aeld (f nf) added to the ftltrate. The ffltrate was evapor-

atEd to dryneee¡ the reefdue dlssolved fn a mall asount of
water¡ a¡d made etrongl¡r alkelfnE slth potaeeltmr þdrod.de.
lhe eolutlon ¡ree ertracted wlth ether¡ the ether lryer was

drled over potaeeiun hrdroxfde end evaporated to near

drSrneee to yfald 3-aaetþlpyrldfae. Tbe 5-uetþl¡ryrldlne
wse dlEsolvod 1n ether (2g uf) aa¿ mlxed çfth a solutlon

of oæ.lle aofd (o.eo e) ln acetone (ã Dl) resultlng fn tb€

preolpltetf.on of the açld*oælate eaLt of 5-metbgrl¡yrfdlne

(t.ge g)¡ a.p. 119-120c9, The oælate ealt was nlxsd with

f,reehly prepared oalsfrnn orlde (1.9 g)¡ a¡¡d hoated r¡nder

reduoed pr€ssute to dletfl dry S-aetryl Byrfdlne (aO6 ug,
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æi8).

õ:SgSkvl-?-phe.mrltrrldfFe ( as, ao ) . -3-Ìfethgl fyrtdLoe
(soe ng, 8.? molee) fn dry ether (pS Þl) wae added

dropsise to a etf rred solutfon of pher{rllttbfr¡m (ez eotee )

ln dry ether (fso nf) la a nltrogen ataoepbere. Tbe reaatfon
alxture wae nelntalned beLow a4cc throughout the preparatfon.
After one hourr d¡y orqrgen wae bubbled through tho uixtu¡e
untll a íhfte euapenafon fo¡med. Tbe afrture wes treated
carefur\r wfth waterruade etrongly eLkaltne with potassltæ

þdroxtde¡ and extracted wfth etber¡ The ether extraot was

evaporated to a øaller voLrrue (50 u'I) åg vacuo end

extracted wfth 2 F þdrocblorfc asid (¿ x a5 ul). The

conbfned aefd fractfons vero nade etrolgly arkaltne wlth
potaeaftm þdroxfde a¡rd ertraotod wlth sther. fhe ether wae

reuoved on a rota4¡ €vêpor¡stor and the reeldue dtstf.lled at
red.uced ?ressuro a¡rd 160oe to yteld 3-motþ1-2-phenyl-

¡¡rrldlne (le8 Eg, ti'.gV[).

S,-He tksl -P -aheryllrç rf d tr¡g;Fe $bt od i de . -3 -l4e th¡r I -2 -
pberyl Sryrldfao (ree ug¡ sae dleeorved tn etþl acetato
(20 El) ane netÐl fodtde (2 ur) addad. rha eorutlotrr on

standl.ngr afforded 3-øetW1 2-phettl¡yrtdfno &ethlodlde¡
DoBr 185-1g6c0. (ïrtaduan a¡rd Ï,eete (s¿) report rrrpr r?g-
Ll9ce, for thf a coa¡:ound. )

r -3 -ae tfur1-p -pþer¡f,I-
¡yeldlne uethfodlde (1.2f e) waE dleeolved fn methanol (50 gf)
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and þdrogenatod at atmospberfc pressure tn tho preeenee

of platlnul¡ o:d.de (ZOO rag) for 10 b,ourg. Evaporatfon of, tbe

filtereü r€aotfotr Efxtur'o and dlettllatlon of the reeidue

at redueed presgur€ yfelded l¡3-dlaetb9l-e-phe4¡lptperf-

dtne (roo ugr 16fir.

