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aw wn of ( f h, N-norprotosiwmeninc, N-nor-aientalim, N-mr-reticuline. mnidmdh 
pmtosinomcaioc, ad N-[2~3_hydroxy4~~etboxypbenyl)ethy~~n~ ethylamiae into cocade L 
been studi& ad the spccilk lltikdon of tbc (~)-lmrpd~rn dcmolnlhtal. A double lxbelh5 
expxriment with ( +~1-3H,4’-mthoxy-‘~Cl_N-wrprotosiaomenin sbowed tht the C-O-Me mup of the precunor 
iare~intbcbioconvenionandtbeerythrinanrisesystemisnotformedbyodditionofseooaduyamiao 
function onto an orthoquinonc system. Feed& of (+ )+3H, 7-methoxy-‘~imeti dabhbd W 
O&Whylation is tk tamid. sjep in the biosyntksii of coccUvinc. Feedinp of labdled abwrma &Yt@e 
-ids revealed t& &cocchh is convatal into cocdinc th coccuviainc 8od hoc0cdk i0t0 coccohrrmc 

Abttomud Bythrrina alkaloids cocculidine’3 (2), coc- 
dine” (l), isocouAEiz (S), isococculine3 0, coc- 
cuviniQe4 (9), coccuvk’ (10). cocdinez (7), coc- 
colinid (8) and coccditine’ (4) have been isolated from 
the leaves of cocc&s rowyorivs DC (Menispemlaceae). 
‘Ihe early stages of the biosyntksis of coccuud (2), 
cocdid (1) and isoc4~~ulidine~ (5) have been studied. 
It has been demonstrated that c-occdidine (2) and cot- 
dine (1) ad isococculidine (3) in C. lavrifoliru are 
s&eospecifkally biosydhesii from (+)-(Stnor- 
pfotosinomenine (3). We have examined the late stages 
of biosynthesis of abnormal Erythti alkaloids. The 
fu~ulta of these studies and also of tracer experiments 
which delk the biosynthesis of coccuvine (10) are now 
pnsented. 
(~bTyrosim (Expaimnt 1;Table 1)was initiaUy fed 

toyoungcutbranchesofCkuu&diuDCaditwas 
fomd that the plants were actively biosyntheaising the 
alkaloids of interest. Parallel feedings of (*~&nor- 
landenosoline (11; Exp 2), norprotosillomenine (12; Jzxp 
3). N-nor-recticuline (13; Exp 4), N-nor+rientaline (14; 
Exp S), protosinometi (15; Exp 6) and N-[2_(3- 
hydroxy4metb0xyphenyl) ethyll_2-(4’-hydroxyphenyl)- 
ethylamine (16; Exp 7) demonstrated that only 11 
and 12 are e&iently incorporated (Table 1) into caccu- 
vine (10) in C. hmfofius plants. Feeding of (+Hl-‘H, 
7-methoxy-“Cl norprotosinomenine (12; Exp 8) gave 
coccud (10) labekd essentially with tritium. The 
results demonstrated that the OMe group at position 7 in 
nofpdosinomenine (12) is demethylatal in the biocon- 
version of 12 into 10. Pb of (+ Hl-‘H,4’-methoxy- 
“C]N-norprotosi (12; Exp 9) gave coccuvine 
(10) labelled with “C ad ‘H. The “C:‘H ratio in the 
precunorwas32:ladinthebiosyntheticcoc~uvine 
3O:l. Ckavage of the OMe group of 10 by the Ziexel 
method a%mled radio active methyl iodide trapped as 
trimethylammonium iodide which had essentially the 
same molar activity as that of 10. The results thus 
estab~ intact incorporation of 12 into 10 and 
demonstratedthattbeOMeIpoupatposition7andtbeH 
atom at the asymmetric centre C, iu norprotosiwmenine 
are retained in the bioconversion of 12 into 10. 

