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The bloeJD.,_is el 88l.ected cyanogenic glueos1des and glucoa1nclates 
dling shoots (14rg.e if'1 · tiB!jnue ) 

1'AII"'e aaed 4!Diduaively to a1Ddy 11nanarin biosynthesis while pl"Wlnsin biosynthe-
aia studied in loth peach oots (m.u..ts pgmica, & tsch) and cherry laurel 

ahoots <l• ) .  Iaoprepylgluccainolate Old benzylglueosinolate 
aftac!l'ed ill 8CQJ."V)" grass eeedlings ( Cacbl.earia atN.cinal L. ) and garden 

creaa aeedll"& aboota aatiwm L.) respectively. 

� 8Dd 14 administered to plant tiswe. Thl cpantity of c�enic 

gluooa14es dete.rminad by � �gen cyanide following eneymio h,yd-
1"01ysia. The specific aet1 vi 14,y ar cU.lutian d the l.abel.led conpaand at'ter 
incorporation into the glucosidea 

isothiocyana ' 

taiDIId by enzyme bydZ'olysis ot the 1nclates, identU'ied by cxmveraion 

to ttd.Guree. derivatives. �-er. -and thin layer ohramltcgraphy enl elec� a 

uaea to .-.arate �w:'l�tUe raclioaotive • 

leolut7ftlc1DZtLme-U..14c. 2-cud.m1Doisava.leric aci4-U-14c. isobltJIZ'01'li tril.e-
1-t4c trne-1-1'tc all teci in� l.iJiumrin 

t 1M-u-14c. By at 1� labelled 

t:4 .t.aobl�!ll&:alliae 
.-dA mtact t.lllr'1Ea' the calftlrm.cm 

���������MW' � 



l.ea&er extent. 

Di trUe moioty d iAf."tA.uJ:WII.w... 

tly CODVES"ted tD pi'UmSin. 

�· Both � and --t,rar:d.tdle 
1Jl abaota L-valiDIS Uv 14c. 

w. 

t with acid 

aunan fiE tbm L-.a:U.Il0-U.1 ea" L-

pberw� '4c. �eri.c Nn�·14c waa not ai.gn1ti Uy 

1n 
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�ulds even within the c� of the plat. ldngCtaa. llc1h'o7 (1,1) 

� defines �a1dea aa a.n u-... r:1 � o,.uc tar:ma r1 aua..,. 

la 1lld.ob p ot the .agar 1a .u-

... b7 OtftlelwaUoa wi 1h u al. er (the ) to tWill a 
h..t .. taL !he an the �-- tly 1n h1a mGIIOgrapb 
he at .... ..a the D11Dleoat.4• .. lee ot 11-glycosidee and � 

� gl•oalmlates) aa •• ot s-glyooai and th � 

In recent years a 

the 

al¥'"a1e aupr C a 1a 41reo'Uy 14 nked to a C atom � th � 
la almat. all caaea gl;ycoaidea bt.To the ,8-ooDt'igurat.ion altbo'Sh 

tlw o<. -al,coa'd'o linkage doea occur 1n a. "'J'iber of pol.,yaaccharidea. 
A� atunl O·III•D4• 1lbere t.be li"*"&o :la not to tbe anc:�CDSrJ.c c a.tom an 

m- alld. thaee Wll14 tall cuta14o t.ba abon clet'11d.tiolaa • 

.llraD.nJ,y .... 

t.a .... 

-



la tb1a lawatlgatlcll part1eular attontian 1a 41rectecl at a at1143' or 

tbe bi.eepthuta at o�c gl.Jooaid .. al1d gluooe1nolatea u *DJJt)l• � 

t.wo tiaUaot mt poaaib]J related.� ot glJcoa14ea. It will be aboB 
that a particular rela t.1onah1p bet.wcm. thue tow OlaUIP U.. � ill 

nature and b1 eneaia � the � 

1. 2 GensmJ. fw!;t.1.s et fllYSWtM 
I"Cle f/4 gl)eoa14ea 1ll Wa plaata ill a � open to 

la1ilcllk Well tWiDed •taboU.o role are kDotm �or cmly a� �14!88 aDd 

_, .tJI theM ean be eaaenUal � V. growth and metUoli• of the 

pl.ult. �lea tnoltale the DIICleoal4ea 1lt4ch occu:r ln all li'd»& wgentau • 

... )IIMmolio sl,oaeW.. .aoh u coniteria and eJringln llhieh appear to be 

lmol.� la lipln bioa,Dth 1a (Neiah, 1�5), or the gl;yaol.1pida wh1cb -.y 

ut illllla1nta'"'• the intosrlty or higher plant chloroplaat l!lfmlbranoa. In 

OGDtnat tM .,_trictecl � fl a e01W1.derable number c£ g)JooeW.M 1Dc11-

•tea t aD,7 are DOt t1al. hr bu1c •t.aboliam aDI1 gJ'Oirtb or the 

pl.anta. U.ae are Gften � to be aeocadary metabolitea - a dNcripti.oft 
wtdah � be -wltc to 8IUl7 pro!hlota tba t an not gl.ycoaidea. .U the 

,....•r•Ual •toure fl · aq 'be cleaoDatntM it 1a not c.ten1e4 

t 7 � haw  a� eft'eot 1D pl.aDt. �. � 

lar. �be�- ,.... plnllt 
aeallBBlaUoa _. t.n:MJ.-."a.c• 

.ooted D'ti<;PtaS"J� 
pJ.ant u.a . 1a ... ....,. 

It - &ii,JIIDOIWU. r-1---

·tdllaU.I•ta a 



' 

It ita ,_ .adely acaepted that tbe t"cmaaU• o£ O..�.W. bGDU 

� i.Dvolwa the � et a __,accbaride tmit 1'rora a nucleoaida­

.5'-dipboapbaw augar to a au1taW.e eoceptar {latlldd, 1'967). Dab t.7pe or 

n.cUon appli.es ®t oDly to g� ld.aa7Dtheala lut ai.. to tbe IIJ'DOeai• 
et polyaaocharl.dea. A t"fflff """'"1'1•• are li:DDim where gl,ycoaW.c boDCla are 

t...a by ether transfer � meh u glJcogen � tlcm 1"raa 

o<·D-glaoaM-�te by the acUon cl a �laae (Cori. 0ar1. 1f9.0) 
or � � fl'oe plaot1Dol ud raft'i.mae (Buaid, 1�7). 1boae 

... aceptscma to u. geneal Nle. 

Die tint d•,..tn.UGD cl what .my now be recogn1ee4 aa normal gl1cca14e 
bl08l'Jl� -.. the tOI'IIIat.icrJ. ot" o-�1-D-glu�e t'rom o-ami.Do­
:pbeaAl 1>7 tuttoa aDi Storey (1,51). SiDce then a large numbc- at s13Coaylation 
reaatt.cma haw been aWJ.ed which U.OlYe Yarious IUCleeaicle-5'-diphoapbate 

...... 

1'- :1'--. t1an ot gl.,JcGeictea w1 th dieaocbarlde or WeB largar 11Q88.1" 

g&'Q1p8 :toll.awa .. pattens or � (;I �S4e 1'nDa a DICleoa14e-.5'­
clillbOIIIJbat. ...-. .AA evnpl 1lb1ch 11Ja'¥ be ual.ogQaa to the bioa)'atbltaia fl 
a���Vadal.ID ia t�:�e tema or �J.-s :Uobiose aat ...w.oe �- (tmP) 
rna tmP-D-gl.uccae am pbervl-gl.uooatlle b7 • aet1oa or ...,._ b'OI8 t 

S ( fiJDI\}la and Cardia:li• t� ). SSndl arq• m till � 

tin by the tr'analter ot gllliiCOI� 6'aa d. 

---· D-siliiCI ... tallowe4 'bJ" ol L-ztt.. ... -- IJWioooL-jdla1_ .. .. 

t1Qid4S.. a;-.pte L-r!balll�t.. 

). 

-��ilea o:M;II•--. � 

�����--���--1�b--



--llP -*"' (c.n.. 1"') • 

• .,. U.*'le a'tlallY .. 
( 1 ) law ct.m-._..tell an _.yme Qa 1D 

C�l)gtlld.O �-llb• .-c-. 
Cllbla.c.-�NI J:l!al» all a.pabl• 

4 

.swu f3 -...�.a- loftll*l!'ll: m ..u .-u.ea .... � Kto�...--

-. . .....,. - .. .w... .. f> -....�10� 4el:!bats.w. 

...,. ....... DetaUa on tho � aat. Geii!IBP.I"ttl!!l!!e or 

.w.1 �-��tea .. � b,- ( 1"") and { 19SI). 
A � 

(1"'). 

U. -ldftl¥ clia1:dllate4 �a&WIIIda &1J't_..4M are UD._rill (I) 
1otaa8tAUD (II) �a 111-IU �• tllRMibe \adi.Mr• 1�). tbe � 

L 

• .c J 
I 
0 • PIDQJI!Jft,_ .. 

- - . .  

- c - •• 
I 



Glycoside 

Acacipetalin 

Illurrin 
(Phyllanthin) 

Gynocardin 

Lipa.marin 
(Hlaaeolunatin) 

Lotaustnlin 

P.nmasin 

� I  CYANOOEN IC GLYCOSIDES 

Aglycone 

dimetbylketen 
cyanohydrin 

D•mandelonitri.le 

a cyollc cyanohydrin 

acetone cyanohydrin 

methyletbylketone 
�in 

Di-liiU'ldeloni trile 

Dr.IrB.Meloni trUe 

�del.onitrile 

5 

Sugar 

glucose 

6- j3 -gl.ucosylglucose 

glucose 

glucose 

glucose 

glucose 

glucose 

glucose 

glucoae 



All U..ted 1n Table I are .,:Uuted Clll the c,_ab,vin 
h;,tdroql • JbreRi a �ndelonitril �· haa be. Iepal"led. 
(Abrol et Al•, 1 96') where at U tuti.on ia cm tile �l. gi"'ttp u & 

oo equ MC it releaaea hydrogen c,.m!de � IICIII'DB1 �4do cU-aaoot.aticD 
withcat en&yoic troa. nt.. � 1llb1ah 1a not inoludecl in Taw.. I hu 

d scribed u D• L-candelpniVU..D-gluooatd but aboala ,... pi'OJ:IG'l7 be 

aa Nnt � aa OCCI.IlT1n& 1n • J..ayee 
.... L.) <�. 1�) bat 1� has 81Dn bees llho. 

tci'ID84 b7 SUU&l �tt at prtJIIU1n Cl' ambnnigrin nl&Uftly 
aUd OODtUti.ana (l'larriG', 1'35), and thi.s ma,y have OCCII'I'ed during the crisiDa.l 
--.Uoa at abatzy launl leaftll f'rom which prwaetn haa aiace iaolated. 

Aa OJUOgenio gl�, l.otuah, .... reported by IAmatan and 
._,. ( 1 �) to aocur ill tb aap lg$!.11 ep.b1ay aDd to yield toae c,ano-

hpi.a a.Dil lotatlarin upon bJdrol.Yda l:u.t recent wrk b7 Abrol. and Cam ( 1965) 

.. oaat --- daubt upca ita ez:lat.ee. 
ol.ear patt.D of 41airilad1aD c,am-

--"'� """i51.-c plaDt -.- baa e&�. aeeaa or ... 

�SU.ia �-

4alla 18 aocum.U.ated iD ...,. 

19)0). the gl100dda �· la ftl�t.,,. Dlar'l:a 

atw 
). 



I�bu 

a aJiaaltl� •IICI&'Itae ,._. � Jd.�dll - a Z'Dle 

c-:1e � .. me-n. 

a-lo�ia�--ia .... 

7 

la tl!ld.c to mat orgrm1a. at Mlatl.ftl.7 1.- oc:a.-ati'&U.. ..,llof;ll, 

• td.pU1cult COIJIIIal r!UI� la aU ·� 
OJJIB!I:Il•IG al.JaGJtdea. J. �- .. uaNC NJ«ta 61&11- &hm14 

clSieo'*l a poa:tMlli;J" till CJaJ!logtmD � be4.Qs � � la 

the poteotlca f1l a. plulta aaa"'•t a apeova at par..S.tu. JoDn 

('tf66) ,_. tbat 1D I..o1M ®miaal!tp 1a a � :tactar 

little ..rtwo.t ea at 
t IDtlul an aaa�g tbe "f1C7 e.. •aS•la wtddl aft tbe11118lilt.1:na � 

(J; tt 11 •• �). Sa. � an a1ao (Blua • 

.... �1-'). 

... 

8Dil;10illll*-· o.J8110-

-�ptv--( .1 t 



trobel, 1"') poea1bly ether l aable � CCI1IpCIIIIda. 

8 

:t1azv � plaata haw been abolm to eontaiD eu,_a 

htr .. � or the g)Jen:lAlea. In ..... aeqaenae r4 ena,mlc 

atllpa hltr a partiGu1ar glJcoeida h&Ye 'been d418QDatrate4. 'r&pulain" 

.... _.. "'lo�Wi:i� ... Slrdll!ra Beleoh) taiDa at l.eut f3 -gl.IICONM?IS 
(Bel.t'erich an4 IJ.einaobm14t, 1968} wldGh haw 

�is invol.v 

pi'IIDUin. bydrolyaia o£ pi'UIIUift iD L wndalonU;r.Ue D-gl.JaGoee. 
n-ny e1eavage o£ L--.ndelonUril.e to 'beual� aDd � oyud.de 
(S.t r n aD4 Knight, 1,07). 'Dda last •••••1ble I"M4tion ia cataJ.7aecl b7 a 

·� atyaitnlaae wbicb ia1aa a 1"lann pros tic gi'Oilp, FAD, 

(Beak , U al., 1963). Shdlarl.7 tbe h,Jdrol,yaia of cUurr1n requires a (3-
glmoeS4n• ard the n1..... h3'drogen. eya:Dide 1a again ea. tal.ysect by an ox,y-

Jd.trna.. a1 th1a .. ,_ 1'Jrcm � cJoea not. contain t'lavin 

-r.a...l'tioMIPJ (s.eq " al. ' 1 966). 
t.1er 1$ el., ( 1965) atwsted the � at linen t'laz (�� 

!lfiMUa'• L.) and 1lh1 te clover (� repens L. ) am tOWld a {3 -gll&oo­
G.CI ... 11111 Ul )liU'Ual apec1ticity to l:1a:laaar1D and l.etauat.ral.in. .Ilowwcr oartain 

'tUUUaa f1 111d.- laok Udal aft1Yit7 (CcckUl• 1�). aDd 

ftti .. IU.tli� plaata -.Jt 

� -gliiOCIII� .. •:tna• 

acn;r.�� to�.nla � _. ... ._. ... iD 

.... ... ..... 11114 

···fill�,... 

111 .. 11!. Mii'U'IIrUCID � 
..:Alatoae 

aa aU:r.lbi:Uil w a # 41.-MIClblla.-



' 

o,ano c ea as be 1a:t 1'fta iilGDa v. .aJaeeql*l 
.-tabol tm at the gl.yooaid•, �1.7 et o.JM'cle. 

l.nterut in tb mriaboliP fit ill hi .. plants_. 
.'tiXIIIl&Jl it -.. DDt incai:)IC&'aW iate � 

J�.W��W � , it wu --.tWtly aid 8ped1"1oal.l3 eamr«"ted to aar1cie 
� oe � (lt1-tbal,..Go)4110bm14t ,, M•, 1%Ja 'faeb1anah, 1S64). 
� 1Jl L.) _. b • c,udde COIJirerW a 

:tt.r .........,_. t atDd1ea ( , t al. • 1�}J 
!WieD:, 1"5) .._��boa tbt.t 5-c� la an 1ntermed1a.te 1.n the� 

OULCID fttab 1a (5-gla 1)-J-coanoqlam•. metaboliam � � 
o;JUi4e � to  � atepa occura 1D a !W!J!ber ot plants, illoludillg 
Cblc!!He. DOt bel.Und w bo cyanoge:rd.c. .,.,_. far � 
ld.OII� law atudied trom ft1"1ccl&a planta by Pl.ou tt tl• • (1!'65), 
De+tU ur1. (1"5). ad �  (1'"). 

The metel:lo.l1n ot � cywdd.a 1D 
Strebel (1%6, 1967). An nmdeDti.t'Hd paJOhi'OJihiUo �-.�id& 
J:II'Oc1ucce su.rtioiont h3droa• OJ!Mdd• to be tad.o hollt plants, aa ..-.a to 

1-aarbC.V.. 1 szoagpa 

tat'M'II -�· eapaN.e ot oa.� St:n-

Z...Id.D�IPS...a.tril.e and ao14 boca 

a.ld!N&4• �,._-. -•• aDd. aoetus.bi,a. 
the lllllloi!IIJ •ldd:a,. 

J) 



1 a General glucosinolate structure: 

N-0-503 
11 

R-C 
I 

s 
CH20H 
A---- 0 

OH 

1 b Gadamer's structure for 

s1n1gr1n: 

.. FIGURE 1 STRUCTURES :EROPOSED FOR GLUCOSINOLATES 

10 



� at g)JaccM.'I110l•tea• 

UMU reoeatly tr!:ri.al __., e.&• alJd.p1a tw allJrlc"--\nolate or 

gbv:&tropaeolln i?or Den.tsylgl•woeiDolate ,... 1a ....-. Ia ta. l&H � 

,._..a eonsicierabl.e nJll'Oftr of the8e � t.a been� To •1wplify 
-1111a. the •emiayat�tt: term •glnooatDolate" hu beea. 1atn6aoe4 b3' �u.s-.rr 

lla� ( 1"1} and w1ll be 1UJII4 iD thla tbu:l·a. '11d.a S1WP bu elao 

retesed w .. •osOI],VMWH•• • •Dilll-.. oU glJ!OMid•" bue4 ea tbe �. 
•l:theagh an UDlftNal OCIIa.ll'nltiDe at -.olaW.. �--. l .. e • 

.. �-f/1��. 
All gl,.,.,nola tea CJC�CMr aa salts, unally of potassium lu� other b&MS 

Ml.t at p-�ylglueoainolate a.n4 aiaapin, the cbol.i.ne eater d 4-� 
,.s-cu-�•-""c acid. Some glueoetDOl.atea haw been _,.+.el)1Md u 

qaa� a wnua aalta and are .ao"t ot aatm-al arlgin • 

.....,. ( 18n) ang!nelly prc.IJCH4 a � tor alqlglaone1DAlate aa 

&lJu.in.t..a. ill � Ib,_ cb1etly 011 the buia tba� �1. �- aa a 
prodllot � �. aaa t aUwr 1aaa oleaft ott alDacee, tNU•Ung u. 

tht..,..tAe ,........ 11da ture .. � .. alql � aid 
llll.plm- ha4 preY1owll.y al.so -- f .. � at a1r.d.grlD -

(l) 
(U) 

s..otllto-

a1tlna.Uw . or al....-..... � 

ll�lml"W 2. 