å9,lgg. -1 r3-Dl,.metþ1-2-pbery1Þlperldl¡e (ZO uS) dleeolved ln

LØ sulf,urfe scfd (2 uf ) res addod to a reflu:dng eolutlot¡

of ohrmlo oxlde (5.0 g) tÃ LØ euLf,urlc acfd (re nr).
Ðtetlllatlon was etarted rç¡red,lat6lT. The volume of the

reectlon alxture wae aar,ntalned et about L4 6.l ¡y the

addttlon of uater. The dtEtf}lete (40 EL) wa.e elrtraated

rrtth ether (Z X 50 B1). The couÞlned eth,er e¡ctracts were

ertracted wlth water (2 X 30 El). These tnro wat€r ertrecte

were tben r€-6:Eüracted wtth ether 12 X õ0 ¡al). The coublued

ether extracte were drfed wfth EegB€alr.u eulfate¡ filteredr

a¡rd the f,fltrate evsporatad to neBr drli'neeer l¡r ggegg.. Tbe

rceiôue wae sublluedr yleldlng beazolo acfd (g.Z ng) r

Erpr 1I9-121oC. The eoøÞfneê egueoug extractE were tltrated

wfth A.O3?,21 F eodl¡g þrdroxfde ¡!O.OS at) aud eva¡rorated

to dryneae. Tbs rsslôu€ waE troatad threo tlmee Y/lth absslute

etbanolr tbe athanol belng reaoved €88h ttne þ evaporat5'on¡

!g vaauo. Tb,€ resldue wee ftnally treated wftb abeolute etber

a¡rd tbe ether eva.porated to yfold dry sodlum acetate.

Deearbo:ryIatfon of tbe eodlu¡r aoetate wae porforued ualng

the sehldt reaetfon as deacrfbed prevl,øusl^V.
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1 ; S -Df ne.tb I :3-rþenrl¡f Ìe Tl.{tne lde thl od I d e ¡ -Th€

plpertdlne derf,vatlve (490 ¡g) waa df ssolved tn etbl
acetate (20 Ð1) and ¡ethgl fodtde (2 urf) added. on etendlrcg

overnlght, 1¡3-dfnetþt-2-pbertflptperfdlne aethlodide (efg ng) r

Eopr 1?6-1??ÕC pr€clpftated.

a-

1r3-Ðluethrl-2-pherrylpfperfdfnã aethtodfde (f. oe g¡ waa

dfesolved fn llqutd a¡øonia (So ur) anit sodlum metal (0.5 g)

atlded alowly. After tbe aüsnoufa bad eYaporated¡ frseh

es.rmonla (gO uf) a¡rd eodll¡Er (O.eO g) we¡€ added, a,nd the

asmoala vree alLowed to evaporato. \lfaten (25 m.1) wao ad'ded'

caulloualvr to dfeeolve the resldue. The eolutloa was

ertracted wlth ether (¿ x 25 uI)r the ethsr layer dried

wfth potaasiræ þrdroxfdle and the atber evaBoratedr lå ggggg.

Gas oÌ¡romatograpþ of the reeldue on a colt¡¡ul (g ft. X 0.4õ fr.

0.Ð. )n paoked wltb 2Ø SE ,- 50 on 60/80 ueeb flrebrfcb at tr'85c0

and a bellrm flow rete of 60 nI per nfnute gaYe a sj.ng}e

peek w!.th qn enftrgenee tllue of 1.2 alnutoe. lhs reeidue wae

dleeolved tn ett5rl aeetate (fO of) and ustþl lodlde (S D.1)

aôded. 0a etand!.ng ovenrlght¡ l-dtnet81a¡al,no-4-uet$rl-5-

pher¡¡lpentarre uothlodlde (t.01¿? g, g5/')¡ tsopr I15-IL?oC

preelpltated.

a-

(a) l-Dtnetrylarnfns-4.aetþ1-5 -pherrylpentane nethf odlde

(I.OIS g) wae diseolved fn water (ã El) a¡ld placed on a

Dowex 1X lO (OE') aolrmr (0.5 cu X 1oø). îhs eqtrr¡rr weg
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eluted witb watsr (fO uf) a,r¡d the €luate €yaporat€d to

dr1¡ness Ig IÊgBg. Th6 reefdue sae dlgttlled et 150êe a¡ßd

reduced preoeure to ylold 4-øetþl-5-ph6r1y1-1-peag€n€

(2oo æBr SQ.4l.

