
THE BIOSYN~~IS OF 
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Wt. Realnor fed IlWpdb%h 
lKmucifaiw-I (5) 

Mc!hylnoratclauriac (11; experiment 5) wan not incor- 
porated. The mdts Qmomratcd thnt N-mcthylation of 
lkorcoclaurine(7)doeanotprccedco-mcth~ninthc 
bksyntbcsis of mwm1~if~1 (5) from 0orcucW 
(7). (-e)_Noo-Triadykoclaurinc (16 expuiment 6) as 
exp&l!dwasnotincorporrrtedinto5. . *. 

relpospecIficltyofthelabelinthcbiosynth& 
no%eriwl (5) derival from (*)-N-methyl-[3-“Cl 
CocEaurioe (F, expdment 7) was es- aa follow!i. 
Radide Mmmcif~I (5) was treated with 
diazometllaDc to give lluciferinc’ (6) which was am- 
vcrtcd into nucifcrinc methid&’ (13) and then into it8 

7: R=R,=Rs-R,=H 
2: R=R,-H; &=Me 
0: R=R,-H;&=Ft-MB 

10: R=R,-Rs=R=Me 
11: R-R,=Rs-H; ft=Me 

16: R - -pl&-NM2h 
16: R - Vlnyl 
17: R-WC 

!3cuml Hofmum d&grad&n of the rnctbimI 
a&dcdtklIwbiQd(1()withnolossofrctivity. 
Ozodyais of 16 gave formaldehyde, Uappd aa its 
--C(9896ofofigiMlactivity).Tbeal- 
d&y& 17 was e!3!3entidy rdio~ve. The expaimcnt 
thus eNtabli!3hal that nornuciferiDe-I (5) ill spcci6caay 
bioayntkkd from N-mcth-lurriae (9) in C 
~pcvsylo~ 

kordiog to biogadc tbcory N-mcthylcrotapari~~~ 
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(2)&ouldbcanoH@oryintcrtn&tcio.tbcbioqa- 
theah of nomuciferiot!.I (5) from N-methykoclauriae (1). 
EUkkatlabomWysyathcsi.sofSfrom2stmaglysup- 
portedthcidea.‘whealabcIkd2(e~t1~)was 
~~~y~ fM bra=+ of c. ~P+.@om& lt was 

uKqomt& mto ~C~~I (5). cror- 
spariuc Q; expcrhat 13) was ah catWacd ca?tcictltIy 
~~~.~3~~~~~~2~~n~ 
bytheplantstoform5. 

Themgiospe&cityofthelab&ngintbebiospthctk 
nomuciferiac-I (s) derived fmm N-me&y@-“Cl czot- 
spaline was e-s* as follows. Labelled aomuci- 
fcriDc-I (s) was converted into the met&he-II (16) ac- 
COdtgtOthCdi5gddOll~descn’bsdaboVC. 

compoundl~lNidcsscotiallytIJcsamendioactivayas 

the parent bmle. oxonolysis of 16 yielded fotmald&ydc 
ttappcd 88 its d&done derivative (91.896 of original 
activity). Tltc SkWtydc 17 w&t tI%dhitutctive. The 
expuitucrtta thus catfhod the it&-y of N- 
mlatyke (2) itt the biosytlth&s of oornuci- 
fcYine-1 (5) in c. spaWj&m& 

Conversion of N-mcthykrotsparinc (2) iato nomuci- 
f&c-i (5) iavolves N+nctl~ylcmtqah& (4) as att in- 
tam&ate which was prqarod as follows. Reduction of 
N-mcthykrotsparinc (2) with sodium borohydride gave a 
mixture ofepimerk alcohols, N-m&~-I and 
II .wbicb were sqamtcd by chromatogmpby. ‘I%& rela- 
tive Wuxhuhy is being investigatul However, 
bothtbeakobolswcrercadily&llydmtediaaquWus 
acidk soluth to 8ive aomucifcriae-I (9. Parallel fced- 
iags of IabcIkd N-~~I (extent 11) 
and N-~~y~~l-~ (experiment ‘12) to young 
cut branches of C spurs@m demonstrated that the 
former was preferentially coavcrted into nomuciferinc-I 
0 by the phts. 

