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Abetmet-Tracer experiments show that corluminc, cavidine and yenhusominc are stereospeci6cally 
biosynthesized from (R)-( -)-reticuline. 

Corydalis meifolia Wall. (Papaveraceae), a perennial 
herb, grows at an aititude of 12,000-15,OtM ft in the 
Himalayan region.’ The extract of the plant is used by 
the natives in the treatment of various ailments2 The 
leaves and stems of the plant have been extensively 
investigated for their alkaloidal constituents’ and the 
alkaloids isolated are: tetrahydroprotoberberines, ( + b 
sinactine (l), stylopine (2), cheilanthifoline (3), (+)- 
cavidine (4), apocavidine (5) and dehydrocavidine (6); 
spirobenxylisoquinolines, yenhusomine (11) and yen- 
husomidine(7); phthalideisoquinoline, corlumine (12); 

Me0 

Me0 

RO 

4 R=Me 

5 R=H 

Me0 

Me0 

benxophenanthridine, dihydrosanguinarine (8) and 
protopine (9). (+)-Cavidine, protopine, corlumine, 
yenhusomine and dehydrocavidine exhibited spasmo- 
lytic activity.3 Ochotensine, an alkaloid that occurs in 
many Corydalis species stimulates isolated muscles of 
rabbit uterus and induces a fall in blood pressure in 
anaesthetized cats.4 

Biogenetically, all the alkaloids isolated so far, from 
C. meifolia could be derived in nature from suitably 
substituted 1-benxyltetrahydroisoquinoline precur- 
sors. Tracer experiments have shown that the 
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phthalideisoquinoline alkaloids such as hydrastine 
and narcotine are speci6cally derived in nature from the 
l-benxylisoquinoline (‘+ )-reticttllne.~ @)-%ouIerine,5 
isocorypalmm~~ and canad& were also shown tobe 
the precursors of narcotine. Further the conversion of 
scoulerine into narcotine involves removal of a 13-pro- 
s-hydrogen atom.’ It has been proved tirmly that 12 
methyltetrahydroprbt&erberine such as axydahne 
and the spirobenxylisoquinoline alkaloid, ochotensine 
and benxophenanthridinc alkaloid sanguinarine are 
all structural variants of the 1-benxylisoquinoline 
skeleton* and reticuline is the pmcursor of corydaline 
alkaloids. Further (S&?oulerine is shown to be 
speci6cally incorporated into sanguinarine. 

The biosyntheses ofplathalideisoquinoline alkaloid, 
co&mine (12X.. l&+ethyItetrahy&aprotoberberine 
alkaloid,( +)cavidine @and spirobenxyhsoquinohne 
alkaloid, $xhs~~.(l~ have not ban stud% We 
now report the resulto,oftracer experiments that have 
been carried out on these alkaloids, 

Initial feeding of (L)-p_J-‘*q tyrosine (experiment 1) 

to young cut branches of Cocculus laurtjbllus DC. 
(Menispermaaae) plant demonstrated that the plants 
were activcly bioayntheabrlng cavidine (r), yenhu- 
somine (11) and cc&mine (12). 

Feeding of tyrosine in parallel with labelled (*b 
norreticuline (13) (experiment 2) and ( f )-reticuline 
(14) (experiment 3) demon&rated that 13 and 14 were 
e5cient pnxursom of 4,11 and 12 

Feeding of labelled protosinomenine (13) (experi- 
ment 4), nororientaline (la) (experiment 5) and 
norlaudanidine (17) (experiment 6) *tab&h&hat lS- 
17 were very poorly metabolixed by the plant to form 
c&dine (4), yenhusomine (11) and corhrmine (12). 

The regiospecificity of i4C-label in the biosynthetic 
cavidine (4) .derived from the feeding of (f)-N- 
[“CH,Jreticuline(e~t 7) was established as 
follows. Labelled cavidine (4) ‘was oxidixed with 
I&lcohol. to afford dehydrocavidine (@with essen- 
tially the same molar activity as the parent base. 
Compound 6 was then treatalwith phenym 
bromide to give gphetryldihydrocavidine(27) with 
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essentially no loss of activity. Kuhn-Roth oxidation of 
27 in the usual way furnished radioactive benxoic acid 
(96% activity of original). 