Parallel feed& with ( +)-N-nmprotosinomenine (3; 
Exp 11) ad (+N-norprotosinomenine @xp 10) demon- 
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stratedthatthestereos~isnpaintainedinthe 
bioconvefsion of norprotosiwmenine (3) into coccuvine 
(10). The former was incorporatedintolOabout83tillU% 
nmreef6cieIltlythantklatteX. 
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7: R=Me 
8: R=H 

9: R=Me 
IQ: R-H 

Pi 1. 

11: R=R,=Rz-R=H 
12: R,=R.,=Me;R=Rz=R,=H 

18 

13: R=R=Me;R,=Ra=R=H 
14: R=Rz=Me;R,=R=R=H 
15: R,=R=R=Me;R,Rz=H 

lltc bio-intcrconvcrsions of isococculidine (S), coc- 
culidinc (2). and c!occuk (1) have been studied earlier 
in c. lourifdiur.9 2 is odcmcthyIakd to give cxMxllk 
(1). The plants also convert iEuxWd& (5) into coc- 
culidinc (2) with very high dkiency. 

In tk pnsent study (nbk 2) labelM isouxculidiae 
(5; Exp 2) cxxcll* (,; Exp 6) ad c4xculk (7; Exp 
4)werefcdtoyoungcutbrancbesof C.&uufj&uandit 
wasfoundthat5,9and7waeefficiclltlyincorporated 
into isocWdk cr), coceuvine (10) a+ cGccolinirm! (8) 
reapcctively. when lab&d - (i; Exp 3), 
coccud (w; Exp 7) ad LxlcWuE (& Exp ? wcxe 
;z* the Plall~! thee were very poorly metabollsui to 

-(~,-0)adcocdinc(7) 
rc3pectivc4y. Theac results, thus e!&blisbal that 5.9 ad 
7 arc odcmcthyhltal in tie pllklts to give isococculine 
(0, coccuvine (10) and coccow (8) rcspcctively. 

coccwiniae (9) and Lxxxuvk (10) Iyve a col!~ 
di$i systcffl* (CL, ad C,,). wiMca.9 liwuwdm 

coccuhdmc (2) have all Mated doubk bond in (2 
crythkn ring system at G-, BpdeCIez respectively. 
Pamlh?lfeediDgsoflabdlcdisocW&&(5;Exp2)and 
coccddk (2; Exp 1) demonstrated that 5 was irK!or- 

poratcdwithhigbdli&IKyinto9alld1..Thcinwr~ 
poratioo of 2 illto 9 and 10 wa.3 relatively vay pool 
(Table 2). Coccoline (7) ad uxcdink (6) both have a 
COfllncthat~coll~withtbc&ocsydem 
(C%,, CL,). Parallel feedings of labdal - (n; 
Exp 6) nvcaled that IO and 9 were e5kicntly illcur- 
poratalintoulcco~(8)andcoccoline(7)~ 
tivc4y. when labcual coccok (7; Exp 4) and cxx- 
cdinine(8;Exp5)werefedt0tbeplants,tbesewenw( 
metaboliscd to form coccuvink (9) ad coccdae (H: 
Tabk2).Tl~resultsthuscs-tbatinC!.k. 
j&s cocdine (7) and Gxxdik! (8) arc formed bJ 
OXid&IlOfLXCCWhk (9) aad coccuvk (10) fcspcc- 
tidy. 

PooriWnpodorloflabcllcd-(t;Exp1] 
iuto-(4)intheplalltssbowcdthat4isQol 
formed by hydroxylation of 2. 

lEclatcstagcsofbkxynth&pathwaysofabItomd 
Erythtina alkaloids in C. &ufjoiiu, cdrmed by tracu 
experimeots arc shown iu Fi 1. 

shromniae (lSOn& in Me0H (5 ml) was bead a! 1tKP !a 
lhr wit!~ 12 N HCI (3ml) to &c (-bNmr@owmm 
hydrochlaide(9o~;[cllD_l8J(c,l.6inEtoH)(lit”-l~,,l.1 
in EtorI). 
(t)-N-Norpnd&mmiw (3). (-)-OGDkxmzyLN-nor~ 

~(lmmq)anrh~y#dwitb 12N HCI 
(3ml)to~e(t~3hydrocbloride,[e~+l7.20(c,l.6inEtOH] 
(tk’s 16’. c, 1.7 in EtoH). 