N- 0-SOj 
11 

R- C 
I 

S -g luco s e  

12 

Enzyme ( myrosinas e, glucos in olase,  
or  t h iog luco s id ase ) 

N-0-503 
11 R- C + g lucose 
I 

SH 

pH 2-4 R- NCS + HS04 
( i s oth iocya n ate) 

R- c N + Su lphur  + .Hsoz 
<n it ri l e )  

FIGURE 2 HYIROLYSIS OF GWCOSINOLATES BY ONE ENZYME 



I 
I, 
I 
I 

�-� ,.......,.,1 cont'J.gun.Uon ._. -.ggeaUd b7 Ml"1iar wadt 
( 1a.r n al. , 1'30) the reft& st.ncture baa 'balm contUmeil 
by the �tbeat· benaylgluooalnolate ( w.ng and lwl4een_ 19.57). x-aq 

t1an � .. all71 gi"QQlp the aul.pbe.te �due � allylglneoainol.ate .. 

the cli�ty ot � aDd the diatri ticm td.thia 

f"...SliM ... rerined by K.jdr ( 1 '")• A.ppruilately f'1tV 4Ui'el"mt 

A.a Sa tba oue ot � �,ooaida DO g...._lih are poulbl.e 
._ � et glwON'•lat. plant argana. � la a • 

bat tea - to high OCIIliCel ... 

n.t.e 1a aDl .-J.ag 
cme gliiOOdDDla.te u4 � 

.-u.moa � aam:ar .,__.._ ara.- � tile one pl.aut 

Stllllalk. � -"'�� 

aoa.-utial et &111-.i.DDatl• 

... t . J); ........ 



'ltio M..,... X'AD&• ot � oorrplioatea a 

alHUaaion • t.M poealble rolea of glllcosinolatea wi� the plant. � 
f'rom epoG14t1.on aod only on eaDpU1.11011 etb tbe way ill 1ildAih other � 
•tabol.itea &en, the-e 1a little ayateaUc ftldeiiDe tar· ..,ecJ.t1c I'Olea f/1 

gluooainola te • There ia no n1deDce to ahtJir t glucoa:l nola u aGb haw 

a 1MDet'toSal. eft t in the plant. Ildeeclit haa been that eel"ta1D 
pcu1Utc insoo have their f'eecUng aUnula'W b.Y tba pruence � &Wooe.tno­
latea - a a1tuat.icm '��here 1:he g�iu � to be ta.ug aD WJd�e 

e:rteot. 

IIUlpbaw aa4 piDOM are 1athtoc)'8Datea. nitl"il.ee, al'ld aJlpbur, alld. in a r-

caaea arpn1c �tea. te stud � mixed with •ter haa 

alJio � ..U 81101Ulta ot N.s--a,1(p-b�l)ditbioearbamate• pze bly 
t!rom �ylglucoaiDol.ate or ita •',.Uer �·products (JawakSshi 
d '*·• 1'67). dith1ooarialate can be f'Ur\Mr t.o ti-� 
laeuiYl) •••l:pb'dl'• p-�lamine. p-��ayl e.l.ocJbQl a.l!ld �-
•alpbiu. 11d.a GUII:IiM-G c1ep"adat1on Mheme 1187 occar wJ.t;h o"t.bal" g11aooaillclates. 

uc,_L-Oq:JIU!r&'t.a _... g� reaod.Ye u4 11i8JP 11pC!Dt4,..aal;r t1111Cl181'Jlto 
ftnoo+.h!IP reaot.t.o wt. .. ,... 1DG1114S.. .tr. .-t.Do IIZOIIl* oe Jll'O • to si" 

lao�OQ&Mt. w1 � 11#0� 

�lllAIWira 1"9). A � 

l-Jllllki�DetliUi. Uotbto-



1S 
.._ p1uat U••e u GI'Wibe4. It baa claimed that tb �o 
...,.. aptt. aa myroa1nase is iaolated 1D spo!•l1sed cella ter-a 

wt.olt'••u ( aot.,.rd. 1 *) aD4 gl.ucoainolate. '183 te m tM "ftCI"AJ•r 
IIIIP � o._. cella. U... laa been d1Jiprte OYer whetber the cl•Sidcal �­
-- 1111•te. 1a .., eaape, tile, ar CehiM aD4 Goeri.Ds ( 1�, 1'allowJng 
..-llar ...... ( �. 1',32), haw t JQZH'MM hall 

Gr1.ental -tar4 be pNprl'ed � Jlll"ffiipl-
-t1or.l .tol.l.owed by wl 

ctllrmatography. aJld that •.-ata ..,.u aottwiv ror a �- u11 

a •lltJI*MJitlpbatue" caW1 be cl tied. , they olet._, that bo 

l:aa:pet wcxr'k by Cal4_._ '' 11., (1%6) hu ftdW to Abatantt&aa theae 

ol•'• a1 a noent •tu47 � Clld.eatal � lwl SncUoat.l t 11,71"081--
... la a gl.JaGplota&D w1 �- and so.lpba-.. aeUrit¥ 
( • 196'). 

Btt.UDser • p•opo&hag the l'ftille4 atzucture of gl11COidnn-
t on1,y .. ·-� acttn.ty woul4 De ldre4 (aaml.7 the 

f3 •'GliOA'tiiOOidd-) • am1 tb&t Dit.rUea ar �-- .w4 be .tomed 
fJI the � Ul .. 4eecr1Ma r.rc. 

w.-..- ....,_. .• "" ' 

.,..m � 
t...-a.u.. dll,_ttall�e lJ.y U. V. 

'ftaiJIGr.. 1962). 
la1--ta•• ... pDI*&I.atill-.t - tlddQdl'c-ldt-O..:IJII-·'-
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p1at ..S. �-OS"Sl&K!Od""e • ld.ltly, taM 

• .,. t _, all el tbeee ibbcm (pos11i011111 
..... u.u.) 1aa ttat there an at 1 .. t two � 1n rape 1_...., 

lllllllla _.. L.} be •parated 'b)' aarylam14e �1 e�18 
d')t.tecJ b7 ---� pz'E.pitatioD c:l barium euqha te in gel n 

........ with MP.lma ahloricle ana. aUTl.glDcoftnolate in tbe ablleDce fd aclcJed. 

.-lftl'l��a;te. 

c • .}.2.).1 hu 
.-t.og;�aaoaJ�... All �,_ 1'ft.oUal t"raD aaatu.t 'II1Wib .. aal4 

to tlda aoU.Yity haa ab t.o be oapt.ble ot .. nlll'i 

lz.ca p-at !- � -t.l)ooglMoop,na.:tda � u4 O.t••· 1 ) • 

fbia type f4 inDater 1a a-'1\l.,y ea. N4 '1116 otbar � -sJvo-Yarss. 
Orga.z4c thiocyanate. are t'wileCl ...,m..� � g1JMGad.Dolatu 

1a 5fteral planta. The UeD or �vue, l �te 
---1 isothioc;ya.nde hu � ( 1j62) 
tiDily -- L.) .... ad41111 

.__. at fP • It -. atxnm tlat tr 

wltht.D ' \b�a-
lflelll.VlA1041rtlcJII1tr.Ue .... t< CIIDq 

1t 
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. ,. 

all -- "' at.tdle fWBaUcm reqa!I'O apecd.1"lc • .,... It haa 

.... taa� 'llftiiiiP .. ll<MI.iloV 

.._ w1 � r� parl1Gu1ar iaterat 1a the t< u.ca or �tn-
�'-itft.le 3-��lglucoa1nolate (CmelSm and Virtallen, 1961). 

WU. -.  • anxSn .eu.nv 1A a 1d4e ot planta aat attzuted 

""'1114aWtle � 11 lt WU f'Snt 1aoJ.a 6'Gm Bruaioa QeGQ.elL 
l"eC8lt att.pta to a the te 1ueu- t'Or aw1111 

t DO obu' GCIIOltt-sa. }aye __.pd. (ktaoek IS tl• • 1�J 

......... .. .... , 1"')· 

biCIIIl �tea haft 'hem tecW la lllaata UIOIIlllilaoiliiU.IOIH Cll_...lllp&mdiJal 
�-late& (I.enea. 1"'J �. '9SS) t"1ri4!.Dp Ja7 �....,. 
ll8llt. ftl...,.. at .taWS• ffl the Sa intMt plaDts. 

otlae ....... ftutbw .r � OOCiil" !11 Jl&.'lgij;V""' 

�-- ....,_,... �. d al.. 1'958) an1•'• ( d el.., 

t . ). .. ...... , ... � p1.alrt -.ta-1al OGIS1Dall:d.Dg &)DD08!LDDJI.a � 

( 



N-o-so-
u 3 

R-C 
I 
S-glucose 

� Enzyme 
glu c o s� !  

�-0-503 
R-C Enzyme? 

I 
SH 

Enzyme? 

18 

RCN + Sulphur 
+ HS0-4 

R-SCN + HS0-4 
�Isomerase ?� R NCS HSO--i + 

4 

FIGURE 3 ENZYMIC HYDROLYSIS OF GLUCOSINOLATES TO GIVE THIOCYANATES • 

ISOTHIOCYANATES AND NI1RILES. 



1f 

_, help protect the pled .traD ... --. to 

to 1Meota (lJ.GhteJatem. '"'). (1�) 
tb1ocJrana Wial ar � eft"eota at law 

CICIIIW8r.di•Uoa. lbw;& it -- 8alle J:aftaftaa 4o DDt ftDl gluooed,latea _. 

UJd eelaet.twl.7 & platlta OOI'lllOIUOoiDI. gliDOCI-

lda_.lld1le nl& tsawhi.p 1»e1owee111 ��lA two ciJ a•aea U"iaea baD 

� rather � rut; tb&t. both cl•mes are &#IJ-

.W.. J!b1'CMIIIc prellel'ltaUon c4 a ftri8ecl a1inlct.ure � gl�DDlaU.• 

1 t; wu ......,. .... 'bJ' IJaar ( 1'60) tbat; � g1Dcoa:1Dolates baft a cona14en.ble 
pcrU.aa � the aDd ni trogeo a1l:el.eton 1n cc;vwwm w1 th kDolm amino aoida. 

� ay be cUreetly nl&tecl to an am1Do aaid b.7 
........ 1.-. CJI the ud.Do acid 1 snap md.datiGD � the 2-aarbcJil 

& -.. to & }Vdl'i ''""0 Mid. Dda zelat.k-td.p 

oc:at1naecl ill a aamber et em::.ar.S..m·ta. 

Jt 

Stmilarl,y &17'o-i4M 
.... aci 

u wl.l u  



.. detalled below, bavo virtQally elf.ndnatea � or these posalbUJ.t.iea lut 
baw shown the C-N bond is � reta1De4. 

1.7 ca-asc sllSO!id b19am1jb!!4! 
!M rel&tlObahlp be amino &Gtdll ud c� idea ._. apert-

� daf!NflftW b,y Cua8r ( 1�58) ancl an4 Ak&a.Wil ( 1958) ai&fttti• 
oaat iMaparaU. ot n41olaUY.I.ty tran 14o..labelled tyroa1ne -.. � in 

oWw te4 a :l.nar-.ae in C0Dt.ct o-r Cy&DOgeniO gl,yclosi4e when L-tyroainet }-(p­
�)..-J.De, 1-·....sne, � or �lamino wae tnchtded in the 

aatri.eat t.. _.pa aeeUtng,a and he a&gg ted that }-(p-h�l)aeril'le 

Shdlvqo w.r :l tl.• (1"}) -.111!84 tbo �lalamne aa OflllY«<'tled 

to JftNaiD (al .... qJl daller!.lMWI 'll&"iuali11"8011l.D8) iD cberr.Y la1aftl aboota- &at 

(1�) in peach 
u.. ( 1960) abcJn4 1ibt t.e 



to ten - ftCliDoolli.tft)gea­
OGII*II'de aa JIII!IGU-.ra 01' �t.M. It aa ..,_that aaetone-2-14c. 
�� Mtiii-J-11tc ).�lie .4'-'t4c .... ' 

� -.s � < :U• earm. 1964&). 11e1 

were� • �aoeUc=v-'4c. aotA-,_1", p-

IQI111G11,-aa&a.1llll.-. ... 7-'f4o e.t".t1oialt s t4 ahDrr1D al � 
11 n•1..,1(14e-7-14c ._. W 1ato a glllou� wbieh aa iJl1tsel.17 Qllugll� 
tD .. .... la et al •• 1�J 14bb7. 1�1 , 15162). L-pbeD.ylala-

.. t a �  ot cJlmrla. el.Sat•UD& the posaibU1t7 or the 

pt....,. to �la]MiDe. J\artiber• tlaeN aa DD tdpSflCUlt. 
t..,....u.a tlNa �- OJU.l4e-14c Sato lJ.Iaar1a Ql' 4luzrla (lnn-ntbal-

a......-!�a.Uon. ec.put. -..;••*• ,..._.. uJabellad .. .,..au ._.. -i:UIJI­

tb 1-.abel)Ml ami.JIIO M� la 

tile fttllN tD ..... -w lDe\T 1D.tan•Uatee • 

. . 
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aarbllln dfozt... <•Ml1a Ingnham, 1�2). 

blnattaDa the 11l _,4_ theae ._,. -.,y ooaur there u. 1n tJJMc;y, 
apprub&W)" n..n..a to W.v wh1 ocal4 bo int tea. It 

la al8o po8dt.le tl:la t aewnl ot the neoa..ry tranatorma t.1..oDS occur w1 

ltat.lftll !a-...H.ate.. 

It haa · augg atecl tbat the introcbaotioD or a 3-h� ft."CKID 
tM ..t.Do &014 p:eourac:llr' 1• tbe .firn step in tbe pathwa¥ to cy&J106enic glJloo-
aidea nl4eDae .... DeeD pNMirtecl to abGw that 3-�l)...s.ae 
-.7 be 1Ww4 t'na � iD (Cander. 1 m). BDw••. •-••at 

�- 111 label.W � ud.ao aoi4a haw .t.aUecl to . 

SJia�CR"».,..ti 1nte cDaaniA (Urlbo, 1�} _. lt•Nri.D ( Uer 

A:lddes haY been tested aa � 

nLUJrse of incGrparaUGa hu 
111Wm la troa �� 14c parUa1a 
..-::II'IIUoUWIIIP._ W&a i.Dil_,�&tiiCl 

L-QI yfgp g. t4a (�llaa 

aS,pit1oult 
---- 1"'-)· 

t'Jnt atep. 



Die other greqp ot c:onpcunaa which eoul.d be intarmediatea ve the od•a. 

J1u.J al4m1-Ma (Sic1p1ok, 196'} and 2-<rdmitm ae.ia (Ahaad and Spenaer, 1961} 
�be OCGN&tecl to Dltrllea by one or two almple chemical atepa u illwatrated 
1ra. J'1&uN,.. ac:.ner t are c:ml.,y a r .. aoattered reparta ot Oldnles occurr1n& 

a.a natural proaucta. A pat.bala.y to �in" haa becm poetulat.ed b;r 
bar tt M•• (1".}}, with 2-oximiDo-,_h)W'OI;)"-3-pbenylpropicl:do ao14 u U1 

1Dt....siaw. Dle ass•tion that tbia wjm1no acid ..... .formed. tTaa the 
� Jlato add &ad �ql•mine waa irlcouistent with the later 
ftndiJW 1lba.t the 0..1 bend rema.1IJeci iatut. other workela (Url.be, 1'65J auler 

and Ccmn, 1'64A) have al.ao auggeated tbat oziJMa ay be int.erD8diatu 1D OJU»-

genic glycoside bi08l'Jlthoaia. 
Sane at tempts to directly obac'We poaaible intenledla tea ha...e been JDIW!e. 

Uribe ( 1965) ayatemt1cally varS.e4 the oan4itiona tmder wMch ao.rgiuD aeec1l.1Dga 
�tecllabelled L-� into dhlrr1fllatt oould not detect u. inter­

..aate. C&Daar (1"') haa NpGrtea that aozst.a ...Uiaga can a.Ue �UMr 

piMDolio g}v«otd4e &CD I.... .... ne wM oannot 'be aepu"atecl b:om dlalrr1D bJ' 
� .._.,toe;n.� l:at wtd.ob Jllll.Y tiatiDguiabed by ita tion with 2,4-
cltni� and ita partial reaiatuce to hJ'drolyaia by (3-gluoo-
........ 

U'Uf'aot-. 

(1 ) a �.,.:�og ... 
s.o: .... u. togldlll .. oft � 1"u. J. Dlli .... 



