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Abstract-The rhizome of dormant Veratrum grand$forum accumulated hakurirodine, a new 22,26-epi- 
minocholestane alkaloid. This alkaloid, derived from verazine but not from etioline, was found to be 
a key intermediate in the biosynthesis of rubijervine. 

INTRODUCTION 

Among the alkaloids identified specifically from 
the genera Veratrum, Fritillaria and Zygadenus of 
the Liliaceae are the jerveratrum and ceveratrum 
alkaloids which have an interesting C-nor-D- 
homo-steroid skeleton and a strong pharmacologi- 
cal effect on vertebrates. The biogenesis of steroi- 
da1 alkaloids and sapogenins has been studied by 
Tschesche [l-3] and Heftmann [4-51. who have 
found that the Cl7 carbon skeleton of solanidine, 
tomatidine, diosgenin and related compounds is 

a glycoside and is converted by illumination to jer- 
vine (2a) and veratramine (3), two typical Veratrum 
alkaloids. On the other hand, Kaneko rr (11. identi- 
fied several alkaloids and sterols; for example, 
etioline (4) [ 17,281, verazine (5) [ 19,283, teinemine 
(6) [20], dormantinone (7) [21], and dormantinol 
(8) [21], which accumulated in the budding vera- 
trum plant as major constituents, and proposed 
the biogenetic pathway of solanidine (1) in the Ver- 
atrum plant, based on the presence of these alka- 
loids and sterols. 

( 2 a 1 Jervine ( 2 b 1 lsojervine ( 3 ) Veratromina 

supplied from cholesterol. Identification of choles- With respect to the biosynthesis of rubijervine, 
terol in higher plants with the aid of GLC [6] has Kaneko at first assumed that the hydroxylation of 
been reported recently. The formation of Veratrum solanidine (1) at C- 12 to yield rubijervine (I 2~OH) 
alkaloids from the normal steroidal skeleton was (9a) and epirubijervine (12/?-OH) (10) is catalyzed 
proposed by Narayanan [7] and Leete [S], and by a nonstereo-specific oxidase or by two different 
their view was based on the results of chemical enzymes under illuminated conditions, and the one 
conversion of normal steroids to C-nor-D-homo- epimer, epirubijervine (IO), is converted into C- 
steroids [9-l 31. nor-D-homo-steroidal alkaloid and the other, rubi- 

Kaneko et al. [14] reported that solanidine (1) jervine (9a), is accumulated in the rhizome. 
accumulates in etiolated Veratrum grandijlorum as Recently, rubijervine (9a) was isolated from dor- 
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mant veratrum plant, and its content exceeded the 
cxpcctation based on the above h>pothcsis. Dor- 
mant Virufrwn plant was kept in the dark and cold 
in order to acccleratc budding. as described pre- 
viouslj [ 151. From this result. the biosynthesis of 
rubijcrvine WCMS to be carried out in the absence 
of light. which may be indispensable for C-nor-r)- 
liomo rearrangement. Iii this paper. UC report the 
prescncc of a biosynthetic path\caq to rubijervine 
(9a) I+ hich branches from that of solanidinc (I), 
based on the isolation of a IKW heq’ intcrmediatc 
and from isotope studies. 

TLC analysis of the alkaloids in dormant, budd- 
ing and ctiolated \cratrum plants showed that a 
new alkaloid-G increases in the rhizome during 
the cold treatment and decreases significantly after 
growing in the dark under natural conditions. The 

rhizome of budding Vimtruw plant gave a glyco- 
side mixture and crude alkaloids were obtained as 
described prcviousl! [I 61. Tertiary alkaloids. 
obtained from the crude alkaloid mixture by 
Jacobs’ method 1241. were scparatcd bq alumina 
column chrom~ltogl-oph~. Elution of the column 
1% ith cth\l acctatc lw~zene gave’ solanidine (1). vcr- 
azine (5). ctiolinc (4). rubijervine (9a). and isojer- 

vine (2b) fractions. Subsequent elution with 
chloroform-methanol gave the alkaloid-G frac- 
tion ; rechromatography gave pure alkaloid-G (1 la). 
mp 194 197 . [x1;,” --- 163 , This was found to be 
a stcroidal alkaloid tvith the formula. C’,-H,,O,N. 
from elemental analysis and mass nncctrum (M ’ 
429). The IR spectrum of lla showed absorptions 
for hydroxyl groups at 3375 and 1060 cn- ‘. and 
C-N goups at 1655 cm ‘. which \Y;IS supported 
by UV absorption at 240 nm (E. 196). 