The experiments lqortcd above, established that 
N-~~~~~ (9) is a speciik precursor of nor- 
nucifcrhc-I (5) in C! speniponw, The precursor used, 
however, was racemic. It would be expcctcd that the 
enzyme system which carries out the oxidative coupliag 
Jtepwouldbestgeospecificamlthatonlyoaeofthctwo 
optical isomers should aormally act as a dimct substrate. 
Paralkl feeding with (+~~N~~~~ (I; 
expehtent 8) and (-XR~N~~y~~ (12; 
experiment 9) demonatratcd t&at stemospc&kity is 
maiataincd ia the bioconvcrsion of l-bcnxylisoquinoli~ 
into (9. Tbc four was incorporated 70 times more 
CBkicntly tlma the latter. 

N-Metbykrotsparhc (2) aad N-mcthykrotspar&c 
(18) have opposite in at tbc asymmctrk ccntre 
6a. Whether the plaats caa mctabolise 18 to form ttor- 
ntxSerinc-I (5) was next tested. Lab&cd N-mctbyI[S- 
‘Qcrotspariaine (18; experiment 18) when fed to young 
cut brat&s of C. spu&&~ was not incorporad into 
nomuciferiae-I (5). The results showed that the enzyme 
system pmscat ia the plaats was sot capabk of removing 
H atoms from C8-9 ia 18 to form a double bond in that 
position. Tbc rcsulta also dcmoasbcated that tbc oxida- 
tioa-rtduction system which was very active ia poppies’ 
aod coccvlvr &luAjoiW for &q&J the coldlgunhn 
at the asymmetric cell&e in the l-bcuxyltctra- 
hy~~~~e precursors was not active in C. 
~~~~~. 

The pmstace of N-~~y~ ia C. spu~i#ont,g 
was demoastmtcd by trappiag experiments. N-mctltyl- 
cmtsparinc (21 hss actually ban isolated from C 
Wzr@lo~. The sptci6c incorporation of both tbcsc 

precumotn into !!omuciferiac-I (5) have also bcca 
demon&rated. N-Mcthykochiae and N-mcthykrot- 
spariac (2) arc thus, the true precursors of uomuciferiae 
I (9 ill C. $pu*?w. 

~f~~,~US~~~~f~- 
lowiag sequemz for the biosyatlbcsis of ~~~~1 
(5) in C. spar@nW tyrosinc + aorcoclauriae (7) --f 
coclauriue (8) -, (+~!+N-mctbylu&urhe (1) + N- 
a&hylcmtspah (21 + N-metl~yluotspahol-I + nor- 
nucifcrine (!I). 

6opc3 COII~ pomwiuo3 blito* (2ooal& wil hwted 
under Nz hkd tabs) for 1OOhr at 1o(p to dve Wl3’.S’.8- 

$ilk (tldb PrrrhlY CUt YOUIW tWROChC0 Of tt!. SDWS&hU 
ylCmt&b were disdvcd in riqmoui dimothyl WI- 

and kaves (ty$diy 1lOgvktwt) iere d in-EtoR 
#@II@ c4ntaiaius inactive 5 MOmr) and kft for 14hr. The 



Tabk 2 Activith of wn&fainel dcgdath producta 

. . 

Ch (&i”‘“~la_yl )’ 104) 

Nommcif~I (5) 5.52 
Nwiferiw (6) 5.47 
Nucifcri~. me&iodide (13) 559 
Nuciferinc methid (15) 5.48 
3,ametboxy-l~vin~ (16) 5.44 
Fandlk4lV 5.40 

wuextrXtedwitblO%tarhricacid(5xl5ml).Tbea&ic8oln 