2 -Oximino acid 

R-C-CO OH 
11 

HO-N 

� 
�0 

R-C-C 11:"'-
11 'o-

+H O-N 29J 

R-C:N 

Nitrile 

Aldoxime 

R-CH 
11 
NOH 

R-C-H 
IIJ 
N-0-C- CH 

(JI 11 3 
0 

• FIGURE 4 CONVERSION OF OXIMINO ACIDS AND ALDOXIMES TO NITRII.ES 



t.a 

that bea.f1-. lMJocopyl- . u4 J-indcl.ylmeth7l.gluooainolatee are off'ic1entlJ 

tc.M4 traa e. ud.no aoicla L-pbenylalaDine ( UDderhill and Ch1aho:l.m. 
19Q.J , 151&2) • L-ftllne ( 41 1"5) and L--tz'1Pto,bane ( aD4 

-...... 1965) re.pect1ftl.¥. d that 2- l.etb.Tl.gl.ueoaillolate be 
'--a A-. �DiltJrine whiCh iD tun b denftd trom L-: lalanJM 

aoeta• ( MMll• 1965) .. Cllly with �lglaootdnolate haa 
ckubt � zatMd u 'lbether oarreapaa aadno acid � was a 

dlnot pnciUI'IIC:r• It waa mown by l.1ndl ( 1965) that p-coumaric aci4 wu 

...a:u,y iacca'pan.ted into thia gluMI!h•late than .. L-tyroa1ao in white 

tUaterd plan • Thia bea to 411"rereucea 1a tranapart f'4. the 

1'h. ia no analoga&a Mid kDmD in natwre tor al.lylgluooe!Dolate • 

.... _. th1a �tly OOOQN 1D pl.aata al.! 11'1 th th)-1 t.bio-

� ��(���� 
8dl••· ( . . i5&2). 



pr 1 .-h)¥ u CIIIZtloll ti.UO tluriltg bios: tbetda (tfD4erhUl aDd O!d8bolm, 
t""-1 JlfeU1a. 1�5). Aa th CJ!'UW&81Sc gl.Jeoalclea IJCiloooDitl'ogeDaua 
pcllllllde _... aWJ.od aa poeai:ble � glneoe1mlatea bld"Cil'e 1t _. 
-..n that the c-m bond t4 �lalwae .. _-.a._ intact c1lll'iQg the �AtQnthe-

llb of bonaylglacoa1Dolat6. 

atteapt.s haw been...,. to fin4 ia�tmt betwu amiDo aoi4a and 
&l.,...Mlatu. Blenyl.Metamde .. �letl\7lam:tne. pbeaylaoetc:IDitrila,phea)­
� MU aad a...dadno-.)oopheny� acid �P� 8814 

.S..) _.. _. � �atecl izl to  benaylgluocai.DolAte (UDderh1ll 
Cldftl•• 1JQ.a Jtnw.. 1�). 

eGe"t �ta. - � which f'OI'D part o£ th1a tbeaia. baTe ahom 
that bG'bllt.,nlchtt• (tapper ai'J4 1\t.tJ.er. 1967). pbenyl.aoetal4ox.ime (Tapper am 

t�er. t967J Ul!lderhill• 1"7) aDd 3-�l�ldm:Jme (Ubierhill. 1967) 
� be  .._,_.tea into iaopropyl-. 'beaq�-. _. 2-pheftyletb.ylgl.ucoa1nolates 

l'liJ•tlwl¥ at ntea __ _. than tbat GbtaJIWCl with � am1Do aa1U 

1.1DI!teP etell•r OCIBdi\ieaa. �·. �laaetal4ozl.me :torl!lt.tt.on haa been 

4etlec11114 ill 1be Da8tur (1jropt!pl!MII pa.3p L.) aboota WI04 to etudy beaayl.-

�-letAt bie� (lJD4erhill.. 1967) aD4 a oeU tree pnpa.raticm 

�lalNdne t.o �-.:ldod• (JCSDU • 1�). 
12ie eftiolfmcy OC:.IPGUIDila U td'IIISD._,_ tb tH 

..... te .. iu - ... i.Dfta tel. a&l�lll' ..... 

1 ) 

..,. 
--5 

$ -.1. 1 1"') 811lLpbllt.8• IIIJ-Wia• • M'tM.cm.J• (w.ttlll' • 

:IINIGIJ .... ,. - ....,..... 
.. alJIDOidUrlo'l.a.te �-- ..... O..alllaate aam 

GI�D.Y ._�will ._ ...... diiii ... J'o.pll-.llDIIIilJia1:a 
. ). olet'lld 
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t:rw��. the in Vitro atu.Cf3 t4 a,a , the u• ot arp.ni- w.lib 

-�-which oaa blookecl eitber 19' . tat1.caa by r4 

.-ne UHMtana. � t tato the poae1 mq 

Uli.Qg llCII .... IiiUAMOtt � . mt ot lllltunl. or.lgin, 
� -.•aU&l IQDtbea.a fl �tly nlatad aube clJJr1Dg the 

oaarae fill the pewJ.aa ••uoo, ead 8)18C!1Ulation aa to the pcesibl 

rel&Ucw�N�t fl ai•llar atNctaJNa. ' te cri.U.c:hsec:l 

CIIIJpedil�g • � �tancea. :tiriJt three criteria meat 

lilt maiden.ble CllllltiGD 1a required experiments 
� Gll � t,pe � ft1.dence. 

iD tea aD4 other possible pathway�� wh1cb COI'Itriblte to a part'cnler 
ld�•· t�beo�tobetbe�ot 

IQCIU'DtbeUG pa.._,. � 

aD m ta a bl'cla4f.!IP wliiUMil�.�a�...-:�e 

Swain ( i"S) a l'ftUw 

lla1:11.1:1.01. 
acll::dldatllrM14 0011111.-a• la 

...... 1-. ..... :u.r 



--rmcl la • tnquJ tly to & 4etacbed Dr'II'IILD- O'ftl,_ hr .tram 

Dal'a1 �ologi Oil contitlou. SeooDc1l7 the � when 

_ ....... �ooetered W'ller the oooai tiQDS err may be luded frcm the actLlAl aite � 

� nd.rQl,y the adnrl.Diatc' OL1"\0IDd 11JAY :no� be a natural intetssx--«•te 
t be ted to the d.eaireci pz'CdJ1Ct by ...,. at ract:ic:D8 tmrelA ieCl to t.be 

t:m'mll1 �aia ea" by tural thwa.Ja � limited 1NH�DU10IIGC1t. 

A t'aar._. ti.tti.cult.Y a.rlaea in tt.1e upraaioll of the r..W. ta of -

:b. 'fRo erteoiiveneu t!lf a aa a. pl'eCUr 

tbe pe.re•mtag" incori�oratod 1Dto the pcooGwrt r4 a GMO"'':ai.A 

'.rhia in ·oest •nfltr. u relat:i� sxrall la"lle4 OGII;)OiiUid 
Willillallil. into the e.ffecti natuftl pool. nth llllolllll.ll&lllll 

et the CJOOpOUnd be� motaboliaod iD o 

au:red. if pattdble and til1a taken into aaeamt when :l.nterpreti.J:lg the zoeaul ta. 

stUl 

incarpol'tl Wd aubatant:UU.l,y into p&"Otein 

h ci aired. t ,-t 
1Ddlee4 obl.i tor;y, D& tu:re.1 pr • In contraat a 

ertiDle Ollly to the cleaift4 

nrcidiiC"' alall4 a h1.gb n&r�OBII 

It a. relativel7 large aMUilt et n!'lltallracr ia afbnini a 

ra et ia 1ild. the Plll'OIIlta• ftar\.-!!!Pblwi 



the GQZ'Tellpal:ld1Jlg d1httion .. 600 l. • 

tUD�:II.IIlt and ca.,_aua. Uorl 



n 

IALS . .um 

ynthetic tbn.ya ho: ... * entl.y been s1udied 

lmDlm in only a £ mieroarpdsms ani ha: been pocrl.y 
recently. • no glucoeinolate ha: reported 

� or work1ng with (1. • 

Ul'lU"cmlty of t.,pe, reproducibility, tar111ty, and of handling) 
can be obtained tb suspended cell Cll.turea of higher pl.o.nt t1 ;\n 

ul tte:-.:pt wan tmde tD tahl1 l1nm :t'1aa �� �!:Jal:iU!if!:l£!::11!! 

in euspended cell cul turo using a � l.iquid .I.IJgQ,.AUII.\ 

} 

ttc acSA4 2�tl1alblo:ropbco�acett.i.e ac1d 

glutamt.ne (lll·JrSJ��e ani Sli:DC:>g• 1962). For tb1a at 

gl'O\'ill frcm hypocotyl 

(t 

a11li4Y ot 1.!naDazoin b 

��ogo."� 1Dt.o .L.UJ!UtB� 



'1 
tal¥ 3XX) toot can4l ty. pid greening ot the cotyledons occun'ed. 

Tbe top 2. 5 to ' portion at tbe linen t'lax shoots e excised l.Ulder 
w to restrict ....... _ .... to th VB.SC'.ll.ar system and used in experiments, 

n-aally 1n 1ota or 

in 200 tal ar l.eaa of 

ty. The cOIIpQilds to be administered were dissolved 

t.er er tria(�tbyl)e.m:1.noolethlm 'b.atter in 1 ml 

bOIIIEBI!'S and the ahoots allcnved to take up 11 the solution• wh1ch vas .fol.l.D5 

by •'-' aa � In oertai.n where Yolatile w admini-

aboota wezoe uaneU.y all to assimilate and metabolise the admin:is 

CDiiJ'Oimds far 7 hours or contiru arti.f1c1al light. 

Xlwr£y laur!l am J9!Sh ehopy. Cherry 1aure1 shoots lauro-
gemsus ) r.ere used by kentzer et al., ( 1%3) to show tba.t phenylalanine 

caal.d be converted to prtmasi n. Al. though aberry J.atuoel originally 

deacribed as conto.ini.ng prulaurasin• f l.auvS..er ( 19 35) has tba t this ariaea 

by 1acmrrS.sa ticm &1r1ng the eztract.tcm p-v....oecbare originally u ed and that 

ch-r.y 1ealnl containa pi'UDl&in. 1M.a cm:f1rmed in this 1nue t1 t1on by 

the iaGl.ati.cm at pNDU1Il 1lb1 te crystal.l.ine neeclles from own dried cherry 

laurel eboota acoan11ng to tbe method cl l'lwvi • l'aper c.broaa tograJ=hy 
tailed b' 8123 Gtbe:r enic g]JICO ide in ethanolit: .w-t-•"'-

� shoots. In the ta de8cribed b&re. j"('UDg and 

ae� � t tips were lected 

--k�-· .-.-.-;;• . ( 1963)' fel:l-lA!dlCieblla 

� a:vmtne-



c,nnoeen1e gl)OOSidea. &1 tchea � aboots t:l 

t times et the year from 

Both speo1ea procbJce aboota aband.antly in the early sul'J'I!'!f'lr wt later in the 

summer, onl,y a1"tar prtmi.ng. :.. supply ar shoo possible f'or aba.lt balr ar 

tbe 7fJIIJr• at the pcea1ble seaaonal variations t �ts 
incll&ded OOI'ltzool. 'treatments Y.bere �ya.l.aaina-U-14-c eQtrdnistezoed. 

Fll!!li!ldl ahaota &elected .trcm tJio trees at d.U':ferent times of tbe ,.r. 

Ncm-'vQlatUe c� were imilated by peach cherry laurel &boots 

f'lrcm 80lutiona 1D 2 ml beakers and f'ollolred by ter aa required. Vola-

or JIU"e shoots 

$f!.Y t?D!!• l:-lant ye 

all .tlich also used in the tu.diea on � glucosi biosynthesis. 
Scurvy ( L.) aa :for 1 repcrtod content c4 

laopl'opylgl.ucos:l.Dolaw in seed (Kjaer and Cont�, 1953) ani preBmtnery investi-
t tbis glucoside aleog with others .... prese t 1Jl the leaf' 

obtd ned from Irotl A. 1 and after 

by 

y oond:1 tiGnB tU y abc:ut 3 
W.bellecl �I)OQDila 
ab� lalJ' or 

aiiiNWo�tea � lutim tllrmgh part ar the roots-

root __ ..._ 

h!r «<ttiBr'lml!!IDi:s U � tAIDaecl tfJ w1l t UDiar 

• 



----�· l'be tec1 cm ma.tat tU tar paper for ftw � iD 

c:laJm.I&S at 25°, ani then g1� 18 hcun of to llgbt 1D a aWI.-tii 

uaaa. in ba.tcbea of 30 1Jl s1ml.l.ar Iroeedur to thoae used £or li.nen nu: 

aboota. t1aD � 48 hGliZ'8 e<mtsnnw artit1c1al ligbt � 

The athod � syntheaia adapted t'rclm 

A&AIIIIMI aDd (1961 ). A solution at 5 IIIDOl. a c£ hydrozylamina �cr-
14e and 5 JJJDDl.ea at sodium bicarbana te at tfl in 1. 5 ml � ter aM w1 th 

cool1ng to 5 mmJes ot 2-ketoisovaleric acid diaaolftd in 3 ml at water. 'lhe 

mbtLire was lett atanclirlg far 18 .hours at about 20° prior to bsing eool.ed and 

ac1d1fied te pH 1.5 w1 th 6>{, wjv h� ac1d. It then eztracted tlree 

tillaa with iietb;vl ether • tbe combined straots being dried over � 
soCI:bmt aalphe.te and the sol; � Z"eeDDWWd oUy -

the anti(fi(.-cC:OII)isomar by cccpriD& ita 1n:fnred Rnl!!llf!!'t:II'UJD with the ta 

J'eo�ld by and ( 1"1 ). 

-�.li.'ln:IIIE"" t:c::tA8i� wl.tb 15 

.oa�am cart�anate ataaolved in &PJII'CXI:iiDIILUJJL.J' 

( 19#+8). 

o •. 11 or 



The princi.pa.l .traction boiling at 140-142° ( 755 Dill) 
7l� yieltl. (l.J.t.. ·L.p. 14[J0 HeUbron, et al., 1�5). Accorcli.ng to Hdllip 
(195L) i!lot.ut:,-rnl�ox.i;;lC exists in &m and anU .forms in the &:]Ullibriwn ratio 

ol 2.111. L'he _!.resence of two isomers in th:is preparation s confirmed by 

gave slightly ditt'erent spectra 1ni tially wt a.f'ter stand.ing OYez-

night at 2cf both tractions gave spectra identical tc the initial mixture. 

Ph Sodium hydroxide solution ( ;, Q � w/v) s added to 
50 urnole o.f b,y�.lamine hydroohl.oride and ice in a sc:nll f'lask fitted with 
a tirrer, until the solution was just aJJaaline. To thiu, 2S ·::.:role of' phEmyl­
aoetaldehyde was slm;ly added witi: vigorous stirring !'or an hrur. .t� oily 
paste 1hich aepo.ra ted s recrystal.liseL twice from diethyl ether and hc:mne 

mixtu.rea to giw a p,.;, yield o£ phenylacetaldoxime, P•, ,c.rf', (lit. m.p., 

98.5°, HeUbrcm, et l., 1965). 
?=9Pmtpp=}:pbenylpropialic acid (ph YlPJ!llviC acid Q!iimo). The method 

ot: synthesis adapted i'rom · d and 3pena ( 1961 ). A solution or 10 

5ml 
-lWAAW �ll!A��te 1n 

added slowly to cool filtered solution � 10 �L�W�• cl 
aorl1um phenylr yruvu.te. The m1z1ure, -¥1�­ taacuna at "$}0 for JO 

a again cooled, cicli.f1ed 

with dietbyl e 
bydrocblaric d, 

reD:ID'14!d uni 

�'Vill�liU recryata lli sed 

1� a yield et 4�' It 
eoupzo'1Dg 1 



eel by and Spenser ( 1961 ).  u.p. 173° (decoq>.), (lit. p. 166-1�-f, 
deocmp. AhDad aDd Spenaer, 1961 ). 

Isopypyl 1aoth1ocyanate. The method of synthesis a adapted hom 

MOC:r& and Croasley ( 1955) • � mixture of 0.18 mol.e of: carbal disulphide and 

0. 18 mol of sodium hydroxide \1ilUl placed in a .flask .fitted rd. th stirrer, re-

tl.u.x condenser and droppinf t\umel together w1 th 25 m1. at 
mixture Wml cooled to 10° and 0.18 .mole c€ isopropyl ami ne -"'"""' owr a peri 

of ?I) rd.nu tes. It v.a then a t1rred with 

before addin.v G.1E moole of ctbylcblarot' 

period of an hrur. Tbe isothiocyana te 

t1ng to abw t 40° or one hour 

te end 11 ttle nore water owr a 

a ted off at th top and the 

11 portion a£ diethyl ether. 'lhia 

canbined wi tb the iaotiU.ocyana te for drying over anhydra.a.a sodium sulpm te. 

Isopropyl isothioayanate was isolated by fractimal distillation under vacuum 

and boiled at about 00° at 25 

l!OU1j'ORZ1 tbic:Jla-ea. About 0.2 ml. of i .... opropyl isothiocyanate was treated 

th 5 ml at concentrated ar. BOn.ia solution OV'ern.ight at roon telliJ'.erature. 

Some crystalline Dll teria.l dissolved on boiling this :d.xture to C:ri ve ot:t 

amnalia and recryatallised on cool�. The thiourea \'1&8 t'iltored oi'f and re­

crystalUaecl with bot ter. M.p. 172° (lit. .m.p. 169-170°, Kjaer and Conti, 

1�53). 

WI-ll UI.XM-��.s 1g 
aaaaw CU.aolnd lD 5 

canpamd as prepared by 
ocl of  t and c 

A ot 0.5& D 

pH 2.5. 1)1 V.w 
41atUlec1. 

I. in 
(1937). 

to 100° 
ooU.O iD a 



g1aaa u tabee fitted to the o.ttlet of a thermal comuotivity detector. This 

axaud.ned by hic,h resoluticn llWlS :ectraoetry us� an -.�·>.I. US9 r:nss 

spec • '!'he peak at mass 59 T1i th ether peaks in decreasing n:a,gni-
WIUIIBGB 7}. 71 J as and fee 'fbe latter two gave aCcw:ate IIIlS 

meat&W�:oermmta tent with ions o� c4Hi�+ and Cf16No2 + • both r4 these 

rn.-m·ts l"rom hypothetienl paront ion wtnoh 
srxmd to the loss c£ OH aDd CH} from the 

10}. 

' both t be  

et al... ( 1 � 5� ) • J. ::rl.xture of 1 mo.le or � and 3 moles or methanol \'4S 

0 . 
cooled U> below 0 am treated with an omess of dry hydrogen chl.arlde. The 

m:1.zture te4 into � puaJ:R;B and dry cale1um chlorid 

.aLftiHOD:- pba.ae to t fUrther .....,.,.._ I� tion. The top phase 
'ld.th nltrogen tD x�e hydrogen chloride priar to distillation. The 

hacticn boiU.. at 70-74° (755 ) contained 1-cbl.aroethylmethyl ether at 

����y � 
A sluft:y C'l 0.9 mole ot ouproua a,a.nide (�( )2) 1D diethyl , 

aaolikl a1ola.y to 1. 8 of 1-chl.cro&tb.J'lmethyl ether 1n a 500 cl 
etla' st.irred Uld tor 3 bmra. 'lbe att�aa.l. 

