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Abstract The incorporation of radioactive crassifoline into cularinc proved crassifoline to k the precursor of the 
cularine alkaloids. Phcnolic oxidatwc coupling is presented as the biogenetic mechanism. 

lXTRODLXllON 

The cularincs form a small group of knzylisoquinolinc 
alkaloids. Because of their unusual sktkton incorporating 
an intramolecular diary1 ether, increasing attention has 
been focusal on this claJs in the recent past [sa 1 and 
refcrerxazs therein]. Three basic substitution patterns are 
known, each occurring in separate plant families and 
having a difTerent biogenetic origin. 

Trisubstituted cularing such as the classical-type 
cularine (l),cularidinc (2)andcularicinc (3x0s wcllas the 
isomerk sarcocapnidinc (4) and dpviculinc ($ arc limited 
lo tk Fu mariaccBe [I]. Ldth types have been assti to 
arise by intramolecular pknolic oxidative coupling of a 
7,8,3’,4’-oxygenatd knzyliquinoline [2]. The 
tetrasubstitutcd linarainc (S), isolatal from a member of 
tk Bcrkridaaac. may k biosynthcsizal from bcrbcrine 
via pscudoknzylisoquinolines [3]. Gourcginc (7x on the 
other hand. occurring in the Annonaaae, could arise by 
oxidation of an aporphine alkaloid [4]. 

Corydolis claviculuto DC. produces tk cularine 
alkaloids 1-S together with (+)~~~~&folinc (8). the firsl 

7.8.3’,4’-substituted knzylisquinolinc isolated from a 
natural source and the hypotktical prazursor of tk 
cularincs [S-g]. We now wish 10 report tk incorporation 
of radioactive 8 into cuhrine (1) by feeding experiments, 
proving 8 to k the precursor of 1. A preliminary report 
has already ban published [9]. 

RESULTS AND DlSCtJSStOW 

Natural (+)cfassifolinc (8) was trilium laklkd by 
Amcrsham International pk. The method usal is known 
10 exchange hydrogen in ortho and po~4 positions to 
pknolic hydroxyl groups [IO]. The purifkd produa had 
a specific activity of 3.1 mCi/mg and a radiochemical 
purity of 95.7 %. The laklling pattern was confirmed by 
bromination. which replaced the ‘H in orrho and para 
positions to phcnolic functions [I I] and gave an inactive 
product. 

Five mCi of radioactive crassifolinc (8) was applied to 
flowering C. clo~iculo~o plants by root uptake [ 121. After 

l Prescnral In pn by G. Scnba a( 32” annual ccqrus of The 
%cwly for Madnnal Plant Research, Anlwcrp. Bdgium, 1984. 
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fading for IO days tk roots were washed with dilute acid 
and tk plants lyophilized. The acid wash combined with 
residual nutrient solution was investigated for the convcr- 
sion of 8 to cularine (1) by microorganisms adherent 10 the 
roots. No radioactive 1 could k detcctai. 

Work-up of tk plants yieldul31.6 mg of non-phcnolic 
alkaloids with a total activity of 18.7 &i. The pknolic 
base& containing 170. I Ki were not furtkr investigated. 
The radioectivity of tk non-pknolic alkaloids was 
located almost completely in cularine (1) as determined by 
thin layer radiochromatography. Compound 1 was seg 
aratal from the other alkaloids by means of its insoluble 
oxalate salt and crystallized to a constant spcci& activity 
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of 0.21 Ki/mg cakulatcd as the cukrine base. This 
corresponds to a [‘HI-retention of 0.32%. Considering 
the fti that one tritium is exp&d during formation of 
the oxcpine ring, this figure represents a minimum 
incorporation rate. The isolation of crassifolinc (8) from 
C. c/auiculufo and its incorporation into cularix (1) 
ckarly demonstrates the key role of 8 as the precursor of 
the culiuine alkaloids. 

Direct phcnolic oxidative coupling may be regardal as 
the biogenetic mechanism The evidence so far -mu- 
latcd concerning this mechanism is that two phcnoxy 
radicals which exist largely with the unpaired ckctron on 
the oxygen are involved in the coupling reaction leading to 
C- 0 bond formation [ 13, 141. Such is also very likely the 
case in the present instance since crassifolinc (8) has the 
appropriate substitution pattern. Moreover, it 7 
the correct arrangement of atoms at the chiral centre [6]. 
Thus, oxidation and po14 coupling of 8 would lead IO 
compound 9, which has not yet ban isolated. 
Methylation would then furnish cularinc (1). Orrho coup 
ling of 8 gives rise to the isomctic derivatives 4 and 5. This 
hypothesis is further supported by a biomimetic synthesis, 
demonstrating that only 8 could be coupkd to 4 and 9 
while the‘ isowric 4’-hydroxy-3’-mcthoxy-benzyliso- 
quinolinc produas only a pair of dienoncs which could 
not be rearranged IO 4 or 9 [IS, 161. Interestingly, the 
classical 3’.4’-oxygcnaled cularincs are formal 
predominantly. Thus, the major alkaloids cularinc (l), 
cularidinc (2) and cularicine (3) represent co 63 y0 of the 
total alkaloidal fraction of C. c&uicu&atu, whik the 
isowric 4’,5’-substituted derivatives sarcocapnidine (4) 
and c&v&line (5) form only 3.7% [6]. This may bc 
cauxd by stcric hindranee. 