Feeding of ( f )-[1-3H,3-“4CJnorreticuline (13) 
(experiment 8) gave laklled cavidine (4), yenhusomine 
(11) and corlumine (12). The WJ3H ratio in the 
pmcursorwasl:9,whereasin4,llandl2,itwas1:7.8, 
1: 2 and 1: 8, respectively. The results thus established 
that the H atom at the asymmetric centrc C13. in 4 and 
12 remain untouched during the biotransformation of 
13 into 4 and 12 whereas it is lost during the 
biotransformation into 11. The results were thus in 
agreement with the suggested biogenetic pathway for 
yenhusomine (11). 

The regiospecificity of the label in the biosynthetic 
c&dine derived from ( f)-[l-3H, 3-**CJnorreticuline 
(experiment 8) was demonstrated as follows. Labelled 4 
was converted into its me~~de(l~ and then into its 
methohydroxide form (19) with essentially no loss of 
radioactivity. Hofmann degradation of 19 yielded the 
methine-I (20) which had essentially the same 
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radioactivity as that of the parent base. Compound 29 
was treated with Me1 to afford methine methiodide (21) 
which was passed through amberlite IR-410 anion 
exchange resin to give the. corresponding metho- 
hydroxide (22). Treatment of 22 with Raney Ni gave the 
rne0iine-U (23) with essentially the same molar 
radioactivity as the parent base. Radioactive 23 was 
converted Ilrst into its corresponding m&iodide (2d) 
and then into the methohydroxide (25). Hofmann 
degradation of 25 afforded methine-III (26) with 
essentially no loss of radioactivity. Oxonolysis of 26 
furnished radioactive formaldehyde (dimedone de 
rivative, W/, activity of original). 

The regiospecificity of the t4C label in the 
biosynthetic corlumine (12) derived from the feeding of 
(k)-[1-3H, 3-“CJnorreticuline (experiment 8) was 
demonstrated as follows. Reductive cleavage of the 
bios~~eti~ corlumine (12) with Zn/HCl gave 
radioactive O-methyloorypalline (Zs) with essentially 
the same molar activity. Compound 28 was converted 
into its methiodide 29 and then to the corresponding 
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29 x=1 
38 X=OH 

methohydroxide (30). Hofmann degradation of 30 gave 
radioactive methine (31) with essentially the same 
molar activity as that of the parent Base. Oxonolysis of 
31 afforded labelled formaldehyde (dimedone deriva- 
tive, 98% of original activity). 

Feeding of ( f)-Cl-“H, 4’-0-‘*CH&~~rr&uline 
(13) (experiment 9) gave labelled cavidine (a 
yenhusomine (11) and corlumine (12). Biosynthetic 
cavidine (4) derived from (&)-[1-3H, 4-O- 
14CH,]norreticuline (experiment 9) was heated with 
HCl. The liberated radioactive formaldehyde was 
trapped as formaldehyde-dimethone (98% of original 
activity). Similarly the methylenedioxy groups of the 
Biosynthetic corlumine (12) and yenhusomine (11) 
derived from ( f)-[l-“H, 4’-0-‘*CHs]norreticuline 
(13) feeding, were cleaved to furnish formaldehyde- 
dimethone (96 and 97% activity of otiginal, 
respectively). 

Parallel feedings of (S)-( + h and (R)-( - ~reticulines 
demonstrated that the (RH-)cnantiomer was 
incorporated more efficiently than the (8)-(+h 
enantiomer. 

(R)-Reticuline does exist in the plant and it is 
speci8cally incorporated into (+)-cavidine (4X yenhu- 
somine (11) and corlumine (12), hence, reticuline is a 
true precursor of these alkaloids. 

