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Abstract - The incorporatron of rzemrc Fbromoreticulme (8) and 75-dibromo- 

reticuline (9) into 3-bromoglaucine (2) and 3.8-d~bromoglaucine (2) respectively 

in L~tsea glutinosa (Lour.) C.B. Roxb. var. - Hook. (Menispermaceae) 

has been studled and specific incorporation of 8 and 9 into 2 and 1 was respectively 

demonstrated. Further, it was demonstrated that the plants do not metabolize 

8 and 9 to form glaucine (1). - 

The bmtransformatlon of unnatural substrates rnto unnatural products in  higher plants is well 

documented1-'. There are also reports where an unnatural substrate has been metabohzed by the plantr 

mto normal p r o d ~ c f s ~ ' ~ .  The biotransformatmn of 5-bromoreticuline (8) and 2',5-dibromoreticuline (9) 

rnto 3-bromoglaucine (2) and 3,8-dibromoglaucine (2) respectively in Litsea glutmosa var. - has 

been demonstrated by us. Further, it was found that 8 and 9 are not metabolized by the plants to 

8 form glaucine (1). Glauclne (I)  is biosynthesized from 6-ret icul ine (4) in L. glut~nosa . 
(t)-[~',6',8-~~$-~eticuline (1) was initially fed to ywng L. glutinosa var. Rlabraria and it was found 

that the plants were actively biosynthesizing glaucine (1) (1.1% incorporation). Subsequently, suitably 

bromosubstituted reticulines were fed to  the plantr. The results of the feeding are recorded in  Table I. 

Table 1. Tracer experiments on Litsea ~ l u t i n a r a  (Lour.) C.B. Roxb. var. Hook. 

Expt. Precursor fed % Incorporation into 
3-Bromoglaucine (2) 3,8-Dibromoglaucine (2) 

1 3 (t)-5-Bromo[aryl- Hlreticuline (8) 0.11 

2 14 (t)-I-Bromo[N- CH31reticuline (8) 0.42 

3 3 (e)-2',5-Dlbromo[aryl- Hlreticuline (9) 

4 14 (+)-2',5-DkbromdN- CH lreticuline (9) 
3 

'~edicated to Sir Derek H.R. Barton on the occasion of his 70th birthday. 
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3 Racemic 5-brorndaryi- Hlreticuline (8) (experiment 1) war fed t o  young L. glutinora var. plants 

and efficient incorporation of (8) into 3-bromoglaucine (2) war demonstrated. The precursor (8) used, 

however, war labeled with tritium in the aromatic ring only, which are vulnerable to  exchange. Racemic 

14 5-bromo[N- CH Ireticuline (8) (experiment 2) war then fed t o  young plants. The precursor (5) was again 3 

efficiently incorporated into 3-brornoglaucine (2). The regiospecificity of the label in the biosynthetic 2 

war established as follows. Treatment of labeled 2 with Zn-NaOH furnished glaucine (I) having essentially 

the rame molar radioactivity as the parent base. Reaction of 1 with methyl iodide yielded glaucine 

methiodide (2) which was converted into the corresponding methahydroxide (6) by IR-410 anion exchange 

resin. Hofmann degradation of (6) yielded glaucine methyl methine (10) with essentially no loss of 

radioactivity. Treatment of (10) with dimethyl rulphate-potassium hydroxide afforded 3,4,6,7-tetra- 

methoxy-1-vinylphenanthrene (fi) (radioinactive) and trimethylarnine (trapped as hydrochloride, 94% 

of original activity). 

3 Feeding of racemic 2',5-dibromo[aryl- Hlreticulme (9) (experiment 3) gave radioactive 3,s-dibromoglaucine 

14 (3). The experment was repeated with racemic Z3,5-dibromo[N- CH3keticuline (9) (experment 4) 

and again (9) was efficiently incorporated into (3). The regiospecificity of the label in the biosynthetic 

3,8-dibromoglaucine (2) was determined a s  follows. Biorynthetic (2) was debrominated with Zn-NaOH 

t o  give glaucine (1) having essentially the same molar radioactivity as the parent bare. Labeled (1) 

was degraded t o  glaucine methyl methine (10) a s  described above with essentially no loss of radioactivity. 