(b) The ¡netbfodldel (eãO ng, ?.S9 molee) wae df seolved l¡¡

'water (fo af ) au¿ shaken for 20 ufnutes wfth freahJ¡r

prepared eflver þdroxfde (grom 0.8 g of sllver nitrate ).
The ulrtur€ lras flltered rapidly and the ffLtrate ovaporated

to dryrreee.lå Ig&Bg. the reafdue wae dfstflled at I50cC aæd

reduoed pr€ssure to yleld the pentene derlvative (225 Wc 34ßø).

OxfilatfoF of tha 4-MetþI:õ-¡bg¡s],-l-oentangr -lh€
penteae ðerlvatlve (eZ EB) wae dfsaolved ln ether (5 n.1)

aaô water (g sf) addad. Tbe eolutfoa sas cooled to OeC

and a o¡ystal of os@lrû tetroxtde (gO æ) added. sodfr¡a

uetaperfodate (afo ¡*¡ fn çater (0 æf) vao added over &

porlod of 50 ulnutee to the mptdly etfrred Eolutlon. Tbe

etirreû eolutlou was allowed, to reaot oversllght at roou

taøporatüror Sodtr¡s lodata waa r€Boved l¡r ftltratfon and the

f,lltrate ertracted Ífth ather. The equeoua f,raotlon wae

dletllled lnto a ga.turatod aqueoue eolutlon of df.nedone

(ff af )r f,rm shfch on standlng ovarørfght, tha f,o¡maldeþale

dfnedono derfvatfvo {8?.5 sgr 6@l orygtellfaed. Evaporatfon

of the drled etber ortraet afforded 3-aetWl-4-pberylln¡tanal.

IPteparad frou fuearfs aold de¡fvedt fræ ar¡ aoetate-
?,414 feeding e:çerfnent.
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3 -l[e tbl :4 -r¡bew,Ll'u f4gr o t a Ac t d . 1 - g -Ue try I - 4 -pheryl -
bn¡ta¡raI (aa. 200 ug¡ 1.2 ¡æole) nas dissolved fn acetone

(fo af ) ana a eolution of chro¡¡ftu trfo:d.do (t.¿ ¡orole)

tn LØ. sulfurla acfd (f nf ) attded rapldty wltb stf rrlng.
Afte¡ 3 nlnutes; water (20 el) wae added¡ the eolutlon

saturated vltb eoditu ahlorlde and ertractetl wlth ether

(¿ X 25 E-1). Tbe eomblned etber ertrracts wer€ ertrected

wlth ao.ueous 5Ø eodltu bfoarbonate¡ u/hlch çae then soidf-

fted çtth suln¡rfo acfdt and ertraeted wtth etber. The drlad

other extraot sas oveT)orated to dr¡rneaa¡ dlseolved ln water

and tftrated to pE 8.0 wttb 0.0S2e7 S sodlun þdrod'de

eolutlon (34.1 Dl). Tbe solutlon wag eyaporated to dr¡rnese¡

Íleldfng tbe sodfiEn salt of 5-øethrl-4-BhgryIbutanolc acfd

(roo r¡gr 0.81 ¡æola).

Schgrf dt React,lon 
, cnr, 5-I[ett8r].-4-phsryl,buts¡rols Acld.l-

lhe Bodf@ ealt of the eo3d (too ug, o'EL rrrnole) was reeotød

with sulfurlE aald and Eodlrs aafcte ss deeorfbed prevfouelyr

(p.61) eæept that the teryerature of the reeotlon afxtu¡e

vae ustntafaed et AãeC fo¡ t houro Tbs evolved aarbon dlo¡lde

wae trapped fn a barlr¡n ?ryrdroxlde solutfot¡ yleldtng barltn

carbonate (53.0 ngr a.Zl tæo1e).