31 

EXPERIMENTAL 

For general directions (spectroscopy detaib and counting 
method) = Ref. 9. 

SynthesesgfpTecwsmY.Theraomla tea of norhaudanoroline 
derivatives (13-17),- (S) and (R)rdiadhd5 wsre 
pEpUCdS.SdlZ3CfibOdcartier. 

Labeuing of preaasors. spcci5cally labdld l-benxyltetra- 
hydroisoquinoline precurso ra were pqared by base 
catalysadtritiation.Nonq&kallylabelkdprotosinomenine 
was ~~wxI by acidcatalysed tritiation. (&)#3- 
‘~Norreticuline (13), (*FIN-‘%H,Jretiadine (1% (*b 
[4’-0-‘4CH~]nomti~e(13)and(f~[1-3~nomticulinc 
(13) were prepared by the procadure d&bed earlier. 

Feeding UperimeWs. The labelkd precmaora were 
dissolved in Hz0 (1 ml) containing tartaric acid (5 mg). 
Freshly cut young bran&s of Cucc&s knw@lius DC. 
(Menispermau~e) plant were dipped into the soln of the 
precursor. When uptake of the precurso r was complete, Ha0 
was added for washing the precumor. The twim were then 
dipptd in H,O and kept alive for 6-7 daya to metabolic the 
precursor. 

Isolation of alkaloids 
Cocidine(4j. Youngcut braackcasnd leavg(typicaUy 600g 

wetwt)ofC.LWr@Xluwere maarated in EtOH (250 ml) with 
radioinactive 4 (100 mg) and left overnight The EtOH WBB 
then decanted and the plant material was percolated with 
EtOH (4 x 200 ml). The combined ethanolic percolate was 

Table 1. Traaz experiments on C. lam~o~fus 

Expt 
No. Precursor fed 

Percentage incorporation into 
GAunine YcnhW3ominC 

(12) (11) 

9 

10 
11 

(LF@-‘*CjTyrosinc 
(~)-[3-‘%-JNormtic~G~ (13) 
(&H2’,6’,8-‘H,]Reticuline (14) 
(f)-[Aryl-3HjProtosinomenine (15) 
( f ~[5’.&3HJNororientaline (16) 
(fh[2’.6’-‘H,JNorl&anidine (17) 
( f )-N-~‘4CH$Retieuline (14) 
(*h[l- H, 3-l C-JNorreticuGnc (13) 
(“C/‘H ratio 1: 9.1) 
(fb[l-%I, 4’-0-14CH,]Norreticuline 
(13) (14C/3H ratio 1: 13.2) 
(S)-(+)-[2’,6’,8-3H,]Reticuline 
(R)-( -~[2’,6’.8-3HJReticuline 

0.017 
0.16 
0.22 
0.002 
0.001 
0.007 
0.62 

0.5 (1%) 
(1:8) 

0.7 (1%) 
(1: 12) 
0.03 
0.21 

0.02 
0.25 
0.65 
0.001 
0.002 
0.001 
0.35 

“ii (;T : . 
0.3 (‘c, 

(b:Ai4) 
0:15 

0.03 
0.13 
0.70 
0.001 
0.001 
0.003 
0.485 

0.3 (‘4C) 
(1:U) 

0.4 (1%) 
(1: 1.8) 
0.12 
0.42 
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m~Thcplentma~aasworiradupIts~to~~~~, 
soluble aude base (120 mg) wl&h wne subjected to 
prqwativc TJX (platea : dlh g& solwmt : C!HCl,-I&OH, 
97 : 3) to afford 12 (60 mgh m.p. 155” (lit.‘” m.p. 1550). 