Treatment of (10) with dimethyl sulphate-potassium hydroxide furnished 3,4,6,7-tetramethouy-I-vinyl- 

phenanthrene (fi) (radioinactive) and trimethylamine (trapped as hydrochloride, 92% of original activity). 

14 Glaucine (I) isolated from the feeding of 5-bromo[N- CH3]reticuline (8) (experiment 2) and 2',5-dibramo- 

14 
IN- CH31reticuline (9) (experiment 4) was found essentially radiomactive. 

The foregoing tracer experiments thus demonstrated that  the suitably bromarubstituted reticuliner 

a re  specifically transformed in I. glutinosa .var. into the corresponding bromogiaucines. 

Further the bromoreticulines are not metabolized by the  plants ' to glaucine. 

EXPERIMENTAL 

For general directions (spectroscopy details and counting method) see ref. 9. 

SYNTHESIS OF PRECURSORS - The racemates of reticuline9 (z), 5-bromoret~culine '~ (8) and 2',5-di- 

bromareticulinel0 (9) were prepared by standard method. 

SYNTHESIS OF INACTIVE BROMOCLAUCINES - To a stirred solution of glaucine (1) (500 mg) in 10% 

AcOH (14 rnl) was added 10% solution of bromine in glacial AcOH (0.3 ml) a t  2-5'C. After  stirring 

a t  the rame temperature for 0.5 h, the  reaction mixture war stirred a t  room temperature for 2 h, 

basified with Na2C03 and extracted with CHCIs The CHCl, layer was washed with H20, dried (anhyd. 

Na2S04) and concentrated&% t o  afford a residue (550 mg). The mixture was purified by preparative 



t l c  (piates: slllca gel GF solvent, CHCI3 : MeOH; 97:3). The two bands were cut and eluted wlth 254' - 

CHC13-MeOH (3:l) t o  afford 3-bromoglaucine (2) (260 mg); mp L2l0C(CHCI3-MeOH); uv (MeOH) : 308, 

285 and 222 nm: Ir (KBr): 2870, 1580, 1510, 1440, 1390, 1250, 1215, 1090, 1000, 875 and 760 un-'; 

IH nmr (90 MHz, CDC13) 6 : 7.83 (s, IH, H- l l ) ,  6.69 (r ,  IH, H-8), 3.84 (s, 9H, 3 x 0CH3); 3.63 (s, 

3H, 0CH3) and 2.46 (r, 3H, N-CH3); mass m/z : 435 and 433 ( M ~ ,  "Br and 7 9 ~ r ) ,  420, 418, 404, 402, 

392, 390 and 354; pnal. Calcd for C21H24N04Br : C, 58.06: H, 5.53; N, 3.23. Found : C, 58.00; H, 

5.40; N, 3.18 and 3,8-dnbroglaucine (2) (250 mg); mp 114°C (CHC13-MeOH); uv LMeOH) : 310, 284 and 

225 nm; i r  (KBr) : 2860, 1570, 1415, 1380, 1220, 1090, 1010, 870 and 765 cm-': IH nmr (90 MHz, CDCI3) 

6 : 7.92 (s, IH, H- l l ) ,  3.94 (s, 9H, 3 x 0CH3), 3.86 (s, 3H, 0CH3)  and 2.98 (s, 3H, N-CH3); mass 

m/z : 515, 513 and 511 (MI,  " ~ r  and 7 9 ~ r ) .  pnal. Calcd for C21H23N04Br2 : C, 49.12; H, 4.48; 

N, 2.73. Found : C, 49.0% H, 4.32; N, 2.66. 

LABELING OF PRECURSORS : T r d a t i o n  - A mixture of (2)-reticuline (1) (100 mg) and t r l tmted H 2 0  

(0.2 ml, 200 ~ C I ,  pretreated wlth SOC12, 0.02 ml) ~n a sealed tube (N2 atmosphere) was heated a t  

3 
1 0 0 T  for 110 h. Work up in the usual manner ylelded (t)-[aryl- Hlreticullne (1). 