0 xl d a3I g¡- of 2 -I{e tlrl :Þ,-ohe¡F-l¡ lo¡vl4g. 1 - lhe

reeidue frou the Sohlðt ¡,€aatfon on 3-uetþ1-4-phelrylbutanofc

aeld ûas dleeolved ln neter (g ¡nf)r uade basle wlth baturated

eodfim þdroxf,de aolutlør and ertractod vrlth ether. Tbe ether

artraot sas drfed wftb uagneafrun eulfato¡ fllteredr and the
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ffltrate evaporated to near drynees Åg EE4.W,' The resfdue

was treated vfth 5fr pçtaaeiu¡t peraa,nganate eolutioa {ã ¡0f )

for 3 houtsr Excess perøanganate was deaoaposed tryr the

addltlon of æethanoL a¡rd tbe aanganes€ dioxlde reæoved tE¡

filtratfon. ftre flLtrate wae acldffled wlth eulft¡rlc aeid¡

ertraoted çith ether, and the drtod etber evaporat€d ¿g

IÊg3g. The rgsfdue wae dleeolved 1n water and tltrated wlth

0.0322? E sodfim þdroxlde solutfon (9.4 ul). lbe soLutlotr

rÍa,ts €yaporated to drynssg aüd trEatsd tølth ebsolute

etha¡rol and ether¡ ae üsecrfbed lr€viouslyt to y!'old the

sodlre saLt 6t 2-ç¡l|,jþ1-3-ph,ergl'Þropa¡¡olc actd (59.1 ugr

0.51 mslo e).

$g[¡f.l-Tb,e eodlt¡E ealt oî t¡'a â€f'd lse.t ne) was treated

wlth LOVI eulfi¡rlo aoid 1O.a ul) a¡¡d Eodfu¡ ezfde (¿O ue)

and reacted ae doecrlþed prevlougly (p.Of) to yteld ba¡Xt's

oarbonate (19.¿ ng, 3"/.1.
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,{cotate-1.-C14 ar¡¿ acotate-?.-4Lû vretro eff,fcient
precursors of fr¡earlc acfd fu 9. fu.jfkurgå (tatle I).
Tbe por cent of added C14 found fn fi¡eerlc acld fræ the

two preaursors fs aluost tdentloelr both on tbe baele of

oserall lncorlporatlon¡ and fncor?oratfon per graa of

f,usarlc Ecld produced.

ÐlstrlbrutÍon of Actlvtty fn n¡sarta ricid f.{gtr Aoetate-Cl4

I'eedines

If ft¡earia acfd f e derlved frm a heed to tafl
condenestlon of ffve aoetate unlts as proposed lry loete
(fO¡r tben oarbone 2r 4t 61 8 a¡¡d 10 of tbe nolecule

ebould be derfved fræ tbe carbgryl group of acetate¡ wftJr

tho roçsl¡lng oarbone forsed frsu tbo aetBl group of

aoetate. Slnee flve asetate unfts are requlredr 6eGh labelled

poaltfon frou elther acetate-1-014 or acotate-2+l4 ehould

oontefn oae-fffth, æ ?vfi of the tota"l acttvf,ü present ,¡
the nolecule"

À eondeneatfon of aspartlc acld¡ ol Ê close$ related

metabollte¡ rvf tb th,irae acetata unlts soul.d produae a efrnlla¡

pattern of labelllng, wtth the exceBtlon of oarÞone 2 and 7

of fuearlo aefd. .ê,epartfc eefd and emraaetlc asfd are

readlly f.nterco¡vertible tbrough transaslRetlon, wbfle

otaraa€têt€ 1e forted froa aeetate; vfa the cltrio aeld

cyole or the tsXyorylate cyole (+zl. ft fe t¡roçn (4S) that
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rÂg[,8 I
$TORPOFATION OT' ACETATE-CI4 TNTO

FUSARTC "4C ID Br g. gurrKmoJ

Speoifio Dllutfon Incorpo-
Compound Yle1dr - Acttvltyr - of ratlon
Supirtled g d.Þ.tr. /woLe Spectf ic

X to-6 ¿ótrvltY f"