Tabk 1. Tnca expaimmti on C. wotiu 
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Tabk 2 Tracer experiment on C. hffahs 
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1:32 
2. kococculidine(s) 

* t 

0.02 
0% 

o.Kl5 3.54 0.07 
0.005 6.5 - 
0.008 0.085 OG - - 

l t * * 
198 
4.28 4.88 3.20 - 

l * 

fade - 
(i:Hl-m12, aud (*)-&3w li= prepared by reduction 

of tbc eocrwpolllfipg dibydroii dcrivativu in dry 
dimethyl formam&? with 3odiunqHJWollydrid& 

( + M7-OCH~“ClN-Nor-orotoshomcninc and f + U4’-OCH,- 

of C luutff~ plants were meccretcd ia Et0H (2Xhl) with 
inactivcisococc~(llOms)aadMtfor18hr.TbeEtOHwas 
tbendccantedandthcplantmi&ialwaapcrcoWdwithEtOH 
(4X2@). The combined etbanolic extract was comMraM k 
~c~to~~a~~~~~~~e~ 
with 5% HCl(4xl5mi). The acidic extract was d&ted with 
petroleum ether (4 x 15 ml) and basii (PH 10) with Na&Q. 
Tbc Iii bases weec extracted with am3 (5 X2Oml), 
wa!hdwithwatlX,dricdandsolveatleanWed.nccnldc~ 
(115mt&sooL!&hd$wcrePWinaionDcutr&ahJmiImcdmml 
and thin sabjected to gnepktive UC (pktes: slicn; solnat: 
CHCh: EtoH. 97: 3). The de&cd band IWI cut end chmtcd with 
CHCI;:McOti (90: io) to give 5 Irnmg) m.p. 94-W ctit’ ?5-W. 
~~C~~~~~~~~ 

checked by dihition m&xl. 
coccuuinjne (9). Young cut btancbca of c. luiuif& PkDts 

(13Og wet wt) wm maccmkd in EtoH (25Oml) with 9 (9omg). 
lt&pkntmat&alwa8workuhpa8abovetogivccnnkb8ae8 
(85mg)whicbwae&$Wtcdtotk(pkem:~gd;sdvent: 
CHC13:McOH, %:4) to give 9 (6hg) mp. I@-l(Tp @it‘ 183- 
MM?. 

cuccu&e (18). Young cut bmllcbw of c. &Il&I&3 pkets 
(11Ogwt,wet)wcre~inEtoH(25oml)withinactivelO 
(85 me) alxl worked up as above to give CNik &lsca (88 IT& 
wtJicbwaWchromat~ooprwativetbinkycr~pd 
plates fsolvcot: CHCI,:MeOH. W:6) to give t. (aOlsa) m.p. 
217-218” (I@ 21fL21p). nK bsse was cqsta&& from bmucno- 
pcbrokum ether to censtaat a&iv&y, 

cuccoIine (7). Yom@ cut brmKbw ot c. ~j~ pkats 
(143g,wl~)wae~inEtoH(300ml)with~e7 
(97mgI and wcfked up as above to give cm& besex (WI& 
which were pmilkd by pnpamtive tic (pktu: ati; aolva~tz 
CHCI, : &OH, 98 : 2) to give coccohe (63 mg) IILP, 246-247” ctit” 
245-2467. 
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Isococculine (6). Young cut branches of C._/aurifoliuJ plants 
(145 g wt. wet) were macerated with inactive 6 (So mg) in EtGH 
(250 ml). The plant material was worked up as above to give the 
crude bases (89~) which were subjected to preparative tic 
(plates: silica; solvent: CHCI,:MeOH, 94:6), to give 6 (48 o@ 
m.p. M-185’ (lit’ l&1840). 
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