1 

� D������� 
�� at 115-11jt ( 



folloTied by the slow 

ad41 t1on 1'11 th aUrring ot 0.01 mole � brcmi.ne. !.£U!t.r a nrrther hour o:C 

stkr1Dg the aUver l:romide as filtered orr and tr. �titrate neutralised 

w1 th 2N aodium hydra.d.cle. bcess solvent was evapara. ted oft' and th residue 

ea:trac'tod cmee 11lth diethyl ether which was discarded. It was then acidified 

parated. ���sovaleric aa1.d 

at bcmaeae and hem.ne with a yield at 6qib. 

diasQl in tor, absorbed on a �arb 225 colwun (.50-100 mesh, 8 x 

1 • 1D the H( +) t"arm). te:r tbe col nrm w1 th ter • amino id 

reaystall s sed trom 

ally one amino cid to 

�· 111th an appr:cpriate Bp 1n tbe _._ used. .a total yield or o.238 
obtld.na4. 

pba11Jlb:&Q118 PIID-.:ad.Cie tor 40 Di tri.le diati.lled elf" • I 

tmca..:m nth b.p. � (74.5 ) 6 71eld. :t. 

.t 



collected 

� po sium carbonate and distilled wi. th a Kll"'t t'ractiona ting calwzn 
t reduced of 45 A f'raction boiling at 76-� a � 

yield 1lhile other traoticns also contaired less p�re L"'ethaczool.ein oxime. 

k&atxlimlui;m,oddg. 'l'he thod adapted from l-laut a.m Ritter 

( 1951 ) • App'o:dma tely 1 1 Jll1llles of' isob.t tyroni trile was 1:dxed wi th  20 lEIDOles 

cl t-butanol in 5 ml of glacial acetic acid . The ndxture cooled prior to 

mlultea. � tyliaoblltyramide -.s precipitated by oclding 20g of ice, filtered 
oft aDd reaeystallised fi'-an ethanol and nter. It mbl.imed at 110°. 

2.JcDi.nitz:gphenylJ»:t1Fazine derlvativea. DNfH derivatives ere prepared 
fran acetone, metbyletey-1 ketone , isc'Wtyraldehyde, phenyla.ceta.l.d.eh3de and 

ben?'-alde.hyde. . Dle gemral. procedure v.ns to add a SJBll emeas ar the carbonJrl 

turated ethanolic lutim ar 2.4-d:i.nitz'o.pberlylh� 
hydrochloride containing alao a -........ portion of dilute � acid. 

2.) of 

d hexane. 

� ( 107 � ) • Loodl8A.�lalan1ne-U-14c ( 7 .o me frrsi1e) .  
potl�am vyaauu: .. 1"c (0.5 /u8) 1 tyra to-1-14u ( 18> pC/J ) 

Hlm2,Ylal08th.JQram-

z.s 

2-od.mlao-3-d!ten.Vlpropiol'4o 2-1ltc ( 1 .52 
w. • &air1e e 

li;Jdl�rlaur!De �rcctaal"'1.clJA�1 � ot 95 a ) 



e identiN.od by OOIXp1ring their 1ntra.red spectn. with 

or nll cbaraoteri.s sta.ndarde. 

H¥n4P91fomlK1c ao1d:u-14c. 2-Ketoiaovaleric ao1d-u-14c 

by th aetiCD rl 4 � at L-aminG acid addaae (dried Crote.lu 

ctra 

obtained 

on 10 ,umo1e t:1 L-ftl.ine-U-14-c (50 pc) in the presence at 25 units at catalase 

1n 2.5m1 ot ter. The miz1ure irlcNbated tb tolu n a serva.Uve tor 

12 hC!urs at 2-f and acidified with 0.5 ml 2M h)'drochlcric cid bet'ore extract-
ing th diethyl ether (reister, 1 S52).  Tbs oonbined ether xtra.ct added 

to aolutl.on of 4.55 � c£ non-radioacU dium 2-ketoioovalera te and 1 5  nu 

of' aodium bicarbonate in 100 pl of ter. To 1his 4.0 ]11 at 41� �lamine 

�ahlaride adci8d. and the mixture lot't tand1ng at room tanperature tar 

18 hcura. The 2-oximinoiaovaleric acid eztracted in to d1 tbyl ether after 

ac141ti tion wJ. th 0.3 ml cl 1!A hydrochlcrio aoid ancl trut lJ.4 reaidu obtain-

upon cvapora tint_, 1h eth 
boxane. <::-Lxi.J .inoiaovL\lerio e.o1d-U-14c 
1 by corrparison of it infrarec1 

by and .Jpenaer ( 1961 ) • 

M:'li�tr.D:li!;IW�r�£�-::.1_��o. I w 

. 0. 1 • ot L-wli.De-'U-14c 100 

ol tra btlft• ,.. ' 
lD o.a • 

cJla.!i,l.Wii!lllt 

id tU1ed 



P"taWIIBd to be a mixture of !m and anti. • 

-'Bt!dm;Hs!BD�!:.-1.::4a:s. This \'llB.S prepared by heating so ,umo1 o£ L-

valine-U.. 14c w1 th 5 of .nil'lhydrin in C. 1 ml Of pH 2. 5 1lt ci tra te Wfter on 

boi.l.ing s ter bath in a.n evacua tod sys 'l'be isobtt�ebyde-U-14c 
oaJ l.ected by er :ndensi� in a ,rcrtion at the closed system cooled with liquid 

nitro .. �en. The aq_:Jea�s solution obtained on tba.Wi.ng 1'18B administered directly 
to the see&ine: 

Iaobutvram;1.d 1-14c. Apprax1Jm"baly 30 pC c4 sodium iaoWtyra te-1-14c 
and a anall ezoess of' sodium biearbona te s ref1wred with 0. 3 ml � thicnyl 

chl.arid 1n 2 m1 of diisopropyl ether for 1 5  miD.l • It then cooled and 

100 pl at 1sohltp-1e aaid added before ref1uxi.ng fur a further 15 minutes. 

1'be m1x1Dre -.a cooled over dry ice and 2 ml ot concen trated a..r.m:mia solution 

added by � through J.'Ubber �. 1 �  was le.ft stAnding f'or tr:o hcurs at 
roan tempera tun be:tc:re evapara ting to dryness um.er reduced pressure. 'lhe 
BOl.1d rea14ue extracted with ethyl acetate rrcm which the isobutynunide-1-
14-c cr,ystallioed in low overall yield en the volume reduced by evapor-

ation. 'l'he prodUct had a specific activity or 46.5 p{J/mcle. 
Isplptm:mitrile-1-14c. 'l'his 188 prepared by Mating 0.1 1 IliDDl.e of 

iaGlu 1-1"e (2}.3  p£/rrs>lo) with approximately 80 mg of phcspbcraa 

..... __ ot n1tromm. 

1rlf!ID!li�Ucm . .; 

in ' 

t'lllsbed t th a gentle 

trappecl in a U cooled with Uqu.14 air. In a repeat 

iOGQR;,nuJild.4;,..1-14c (6.5 pt;/l ) fdmUerly 

pbc)Jt}\iba1oe ...,,...,..:....,.. ._. �u.wu 111 2 

JO at 



41 

landrae �c:ride and 30 q of sodium bicarbonate dissolved in 200 p1 cl 

ether \'88 retooVed wi th  a genUe stream ot: ni. trogen and approxirrn tely 

20 D8 ot carrier pt�la.eetaldehyde added. 1he mixture was shaken �m- 40 

ml.llltoa at 5° to precipitate pbeeyl.acetaldox:iDD-U..14c. tm aqueous pbaae 
re��mve!d• ODd the residue clried and recrystal J isod twice from diethyl ether and 

A low OWftll yield 
HWlylacetc!dtrilo-1-14-c. A solution ot 11 mg potaasiwn cyanide-14c in 

140 .Jil or � v/Y aqueous etbaDol. sealed in a gla.sa tube with an ot 

!:0 ,ul or ben.:::ylcllloride. 'lbc tube h ted at 11' far 150 mlo.&tea. The 

Di"trllc was isolated b,y 

u-14c. 
lonit£Ue-1-14c an4 rhytlrppi.aobtlt:vronitril.e-1-1�. Bot.h these 

p1l"epRl"8d b'om potaas:lum cyanide-14c imnedia tely betare adm.inis tra t1on and­

were uaei w.i thcut prior }Dr1t1ca tion. 

l!ol¥\1!Jlde""-= 1S.. A salution ot 0.2 DJDOle of' hydroxylamine hydroo-
cbl.c�Jri4e-15a (4.7.5 AP.XS) aad 0.2 Dll)le c:l aodiwn bicarbonate in ml c4 ice 

oold -.u.- waa toT ted with about 0.6 fliDOle of isohltyral.dehyde. Af'ter 1 8  
haJn at 1i> the mlxture elttincted ttree w1 th a to tal of S ml or 

41�1 • The emess ther evaporated � and the isobutJlrnl.doxhe-

15a pdftea � �'GIZIIL t.q;r;l'a)� aa tor the 14c labelled cc· ::JmPC:un<l. 

6Qe!:!5!!!�2!!:!:1:!!�.5!9:;...15n�. A solution of 0.2 of �1-

- .. 

bel:ara ..,_..._ � to pH t.s atb diate 
ezt:rat:11l11:lA: -- r..� . ..-- w£ a tal 12 cUa 



dialysed against distilled tar bct'cre use. 

er,s talline ea tal.a.se s obtained i'rorn .�sJ.bioch • loa 

gl•aonsidaae • ( 

alae dial f1l1l1ns t distilled ter oot'ore 

t All!'!OOds)" obtained from 

tor t1le h)ldrolyais or prunoain. lbey 
bu:ffenJ prior to use. 

l1naeed 

• 

by addi� 100 ml of 0.2M 
precipitate tarmecl on 

stand1ng bu.t oontained only a frnction of.' the f.mZymic activity and 

1 preoip1 ta te 

1lb1ch .. alao dllit08�!!1de 

UcD to v/Y. The 

.. at 

dro!r.a d tobaene at S'. 
pu�:;UIIIl QJ;II'Q:dii:Btla13' twllllt;:r-f<Old by tbia prcced�&re• ld.tb 



pwti.cm ot 1 13g r:l tb fla.tr 
pOISider s.uspeni&d in 340 ml cl 

dstatted th light patzoo.l 

tar 4 haJra. The BDlids 

first a ter extract. JOl.i.d aamonium allpba te was addBd 1n pcrtiana aDd tbe 

precipitate 1'ormi11.g between so;k and 7Q;b turaUon at 1fP trifUged ott. 

days. It 

2. 5  
E ID genez'9l. • linen naz shoots and scurvy �.,_ 

enracted by boiling thaut prior bletldirlg• in a.T; v/v ethanol 

tar 15 or 20 mlDa • About 25 ml ot sol t used f'cr 20 flax shoots er 

decanted and the tissue residue extracted again 11:1. tb a si.mi lar 

volume ot solftl'lt. The ccmid.ned extracts 
at below fll0 011 a rotary wapcrator are taking up in 2 ml or ter ar v/v 
2q& aquecua �. They stared at -10°. Suitable pcrt1ons or tbe 

....,_., • ._ with Sq · Y/v ett.nol. in apprqriately l.ar,ger WlllliXII!I ot aalveat fitter 
rotary e'IB,l�L'tltW" aD4 



e:ZE�LIDI!Int Q the ba tcbes � 20 shoota placed in lraaa cylinders o;t 

about 1 ml -.olume together dth 1 .5 ml ot thEir, 1.5g t4 glaaa beads and 

0.58 at aDh)'drcus acdium sulphate. 'i'he cylindars , ealecl with brua capa and 

palyt;b«Je S8hers e abakBn , to di.sintegrato the plant tissue, far 30 sec-

onds at rf' in shaker rullt accordi.ng to the d at: ( 1 953). 'l'he 

caps were then replaced by pora.us polythene tu and ftlta' 

holaera 1 and le ther tracts fil by centritllgal.Wn into amaU Y1ala. 

Alxu t 1 cJ." the e .x and J..ea taken frs: ohro-

with ool.d ethanol. 

Cpnogelc stmoaid!a• Wbatrm.n 3 MM paper used for both preparative 

and analytical paper cbJ;'OmQtograpby. Frunasin separated using n-rutanol 

ted with water (BW) V'.hUe separations of l.inru!nrin ,ere ;;.ade using this 

solvent as wall a.s methylethyl ketone: etone :water, 15:5&3 v/v (ldA:1) afld pro-

pe.nolna.ter. 7t3 v/Y ( ) . Thin l.a,yer cbrouatograpby alao used with 

SIPJ:G"ta including LJ..� 3(X) cellulose ( erey • Na.gel and Co. , GerJrney) , mUed 

-IJilVI...,.. of 3CX) and silica gel H (I.m.lk� Cermmy) (M · and 1\u:Dsr, 1 966) ,  

AY1oel (IV: Carp. , u. A. ) and IIAJ!I·bi'BI•ft 

aenllratlclla on paper <a- thin la 
• th thin _, _ _  



glur:M)Se proc1lloed by h,arol3'sia apo 

IIWl!Br apray rea,genta mcb as anUine pboepha te in n-'Wtanol (Eryuon and 

tchell , 1'51 ) .  

developed L"l this la.bora tory 
( tt and Tapper, 1968, see ar;pemi% 4) which involved detecting cyanide 

rel by �  aoti.on. 'ibe cyanide , held on the pe.psr ar thin �  • 

. talysed tbrmat:too or a blue cJ.ve 1\"ail. p-ai trobenmldoh)'de and o-d1ni tro-

DeZ..u• und al13btly allcaline corditions (GuUbaul.t and , 1%6). 

separated on ; ua1Qg o-w 

DOl. a thanol a  , 4:1  &4 vfv, or cm 1hin la,yws using a oambinat.ial � el tro-

pbaresis and c. tograpey. 'b pr;-ooecblre -.a madifica t.1Ul at the tbods 

used b:, Bielosld. and Turner ( 1%6) tcr amino acid ticns. e 
apJll.,.od as a short band I th middle ot t and at a right to, CDB 

eclge of a � cm square ceJlulose thin layer plate. ..\fter el.octi'C3phoroa1s in 

pH 2 bzf'ter ( 17  ml 9Q� �ormic acid plus 57 m1 tic a.cid 11 ) tbe 

pert1.ally resol.Yed baDds eluted into epota, a.m developed m th t -

tograpby sol t at n-propal'Gla terua-propylacetatew.cetic ac1d:p;yr1dino, 120: 

60:20sl,.a1 vf'y. tb suitably and times fur electrophDrea1s 

( g. 1000 '101. ftlr 1 S m1m ) a partial amino cid ti.on COl1l.d be 

glucoaiDola te separation. gl,acosino-

th O  
then 0VGI'SPI'83!'"­

pale ,enc. SPOlgs an a Ught 
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� • ) wh1ch n white epot on a brown � ( igl, 1 '56).  Identi• 
ftoatiCD. -. by JY te rela tin to lmorm a • 

Th e deri tives 

aepara t on ail �3)[. CerDany) thin ..&.H..Varz:J 

man Chrol: -!,ram sheet K. 301 R, u.ai� ben toluene, CJl" n-butyla.oe tealigh' 

petroleum (40.u0°) , 1 s 9 ,  1 n • Standard uarksro us to identU)' 

.....,. .......... tea and tiDn ted by the method c:4 

ide were ted by two-4imalsi0Dal 

thin oi.,CX�Btogra�, n1nh.vdr1n OGIIplexea were �armed under ccntrolled 
CODI!1Uana , an4 eluted comple determined colorimetrioally. 

�lr!!WL.2&SIIIm• Cas chronntography was used both in th preparation 

� eo� and 1n the analysis d plant tissue extracts. Instruments 

u ed were a Dnii:tied Aezoogroph 664. (Varian AerOt-11"9Ph , �al11'arnia) t"itted with 

both thermal conchlotivity and f'lame ionisatim deteotarn , ani an A� 1520. 
fitted with a atrearn apllt t a U propartion 

of the tJoom the colwm passed into a flame ioniaaticn detector. 'lbe 
rema1Dder -.a con&ac to a proportiCN.l tl<m detectcr ( -cbioago , 

IlUno ) tt:ll" meaaaring re41caot:l9ity ot volatile they 

el.u tram the ct.-

The rol.l.c:Jwing ool �awd ' 8tl1 tabl 1 

(i)  1 ,, w/ Carboau t.QO � sl7col) cm CbriCIIDCIIIICa'b 

ted) in , a a 7.6 ID &�,qllllo&l;r.um OOJiWII:s. 
(60/8) 

• eo-
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(li) A anaUer alum1rrtum oolwzn, 1 .5m z 4•5lm ID, packed with 1 1% 

, mms treated) also used in 

tbe Aerognph 6Q., aome preparative separations as well as to esamine 

linen 1"la.z shoots tor tbe Jresence Of' isob.ltyronitrile. l'hc therrtal. ccnduct.-... 
ed with t.lUs colunn. 

(Ui) A stainless steel col.l.wll , 2m z 2.5mn ID ptcked with 1Q·� wfrr 
Car� 1 SOO on Chraoosorb f· ( 60/00 mesh, l!l.DJ tree. ted) ttsed w1 th th 
flame ioniaaticm detector in the Aerograph 664. The colum could elear}s 

(iy) A talnle a steel colwm, 2.5m z 4.5um ID, contain1ng 21% wjw Hi­
El''li Ib (dicthylen elycol wceina te  from Applied :..;cienoe I.e.borataries , Inc. t 

U • . J. ' ' • ) or. �lJI'o. osorb . (t4'80 mesh, re-aieved, acid 
_F Il 'CJ in toluene in thi.s labara tory) 

h 1520. Hell carr1 gas llSed at &bol1 t 00 ml 

te w:i th l.1neer 
0 era tare pr'Og1"8ll1JJI up to 1 90  • 

to obtain 

'!'he analysi. of gl.ucos1des imrolved measuri.ng radioactivity, 

apecitic act1 Yi ty valu �er tbe intact gl.ucosid or of the 

a D��Lat:a &lNBa A• .. •.!I!�W'I by mdj,.ioaoaJJIJI,i;q!:l"&Jpby or:" by S!Dilo�� ODI.llldill!'r• 

� 1D 50 ml ar -� ... -

1 



geD8I'all.y shaken tor at l 

abaorrbecl in 0.5 m1 of 1M sodium eyaroxid in the centre wolla 

or and adtable partions diluted and �Utat1V&l.y analysed ft1r cyanide 

by tbe method at .Al.c1ri.4ge (1 �). 1bt specific activity of linarmrin 

tben caloulated an the 'bo.ais of t.l'e tt>tal activity of lin.tUaarin ani the yield 
cl � �  upon �is. 