Xl¡earlc Aald

Aeetate-l-cl4a l. oB4 l. o? Blo 12.9
L

Acetate-2-çL4" L.427 2.0 2?õ 15.1

e5 x 1o? d.p.m.l 8.5 N Ld d.p.&. t/wrro:.'e.

b1.06 x !.08 d.prn. i 5.5 x 108 d.p.!t. ,/rrrro]-e.
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ths carbor{fl group of asetate ultf¡¡ateþ forue the

oarboryla of oæ1ao€tate, whfle the æetlyl group of aaEtate

forme¡ ¡rretlouf,nantllr catboEs 2 and 5 of oæ.lacetate. The

.:,,,,:,;,:,::.:::,i Cafboryl group of aCetate woUld tberefofe fo¡A oerbong 4
':t.:t..: ì,

and 7 of fi¡eerlc âcfdr wfth the aet$rl group of aootete

fomlng ôs.rboua ? and 3r

4p Ac9tete-1414 I'eedine ETþerlasat

frs aetusl dlstrlbutlon of aotlvlty ln fuearfc acl6

derfved ftw aoetato-l.Cl4 fe Ehsç¡ fn Table XI, The

epecif,lc aotivfty ?ål¡res reported are for rmdlluted

aatarlal.
fn tbtg ar¡rerfaent¡ ?6.4ø of tbe actlvfþ fn fusail,o

eold bas bean êocountod fo¡ lry d!.reat assay of tbe fnôlvld-
ual oarb Ør¡6o There wse not sufflcfønt r¡aterlal to dote¡æl¡o

tbe per c6trt aotfvlþ ln O-4 dfreotly¡ and; thereforo¡ tbf e

Talu6 wa,s ealouLated þ gubtraßtlng tbe ete, of tho dletrlbu-
tlo¡ of ectfvftfas of çarÞone 2r 5¡ ír 6 and I from thø

dfstrtb'tltfm sf aet.lvtty deteralneê fsr ¡lootlnlo ¿old. The

total aotlvlty accounted for le then 9#. The per oent of,

the aotlvlþ fn the oarbo:gl group of fuearlo acld n4r ba

low, ¡rhloh smld then aoeount for the reaelnfng 516,

. IAe dfstrlbutfm of aotlvtttr lu fusarfc a,cld

derlveel frm acatate-l.Ol4 !.ndleates thÊt oarbme ?¡ 4¡ 6,

Ir and 10 are der!.ved fræ tbo carbo:gr1 group of acetatE.
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B. åce!eta-2-cl4 FeedtgF 8x¡erl¡aent

Tbs cttetrfbutlon of actfvfty l¡ fueerfc aatd dertveü

from aoeteta-8+l4 fa ebo,úr! fn Teble III. lbere te 6511 ot
tbe aottvfty fir fireerlo ecld ecoouated for þ cltroat asary

of, the X¡dlvtduql oarbons. An atteupt to dete¡alne C-11

direotly tgr o=ldatlon of the æetÞlaatner fsr¡¡ed fr¡n a

Sshtdt ¡seotfoa otr sodfiæ acetate derfved froø C-10 and,

C-11 of fusarlo aold¡ wag sot sucosgefi¡,l. Tb,e eetlvttf
f.n C-11 sae thsrefore deteral¡€d W eubtra€tlng the

dfstrfbn¡tlm of actlvLtf obtalnsd for C-10 fræ the

dfstrlþutfæ of aotlvfty obtaf,neA for the godlte acetatoo

Tbe per cent acütvtfy l¡ the lyrtdl¡e rlng and C-8

vec celoulated æ the bagla that 5O.4 of the aottvttf
¡rreeent !.n fi¡earlo acfd fE fourd ln thc 5-Eet$l¡¡Trtdfne

uofety. lti,e value ua¡r be lov beoauee¡ tf tbe radfoactlvlty
ln tbfs portlon fs oaloulated þ eubt¡aotfng the radfoactXvfty

fn oarbónø l¡ 9s 10 and 11 frsø LÙVl¡ e value ot õ7.8fi íE

oÞtal¡ed for 3*etþllyrldine. I1ro dfEt¡fbutfon of acttvlty
ln carbone 2t 3r 4r 5 end 6 then becøeg 13.1¡ 11.4¡ 2.õ4s

