940

J.C.S. CrEM. Comm., 1974

Biosynthesis of the Alkaloid Boldine

By SunoBHA TEWARI, DEWAN S. BHAKUNI,* and RANDHIR S. KApPIL*
(Central Drug Research Institute, Lucknow 226001, India)

Summary Tracer experiments prove that boldine is
biosynthesised in Lifsea glutinosa from (- )-reticuline
via (+)-isoboldine.

BoLDINE, the choleretic principle of Peumus boldust Molina
(Monimiaceae) was first isolated in 1872. Its structure?® has
been assigned to be (1) (undefined stereochemistry), and
its stereochemistry and absolute configuration has recently
been determined.?

Boldine could be biosynthesised from suitable 1-benzyl-
isoquinoline precursors. Direct oxidative coupling of
reticuline? (8) could give rise to the boldine nucleus, whereas
oxidative coupling of orientaline® (10) and protosinomenine®
(12), involving the dienones (15) and (16) respectively as
intermediates, would furnish the required aporphine
system by dienone-phenol rearrangement.

Feeding of (4)-tyrosine (expt. 1) in parallel with (4-)-
nororientaline (9) (expt. 3) and (4)-norprotosinomenine
(11) (expt. 4) (Table) established that Litsea glutinosa

(Lour.) C. B. Rob. var. glabraria Hook. f. (Lauraceae)
plants were actively biosynthesising boldine. Both (9)
and (11) were less efficiently incorporated. Feeding with
(4-)-nor-reticuline (7) (expt. 5) and (4 )-reticuline (8) (expt.

TasLE Tracer experiments on L. glutinosa

Incorpora-
tion (%)) into

Expt. Precursor fed boldine (1)
1 (&)-[2-1C]Tyrosine .. .. .. 0-16
2 {4)-[1-*H]4-0O-Methylnorlaudano- 0-13

soline (6)
3 (4)-[5’,8-°H,]Nororientaline (9) 0-01
4 (=)-[3-1C]Norprotosinomenine (11) 0-06
5 (+)-[8-1C]Nor-reticuline (7) .. 0-62
6 (+)-[2’,6",8-3H,]Reticuline (8) 0-44
7 (+)-[276’,8-*Hg]Reticuline (14) 0-43
8 (—)-[2’,6",8-3H,]Reticuline .. 0-01
9 (+£)-[1-*H, 6-0-1"CH,]Reticuline (8). . 0-90
10 (4)-[2’,6,8-*H ] Laudanosine (13) 0-006

11 (+)-[8-*H]Isoboldine (2) 2.00
12 (+)-{aryl-sH]Norboldine (3) 1-86
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6) showed that both these compounds were efficient pre-
cursors of boldine. As expected the completely methylated
1-benzylisoquinoline (4-)-laudanosine (13) (expt. 10) was
not incorporated.

The radioactive boldine derived from (4-)-reticuline
feeding was brominated to afford a mixture of 3-bromo-
and 3,8-dibromo-boldines. The former was found to
possess all the activity (97-229, of original), while the latter
was virtually inactive (<C1-009,). Labelled boldine de-
rived from (4 )-nor-reticuline was converted into glaucine

(1) R'=R’=Me, RR=R'=H (5) (4) (no loss of activity). Degradation of (4) by double
21 R'=R%=H, R= R= Me Hofmann elimination? gave (17)(no loss of activity), which
3) R'=Me, R¥=R3=R'=H was cleaved by OsO,~NalO, to (18) (radioinacgive). Ozono-
lysis of (17) furnished formaldehyde, trapped as its dime-

1o R2- 3= Rh= Y yde, trapp

(&) R=Ri=R=R'-Me done derivative (989, of original activity).
Both (+)-isoboldine (2) (expt. 11) and (+)-norboldine
2 5 MeO (3) (expt. 12) were efficiently incorporated into boldine.
R0 3 NMe The specificity of the label in the biosynthetic boldine
R0 NR3 HO < (expt. 11) was again shown by bromination, the label being
' ] “H found at the expected position. Feeding with (-)-reti-
culine (14) (expt. 7) and (—)-reticuline (expt. 8) showed
L’ MeO that stereospecificity is maintained in the bioconversion of
RS0 1-benzylisoquinoline into boldine. The loss of activity in

OH y y
OR* the methoxy-group (649, of original) in the biosynthesis of
(14) boldine from doubly labelled (4)-reticuline (8) (expt. 9)
{6) R'=R%=R’%=R‘aH , R°-Me rovided evidence against methyl migration. Similar
P
(7) R'= R:R¢=H , R2= R%Me MeO O ¥esu}11ts ;%ave b;en. ob‘;aine;i by ‘Barton and his co-workers?
1_ R 2_R3= RS- in the biosynthesis of crotonosine.

::: 2,_ ;.:S:HR 22_ ;_:e HO NMe Reticuline and isoboldine have previously been isolated
=R=ER=R, R=R=Me from L. glutinosa® and we confirmed the presence of the

(1) R'=R®=Me, RE=R3=Ré=H 0-169,); reticuline and isoboldine are thus trueintermediates.
(12) R'= R*=R%Me , R&=R&H The young shoots of L.glutinosa were also found to meta-
{13} R'= R%=R:=R=R%=Me })Ollse (i)—%’—O—methylnorlaudanosohne (6) -(expt. 2) and
its presencein the plant wasshowed by a trapping experiment

(18) [(—)-(U-14C)tyrosine; incorporation, 0-17%]. The fore-

going results thus strongly support the following sequence

0 MeO R for the biosynthesis of boldine in L. glutinosa :
O (6) — (7) - (14) — (2) — (1).
MeO NMe MeO ‘ It is interesting that the aporphine alkaloids, glaucine

10 R'=R=H , R=R:R‘=Me O former by feeding (—)-[U-C]tyrosine (incorporation,
0

(4) and dicentrine (5), are biosynthesised in Dicentra
eximia® (Ker) Torr. (Fumariaceae) from norprotosinomenine.
O MeO
MeO > e
0 (17) R=vinyl
6) (18) R=CHO (Received, 19th August 1974; Com. 1060.)
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