Yenhuromine (11). Young cut brancbeLJ (typiadly 110 g wet 
wt) of c. kru@?bliU were maazatedinEtOH(3OOmI)with11 
(‘Xt~Theplant~~wMwortrdupinthsusualwayto 
give chlorofom solnbk cruie base (100 mg) which was 
subjected to prepar8tive TLC @b&tea: silica rpez sotvent: 
CHCl,-MeOH. 94:6) to hunish ll(55 ma). m.p. 125-126” 
(lit’6 m.p. 1260). 

and extracted with ether. The eth& extrau wae W&I& witi; 
5% NaHCO, aq and then with H,O, dried (-Na,SOd and 
evaporated. The residue m pur&d over tica gd oolumn. 
EiutionwithC6H&XiGl,(3: l)~o~~fo~~~hyd~ 
dimetbone, uysta&r.ed ftom MeOH-Et,0 to oonstant 
activity, mp. 186-188’ lit.” m.~. 1889 ~m0ia.r activitv 

‘*CH,]GerieuUne. Radidve 12 (GO rn~&&sr &ivity 
2.3 x 10’ disint min-’ mmol-‘) wan deavcd BS described 
above to furnish formaldehydedimethonc (molar activity 
~xl~~t~-~~ol-~)(%~ofo~~~~ty). 

(3)Wosynrhetic~~(ll)drrfoadfrom(f)-~1-3H,~- 
0-‘*CHJnorretiarifne.etfa&e. Lab&d 11 fmoiaractivity 1.90 x lo* 
diiPintmin-‘mmol-‘)wastnatsdwithcom:H(=lasdcsgibai 
eartier to atTord radioactive fo~dehyd~~nc 
(1.84 x 104 disint mill-’ mmol-‘l(97”/. of OriRinal activitv1. 

(4) B~osyntkettc addine (4) d&&f-fiwn fi’-[‘*CH,J&- 
c&e. Labelled 4 (155 ms) (molar activity 3.58 x 103 d&t 
min~1mmol~‘)inEtOH(4.5nrl)wasnffuxcdwithI,(l60mg) 
to furnish de&?&~ 6 (145 m& (molar activity 3.52 
X lo3 dhht Illill-’ tIUllOl-‘A IILD. 248-m [M&m (lit3 

rr~p. 248-252”). Tbc prece&&ad&ctive 6 w& treated with 
phenylmagncsium bromide to give ~p~y~~ky~~~~~ 
27, m.p. 154-156” (molar activity 3.48x lo3 disint min”* 
mmol- I). MS : m/e 427 (M ‘). (Found : C, 75.86; H, 5.82 ; N, 
3+26.CalcforC,,H1,N0,:C,75.88;H, 5.85;N,3.28%.) 

Kuhrt-Roth oxidation of 27 in the usual way afforded 
radioactive bcnzoic acid (molar activity 3.43 x 103 disint 
min - i mmol- ‘) (96% of ori@nal activity). 

(5) Bbsyntheric c&&e (4) deJif&&Jm [Pqnmotiar. 
Une. Radioactive 4 (MO m8) (molar activity 1.58 x 103 disint 
min-‘mmol-‘~inMsOH(lOml)waanfluxodwithMcI(6ml) 
for 24 hr to give the c&dine me&&& 18 (650 me) (molar 
activity 1.60x 103dieintmin-’ mm~i-~Xrn.p. 195”(MeOH); 
J_(MeOH): Xl8 and 29Onm; v_(KBrf: 1614 I510,146Q 
12SOand 1055cm-‘;NMR(CDCI,+DMSO-d6):~0.91(d, 
3H, CH-C& J = 7 Hz), 3.33 (N-C&), 3.84 (a, 6H, 2 
x OC&) and 6.0 (s, SH, O-CHH-0); MS: m/e 353 (M+). 
(Found : C, 53.01; H, 5.00; N, 2.80. Caic for CllHaSN041 : C, 
53.33 ; H, 5.05 ; N, 283x.) 