Compound Ila was assumed to be 22,26-epi- 
lninocholcstane derivittivc since in the mass spec- 

trum. the base peak. III.(’ 125. is elucidated as the 
fragment ion of a McLaffertJ rearrangement [25]. 
as occurs with ctiolinc [I 71 (4) and verazine 
[IX. 191 (5). and its 0.0.O..2:-tctraacetatc (lib) dis- 
played an enamide function Lvith IR absorptions at 
166s and 1540 cm ’ (C’-X--NAc). and 1JV masi- 
mum at 234 11111 (t, 9500). The NM R spectrum 
showed signals of t\vo tertiary methyl groups at (i 
0.61 and 0.96, two secondary methyl groups at 0.92 
and l.XI(ll% J 6 Hz). three hydroxymethines at 3.16, 
3.54, and 4W, and one olefinic proton at 3.54. 
From the assigntnent of the hydroxymcthinc at 5 
3.54 as 3~H and the olefinic proton at (5 5.33 as 
C-6. and from the colour response to Sb Cl,, com- 
pound Ila was assumed to have ;I A’-3/I-hbdroxy 
structure. This was confirmed by its conversion by 

,,‘- In N, (lib) 
Ac,O/pyridine 

/ 

Ho&;; oxido+ion .._.::#::\ 

c 

\ Chromic acid oxidation 
* 0 
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Biosynthesis of rubijervine in V. qrundiflorum 1297. 

Table I. Variation in the alkaloids during the life cycle of V. yrund(florurn (mg, 100 g of dry plants) 

Part Solanidine Verazine Etioline Rubijervine Hakurirodine 

Budding Terrestrial part 150 90 70 8 
Rhizome 8 I7 67 

Etiolatcd 
(20 days) 

I Month 
after budding 

2 Months 

after budding 

Rhizome 13 28 

Terrestrial part 41 IO 
Root and rhizome 20 26 38 

Terrestrial part 25 5 
Root and rhizome 70 IO I3 

Oppenauer oxidation to an a&unsaturated oxo- 
derivative (11~) having UV absorption at 240 nm 
(E, 14000). 

Chromic acid oxidation of lla gave a trione 
(lid) which showed IR absorption of a five-mem- 
bered ring ketone at I745 cm- ‘, so that one of the 
remaining two hydroxyl groups is located on ring 
D. Compound lla was converted into solanidane 
derivative by the procedure of Schreiber et al. [26- 
281. The product was identical with Sx-solanidane- 

3,lZdione (12), derived from rubijervine (9a) by 
catalytic hydrogenation followed by Kiliani’s oxi- 
dation. Thus 1 la is 3,12,16-trihydroxylated and the 
configuration at C-25 is S. 

The hydroxyl group at C-12 was assigned the u 
orientation from the NMR spectrum of 1 la which 
showed narrow triplet signal of 12/I-H at 6 3.16 (J 
2 Hz) coupled with C- 11 methylene group. The hy- 
droxyl group at C- 16 was assigned an x orientation 
since the unresolved signal of a hydroxymethine at 
6 4.04, enveloped by other signals, shifted to 4.84 
as a clear triplet (J 6 Hz) by acetylation, indicating 
that it is coupled with 17~ and 15x-H with fi 
orientation. The NMR spectrum of the tetra- 
acetate (lib) indicated a newly produced olefinic 
signal of enamide moiety at 6 5.12 as a broad 

singlet. From this evidence, lla is designated 
as (25S)-22,26-epiminocholesta-5,22(N)-diene- 
3p, 12a, 16x-trio1 and named hakurirodine [28] 
after the Japanese drug name of hakurirokon for 
V. grandijorum. 