3 3 (3)-5-Bromo[aryl- H l re t~cu l ine  (6) and (*)-2',5-dibromo[aryI- Hlretlculrne (9) were S~mllar ly prepared. 

I 4  (t)-5-Bromo[N- CH I re t~cu l ine  (9) - The correspondmg dlhydrolraquinollne10 (100 mg) i n  C6H6 (2 3 

ml) war added to  ["CIM~I (frozen) and the mlxture kept a t  O T  for 2 h. Rad~omactwe Me1 (1 ml) 

was added t o  complete the reaction. The radnact lve methmdide in  MeOH (5 ml) was reduced wlth 

NaBH,, and the tetrahydro~roqurnoline derivative war heated wlth methanohc hydroch lo :~~ acld t o  

glve ( i ) - 5 - b r o m n ! ~ - ~ ~ ~ ~ ~ ] r e t i c u l i n e  (8). 
14 (+I-2',5-DibromdN- CH Iretlculme (9) was similarly prepared from the correspondmg dlhydro~soqu!noline. 3 

3 
FEEDING EXPER= - (*)-[4ryl-33]retlcul~ne (Z), 5-bromo[aryl- Hlreticuline (8) and 2',5-dibromo- 

3 [aryl- H l r e t ~ u l m e  (9) were separately dissolved in H 2 0  (1 ml) containing t a r t a r x  acid ( 5 mg). The 

young L. ggltinora var. Rlabraria plants (8 Nos.) were separately dlpped into the solut~on of the precursor. 

Vihen uptake was complete H 2 0  added for washlng the precursor. The plants were then d~pped mto  

H 0, le f t  for 7 t o  8 days to  metabolbze the precursor and harvested. 
2 

ISOLATION OF BIOSYNTHETIC 3-BROMOGLAUCINE (2) - Precursor fed young L. glutinosa var. 

plants (110 g, wet wt) were macerated in EtOH (200 ml) wi th radiomactwe 3-bromaglaucme (2, 92 mg) 

and l e f t  a t  room temperature for 20 h. EtOH was then decanted and the plant materm1 war percolated 

with fresh EtOH (4 x 200 ml). The solvent from the combined percolate was removed under reduced 

pressure and the green~sh VISCOUS mass was extracted w t h  10% hydrochloric a c ~ d  (4 x 30 ml). The 

acldtc extract was defatted wl th pet. ether (4 x I S  ml), basifled wtth Na2C03, the liberated bases 

were extracted wl th  CHC1,-MeOH (8:2, 6 x 25 ml), washed wlth H20, dried (anhyd. Na2S04) and the 

solvent was removed under reduced pressure. The crude base was subjected t o  preparative chromatography 



HETEROCYCLES. Vol 28, No 1, 1989 

on s l k a  gel GFZ14 plates (m : CHCl -MeOH, Y:1). The regmn contalnmg the desired base was 
3 

cut and eluted with CHC13-MeOH (31) to give labeled 3-bromoglaucine (2, 80 mg), mp 121°C. 

ISOLATION OF BIOSYNTHETIC 3,s-DIBROMOGLAUCINE (3) - The young L. glut~nosa var. Rlabrarla 

plants (YO g, wet wt) were macerated in  EtOH (200 ml) wlth radloinactive 3,8-dibromoglaucme (3 

92 mg) and left  at room temperature for 18 h. EtOH was then decanted and the plant materlal war 

extracted with fresh EtOH (4 x 150 ml). The solvent from the combmed percolate was removed under 

reduced pressure. The greenish viscous mass was extracted with 5% HCI and worked up as above to 

glve the crude base w h ~ h  was subjected to preparative chromatography on silica gel GFZ5,, plates 

(m CHC1,-MeOH, 95:5) to furnish radmactive 33-dibromoglaucine (1, 72 mg), mp L IPC (CHCI - 1 
MeOH). 