vu extrued with bu8ac (4XUml) and ti buiw with 
NaxC!0,q(pb8).‘lbelibededbnawsnextndedwitb 
cI?Cl3(5x#)ml).neLXwbiKdextrxctwrtvmabalnahweter, 
&kd(N&SO~udelmpowdto&wdcnuks(llom&whicb 
wupudkdbypsxpedwsilim~tk(sohat;CHCl,:MeOH; 
94:6).Thcrelpaco&iQiqtkdWiddkdOidWUCUt~d 
ewal with c!HCl$MeoH (80:20) mixt0e. Kemoval of t& 
eolventfmmtbeehutepvet&pmductwtlidlwxIcryshaked 

z;i~&- kO2&mmf~‘) dsriyd from W-N- 
upenmant 7) m Me00 l&t 

wutreatedwi&excusofetbcadduzowtbrae 
loom temp. for 5Ohr to *e 6 (Wemg) q .p. lw (lit.’ 165-5) 
(mdu adivity 0.025 pCi II mol-‘). 6 (300 Ipr) in MeOH (4 cd) 
wxa duxai with MCI (1 ml) to give 13 (310 “f) m.p. 176lfp 
(Et.’ 17U7lFj (a&r dvity0.0%4pCimmol-). 

Radiodive 13 (3&l@ ia MeOH wea pawd tbrougb 8 
cohmmoffreddy~amberliteIR4lOaniooexchmp 
rexin (Olj form) (lop). Tbc elnete wax recyckd five tima. Tbc 
columnwUBnrDyWUbCdWitilMdlH(loOml).~v8loftbe 
plveetfromtbeambinai&mtepvediowtive14wbicbw8x 
rduxed with KOH (15~ in IOml queow MeDH) for 2hr to 
aford rulicdve 15 (l&w; tmkr GtivitY 0.0246 PCi am&‘). 

Tbendiordivel5(180mr)inM~H(4ml)~~~with 
Mel (1 ml) for 3 hr to g& fadioe& &#A W-1 
methio& (175 mg; n&r activity OZU&i mmoP). The 
mctbkdidcwiudidvedinMdtHdtrutedw-itbembsrfi(e 
IRA10 anion exw resin (OH form; 101) to give the car- 
reapoa&mctbohyd1~xkkuhicltwurelIuxcdwitbKOH(2g 
in 1Oml qwoua MeOH) to ~idd 3,4&ndihoxJ-l-da~- 
phwU&ae 16 (95 tq; mokf advity 0.024 rCi mmol-9. 

Oxonidoxy~wupxssaltbmugbrsolnoffdiodivel6 
~lsl)ioEHlAc(6ml)It-7(pfor3ominmdtbe~~twu 
tbeafemoval.Tberexidwroob&alwwduxedfor#)miu 
withe~~ofHP(lBml).Zndua(200ml)mdAIN4 
@m&andrubjededtodktWiaa.Tbedidktewucdkctcdin 
a x04 of dimdone (3OOml) in queow EtOH (3:l; 80110, kft 

give fofm&khyddmetbone (limo) m.p. 186 (mdu e&&y 
0.024 &i mmol-‘). 

ZAgmdd~ o/ [5-“CJwwc#dne-1 (5). Norm&e&e1 (5) 
daivedfrom2(expaimentlO)wucoowatalinto6.DwMc 
Hofmnao dcguhth of 6 u above mve rdiodve 16. 
oxod~of16ykldm?fo+&bywrappeddoaldde 
bYdbdnaetbo~.Tbe~Oflk~~ 
aregiveaiaTabk2 

%p& expedwau. (*)#-“Ccl_Tyro&te (edivity 0.1 &i) in 
wata(lml)wxsfultoYoausaItbrewbaofc.#Awx&m# 

for 121;r. ‘&-ElOH & de&ted aad ta;e pbot nmuahl-6 
pwcdtedwabfruhEtOH(6xl5Oml)~2%AcOH. 
TheadidenmnoBcexhctwu-h#cuoto 
dvercmenvkaum8sswhkhw8seshctedwilhvaw 
(5xlolDl&Tbcaulbil?r4lnlnanmrcidiesdnwudef~~ 
bcX=,bdkdWilhNrC4,durtnctedtiCHCl>IhO- 
valoftbesolventfromtbcCHCl,extradpvethecdcbue 
whicbm,puri6albyprqadvetkoasilia~p&turo#e 
N-mc-thm (80 mg; du actidy 1.03 &i mu&‘) ib 
coqodaa 0.3896). 
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