1,9.2 eac- O.W6 respeatlr€lirr vbtsÈ te aloeor to the expected

dlstrlþutioa"
If oarbon e 7 t 2t 3 and 4 ere fo¡med f,roa a four-oerbon

dlsarb:glfc ecfô end oontain $Vl of trl¡a aottvlþ of fuearie

aold derlved f¡oa aeetate-?4lÛ, tber the ¡rer eont

oontrfbutfoa of each oarbon would be 6.65, 13.3r Iõ.3 and

6.6â res¡leotfvely. The roasoüs for e¡rpectfng theee vsluee eret
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DTSTRTSTÍTIOS otr' 4CTIVITY T}T Tffi DEGN^åDA:TIO}Í FROÐINTS

Otr' ruSARIC .qCÐ SS']ÍT}ESIUEÐ TA,OM ¿CETATE-E{[4
I':T G. TÏ]JTKT]ROI

C o¡rpound
C arboa

ïfo.

speclfle
.{ct1vttYr

d.PrEo lfuole
x 10-5

Dletrlbutlon
of, AotivlW

^t
7b

5\¡ssrlc aeld

Barfizn carbonatea

sodlr¡u aeetateb

Sarlum earbonateo

Sarlu¡¡ oarbonatad

(Þ ¿rrgerenes )

Bari.r-m aarbonate€

alL
,l

lOf1l
I

10

1L

I

20r o

0.89

5.6

3.94

0.12

100

4n 46

I8.0
19. ?

0.6

L7.4

0.00.0

*Obte,lned from deoarbo{rlatlon of fuaarlc acid.

o0btalned, frou E Sohldt reeotlon on sodlr¡n
proplonate.

acid.

bobt*lo"d fron Kuhn-Both oxfdatJ.on of fuearfc a'cid.

dobt"irr"d from o Schtdt reactlon on sodirm a,o6tat€.

e0btalned frm the decarbot$rlatfon of nlootinlc
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TABÏ,E III (contlnued)

Counound
Carbo¡

No.

Speoff,lc
Act tvlty¡

d.po&e /woLe
x 10-5

Dletributlon
of Actlvlty

76

5-Mettryl¡¡rrldine

Benzolo ecldf
3arfum sarbonete8

!'oræsldel$¡de
dlnedona

Barlr¡m carbonatoh

Barirmr carbonatgl

2 r3 )4)
õr6r8

6

5

10.0

0f 08

3 r34

2.1

2.O

0.44

50.2

o.44

16. ?

10.5

r0.0
2,2L

2

$

4

foÞt*lo"d from Kuhn-Rot& oxl"datlon of, 1¡3-dlnethyl
-2 -pherylplporld l.ne.

80Þta!.ned from a Sctaldt reactlon on aodlurn aoetate
derlved from Kr¡hn-Roth oxldatlon of 1rõ-dlrnethyf-e-
phenyLplperidlne.

hObtafned frou a Sobmidt reaotlon on the eodÍun
ealt of S-metþ1-4-phenylbutanolc acf.d.

1CIbt*tn"d from a Sclsnldt reectlon on the sodlum
salt of 2-mettryl-3-pherylpropanolo aoid,
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I' TÌre glyo¡glate oycle €ngilnnes ero probabJ¡r non

exfetont or of leaet !.noperatfve fn thts organlø, wftih

glucose bclug suBpl,led eB a earbon souroe (¿g).