As per chranatogra.pby gave no evidence r. ... er cyanogeni.c glyco­

aidea other than prunasin in the peach and cherry lm.trel extracta , no prel1m-
required. Pcrtiona ( o. 5, 1 or 2 ml) rl the eztract 

�1 dissolved in 0.5 ml 0. 1M phosphate bu!1"er11 pH .5. 9 
conduc ted  in 50 ml fia.sks with cmtre wells containing 0. 5  

hours arxl f:.'i.Vcn oc sional. er conti.ra.laus 

centre lls eh ,  a£ter removing tbe emesa reagent, 

bellLZal� aemli.GU�IODB 

in di8.DI!)]. w1 th a u�g,uu SF1m I"'C!!II!!nl'ldi..r� 

-ca.rba.zone in the 

t.ity \1R.8 determined by the optical density at tile peak 

abllllliiP1� or :3 titiea det.erm:i.noci 

by Uqu.id aointtllatiCI'l acti.vity ne:U�UremllfHlt calo•l• 

l1hera 

abecb w1 th rear:ys·t;aJ..;I.J.a(;,Q, PJmnsm.n fS!lQm!ld 95 



moiety and onere p per cbrana� sboeci that little el.ae 1n the t 
lled , then conta.nination of' tie cyanide with other volat:Ue radioacti 

OCIIDp"'•nds capable af being absorbed in ol.kali conaidered unl1 kely or 1n-

1gDificant. In oth wh a range ot compamda were trongly labW.led 
and benaaldebyde al. labelled, some ri at ca1tam1nation Gf tb 

oo.ns1d«red aibl • In particular • benzal e might re&Dt in 

the eodi'vn l:r;ydro:d.de gt n wlatile products and nl.so rad:loactiv-

1ty in the been reJ.eased carbon dioxide. 

posaibili ties,. paE'tions of' the cyani.de solutions in 1 
sodium � treated ith excess acetic acid in the presmwe or 

ablen&::e at silver acetate in s'topfered :f'la.sks th centre lls cantain:ing 

0.5'4 "B,am:ine 1Qx« hydroxide ( ohm and Haaa . u.s • •  ) in u�thanol. !\fter al.J.ow.. 

iag dift\mion at the a eid-libe:ra ted vola tile canpo.u:ds to take place for at 

1 t 18 bcura wltb tle sbak:ing ,  the centre com.enta analysed by 
ltcpid aai.DtUlat.ion counUr-18• In the nee ot' S:Uv iona • cyan1de 

preoi.pi.tate dch uo d by tb!t tic acid• and it 
possibl.e to es t1Im te th• extent of' the errors tioned bow • and 

Ceca'dingly. so ,  pceaible rrors 1n tion of 
apecif'ic activity at tb nitrile ted to than 

• 

aati vi ty JDI!).Q.81.B'etl8 

th prg:�La J]l"'C:JCecltJI� ��u OD 

easant:lalJLy the elao 
:llbeiiWl��llle r.m�nt (5 

th &rJd t'il: 

5 of' 



other than 

benzylgl.ucoainola waa obtained with the garden crus. Pcrtions at 200 }11 
or tbe ez1rnot c:U.asolved in ter ted 1li.th a> }Al of m.vro�-

aolut.ton and 50 ,U at pH 5.9, 0.1.Ll phoapbate l1u:n at roam tau-e. 

This .llJ.ixtu.re extracted per1.od1eal.ly (tran 15 milD. to 8 hours after 

m1.1r.1.n£) r.itt diethyl tb • The canbioed tber extncts appl"(XXd.Datel.y 3 ml 

-... treated wi th  2 ml o£ Conctmtra 

removed by a or nitrogen and tha reaia.u 

ppl.1ed to tagraphy paper fur thi separation. RacUoactt bands on 

the oped pe.per11 detected by a geiger eotmtc:lr', eluted th aqueous 

etbanol and the u. V. abscrption s�trum and radiOBDtivi ty measured to deter­

mina the speoirio activity or the benzyl isothiocyar.ate. The absorption peak 

t 244 m f"or <pantitative measuremen ts. -t trial. using te�l-
UillD!l1um bensylglncosinolate (Cnlbiocbem) showed an averall recovery by this 

lsothioeyana. are lalmm to undergo reactiona 1lli th 

amiDo and �1 groups (Edlmn . 1950; Goksour, 1964) 1lbich WCIUld t to 

reauce the yields obtained l!lhen trea ti.q; glucosinola tea ri 1h ��.--

tarmaU.cm cl Jlben.Ylaceton1trile y alao ocear at pB 5.9 
ytel4. 

f.D O  

lee� and. cllr'CIII!�to.i;l"a;P'O"· 

ml at ..a uu.i._.. 1d. 50 pl at a arurwv SPI.IIU leat �rii'IILO 

�Pal aa a supply of CUTie:r g}..w:o8Jd JO ,ul  
at 11 

tby1 etllf!P .. ..,.._ t5. z..s 
�-'l:llllltl wl 
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in yield ot radioactive · opropyl1:hio-

_.._. This ;srevented estilmtiCll'l of the specific activity at the �. 

2.8 �t d R!dioo.etivit.y 

Radiooutography (with Kodak medical �-ray tilm) 

also used. Paper stri · ar 5 cm wide 

thin layer clJram. to � wi tb i tber a .Nuclear-Chlcago Actigrapb 
n. 4..,. thin \'drdow QCIW1 • er a PackaJ'd 72!XJ. 411' w.l.rldDwleas �toa 

ti.llatlon counting. Instruments used were a Beokma.n LS100 and hckard I!Qlels 

4312. 3J15 and 221 1 . All instrummts were capable of' routin ly orunting 14-c 

at 60 to � efficiency depeDc1ing on instrumental �tings and scintillation 

Jld..xt:ure. A range fl 1tliz1urea • similar er id ntical to p1blisbed :farnulae 

ard bemdeoane-14c (Radi.ocbemi.cal Centre • . �). 

Y.t.ala tDamil� a blank and stanerda with 1N:�reSlSUW &I!Qrll!le cl qwmcb­
lot ol aaq;U.ea 

All srm�ts 
11alldal� ..... or 1aa 



tb 

c.tral tzoi.otton and 1llhicb oonnacted to a vaGUWl.l by rubber hGse. 
At'ter aucddrlg the thin 1aJer I!ll ter1al on to the cotton wool .  glas 1a.l 

-.. de1aobed haD the baee• tbe thin layer aa teri.a.l  ani cotton 'M.)()1 pu.shed into 

a Y1al aDd tba Wbe rinsed ri th 1 ml at 50fo v /v aquec:us me1hanol.. In t 

e Ct•i1Rmda to be camted were l.immarin• an unidentified OOP'pOtmd (IV) 
(ot atmtler polarity to l.immarin) . •  ar valine. Teats that• a£tar 

a a �., llcJas in the � tbanol ,  these con;amda remined d18JI!!fll.ftd 

1llben <11 bued acilltUla ticm mlmare added. 

Rad:loactiw CM�GlJida oo c:hrematog.nlpl:ly pa c:oanted by placing 
the p1ec o£ paper 1n a vial togethor with 1 ar 2 ml. of a toluene based scin­

t:Ulator mixture - a&tficient to sa1m'ate the paper. Th1a method tended to 

give b.ii:h �nds and �ore an altemative � t'l'equently 
where tiiti compoullds were fir t ell1 with atar. Hectangular p1ecea of 

paper stood in a amall vol.wie � water in a shall our dJ. the rad:l.o-

aot.tn OO!!pCW'lds to upper md. '1be pi et 
invested. 'lll:'apptld in n� {Gellantamp. IDndaft) and alumhdwn f'oil,. and 

geBtly rolled ., tbat it oaU.d be placed in a 081ltrit'Ug tnbe. 1Dp aDet 

pariSDD � tbe 'Tanftla• an4 t'bU folded over th lip 
tM roU tbe bot ot the iabe. Only Ugbt c tr11\t-

itulldaJ� ftal. 

.-.-a.u..�a.cm lld.x1Bire prior to ccu�.na. 

a 



held in the barrel or 5 

2.9 4m1ya1s ot 15u 

:)Tinge fitted into tb th 
ebanged to collect fioact1cms and 

S.3 
OODbloti'd.ty ... 

�lene 111 tb tbe 

Saall aaaples ot the 2-oximinol oval.e.rl.c acid-1� and isolut,raldoldme-
1� uaed ter admhda1:1a't1on to linen :-lax aeeUillJs dig ted by the KJeld• 

3 er dlgeatt.s mixture. The anm:mia . 1ibera ted oy odium hydroxide. 
at.m diatU led into �; w/v bc:rie acid and titrated w.i. th dilute h3droohlor-

ie • 'lhe •ldorlme ga: a quantitative recovery but some at the oxi m .no 

acid. lGBt• presumably as iaoliutyronitrile. 

La Vtllne-15s analysed by an adaptian o£ the mthod c4 Sobel et al. • 

(194S). ibe am1Do acid heated with 100 � d ninhydrin in 7 ml. or pH 2. 5. 

0. citft 'blatf.- to 100° ft:Yr 15 mim&tea. The ei.IICCS8 Ainb,m-in d troyed 
by the tiAm et 10 dl'opa � w/v �en perox1c1 followeci by 5 m1w 

t\rrther boa • ega1n llbe:ra by aod1um �. -.a ,a 

cU. tilled end titrated aa abon. .ApprOatmUel.y - recovery obtainecl. 

LiDS.ll'JIU•i.n• isolated by cbrala� • -.a 

�e tor '$) m:i.rutes at 1orf to � 
fhe UIIDIIt.a sa tbeD a · 

w/Y IJarJta aa:l4 aDd U11Z'a�ted. 

m tw 1  

,_1 
distilled 

prior 1D COil�DeDin·tiOD by 



m 

Dll8 � and reaal fall. into 

otas:!Oil al.t:·.cugh tbi.s was � ill all the .-der in they conceived. 
Ill the first section eaperJ.me;n are va:r1ow1 iaotopWUy 
] abelled eonpa.uxlB 1Q;'e admirdatered tD plall� aa4 the inoatrpcfttion into 
CJ:VIIDI:Igesde g)JIM&ides In attanticn ia dra1m to oth• 

OCIIIIMJIIDilla 1lbich a1ao labelled. Th aecoDd section eompr1sea at ta 

1n the f'irst section, are atte&:;>ts to demo trate 

In this case the gluco-

�2 m� • 

.9E•uum!!!!:!Euot:U�s� It has been shown conc1us1ve1.y that 
1--.alSDe la - cf'ftcSen� :precursor l.i.naDar1n 1ft planta 8DCl aaggesteQ 

* m1gbt acids 

-M&a 19&ea). 
toB:tecl by 0CC181'� 

( 196lta).. 7 • 



A �1� 

� 1·4c 

u.14c 

a· 

'b 

TABLE II 

t·mn�s A."J l'Rlo.CUR ;c� ; t _,· 1 INN-.:.�RIN 

Liru:unarin 

, ... A a Amaunt . •  A a : , pre<JUr$01' Dilution 
.... . . (�le) .. ) .  . converted ot 14c 

1 .2 910 12  1 7. 1  2-f 4.3b 

1 .0 1 1 50  1 1  7.6 'b 1 21b 

'·' 300 15 1 3. 5  2Sb 1� 

3.4 390 15 18.5 21 21 

1 ., 1 510 13 1 .0 0.7 1 510 

tivity (including the carboxyl carbon atom) 1n p.O/r:rrcle 
Carreoted. tor an asaumed loss of carboxyl carbon atan - text 

t:ecoverod Valin1 

.1\mowlt a (,.amole) s.A. 

o. 67 390 

0.25 1 5 

- -

... • 

- -

� 



1 of the adm1n1s 

In t B iaob.atyraljiache 
radioactivity 

sind larly tested 

1ned 1n the bealka:-s. 

�14c and iaowt�14c dissolwd in ter and admini-

Af:laft!ld from 1 ml beo:�te�:-s. Isobu� 14-c also tes as a precursor 

ndminiatezoed ham solution 1n closed 25 m1 

-·- resulta are included 1ft Table IL 

l'rin (G4nder- 1962) and pruaas1n ( et al. , 1-,3). this reason 

va.AIRD far radioactiVity af 1inamar:ln derived t'rom �14c ha'Ve 

• 

ind1ca t1.or1s at the p ntage of tl,ls 
the dilution ot apec1nc activity. If' 2-0d.minoiao-

little 

� lim-

� obll!..-,nd 1n Ullll!me UJJel"!t.ml!lnta 
) . 
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D1CCRKIVJ.'ION OF RADIOAO'llVIi'Y b 1-VALI ' u-14o m LINEN FLAX. 
BAIJII�U'lOGIWCfl :FOLU>WXNG mM �-. OJIUIAl'CIGRA.PHX OF AN l'� EXmACT. 



t.be a.ed.minoiaovale.r:lc acid ccnld haw been an intar'IIBCtiate in linaJmrin 

bloaJ'fttbeaia• A lDnr �t1cn ceuld haft been to a toxic ei'fect or 

·thf.a oc••1•11111 'lll1eD adnd.rd.atered at this ooncentn.tion er dif'ficul..ty in trans­

pcrt to the aite cl bios,ntbeais. ' l ternati vely 2-axim:i.noisoval.eric acid 

t haw  bee CCIIIW•ted tD � in the plant tissue either by h,ydrol.ysi.s 

to � acid and h)d'l'�l.amine :foll.owed by tra.nsa.mination or by 
cUaoect remct.i.CIIl cl the cm:lmlno grwp to an amine . These possibi.li ties 

._UDiJiled b:v lsGlating val.it1e at the end c:4 the ex:pedment and � its 

are also in Table 

ter than the U,mrmrin With 2�eric 

aci4-U-14c tbe specU'ie 8C't.ivity 'MlB relatively l.ittle than tbat or the 

l.1Dallarin. Jurtber, the anDmt at vali.lle was amall CC1J1I:8re1Ci th the aaomt 

it 

OCIIlNr'B1on to .L-wJire. 

�.mcxrp:aatiala of laolutlft1_4oxlm 14o into l!namarin to :beat 
eratat aa 1'l'aD � 14c {1DOC1 evSi1ence far the aldoz:l roo being a 

lllb.ii\DBJ. ftgunt beei!IUIIe fl 

-l.pGI�icft during atiJl:I:UUL.a'CI:'D.:ticm., 
�IIZ'W 7 SaUea · that 1.11aamd/'2.n tbe � labeUed thanol 

\JI'IIllGDidi:DDJoootJ-14c th(QQb 0 11Didentit1ec1 
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d the low incol"poration tMD 

up rea.dUy by tb& seed] ings 

aDd eaiiensi:vel.y taboliaer:l i nd:tcated in F1guro 
Mmi mst.mt1m sf 1S, 1*41 1M ?Jdmea t.o tlM. Tbe· resuJ.ts et aperlments · 

been int wed:ldtes in l.i.nanBrin biOISJ'fttbesis. On t.be las of the f'1lld1ng by 
lUtler and Oonn ( 196l,a} of th re t1al or 1 � 1'ra:n Z...va.U.ne •  1 t oon�idered 

that the 

to 160 nu seedling shoots ani al.l.«led to metabol-

1se tor ' htll:lrA Uftimr art1f1cial UsPt. lw tbe first 2 hours of � • all 

the shoots enclosed in cle plas'tic ccnt.ainen to reduce ti 

ot the t.o isotopic labels deterrained and ccxupared fer each treatment. 

Tahl.e ni conta.ina the 1 ts m1cb show that too 1.5.N label diluted 

1n t. U the e-N boD:l rem1.ned intact thm a ratio � one \'ID.l.ld 

apctoted ft:lr diluticms d 1� 8l'lCl 14o. !he relative dUutiaDB obtail:1ed 

,.......,.....� Datl' 

ldbil'V 
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lao'bla\lftt4adm r u.14c • 
1 

TABJ.E III 

ltroOO'ffiNI'It:� OF 1�0XL"GES It."TO LINAlMRIN 

l4aamari.n 

Relative & AFlS s.A. a APXS DJ.lution D:UutiGD DUut4.cm s. A. 
1�� 

152 22.7 

.50.1 22. 1 

187 22. 1 

1s.r of 14o 

,. 27 0.4.� J7.2b 

b 0.625 0.5, }8.5 

. 10 1 . 22 20.5 

a npfJCifio activity in p.O/rmole 

ot 1� ot i�jt4.c 
46 1 .2l.b 

42 1 .09b 

18 0. 88 

b CCIITflOted tor an assumed loss of oarbcxyl carbcm atom 

Oal.c:ulated t'ran the 1nCOl"pCZ"ation ot 1

4.c into liriamarin 

4 /'� ,..- --� -- 0 
ocmverted 

1'b 

1}b 

24. 

� 



6.3 

the pN\'iCU8 ta SnCJtcated the:t � acid and iaoluty-
nldnX'fme d.ght have in 1Snmmr1n biosynthesis ,. the possibi-

1.1 ty remained tba t both• er either, incarpar ted by way ar s�s not 

OOCJUI'l'irJ,g turally. In pu"ticW.ar, 2-axi.m:inoisovaleric acid cwld hn 

�ted by prior !10ll-«1Zym1C COnversi.OI'l to isobuty.ronitrile (Al:mad aDl 

Sl*)ser• 1961 ) it thi.s latter eotr.pQII.d 
cou1.d be 1ural mt te in linanmi.n b1asynW4UEU.D• 

In AD�lnant:a D azn E isorutyranit.ril&-1-14c 

flax aeecU1ng ahcota in closed 12 m1. glass to ether nth 100 ,u1 !4 ter ,  

aDd t,.;.val.ine-U-'tltc acJroin1 s tered to simi lsr shoots in opon 1 ml GOaaJ� 

controls.. laol:u tlTamide-1-14�, bad been preJ:&r8d as an int.-media in 

.. d:c resu.lts in T ble IV show tha.t isol:ut)TOilitrile 

£rem wl ire , the dilu tian 

.( T  bleB Il -'l ID respect.tftly) • whAIM appro 

QOI-:oa.ilm to liDQl�LD 

a 

D1 

' th1a  

conv 

incorparrl o tllC);toa te tbat 

1n 

tion f4 �..... f!Jrcm iJJCilblllt.JJ;'J�Ile-1-1 into .l.l.IJam!\1":1.11 

Dle of . � COD-

V 
poet lT 



t. ; !) � a DUaU.CO 3. A. CQ'l.,.-t.ed -- · of 14c 

D �14-c 1 1210 23b - -

Ieobu�trll.e-
1-14c 10 23.3 -

Iaob1 1-
14c 1·3 46.5  <. 0.2 

1 1210 13 

10. 1 5 1 1 10 

a 
b 
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� rate is plotted on e. logarithmic scale to :tacilitate cOl!plrlaans be-

ecmp::mmta 1D tbe eztract. It rm..y be seen that the ZI8jor radioac�ve 

zones asaooiatecl with valine and l.inanarin en 1..-val.ino- 14c admini­
stered. , tb tbe i.llobl� trJ..l.e-1-14c trea tmeD t the l.i.na.rz&rin zone contained 

ncticaot1w be detBoted. The Jattem t'ran adr.linistratioo at isol:ut.YJnwLI.Q!:,.. 