Stylopine (10) and protopim (11) are also present in C. 
c&uicu&to [5, 61. Neither contained any radioactivity 
after feeding crassifolinc (8). These alkaloids have been 
shown to be biosynthcsizcd from ( + brctkuline (12) 
[ 17, 181. This pathway seems IO bc rcasonabk in the 
present instance too, bacousc 12 as well as other 
intermediates of this pathway (i.e. scoukrinc and 
chcihnthifolinc) were isolated from C. clucicufara [6]. / . 
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Thus, two dilfcrcnt biogenetic pathways proceaiing 
from isomctic bcnxyl~uinolincs have lo be considered 
for C. c&wic&ta the 7.8oxygenataJ crassifolinc (8) is 
the praarrsor of the cularinc alkaloids, while some of rhc 
other type bases are most likely derived from the 6,7- 
substituted reliculinc (12). 

W(Pe(llMENTAL 

Mps arc uncorr. Radioactivity of alkalod cx~racts and 
determination of radiochcuucal purity was monitored by 
analytical -TLC. Liquid dntillation counting with [ =%a] 
as external standard was usal 10 determine the radioactivity of 
isolatal compounds. An analogous traral mact~vc probe scfval 
a.5 tMckground. 

P&m momld. c. c~icu~a plancs were colkctal from P 
natural location near Brcmcn. West Germany. u) sumr !983. 
The roots were carefully washed and plaad tn darkened 25 ml 
tlasks with a nulrtcnt soln. 

Pnpmtm of ‘H-crwdiru (8). Co 20 mg of 8 were lab&d 
by Ammham lntcmatiorul pk U.K. by hating with ‘HaO. 
LAsik ‘H was ranovad by -rating x 3 with EtOH; IOUI act. 
ofrbeptoduct 121 mCi;radiocbcmicrlpuriIy69.2:~~CCof4mg 
of ‘H-8 on silim 8!el wtth CH,C&-McOH (9: I) gave 3.2 mg of 
95.7 7. pure t sp. o*. 3. I mCi/mg. 

Brauimaion ojl ‘HI (0.3 mg; totaJ act. 0.93 mCi) dissolvai 
In 2 ml CHCl J was st~nai with 8 mg Brl m 3 ml CHCIJ for 48 hr 
at room temp. Afler addition of 5 dropa of 5 ‘/. Naa!iOJ rdn and 
gentk haling the aq. layer was brought to pH . 8 and the 
organic layer separated. The 4. soln was extrwztal x 3 with 5 ml 
CHCls. the combined organic solvents dnad over Na,CO J and 
evapontad under red. prta IO ykbd a product with a total act. of 
2.8 fii (0.3% of the original ~a.). 

Fccde rxpmimtncr. Compound 8 (1.6 mg; 5 ~CI; 
3.1 mCi/mg) was dissolvai m I ml 0.1 S; H,FO.. diluted with 
Ha0 IO 10.0 ml ud t&kd In abquoc~ 10 6~ Ilowermg plants. 

Nutnenr soln was addul as qakc daauded. After lOdays the 
roots were washed with 0.01 N H,SO. d the plan& lyophilitod. 
The rdd wash comtnnal with radrul nutrient soln was broughht 
IO pH - 8 and cxtrx~al x 3 wlrb loOmI CHICI,. After drying 
over NaICOJ the organic sdvenl m rrmovad under rd. pra. 
and the rcsAsc dissolved in 5ml CH#Zl*. Radiox(Ay 
rccovcrcd: 489 Ki; no cularine (I) could be detected by r&o- 
TLC. 

Is&rum of ‘H&rnc (I). Work-up of ~hc pLnc matcnal in 
~hc usual manner [6] y&Jal 56.2 mg phenobc bases (total act. 
170.1 #Zi) and 31.8 mg non-phenohc alkaloids (total act. 
18.7 J&I). Radio-TLC of the latkr in different solvent sysylrcms 
showed that ‘H-l rcountal for 95% of the radkxctivity. 
S~ylopinc (1O)and pcorcgmc (I 1) were uxntr~lly mactive. 6.3 mg 
ol rhe non-phenolic extract was crysNized from McOH with 
IS.5 mg of mactivc cularinc oxakte to a constan sp. act. d 
0.17 jAL/mg (0.21 j&/mg cak. as cularine basek incorporation 
ra1e0.32:,~ Mp(‘H-1):243”(lir. [5]:24S”~Mmp243’C;idmtlcal 
R,-values as na~urd 1. 

lsoktfron ojs~ybpirv (10) and paopime (11). The non-phcndr 
extract (4 me) (2.4Ki) was subpaal to prep. TLC 
(CHCl J’ ErOAc- MeOH, 2: 2: I) and rhc toner concsponding to 
10 (R, 0.7O)and 11 (R, O.l8)eluted (CHJCiJ-MeOH. 9: I)ud 
ouryai for rdtiinty. No ra&oactinty could be detected. 
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