ISOLATION ON GLAUCINE (I) - The young L. ~lut lnosa var. R]abraria plants (80 g, wet wt) fed wlth 

the labeled bromoreticulme precursors (experiment 2 and ) were macerated m EtOH (200 ml) with 

radiomactive glaucme (L, 80 m d  and le f t  for I5 h. The plant material was percolated with EtOH 

(4 x 200 ml). The combined percolate was worked up as above to give the crude base whlch was subjected 

to preparatjve chromatography on silica gel GFZ5,, plates (solvent : CHCl -MeOH, 9:l) to give glaucine 3 

(& 60 mg), mp 119°C (1tt.l' 12O'C). 

DEGRADATION OF THE BIOSYNTHETIC 3-BROMOGLAUCINE (2) DERIVED FROM (I)-5-BROMO- 

14 [N- CH,I-RETICULINE (8) - Labeled 2 (180 mg) In EtOH (12 ml) was refluxed wtth 40% aqueous 

NaOH (1.2 ml) and Zn powder (1.2 g) for 2 h. The resultmg mixture was cooled, ftltered and the solvent 

was removed under reduced pressure. The residue was extracted with CHC13 (4 x 10 ml), washed w ~ t h  

H 0, drled (anhyd. Na SO ) and the solvent was removed under reduced pressure to give labeled glaucme 2 2 4 

(L, 150 mg), mp 119'C (1lt.l' 12OTl. Labeled ! (140 mg) in MeOH ( I0 ml) was treated wlth Mel to 

furnlsh the rn-thmdide (5) (I45 mgl, mp 222-223'C (ht.12 221'C) w h ~ h  was converted into methohydronde 

(5) and subjected to Hofmann degradation to furnish radmactive glaucme methyl m-thme (10). A mixture 

of methlne (E, 100 mg) and H20 (6 ml) adjusted to pH 10 with KOH, was stmed wtth MeZS04 ( 1 ml) 

and 10 N KOH (0.5 ml) for 2 h at room temperature. A mixture of Me SO (0 5 ml) and 10 N KOH 2 4 '  

(0.25 ml) was added 3 tlm,zs at an interval of L h. The mixture was finally refluxed wlth KOH ( 6  gl 

for 2 h and then subjected to d~stillation. The dist~llate was received in 0.2 N HCI and the radioactive 

tr~methylainine hydrochlortde was crystallized from MeOH to constant activity. 3,4,6,7-Tetranethoxy- 

I-wnylphenanthrene (&) (rad~oinactwe) was lsolated from the alkalme solution. The radmactlvity of 

the products is given in Table 2. 

DEGRADATION OF THE BIOSYNTHETIC 3,8-DIBROMOGLAUCINE (3) DERIVED FROM 2',5-DIBROMO- 

14 
[N- CH,IRETICULINE (9) - Labeled 2 (190 mg) was treated with ZnlNaOH as above to afford labeled 

glauclne (1, 138 mg). Radioactive 1 in MeOH was converted mto its merhiodide (2, 140 mg), mp 222-23'C 



(l it.I2 22I0C), then into methohydroxide (6) and subjected to Hofmann degradation to furnish labeled 

glauclne methyl methine (10). Labeled 10 war then treated wlth Me2SOiKOH as above to give radio- 

active tr~methylamine hydrochloride and radioinactive 3,4,6,7-tetramethoxy-1-vinylphenanthrene (11). 

The radioactivity of the products is given in  Table 3. 

TABLE 2 

ComDound 
1 Molar activity (disint. mi"- m mol-I) 

3-Bramoglaucine (2) 

Glaucrne (I) 
Glaucine methrodrde (2) 

Glaucrne methyl methine (10) 

Trimethylamine hydrochloride 

3,4,6,7-Tetramethoxy-I-vinylphenanthrene 

1.4 x I 0  5 

1.39 x l o 5  
1.42 x 10 5 

1.35 x 10 5 

1.30 x 10 5 

Inactive 

TABLE 3 

1 I 
Compound Molar actlvity (drsint. mi"- m mol- ) 

3,8-Dibromoglaucme (2) 

Glaucine (3 
Claucine methiodide (2) 

Glaucrne methyl methrne (10) 

Trimethylamine hydrochlar~de 

3,4,6,7-Tetramethoxy-I-vinylphenanthrene (E) Inactive 
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