1-14n cortUIJa tbe observaticn tbat linanarin mt labelled al.thalgb acne 

other JMelled OCilp(W'd8 were present. 

2-!!NEo3Jiaob.ltnynitriJ.e-1-1I..c a prewrscc- ar limrmrip. 'lbt results 

and a •�balltciWmt glucosylati.on cruld be the fiml. mo s 
t3%"Qfti t1'U (.ace1tcme �). 

In oxpe:riment F, this CJOtfi>O•nd 

• A aolu.ticft 

... ,r:ar. .a aal:lm to s pmrll.tta 
5 pl. tl Af!A•�!!l-

npld ln 



1 00 0  

c pm .  
1 0 0 

1 0 0  [ 
c pm . 

1 0  

1 00 0  

c pm. 
1 0 0  

1 0  

1 ·0  0 ·8 0 ·6 0·4 

1·0 0·8 0·6 0 ·4 

Rt. 

0·2 0·0 

Val ine J4
c 

66 

lsobu t y ron it ri le-
14

c 

l so bu t yrami de - 1 4c 

J 
0·2 0·0 

FIGURE 9 INCORPORATION OF RADIOACTIVITY liROM �VALINE-U-14c ,  ISOBUTYRQ-
NITRII..E-1-14c AND ISOBUTYRAMIDE-1 -14c IN Lil\TEN FLAX, SEMI-LCX:;.RITHMIC SCANS 
OF RADIOACTIVITY ON PAPER CHROMATOGRAM STRIPS DEVELOPED WITH BW; LIN.AMARIN 
HAS AN R:r OF 0.40 AND VALINE AN RI' OF 0. 20. 



It 1hat the tc:arnation of 2-�ob.ltyronitril.e-1-1lt.c 
waAOLG mt be COD:(pletla if qQil.ibriwn aDd 80mB 14c 14 be 

A shdJer batch ot seedling shoots 
ellpOSSd to bydrocen cyani 14c control. A olut.ion of 2.5 � at 

po 14-c n.nd 5 ptrDl � phcepm.te in 100 ,ul 
ter 

The results are gi n in Table V and tbl t 2-�JCy.1solutyran1trile 

the highest 

not signif'ica.ntly incar-

parated into l.inamarin. O<llfirmi.ng a result obtained by lutler and Coon ( 1 964.a}. 
The extncta of the treated seed.ling:J were ezamined by paper ani thin 

� chromatography alXl electrophc:resi.s. l.t'i.gure 10 Uluatrates th JBttel"ns 

at ra4iceaotlvity observed upon one di · anal  separation. In the 2� 
liiOllu�tri.L 1-14c treatment. a ccmaiderable zore ar rad1011Dtiv1ty 
asl!lOCi.ated wltb Unanarln. lut was oot & tee-table with the �drog � 14-c 

t range of otb coopcunda 
labelleclJ notabl.v CO!li;>Cilme':IS of lea' B.t 1n this aol:¥Ct .v!!ll 'l:illll!l-

o:£ bo thin .. SllCJIIID 

a 



ColJOUid Administered 

Am£unt .. D.Uutial t:l s. s. a �11 p:recur.aar (.umoles) cm:vertecl 14c 

2•1\ldi'U&iY1aoba� 
rd. trlle-1-14c 18)0 12 105 28 1 7.5 

�gen �14c 1830 1 1  < 2.5 < 0.6 > 700 



·
1 o.ooo  E 

c pm. 
1 0 0 0  

1 0 0  

1 0 ,0 0 0  
cpm . 

10 0 0  

1 0 0  

6 9  

1 - 0  0·  0·6 0·4 0·2 0·0 

2-Hyd roxyisobutyronitr i  le - 1 4c 

Hydroge n cyan i d e -14c 

1 ·0 0 · 8  0 · 6 0 ·4 0 ·2 0 ·0  

Rt .  

rFIGURE 1 0  INCORPORATION OF RADIOACTIVI'l'Y FROM 2-HYDR01."TISOBUTYRONITRILE-1 -
1 4c AND HYDROGEN CYANIDE- 1 4c I N  LINEN FLt..X. SEMI-IJX;.RITBMIC SCANS OF RADIO­
ACTIVITY ON Pl'.l'ER CHROMATCGRAM STRIPS DEVELOPED WITH BW ; LINAMARIN HAS AN R:f 
OF 0.40. 
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tla* Ulljar labelled prcdtlct in both cas a. al. thalgh aa-e 

1n the l\vdrOgen c� 14-c tment. This cont1rms the reaulta at 

otben en tbe me bolism of �  cyanide. t of the Uibelled Coq>OinaB 
o in tbe 2-�t,roni.tr.i.lb-1-1Z.c trea�t.. e:xcepting l.im!mrin . 

two other ooapcNDda. can be ascribed to �tion ot labelled �dftl� 

tu.ral. poal. 1lll1clb ._. not rcrmad tmm tone and 

�gen cyanide and 'fob1ch had a rap1cl �. f.ll)(:retl!1er ft th 

I� ... --.ts a£ earlier e:xper1men • }:�art at the tbway of W.JIPca.t.D tD lirlamarin 

attempt 

tulated aa involving at t 

been mde to tantiate t1 t3})G at pathway illuatra in 

prodUcing a dift'erent glncos:l • It ma 

Y.ebc�Sbllla. and Coml , 1964,) and cherry lm.arel 

tint cU.acSOlncl 

.ftQ�IICl and 



L-Va.line ----------+ 

1 

Iaoblt3l"&'J4ox'me 

1 �r� 
2�butyronitrUe 

l 
llmDBPin 



a little 

admllll'lsterecl as 0.6 ml of sohtti.oll and additional. ter 

fii:IIBIM 6.1 pall at 2-ox:i.m:t.Do-3-phenylpropicnic aci4-2-14c 
w;u&�UJtereri• 1 t :first dissolved in 10 }11 at ethanol as was 1be pbenylacetald-
Olel.:r:JIIe-4,_14c in aperinlmt L In t w.i th 2-ax1mlrlo-}-pbeftyl.-

prunas1n and the l 

d tra ted by tbe highEr J«OGU 

dilutioD aE 14c. 

the 

e oomerted to 

vity � 

the Balll��ur.one • an:1. the yield at �r:�Pnooen cyan-

t th �-glncoa 
USSWDI!Icl lest as 

�I'll" cl'dYDIR.� both cl nhflf"PV .a;zua;5'V.I. 

Q,78lll£B«!I12C � be J)refiCilt 

�-Ute or 

II.PI�� aa1:!1nLUA• fl 



T.ABlB VI 

I� AS llmlURSCSS OF HUJNASIN IN CBSHRY LAUREl.. 

iToeluota from prunaain 

c. A a an� ,, � a "' A. a 
.., . l 

.., . 'b % preourHI" Ratio0 D.Uutioft cl 
.:> e • (pmolea) 

1 .07 1.,.39 }26 

1 .2 23 314 

u-140 14. 439 278 

lJlN Bc.nz. 

o.o26 0. 176 

o.oo..o o.o33 

o.o32 e. 2.2 

eomertec1 14c 

16' 6.7  

�:f 8.} 

s.f 6.9 

� a&d4-S. i4g 6.1 271 303 2.2, <O.OC2 41e < 0.001 

a speoltio activity iD pcfomole 
b Bear.el4ebyde de� a• the semicarbe..zoDe 

RatiO d ra41oact1vity of b�e and � c� 
4 Baaoci on OonveniOl'l 0'£ Cc-O 1 nw:d.ety ot pnounar to benzal.deiwd' 
8 l:b.aed OD 1J1aosoparaticm ot nuHoaotiVity 1ft � C,.mAe 

1lto 

1'J1.04 

61o4 

15'!fl 

12/J. 

VI 



• 

T AB.'t.S Vli 

OJ.n:l&S AS l�CR:.; Cl•' r mm.r.:�UI IN l'EACH 

Btftla]� .. � .. thiJ � 

c 

d Based on convm:aion ot oo-01 moiety ot � 
to b�· 

e !eeed on incorporation of radioactivity into hydrogen cyanide 
"at 



77 

pedaps 1alral i.rltenlld1at. 1D peach and cherry latrrel. I t  is notable tlat 

ill peMJh and GheE ay lat.lrel the 2-axim:l.m>-�lpropionic acid was a 
ef'teotl ve prea&raor of prunaain than 2-ori mi I'!!Oj,sovale.ri.c acid pre-

Ciii"8C4" c4 l.inauar1n in 1 i nen naz. 

apply to 

1Dt.o l.inrutar1n. ID particular. :2-oxi.mino-}-pheeylprepioDio acid might ha 

been 1Dao%pora ted in 1D prunaain by prier mm-enzymio oo · cm tc pbenylaceto-
rrUrlle. ln experiments J and K. pheny:lacetoaitrUe-1-14c administered tD 

� shoots d oberry laurel and pea.oh l'eSt)eCti wl.y. Controls tb .I.,..pbenyl-

alan.i.ne-U-14� i4-1-14c adminiat.ed to 

could 

with total weight 'bou t  2.9g tbree 

� t; :bcut 1 .7g b- t. 

1-14c 
iD 111 .. 

tmd.�t�t.c .. th ct wa  
a .D  .,.,.... It at cl 

t the  tbiD an • pe-

la • 

1D 

VII:I .. 



TA.Ill..S Vlll 

�A1'1Qri 0!1� Hrl<.NYLACJ:."l'ONITR 1· 1ltc AND .l. li�lNYLACl.;Tlint�OXAMIC AOID-1· 14c Iln'O :FRUNASD'l 

lToducta t'rc:x!'1 pi'WUUfin 
Expt. .Amowlt a EON :.1 . r. . a s . A. ab % precursor Dilution of 

·lea) S• A• (pmoles) HON :senz. oonvertecl 14o ...._�--·--�---"---·-� ------��---��-------------....-----�-----��---�-----------------------�---·-- ------------ --------- - ----------- --------------------------- ---------------- ------- ----------------

J 

K 

L-Hleft7lalant.n .. u-14c 
tool tr.Ue-14c 

�0 
aol4-1•1ltc 

L-�v-14c 
�tonlt.rUe-14-c 

2. 14 439 
3. 14 2150 

1 .81 136 

"'. 14 l-.39 
32 2150 

a .  �pec1t1o activity in pC/1 

260 0. 071 0. 39 
250 1 7 < 0.002 

.300 <0.003 <0.001 

38 0.26 1 .44 
41 1 01 <0.01 

b &r.usa.ldehyde determined as tbe semioarba 

14.0 
,,a 

<o.f 

7.(' 

s-f 

ed on corrvvsion of' c6-o1 moiety o£ pl'eOUriiQI" to benMldehyd 
d Based on incoJporation of' radioaotivi ty into hydrogen cyanid, 

a&:f 
1ztl 

-

2400 

21d 

il 



es that it a 

aid ble 1Dcxrpcra ti.Oil &am 2-azimino-3-pheny�cmic 

acid at.M!Ir'IIBII 1n &lllleP.lDBilts G and I if conversion ot the G-rnd nxl.no acid to 

nltrile ooa�ad �· 
oactivity obtained upan n�nlGP 

L-phenylalanin 
_.-t�=r"'� tabolisod 1'1ith only a Slllll.l. particD rerm.ining. lz•uma:ln 

by far tba � non-volatile produat from pbelvlacetonitri.le-1-14c. !n tlle 

1n 
�endc acid-1-14-c troe.tment . DO signit'ica.nt racUmctivi ty oca:arred 

5 �&���IM.C• of po101111�JD�Ja �Lh1\tl"c•ft atlOtl,_ 
iD 10 pl ol W; • 

2 at f'o. D.L-

tn�reNd 1d.th 190 r1 -�"­

._11.7 Jiallfta lbOots t:l abalt t. A ftft'othi!!IP ��-- tai001C8 

,_� ot potausum CNam.GI-14c 



1 ooo  F c p m . ,_ 

1 0 0  r 
1 0 [ 

r 
1 0,00 0  :::-

cpm.  
1 0 0 0  

1 0 0  

1 0 0  
c pm. 

1 0  

1 - 0 0· 8 0· 6 

1 ·0 0 ·8 0·6 

0·4 0·2 0·0 
I I I 
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L -Phenylalan ine -1 4c 

Phenylaceton itr i le -1 4c 

P henylacet hyd r o x am ic 
ac i d - 1 4 c  

0·4 0·2 0· 0 

FIGUP,E 14 INCORPOOATI CN OF RADIOACTIVITY FROM L-PEE.T\ffi.ALANINE-U- 1 4c ,  
PHENYLACETONITRIIE- 1 - 1 4c AND PHENYLACETIIYDROXAMIC ACID- 1 -1 4c IN C:ill:..."tffiY LAUREL 
SHOOTS . SEMI-LOGRITHMIC SCANS OF RADI OACTIVITY ON PAPER CHROMATOGRAM STRIPS 
DEVELOPED 'WITH BW ; FRUNASIN HAS AN Rf' OF 0. 6.5 AND PHENYLALANINE AN � OF 0 • .30. 



t degree. 
t Uttla rancPul tion of l..abti oco.arred. 

81 

t th 

be consiatent with the possibility tmt L-manddani-

t.r11.e is natural t 1L certain canlitiom applied Wring the exr1ert 

ment. '1hB inoorpczatim or �  c:yanide-14-c have ar rrom reaction 

f'rom the shoots• possibly due to damag during 1h 

adml.rdst.nlt:l.m of the label. 'Dd.a reacticn fiD3 m been catalysed by speo-

Uio CXQII1 tril.e 'lbich � be ezpectod in this tiBSlle and which 1110uld 

gt ml7 I,.manQeloni trUe. The ob incarpcration c:£ o,yanid 14-c 

1ft pa.rt1cDl&r. maJXIelo­

CCIDdi..:u:­ t 

can�'tld to tmlabelltiCl IJel:aBCICin. 

axlat '"'lll�nkrga 

'l:ftlr'l-ft 411P!I'W!l!tt tl 



b 

Amount .• . 
�JD!Ole ) ·-'• n. 

2.0 690 

0. 33 o.�. 

0. 1 9 0.015 

c Based on 1.ncorparn tion o£ radioact1 vi tzy in the n1 trUe 
maiet,y of prtanaSill 

d Ratio at redioaotivit".i.v c£ banmldel:l� 
ty 

nitril 

08 



8) 

m"SIIft!!l'lted � uptake frcm so1u tion 1;hrcQgh the 
� the lDcal:paration may attributed to 1Dccxrparuti.arl f.£ h)ldrc-

CJil�:te-14-c imi Jar to tha. t already ntic:med. If D,L-mandeloni trU 1-14-c 
�IDI!Id 1Dit1•lly, tJlen ciJr1ng tbe ezperi.mellt it 1MJr ve clisaociated to 

gi � c.yaDide-1-'t4c 1ch could be icl.lated fi"an the vapour pba • 

.: ............... -.. 15 that o l&tddentit1ed CQ!tpt:'IJ"da• tral t pH 2, 
tcrmad 1lben h.)Urogen cyanide-14c �. A DOtahle ha 

to establ.iah a pa • the 

tt to t'l8t:ftftt 

a l1m1 ted Dmiber t4 CJthar tec:b:IU.QW!• are .-....... :tale. 'lhe 

11Bll3&1ii0 � be CISlD1ollld 

J#tl ...... �:.a 

tin ty or an 1sola tion 
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I 
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oue two cl1.alma1oDal paper chroim. tcY�y revealed a n unidtntti'ied label..led 

ooqn•l'd {IV). Table X lists the compounds administered a..rxl e;ives a qualitat­
ive ideation t:4 the effect. Lcre t.mp1blished rk by fut1er showed that when 

D-gluc 14c ... adminis tered nth n.L-C-methylttJ!'eO!lil:e some lnbel a.ccunu-

lated 1n area of chrol;ato� as far IV. lreatmant with errulsin 

rel.eaaecl 14c from this CO"!>>'md. :.ben i.sol.eucine-u-14c was adminiater-

ed w1 D�tbyl� anotb unidentit'ied corrpound s observed. This 

conc]Dded tba t IV a glucoside 
and po slbl.7 in tarmedia te, ea- derived from intermediate of l..inamarin 

biosynthesis. An at�t to oh erve inoorpa;-ation � 14c-labelled IV into 

th,yl threonine and related com-

10 D.L- thylthreonine or D,L-.}-metbal:yvaline ere admini tered 

with 1.2 ,moles of L-valine-U-14-c or 1 .0 pzooJ.e of 2-ax:i.oino:isoval.eric acid-U-

14c to t1az conditions 1dentica.l to those used in 

IY 

1DIJW:O acc:wmJlatioo rl IV 
cl 4KJ'w.uu trom D....,.-u-JIIel;nyltbrecldDe. It is pnasible 



2-� cid 
D,L-eryt.hro-2-Amlno-}-cblorob.l tyric acid 

D.L-tbreo-2-AmlD>-}-cbl.orohlt:;.rtc ac1d 

2o- �eric acid 

n_L-2-Amino-.3-methS o'bltyrlc acad 
Iaopropylmala t 

D.L-C-: . .e thy l tti%"GOlline 

D tbyl-.a.llo-tbreonine 

� � 
.&olllttbG:Qpi�CDUld.DD � 

Inhibition 

NU 

r.u 

Nil 

NU 

Nil 

Nil 

! U  

'.) · � trong 
Stzo 

NU 

Strong 
Strtmg 

CM!jO!JJd IV 

i'lil 

NU 

llil 

NU 

NU 

Nil 

lJU. 