cm-‘; NMR (CXX&): 6 1.8 (s, 3H, --U -cl&), 2.18 
@+C&b 3.86 and 3.88 (2x(X!&) and 5.90 (a. 2H, 
~~~);MS:~eM7(M+b(Found:c71.9o;H,6.72; 
N, 3.75. Calc for C.&&NO,: C, 7193 ; H, 6.81; N, 3.810/,) 

Thefo~o~8mctbinsI(t4)inMeOH(10nrrli)wps~~ 
with Mei (5 ml) for 8 hr to’ furnish the C&&C mcrlcglmrtMne 
~~~21(4~~(rno~~~~ 1.52x loJdisir~tmin-~ 
mmof-‘), m.p. 201-m (MeOH-): v_(KBr): 2910, 1630, 
1600,1510,1460 and 1220 cm-‘; NMR (CDCJ,+DMSO- 

d6): 6 1.90 (s, 3H, -C&X 3.08 (N-CH,), 3.55 
(N-C&), 3.79 (st 6H, 2xOC&) and 6.07 (s, 2H, 
O_CH,-O);MS:m/e367(M+ -142~(Found:C,XIO;H, 
5.48; N, 274. Catc for CzPHIsNOJ: C, 54.22; H, 5.50; N, 
2.75X3 

I”, 

The corresponding me&hydroxide 22 was prepard by 
passingasdnof21inMsOHtbrounhacolumnof~v 
~atsdambnlitelR41OenWnsac~~rcsia(OH-f~~ 

Tbc foregoing lab&ad 22 in NaOH aq (SO$?= 15 ml) was 
treated with Raney Ni (3 8) and r&uxed for 2.5 hr. Worked up 
in the usual manner to afford the c&&e m&sine-iI (280 
mg) (molar activity 1.55 x l(r die& min-’ mm01-~), m.p. 
102-103” (CHCI,-MeOH); .l&MeOH): 290,260 and 204 
nm; v,(KBr): 2Mo. 1600, 1510, 1460 and 1uO cm-‘; 
NMR(CDCl,): 6 1.92 (s, 3H, Cl&-Ar), 2.21 (s, 9H, 2x 

N--C& and ~+J&381&,6H 2xOC&)and588 
(s,2H,O-C&-O);MS:m/e3;33(M+).~ound:C,72.0O;*H, 
7.44; N. 3.83. Calc for C,,H,,NO,: C, 72.06; H, 7.57; N, 
3.65x.) 