2. fhe equLllbrtra dietrlbutfon of labol 1n o:ral-

aaetate derfved frou acetate-e-C1{¡ rla the KrebrE cyole

rs (so) l
Eooc-eEz- go 

-c 
ooE

t6.1y'' 33.816 33Ãø l:6.7Í6

Tho labelltng Battena fn fi¡sarle acldl derfved fron
aoetate-âûLf fudtoatea thet oarbons ?, S¡ 5r I and 11 are

derfved fræ tbe setl,{rl etrou} of Eoetateo

Blone¡oEfs of F¡¡erfa Aafd

fhe evtdense ?¡eEonted 1n thls sorb fndfcatee thÊt

all the eerbone of fi¡Earlo acld are derlved fros aaatate or

olosel¡r re!.ated uotebolftes. Tbo patte¡n of labelltng al'so

cuggeets that the tçgraülato Breoursor of posltioüB lr 2o 5t

4 anô 7 of fuearfe aGId uay be aspartfc aclô. The role of
aspartate le fi¡r{tbe¡ etr€agthsned try the faot thst aepartate-

L4L4 wae found to oør¡trfbute aotlvf@ snly to the aarbo:gl
group s,nd ths pyrldfne rlag of fuearlc aofd (f ).

The contrfbutfon of aoetstE te tbe foæøä!,on of fuaarlc

acid le sr@arløed ln tbe follorylng dlagras¡
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¡ox cH3cooH 

--> 

o
HOOC

The experluentel reeul.te a.r€ consfstent sfth.the aepartate-
polyaoetate S¡potheefe (g) for fuearlc a,cid fots,a,tíon a¡rd

not wf th the potryacetate Spotbesle of, teete (f O).

Ae an oxüenslon to the Dolgacetate-aspertate

condeneatlon¡ ft fs posefÞle tþat aepartate fs uactlvated¡
prfor to eondeneatlonr to þ-a,lpa,Íffl phospbat€ or espartto-
p-eenialdeþde, ítrlch are honx inteløediatee ln tbe

fo¡matfo¡ of hmoserfne fn SeuraEuoqg oreqqa (61) a¡d

yeast (62). It fe aleo probable that the polyacetate untt
le tn the fçzø of a Coen4rare A (goA-g) eeter at the tl¡ae

of sondensatfon. The condensatton step uay tben take place

ag doec¡lbed below¡

---+
HOOC

'H S-CoA

x= -OPO3H ror -H

èn
LY;-x
r-"h-cíl"Þçí

*oo.-L¡)-fr-O roi\\-1
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A etu{y of the blogeneef e of fuaarfe a,sid nas

p6t{o:med ty supplylng èo€tate-I-cl4 *¿ acetate-2'gl4

to eultur€ Eedla oontalnfne E!ÞgÃgLþ fuitla¡rof (Saw. ) Wr.

å,fter 24 b,ourg lneubatlon wfth the Cl4-1abe11.ed eubetrateer

fusarlc acld wes feolated frø the aedlar a¡¡d the

dfstribmtfon of actlvlty la the molecule dete¡mtned. The

f,ollowlng reeultg w€re obtalned¡

1. Shlrteen per eent of the added g14 fron aoetate-

L{14 \f,as preeent fn fusarle acld; wbfle 15% wae for¡¡d'

ln fuearfc esfd frou asetate-a.elå.

2. The per eent dletrlButloa of aotlvity ln fuearle

aold frorr the aeetate-l-614 resafgg waa ae followe

(Atetrttutfon shown fn parentheeee): C-2 (2.t)¡ C-3 (2.0);

c-4 (ta.o)¡ c-5 (O)¡ C-6 (tg.s)s E-? (t¿.zl¡ c-e (rs.4);

c-9 (o)¡ c-10 (ls.t)r s-n (?.s).

3. Tbe per cent dfetrfbUtlon of sGtlvlty fn fusarle

acld fro¡¡ the acetate-p.Cl4 feedlng was as f,øl1owe

(alstrttutfon ehowr fn parentÏ¡eeee)¡ 0-P (lo.s)¡ C-õ (ro'o)¡

t-4 (z,z)¡ c-5 (10.2)l C-6 (0.4); c-? (¿.s)¡ c-e (o)¡

ê-9 (lg.?)¡ g-xo (o.o)¡ c-11 (u.¿).
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