Nil 

NU 

Nil 

� 

bl.e 

Traoe 

-



L-V•U.,._u-14c 
M L-Va1.1m-G-14o 

a 

b 

T� XI  

Inhib1tar 

-

D.�. thyl threonine 

-

than o.:.o which 

I.nca:-para tiDn a. .t'rcm 14c 
conp;:amd 

� OOfN&'t.ed % comert.ed 
to linamarin to IV 

23 
9 

10  

5 



valiDeJ other effects cm general metaboliam mt tauJi.ed. 

88 

conwea:sicm of 2-oximinoisovaleric 
relatively l 

vallDe-tJ-14o was adminlaWred. � IV did not aCCtm•late. This observa-

s,yntheais cl linluzarin. It my be a genexal illbibitcr of cell metabolism 

clepreaa1on in the level o£ l.1.namr1n biosyntheaia by afficting other 

Kf!ct ot 2 
t1Dd1ng by &ltler and ec.m (Tabl.e x) or a 

2=metboxJrprppioni trile. 'lbe 
inbibi.tc:ry action c£ iaobltyl-

amine and �CiflaJnine ,  togetller with the t'Ol"mlltian of traces c:4 IV ,  

tba t othsr related conpomds · tbm t a car�l group might also be 

aot1 ns tt.J.s type of 1Dhibitcr. On the baaia cl the lqpotbeai that aldmrtmea 

(aa an illbib1t.cr ccmttrol t:ftl�n.�I'IMlt) ._... adrlL11nS.t�!ld witb 1 pnDte c4 Lr<valine­

u-14c aa In ap�ldllm 



D 

D t.eyltbreonine 10 
N D.L-� 9 
0 D•I- �ionitrlle 10 

a 1 

b 

;,; ccmwerted 
to lif!mrin 

23 

7 
5 
2.5 

than 0. 1lllich 

to IV 
NU

b 

' 
4. 

b 



�trUe tml!tnt may have been se to an inhibition e:ff'eet by this coro-

pcund, or any have been due to sl011 u.pta.ke and tra.ns.fer of w.l.i.ne-U-14-c to 

th site o£ SJDthesis of lina.Illlilrin v.hen the seedl.� shoots were enclosed in 

not detected in 

1n Table X, no at t 

"· batcl• or 100g or seedling shoots. llJ"'''D wua.1 .  were bleJd nth 

200 m1 or wa and steam distilled UntU 500 ml. or distlllate had aecwzulated. 

The distilla.te extracted with � ml of Ugbt petroleum (b.p. �� and 

l:IWIIUCRJ tak«l 1"or gaa cbrauktograpby using Carboawt 400 eol.wz . { 1 .!izt x 4.5DD 
ID) as deaeribed iD aecUon 2.6. No i..aobltyronitril.e 
mtrdnum detectable lcwel tinated 0.2 !l\Vg freah weight. 

allowed to i.mi.la te am me bolise 10 pmoles d I.-valine ror 24 

batlrs from aolutlm• with and witbcut the addition of 'so pmol.ea r:1 n.I....o-methyl-
s distilled the 20 ml 

• 

-



au:�a� to aolution o.6 llElClle in an ent 1 al. beaker. All 

tl"flatllllll'l� were in 200 ml tranaparent ccotatmrs fer two ho1rs and 
apaeed to �t t"or a to1al � eight bo.trs at'ter which the smots were blended 

w1 th 50 ml or oold diethyl ether for one cdmte. The ether extra.ct 

decanted and the residlle eztmcted twice with boiling 8Q o  etbonol.. � crtions 
c4 5 m1 or the ether eztncts ere concentrated in the .rr o£ added 

carrier acetone. isobltyrn.ldehyde, iaobltyrcmitrile, and iaolut,>Taldoxiloo .. 

t:lcn 2.6) Gild the wl.atue rudiooctive compounda trapped and counted aa 

dAJ�i�!i11 in seotion 2.8. 

an1 a 1'\Ypical. separation obtained. :I.he ootable feature � the roaults 1he 

accuaul�:tion at: radioactivity in tbe fioactims containing iaobufi.Yra.l.doxine 

i'\&rther portions � e1.ber ta ted with 2� tro-
pbanylhydrazine dissolved in dilute ethanolic �aric acid prior to thin 

� cbrcxnatograp1J3r. Bands or oactin ty ccrrOfP)ooing to 1aohlt�dehyde-

2��1h,yQrascne for the tmen th 1 tyra.ldox-

t nitb UlolulO��lUA.IU.IICI being an intez"mDC!iate 

a1ao lndl..-·­ apecif1o 1nbt ti cl l1auar1n bioa)ll'lthesia 

aaaill" a- 11tep be1:t��e��m iJ!IOblllty.ral.dmt11:1B 
Hallue8C1=s:vit.y CIOClll'led 1n oto�lt!P 

....-�, lo;,Y)J;lWiQuo�II'OI er D ..L-�tJ-maU) 

Um t the oxl.me 1M3 

QOOipCDDciB espec::iall,y in 

t aaate r.-24W!I8 

XIII sd.91a Z'IJ!'81.1.U wrwm 

JY. 
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FIGURE 16 GAS CHROMATCCRAPHIC SEPARATION OF VOLATilE RADIOACTIVE CCMPOUNDS 

FROM LINEN FLAX FCR THREE TREAT.MEf'.."TS. 



EP!BCT ».u-o-�tiNE AND J;jQWTlRALOOX 
00 LDUUWID� BICtilNTHESIS 

'l'reatmont 

a 

to IV 

b 

b than o. 5.; which the m:inim.un detectable 



,, 

it.he dilution of the label. 

1ne the et"t'ecta at some other pos. ible inhib1 tors or interzood.ia aa well 

ocmt1rm the 1'1ft11Dg r£ 1solutyraldolr:1me-14c an accmmalatsd int.armediate. 

L-vaJJne-U-"4c � 2 p; 1n 1 J1liOl ed to batches ot ty 

� OZlUDa• mothacrylcnitrile , 2-�tyroni trUe , 2-ox1minoiso­
t.bc:xQpt opjonal daxirne , and D ,J......O-Ioothyl threonine. !be last 

tbree �mcla. � CCDSidered non-volatilo ,  administered with the L-

ftll.ne-U-14c 1n 14.2 p1 oC ter. .L pcrtialS at 50 pl of wa. t.er ?<ere added 

daJ:d.ng the n.rat 2.5 ba.trs after icb the shoota were encl ed in 1 2  ml glass 

wwe aa»iniatered after the first 2.5 hours \'i1hich a.ll.owed pr1.ar uptake or 

� all et the l'""hlim-U-14-c l.llUI:E. Volatile compomcla probabl.y 

ibe ta"t�i!llD'e, 
et the at:llll!!f" eadZIIIC� Dll"lloollr 

�en�ty � omcm.�� 

--- in 



let rerer to or the Ofl'atograms "Dtdch 

at lnt.ed - eome the pOSi.tima � knorm coopounda. Tbe anall 

t J ia be11eved to be an i.cp.lrit,y .formed from iaobt.ltyrald-.....&.� 

F1gurea 18 and 1 9  are semi-logarithmic histograms of the count-rate 

obta1nad th proportional counter on the time scale and under 
Wentical ocmcl1U.ona to the separation 
150 pl pcwot.t.coa c:l th ctb extracts. 

a:m in rigure 1 7, using �tely 

units at radioaotivi ty are hmdreds 

of camta ncot'ded in the 0.4 mimte in....,,.._,,_ ot the hi.lltq;:J"Blms. 

mim.te coantinc periods and ent a1.gnit1ca.Dt of ndioacUW.tJ. 
� 'iL"UN 18 eo.. pares the patterns or raclioaotivity �� with the control 

treatment ai:lci the trac.tmenta with 60 pmol rl iaotut,ronitrile and 20 )amolee 
or iaobl�. Certa.in peaks cl radScaotiviV � in all or aoat 

treatmea to varying e.xten and f1R3 be due to labelled campQ1J'Ida not related 

to. I'D" illvol.Yed ill. l.inaDBr1ll bioayatbeaia. 'lhey inclncled at pae1 ticns 

�. � .\. £.. 1 aDi unidentified lthmgb it ._. likely 

t notable 

assoc1a 

peak in 
OOOiiAIS. � tb aolld ftftrhnn 

-...._ g 

WiiJftildC�ile trea 

.a)lltl\:f,n!LldcadJ!� at 

1:1F10!11,"£.'1Cm ot .... �MIIQ 18cmt,a�u:tcae�JD�a. 

t 

• 
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FIGURE 17 TYPICAL GAS CHROMATOO.RAPHIC SEPARATION USING A DIETHYLENE ·� . ' 
GLYCOL SUCCINATE C OLUMN WITH THE TEMPERATURE PROORAMME INDICATED. ' i 
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ACTIVITY .ARE .EDNDREDS OF COUNTS RECCRDED IN THE 0.4 MINUTE INTERVALS OF THE ; 
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asaoola ted peak w:1. th the flame ion1sa t1on deteoto.r and to ha approxi-
mately the specific activity as the reccmn-ed iaoblt;yraldnxime. It ff4.Y 

have be t'o:nned by the plant tiasue or rray ha a.risen aa an arti£act cll..ariq;; 
or after eztraot1on. A small mass peak also occurred o. t !. \ibich may ha been 

iaolutyronitrile with a small amr::nnt o1" associated radioactivity not resolved 

from radioa.otivit;y at t.• Another stm.ll. ss peak ritb an el.ution time 01"' about 
16 mimtes •s not radioactive. None of these o peaks were observed with 

the conWoJ.. 

The treatment with 60 JlUE>les at isobutyron.itrile gave a c:brouatogram 
with jderahl.e radiQlOtivity con:esponUng to acetone at a am an Wlident.i-

fied aompc:W'Jd at S,t trace o1" micb ocaared in other treatments. A si.gni.N-
cant peak at radioa.cti.Ti ty associated with a large peak .fO'l" isoblt,yro-

nitrUe at !.• This peak trapped and di.la with pare iaowtyronitrlle. 
t-lbtylisol:utyrar.dde prepared from it and recryatallised to a canatant 
specific ac ti vi. ty which indicated that appl"'X1ua tely Nto or radioo.ctivity 
trapped in this peak 
that isol:utyronitril.e s an intermediate in lina!mrin bioe.}'llthesis. 

Treatment With a analler amotmt ot: 1 2  pmole ot isob.ltyrc:miiril.e pTOduced 
a pat ot radiancti vi ty wry si"" 1 ar to that of tbe ocmtz'O�. 'l'he c:n.q 

.. trappi.ag" 

tft!la.t.l!iJBD1ta with 10 � et D,l- �ionald-
10 i ted in 19,.. 

Baal1a..Ud ty attrtbutable to iaclilllt�t.l&:xdi:De oc:cur'red With 

lesser en.tt in 

����· � Udu���� 



'}e tion o£ � IV • 

.i:'he e.ft'ect ot adr'J.linia tra tion o1' 24 Jlmol.ea of thaceylonitrU.e or 20 

in as both o1' tb 

tbeary be int«rmedia in linalr.arin biosyntbesi , in ich 

in parUcuJ.ar. Ofll.l4 be cmsidered as aa intermediate between iaoblt,ronitrile 
�tyronitrUe. The reaU. or gaa chror;n�y in 

.._....,u-wo 1' cl1d aot give aey evidellce �or radioactivity in ei ther at the metha­

� ooapounda and therefore these compounds are rrobabl.y not intermedia 
tbacrylcmitril.e as recovered as a singl large as peak at a 'rl thcut signi­

ficant aaaoc1ated radioactivity. 'l'lle treatment with the 1.itrile did, however. 

mft the eftect of incrgQg� radioactivity at £ and _  relati to the control. 

The radica.ct1 ve peak at !. could be isolu tyroni trUe. 

tbacrole1n ozl.me had the eft'ect d increasing tAo .,�a.ui.I.UIIIwti'Yi ty in a 

at ll be at1ril:u ted to 

of raethacrolein • 

tone. A 

�atoent with 10 pmolea of 2�eric acid or 22 pmoloa ot 2-

, in 

MASS�Y UNIV�RSITY 
LIBRARY 

t ot' 1he contl'ol.. A 
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Table XIV g1vea a qt.aal.1 tivo indication a£ tile en ts d each t 

on tbe t1cm at l.i.narJarin and IV. inc:arpcra t:ion d label into 
t:mnt relati,_, to the ccntrol. no bl  

rechlctions were Yd. th iaobu �aldox:iJ;.e and with 6o prool or iaolut,yroni t.r1lo 

whicl; w� con.si.s t With a cazpeti tion effect. The eft'ect of l) ,I-2-methoxy-
to again gi an 

1nhlbition at: linamarin bios;yn than did D�tey'lt.hreooiDe. No other 

Wllabelled coq>Qmds irduced s1gnif1cant ot IV. t 

of iaolut3f•onUr.Ue no att t 1IIB..S !'eat of 

vary1rlg 00110entz'a tlon cl unl.abell competi tar or inbibi tar. 

ll!B�Is!..EL!.BlEE!...J�!:...ee!!!lU!IV. In this tion. experiments 
are d.eacribed which ttanpted to tend infoma. tion abou t IV . be finling by 
lUUer 1bat th1a conpcund a glucoside vdlich accwmlu.ted. only in the 

pftlseftCe ot apecitic inbibitor of lina.aarin biosynthesis was taken as the 

basis far a1ud1 • In the .first instance IV purii'ied t'rom part of the 
extract at the nt nth D.L-G-methylttrealine in �t :.. It 

tbzougb a small column (3em x o.3cm) or ociemi.nrcil1t and purified by 

ftll'l'lM" chrcma� 1n t-m solvent sys en it appeared to be radiocbemi-
� boa.agtlla:aa althw.i/ll not necea-.� ......... y � Its tree PIUII-.t!� 

�t.DDJ.mlng I"''CCI!� d trated 
ln ,_.,"""''lml!l'lt 

w1 
IDII"ll at 0° 

16 w.l�ta o1" a JIZUttr.a!'e at GQIIS£ 

dl'a'IID f:lt 

• 
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q1ai) IV 

Carrtzoo1 ++++ -

� 410 ++ 

Isolu�trile 60 -+ +  

lsol:uQronitrile 12  + +-t- -

D�2-o tba.z.ypi'Op1oaa.ldold ne 10 + .... 

D•L-().. ithreonine 10 ++ + 

tbacry1oni trill 24. +++ -

20 .... -

eric aal4 10 +++ -

�aobl\YI'QDifz'Ue 22 ++ 

a 
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all f4 IV and, aa 

active ocmpouDd wi tb a � � value presumed to be a hydrazone derivative. 
A1"ter t wi. th acid i:or only two hwra at (p some • but not all• af IV 

recovered. Trea:tunt with 2,L; -dinitrophenylh� Wllder s5mU ar eOIJd-

1 ticlla again � the h,ydra� 

The ndi.otin � spots ce elated -in tba.nol and �erred 

to snsca gel C ttrl.ll layer chnma.tograpb;y strips. The radicacti-.:lty had the 

h 9. It was thereby d:isti.nguiabed .from 1h 001 reapcnU ng 

active bydruol'le was tilnted tb 200 � t:1 crystallSne iaob.tt3%'fllde!:\)"'.e-2.Z.,.. 
diDi�� and rearystalliaed three times .from a mixture u£ benzene 

counted at 

vSrtDal1y 1Bf'ln1te t:tdolmeaa with a thin \T.lndOIIf Ge er cnmt«r. 'lbe specific 

&Gt:lvlty remained ccmatant, eonf� the identitication or the radioa.otive 

11\no�..- �ta with IV were cm:T:t�!lll Qlt with a apeciall.y "Drlll!n:laJI:'eCI 

euple. cm. ted w.ltb 2 � of �  
0.. � ODilttal.ldll� 10 JIC at ��tint;y togo"'lltllr w1 th 20 ,.._,�., at D�l-

• 

• 



10.3 

18 hours 

IV. Under simi Jar cond:i. tions there 

negligibl � or  limumrin iniicating the rela tively � 

v.lty t:1 IV to acid �· 
siti-

Both IV l1Damar1n with 14-c label were troat«l th hydrolytic enz.ymes 

alJr.ada ar .50 p1 of linamrase in a total or 2.50 p1 pH 5.9. o.a.M phos-
0 

pbate blft'ar at 40 • Sar.ples or caeb taken at the beginni.ng ani a1"tEr 

fo.Jr ha.trs and spotted on paper lDr chrooatography vd.th Bli . The zones canta.in­

i.Dg the rerm� IV er l.im.ne.rin were wt Olt and tra.nsferred to vials ft)r 

acintil.le. tion CO\IIl'ting in the J.resence of a tolu based scintillation 1"J..uid. 

t with 

rea.alta 

t rv is strongly resistant to 1\'9dl'Olyais by l.1nan:arase 'tut relat.1vely 
t:l.b1e to the acticm af tbe �-glucoaldaae 1'rom almanaa. 'l'h1a cont"i.raa � 

lJ.shed t'1.nd1ng by Iutler. 

'1..-nll'bata 

.�aMIIG JC'OI>ClC tLa1a1 �mt-...•. 