The preceding labelled 23 in MeOH was refluxed with MCI 
(3 ml) for 6 br to atTord radioactive uauidfne me&n&f 
~~~~(~~(rnol~~~ty 1.50 x 103 d&&t min-1 
mmol-‘Am-p. 13s_lsoo(MeOH);~(N::299268and 
202 run; v,,&Br): 3450,1620,1515,1465 and 1220un-1; 
NMR(CDCI,+DMSOd&6 1.9(s, 3H,cH,-Ar),215(5,3H, 

H 

--&==&-C&), 3.3 (s, 9H, 3 x N-C&), 3.74 (OCH ) and 
3.86(OC&)andS.86(s,2H,O-C&-O);MS:q’e3~(M+ 
- 142). (Found : C, 54.82; H, 6.06; N, 264. Chic for 
C14H,,N041: C, 54.85; H, 6.09; N, 2&o/,.) 

The forego& la&&d 24 was then converted into the 
corresponding ~~o~y~o~ 25 in the usual manner. 
Radioactive 25 was refluxed with KOH (6.8 gin 9.5 ml HaO) 
for 4 br to afford the cauidine metlrine-11126, DLD. 232-235” 
(CHCl,-MeOH) (120 m8) (molar activity 1:44x lo3 disint 
ruin-’ mmol-‘j; LJMeOOH1: 290. 270 (s\ and 202 rim: 
v_(KBr): 291& l&& 1560, iSO0, i460 &d 1240 cm-‘t 
NMR(CDCl,): 6 1.85 (s, 3H, C&,-Ar), 2.17 (s, 3H, 

H 

&--C&X 3.81 (OC&) and 3.83 (OC&& and 5.86 (s, 
W, O-C&--Q); MS: m/e 338 (M*). (Found : C, 74.50; H, 
6.49. Calc for Cz,Hz104: C, 74.55; H, 6.510/j 

0zoaizcd01wasDassadthrouahasofnofiabdlad261100 
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formaldehydedimethon~ ul.p. 187-188” (ht.” 188”) (moiar ’ K. R Kirtikar and Bz D. Basu, Indian Medicinal Plan&, Vol. 
activity 1.42 x 1t.P disint miu-’ mmol-‘) (90”/. of origiuaf I, p. 126. L. M. Basu, Allahabad (1933). 
activity). ‘D. S. Bhakuui and R. Chaturvedi, J. Nat. Prad. 46,466 

(6) Biosyrtthefic corlmwine (12) deriuedjiom [3-‘Qtorreti- (1983). 
a&e. Lab&d 82 (250 mg) (molar activity 5.70 x 103 disiut 
min-‘mmol-‘)in50~HCIwae~uxodfwithZnmetslfor8 

l R C. Auderson and K. K. Chen, Fed. Rot. 5,163 (1946) 
‘A R Battersby. M. Hirst, D. J. MctXdiu, R Southgate aud 

hr. The mixture was baa&d with Na&Ol and then extracted J. Stauntou, J. Chm &. (C) 2163 (1968) 
with CHCl> The combiued CHCl, layer was washed with 6A. RBattersby, J. Staunton, H. R Wiltshire, R J. Fran& 
HzO, dried (Na$O*) and solveut removed in uucuo to atford a and R Southgate, J. Chem. Sot. Perkin 7kan.v. I 1147 (1975). 
residue which was pu+d by PLC (plates : silica gel ; solvent : ‘A. R. Battersby, J. Stauutoa, H. R Wilt&ire, B. J. Bircher 
beuzenc-EtOAc, 1: 3) to give pure radioactive 2-nwthyl-6,7- and C. Fugauti, Ibid. 1162 (1975). 
diwethoxy-l,2,3&&$rah#&qni1~iine 28, tnp. 81-82 ‘H. L. Hollaud, M. Cast&~, D. B. Ma&can aud I. D. 
(lit’s rap. 83-84O) (molar activity 5.62x l@ disiut tutu-’ Speuaer, Gut. 1. Clrmr 2818 (1974). 
mm01 - 1). ’ D. S. Bhakuni, V. M. Labroo, A, N. Siugh and R S. Kapil, J. 

compound 20 was mlkcd with Mel to huni& the 2& Chem Sot. Perkin Trans. I 121(1978). 
dimethyL6,7dimethoxy- 12$.~w3mhydroisoqurnolirw iodide “G. Blaschke, Arch. Pham 381,439 (1968); Ibid 393,358 
29, m.p. 23@-232” (dec) (lit.” m.p. 233-224” (dec)) (molar (1970). 
activity 5.65 x 10’ disiat mitt-’ mmol-‘). ‘ID. S. Bhakuui, S. Join and R S. Sir&, Tcmhedroa 2525 

The methiodide 29 was converted into the corrqondiug (1980). 
methohydroxide 38 by paasiug through a columu of freshly I2 D. S. Bhakuui, S. Jam and S. Gupta, Ibid. 2491(1980). 
aeuerated amberhte IR-410 anion exchauae resin I3 A. R. Batter&v. D. M. Foulkes aud R. Bit&g J. Ghan. Sue. 

Radioacti~ 30 was pyrolyzed to give-4,5dimethoxy-2- 
viuylbeuzyldimcthylamine (31) as au oil which solid&d after 
being kept at 2” for several days, mp. 26-28” (lit.” m.p. 27- 
28.5’) (molar activity 5.60 x 10” disiut ruiu-’ mmol-I). 

Gzouolysis of tho pmcediug labelled 31 was carried out as 
described earlier to tiuuish radioactive fkmaldehyde- 
dim&one, mg. 187-188” (lit.” m.p. 188”) (molar activity 
5.58 x 103 disiut mitt-’ rtttu01-~) (98oA of origiual activity). 
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