1oal to "O"ft�!ll-
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of o.xperi.ment 
t an at�t 10 p� IV and filld volatile 

an elution � the 

th pzre iso{.UtjTOfli trl.l 

roor;ysta.1l1ao to a ccmatant spoc.Sric act1rity 

IV 

In the third 

pb:ISpttate but't"er fqftti'W��r 
t, IV 111EW clissol ved 1r. 1 OC pl "� pH " • • 05L 

th .5 � of in and l eld :' t !.0° i'cr 20 hourB. 

mJ..x1m'e 1Mf'1t:rnni-.�rwi ll'i th a l volum a£ die 1 ether and this 

tar gaa OIDt"amn.tc:smt.nllk:V.. The mJor rad'occti had an elutim time 

a ted tb aci.dic 2,At-

at rad.1cnct1vi v 
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In 

may be � of cyamgenic g�1des. In ihe � 

eompCIWld.s w tested 

.A. ocurscrs at: i In aperimlmta V and � L-va.l..1M-

u-14c, 2-oximinoisow.ler.l.c ac:l.d-u-14c. and iaolut� 14c admin:l-

tbane butter to aingl geedl Sng lidch tb cqpoeed to 
ccnti.D.Iowl light tor 21 boon�. In ezperiment ' isolut� 14-c or L­

ftl1m-u-14c, ciiaaolv in 450 pl at ter ,  were administered to groups 

ar three plants 1tl1ch were enclosed 1n transparent 220 ml containers to reduce 

porative lo ot the aldoxime. The plants 

required. 

ter was added to the 

Table XV g1Yoa the results of ezperimellts V and c. nte �t:lcm of 
t-va11.ne-u-1ltc into opropyl.glucosinolate, \l.bUe DOt po.rtic:nlarly high, 
«dgnUicant. 1'841Gal.ltograpb. ot the l-valine-U-'t4c treatment cbralatogam 

t rac11 � v1 v reuai.nocl 
COI!Dreftrllml to otlw.r CCillpC!tiDIIIS inal.Deli .. 

i:ac:llrrCXJ�iiM) 
�l1QI111�'8J'"PPl ln 



1 .0 

x,..y� 14-c z...o 

I-Val.iae-U-� 1 .0 

laobu� 14-c 3.8 

s. a 

24� 
1150 

622 
2490 

390 

a Specific activity 1n pt;/l -ile 

b Can:ected �or loa of -14cooa. 
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_FIGURE 23 INCORPORATION OF RADIOACTIVITY :FROM L-VALINE-U-14c IN SCURVY GRASS . 

A RADIOAUTOGRAPH FOLLOWING THIN LAYER ELECTROPHORESIS AND CHROMATOORAPHY . I IS 

ISOEROPYLGLUCOSINOLATE. 
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XV t be  

1 12 

»�� 25 is one such 1"'ldi u .ich ez.. 

the only cationic c observed to 

an intermediate. bUrther, the incorporatitm rate given in 
ted aa mozirum value the glucos1.nola te not poei-

cculd not al 

........ ._.� Figure 
AE!DilZ'Ated ban 

tb1a radio-

haw 

be ctmeluae4 1iba t \ 

� id is probably not an :intermad1ate in 1sopropylglueos1no­

late bl..osyn'thes1JS. 
14. �&EI!D..!l:�Ha&I!:Wal!!!!�!=l·• In aperinmt x, 1-phenylala.nine-U.. c 

administered in 0.25 ml r:l 

30 e:D�III:l .-. ....... 

1D 5 p.l at etobano 

tirst dissolved 

11ght. The reatlta are giv in Table XVI. 
caraen·tag af L-pbenyla}aniM incorpGnted into ylglDcca1.noln 

a TrtKnJrDl!lr ot bel:tmy:LglltlCCilW»-
late. 

• 1 I 

• 



1 13 

• I I I 

I ... 



1 14. 

t % to Dllution 
(pmoleG) "'• S).uooe.t.nolate cf 14c 

L-lbeoylal.aJtiDe..U-14c 1 .1 440 4.-f 3.56 1 10b 

�laco 1� 
1 .2 23� 1 26 1 .22 19 

a 

lalani.ne-



us 

U. �Ucn ot phanylaceta14mrf= u-14c into be:Day1gluooaim-
th t1wly le. tilution shDrled this � on et:rect1 

�· Apill, rad!oaatopoaphs sb benzylglloiCOSinola te to be a m.jor' 
bel led praluct. '111eoe reml ts together with the res1l ts at ez.parimenta V 

W Sndioa te al®st mea are probabl.y inter'ned.ia tea in lYioayntheaia ot 

atntotm:a1l.y related glucoBiDolate . 



4-1 Sflt!!!!S'ipol!te biemrnthgi! 
'lbe retU1 ta obta1m4 f.rrcm three eaparimoota 1lli tb two species et c:zowd.f'er-

cus plants t ad table aldozi mea my be cm ted to glucosl.nola tea 

to a cooa:l.derahly 
the preri UNucoeasr\la attempts to 
f1l otbw pui;NN.Au.IU· 1ntenediatea th 

similar inccrparatlan tor a ran,ge 

1 ts m. th a.ldoximes my be taken 

good eftdellce � en internediate role. 

2-0xindnoisovaleric acid lWlS not notably inccrpcrated into iaopropyl­

gl.ucosi.nola te. Underidll and Chisholm ( 1 9(4) rep<rted similar lorr inem­

paratl.cm ot an ozindno aoid in to bcaw.yJ..glncos.:i.nolate with nastnrt.iwn shoo 

aDl ted tiat 19!1 (liO-COOll) iaaroor *1cb they administered the 

inoai"X'GCt 1 wtdle the &m (Ho-cooH) isomer migbt be an in1er'J�� 

1be .sm i.sonm-8 ha been reported �ar cml3 a � � acids ( aDd 
Spenser � 1 %1 ). � into aeccxmt the facile t.1cn r4 ( )-

1-oxi..-r.inophenyl.aeeti.c acj,d (� aci4 �ID tbe grea 

r4 ticn of alkyl a&QQiU.IaJII OCillPS!r.'OG with 1be � • and 

J)CN:W.lllJ.e tbat er,pe;pad�lu.l.OI'Ik:�­
ia � ard £avo&n 

a tar (HO �a:JH 

�-... �. t'tltUe. 

...... --" b7 UDrS«!nl1ll. ( 1 �7) ha8 ccmrtrmed 

s.aacwpara·ted into bs�LgJJJOOaiD 
it --- tlla t aDC::uDIIla' 
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haw abolm tba t h)'dro�ylalan1n is inaorp te4 Sn to benaylgluooa:l.nola ta 

aDa they haw dncrlbed an enzyme ay tsn etq>able of torming the aldoxime from 

tbe �� ao1cl. Tb.ul a eq.aenoe of two step tbr the formation or 

aldo1dme hu bMl •UI8ated \'lh1eh does not include 

The emall ift��n�W'Ation Of. 2-oximin.o aci observed wit 1 Of.I'Opylgluco-

a1nola te in t V and with benzylglucosinola te by Underhill am Chisholm 

(1964,) and Meelcln ( 1 96S) uay be ttrib.lted to a pathway involving pritr conver­

sion to the a.m1Do acid, either by way � }\ypothetical eydrolyais of the cx:im-
:I.Do group to gt keto acid or by direct reduction at th oxtmino gr."Qlp to 
•mt.De. .An ca,yme capable � this reduction has been reparted by • , 

( 1967) 11'1 � plants. n&rmg the an 1a of the 2-nxlminoiao9aleric acid 
tr nt, a l'&d1oe.oti spot tt.Tib.tted to valine ob wruld be 

oonaiatent w1 th this 

.subsequent tepa uoosinola bio yntb s have been studied in leas 

detail. . cakin ( 1Ss67) has c� that 1•tbiogl.11Coee y donate 1 otbio-
oyanate sulphllr ani that ny toth1obydroxam1c. aoid · not 1noarpcft into 

benzylgl.uco inolate. . or  tl.y ,  ' tauo (1968) has cited tll'lplblla d re lt 

wh1oh eho that tbiogluoose ( socU.wn thioglucoai.d ) not a precursor � 

be re ired to find 

a,ntheai the CPU>PJ�te moiety y imralve tl"aln&r1 pha 
a4entC)ajLfte-' '-,pboephoaQl.pba 

all ' ep 

1.,.2 

u an aldo 

OIWLC:W4�Ql:P'Os t-plltOSJ:Ill ·-�-te to 

c cid eo 



itQ 

l'l'lftll!Pb!d to l1nalmrin wl th the • lxmd intact ia trebu.bly norml.ly 
t"m!"m!!!rd !.D 1he Unan flax in m.iluto ccneentrattcns but aceunulatim of it 

irllr.&oe4 by specitie -inbih1 tars of linaloorin biosynthesis. It tray be 

aecep18d on the results tb:t t aldaxi.Ir.es are inter.c:edia. tee in the L"iosynthesis 

0� limrrar1n and prunasill and also, by analogy, or smacturally related cyano­

genic g�ea inolu.ding lotaustnlin, samb.migr:"in• aqygda.Un, vicianin, 

c1Wn1.n aDd tuipb.yUin. 
Sindlarq. 1aol:u't3r0nitrile and phcn.ylacetonitrile inDorpara into 

.uz�t.rl..n at · pzuna.ain y, and eri.d tins- the abillt.y � 

linen il. shoots to isob.L�trlle -.a obta.i.Ded frail 11 n expert• 

mm'lt:S. l ""'  er , the acawnlaticn of isobut,yrcaitrile eculd DOt be induced by 
krlom specific inhi.bi tars of l.immrin biosyntheais. 'lhese results indicate 

nltr.Ues are also intermedia at a quent tag 
fibile nei iaobut,yronitrile nar iaobltjTaldoxime ir.corpora.ted to 

e1gn:J.f!.caa� tar extent . va.Un during the eJq>Erinslta, both 

1DDOlpOftted to aD atat Slf'ficient to in;>licate them intermediates. 

liM!ilm'"A 1lb1eh oould 1la'k incczpora tion at them \".ere their vola-

till ty and poaaible toxic effect n adm1ni t 

Both are 11pophUic and cmld 

in abncrn lly large d es. 

disraptivG ez"Yect m cell. 

significant tim 2--nd nr\noii:IIU,J&&.IojWI!i-.. ..w 

�>-Pil'lolli3'1J:rrOJ�!d.C :id i.nto l1nan'larin 

gJ&aoom�•te 1nteJ:,.Uate , could in 

rea.aoz-.b'�Le to aq;�DQ�.e 



•••mmt � • evid obta1ned for occ:n.Jl".nftC of this convii!!"B 

t W'111UbJL1aloed reeul" obtained by Conn and i'apper failed to 
in l.infm flax capable of accelerating the reaction. 

intemadia tes in cyanogenic gl3coside biosyn-The statue ·Ote a.ozt mlno QY,IIQD 

tbeaia auat &..--..P. Ul�l"t.a until · den::e i'ar a. conversion to aldaxines is 

t'or their .forma.tim ani utilisatim 

In the o£ linen tlaz. good evidence 

�t31'Udtril.o also an interJDedjl.a 

imarpcrat.t.cn cyanide 
� tnm exp!ll"iillllnta by 
-� (Halll.brook • , 1 968  - "' 

alao obtained. Coli 

ConD and ......,._ 

pattern � 

tory evi.�=-

ar a joint bJ.i. 

wlts tor i tion of .;,�trUe into pi"W18.sin with cherry 

l.wrel r..oots , less de1"ioit1ve. .. mtahlc reature signii'ioaDt 

in ppu-ant contrad:ie · on  to the .fez nitrile Dll)i,ety r. t.1GD 

pbervlacetaldcxime and tan1 trile. I be by tulA 

t a e hom tbe plant t:l � the admini ta'ed 

c cU.tions. 



U. ts ob from the ic.rmts with linen .flax secrX!l Sng , 

cbefty � shoots , together th the t t'indillgs of 

K1nU aDil UDile:rhW. ( 1 968) ,  atppar't general path� cl cyanogenic glycosid 

b )'ntbesia imol ·· a a£ ti from amino da ald-

UA;ILJIU-.U ' ni trilea and 2-tiYW��trila 
.Goo oi' Ute reac t1 

tal. ent f 

llmftl- ( 1 �) on 1b 

1Ula ted def:�re t\u"thsr diBCLaoaial. 
Uon ( 1 ) f'rcm DUIICDA!� 

.QSl'fttJllet)jla a£ tl'le ut1b1otlc , hadac:idin. It 

t tl'd.a �c id t"ormecl by 1 �yalne and 

ycine. 
m bu been node of the omvcrsion of } �l..o.la-

niDB to phenyla.ee'taldoxine daoonstz'u tod by l\indl and 'Jndcrhill ( 1 968) . 1ld.s 

.. 

ti.m (2) of 26. _ olecular oxygen is FQ'tnbly re · ed. 

1ft in an ( 3) . 'lb9ro is no direct evidence to 

• 

vertod to n1 trUe in dilute aquerus soluU 
rditions ich permit tbe fornatim at intermediate 

y nldmdmes arc coover to nitr:U.es. 'l'ho biol.�ical 

l'!leC:llallli.Smn coulcl imlolve tbe tb t1cm of an int.Erl'l-

IZI...::IUD• po8 ibU1 ty WV.LU/1 

DW.::'L..Lli:I.I cl a -·--V A.Jiol.laDIIII' 
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- FIGURE 26 PROPOSED PATff'NAY OF CYANOGENIC GWCOSIDE BIOSYNTHESIS. 
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R.Llli..._._ 2:7. 
It tlball.d be m-ted that futlcr unsucceaat'tlll attempted 

ceul4 be CGIVI!IP� to liDBnDr1n. It posaible tm t the adr;li.nis IV waa 

not to the ID"m.l site d syntneaia or l1mnar1n aBi 'theret"are � 

atatwJ or IV aa an intermediate rJUSt rem1n uucerta.1n. The ccnti.tims regUred 
to bdvce aoowralaUon � IV are � in at. 2-v.e� 
the mast en'ect1ve inbibitar of l.imamr1n b1oaynthea1a 8lld also 1n:meed the 

most of IV. This ax:llze or a derrt tive i"s'Ull 1 t coal4 be a coopeU t1'98 

inhibi tor af the conversion f.'£ isohl� to iaolu��w01l1td.le. D.L-0-
1 threonine ;:my l:ave a speciric 1dd.b1 twy WJCt at a pnc:.-

w.raion to D,l-2-meth�� by � norual.l.y tiv 

lrxltace a small &CBJJ!ta]ati on a£ JV ney also be cooptitive inhibitors. 11" com­

pcund IV ia not 8ft intanoadia te 1n linai'I&J"in blos3fltbl!tsiS , then 1 t is preauDI\bl.y 
f'oned f'rom large pools of i.sobt.rtyraldaxirze 1l!h1ch rray acc:mn]ate in 

the csr ee apecUic inbibi tors. 

In the 

al 

� isobut.}'Z'Old.trile 
thacrylonitrile, � by tb tion 

I t.er COlld th be tbe 

_.,e--" fl!lbl'li!!!P�mt l.az:d. trUe 

labelled � dD DO� SDJl�JPG" 
emJtude aU 'po&,dbiU11t8 

A �IPA,.. umsat&ll"&ted 1D1oea*l1&1� 



ol.aae13 related g)ncosld 1s probahl.y the trana.1'er of glucose to a 

a-Jlwdi!Uit:.m.tdle a l.ecld.de-5 '-cH.pbospbo-i.)-.glucose by a at 

geMI'al type tor �onm.tion of gl,yooa1.dic bonds. Hahlbroek ond Oonn ( 1 968) 

prit1od capable � f'orml.ng l.ina.liBrin t'rom tml -D-g)Jloose aild 

2�oba�trile. � bios3fltbeais at the �des �n and 

vicianm prolaa� imol the trans1'er at a 1'\lr tber  sugar gro;ap to tbo 
OQfteayding � 

ot CJl'aLIIOf!�LC glucoaido bie&,Jilw.,.ii:Q,..D BllOIIID in PJgui'V 26, ouleP poaa1Ne 
t1cm al.readJ' � the poeaib1-

Whil.e tho .... � ...... ta teD4 to 
elude sin� emidoo and � aaicb a.a intel.'ml!ld1a • � 

and correspcndir.at glyco cannot be «<'Chlded an altema tt pa� to 

�le nitrilea and 2-b.ydrozynitr:l.lea. I t  possible that the unidentif'ied 

no1ic gluc.oaide reported by Gander ( 1 966) ,  'bat abau t mich cblbt ha.8 IIU.D� 

.tleDGW• :p4Ksanal comun1eaUoQ, a 2-(p-.b�yl)-2� 

at:l!ll�D"II!!l. � UUDG'Ut·�..VDt 111 th the report by Gender • is �y�l-
aCI*LidDdlle •tu:ll ccW4 1D dburrin• tazipbyllin and p-gl.uoo-
ulma�4elcalfrile 'bl.oa3'0Ul8:su. 

• 

CCI'llpaa:ada 'Id. a � ou�gau.o 
boienr a tl &llliiiJOtd.DI:lla''*l 

aDI�;GIIB ..sao ao:M-

t 



eb there blvc not yet fm7 signincant studies. 

125 

Also at interest is relat1cABbip o P' t J.mJ'le&U.G�tian to the 

bic�SJJ1tbesia CU'ld me bolism of' otb natural pr ni tro n is not in 

1a one ot a claaa ot oubstitttted hJdrozamic acids mere tile �l moiety 

poobabl.y wd 1'l'al1 an � mich in wrn is by Old• 

dation or � ooids aay also be f 1n vitJ:o t'rorn 
byUo ( • 1963). 

A 
at mch ka.nUd...n hiptagin ere deriva ti at }-D.1 tl'ofC"CpiCDic 

id ( M"'""'• 1963) . Hiptagin is repc:rted to Yield hydrogen eyanide t"ol.JAu-
lllg t with alkali (Garter• 1 921 ).  The nitre gralp to be deriv: 
from • gn:up � aspartic acid ( · w and r .cCloskey • 1 967) and an ald-
�IID CD1ld be an intemedia te. ..>imi 1 arly pbe.nylacetnl.dozi' cou.ld be an inter-

in tbe bj. �the of 1-nitro-2-pbeo.yle 1.8 f'cund in tbe 
k oll ot· i:.ni · {l'{obinaon. 196)). OzidaUm o£ e11 to nit.IIO 

_vo ... .., is cloo i.r.!plled in the yn by � cl Chl�urpbellliCC)l. 
( t M• • 1%&) and aitro 4awole (lancird. t • • 1'") altba.agb 1a 

�- CIMIS ni tzooeo cca.IIXIUDC18 ooul.cl 
I la ..---

..... 

.. 



� otb than decomposition at cyanog 1c gl.)'OOSide in 

�'--ls et al.. , ( 196.5) bits am h;ydzogen c,yanide biosynt.beais 

126 

ani ated cyano:f'ormic acid i.rrtElrucdia te. ln v1 o£ the coapra t1 

b.Y which oximea y be converted to nitrUea, :fcrmaldnziroo ant onadno-

acetio ac:1d (�l.ic acid azime) shrul.d also b inva ated in�tes. 

It 1a no that in all studie of organic ni t.rogren ccq)(Wrlds 
DO erid.ez:ce to f'r h,ydrox,yla.mi.ne or other similar oxidised 

t'arms of' nitrogen tea and ti to be no d.irect 
rela ti hip w1th n1 trogen 
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