Up to the present time, several 22,26-epimino- 
cholestane derivatives have been reported e.g., 
etioline [ 17](4) and verazine [ 191 (5) from I/. grun- 
diflorum, verazine [ 183 (5) from V: alhunr, tomatilli- 
dine [25] from Solarzurrl tomatillo, and solaconges- 
tidine [27], solafloridine [27]. and 23-0x0 [27] - 
and 24-oxo-solacongestidine [27] from S. conges- 
t$orum. Although etioline (4), verazine (5) and 
hakurirodine (lla) are the main alkaloids in dor- 
mant and budding veratrum plants, the others are 
minor components. It is very interesting that the 

accumulation of (4), (5). and (lla) is related to the 
biosynthesis of solanidine (1) and rubijervine (9a). 
Variation in the content of rubijervine (9a) and 

hakurirodine (lla) during the life cycle of C: gra/r- 
d$orum is summarized in Table 1. 

Since rubijervine (9a) has been reported to be a 
minor component [21,22,3&34] it may be 
regarded as the alkaloid which is metabolized 
rapidly during the growth of the veratrum plant 
and does not accumulate significantly. Since it has 

Table 2. Incorporation of acetate [l-‘“Cl into Veratrurn alkaloids 

Terrestrial part 
Radioactivity 

Weight (mg) (dpm/mg) 

Rhizome and root 
Radioactivity 

Weight (mg) (dpm/mg) 

Dry wt 
Crude extract 
Crude alkaloid 
Solanidine 
Verazine 
Etioline 
Rubijervine 
Hakurirodine 

100 x IO3 250 x lo3 
I5 x lo3 40 x IO3 

4.5 x IO-’ IO x lo3 
500 390.2 5 23.1 

90 783.0 40 64.0 
200 324.0 

I8 31.0 30 13.5 
30 12.3 
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Table 3. Incorporation of labeled verazine into JUbijeJVine and hakurirodine (total dpm) 

Stage 

Incubation period 

Dormant Budding 

6 hr 24 hr 14 hr 
[“Cl-verazine [‘4C]-ctioline [‘4C]-verazme [‘Q-etioline [“Cl-verazine [‘Y]-ctioline 

Fed precursor 
15660 6480 I5660 6480 I5660 6480 

( 1 OO”l 0 ) ( 100” ,,) ( I OO”;,) ( I OO”,,) ( IOO” 0) (l(H)“,,) 

Hakurirodinc 

RubiJervine 

Veratramine 

12 0 
(@46”,,) 

30 
(0.19”“) 

0 

0 

133 
(o~xs’:,,) 

(0.4:;) 

0 

a related chemical structure, hakurirodine (1 la) 
could be the precursor of rubijervine (9a). Isotope 
studies were planned to clarify this. In spite of the 
fact that (lla) accumulates in the dormant rhi- 
zome, it is impossible to feed a labeled compound 
in dormant Veratrum plant by the cotton-wick 
method [14] because of the slow uptake. There- 
fore, acetate [1-14C] was fed to the budding plant 
by the cotton-wick method in a cold room. The 
content and specific activities of isolated alkaloids 
are summarized in Table 2. From this experiment, 
it was confirmed that the site of steroidal alkaloid 
synthesis moves from the rhizome to the aerial part 
after budding. There was no incorporation of acetate 
[1-‘4C] into rubijervine (9a) and hakurirodine 
(lla), indicating that branching to the biosynthetic 
pathway of rubijervine (9a) from that of solanidine 
(1) occurs only during dormancy and the synthetic 
ability is lost during budding. Although there was 
no labeling of (lla), etioline (4) and verazine (5) 
were labeled sufficiently for a refeeding exper- 
iment. This also showed that the dormant plant is 
suitable for biosynthetic experiments of rubijervine 

(9a) and, therefore it was used for the following ex- 
periment. 

The slice method [35,36] developed by Good- 
win and Barton, was used with labeled etioline (4) 
and verazine (5) to determine the branching point 
from the biosynthetic pathway of solanidine (I). 
After incubation of the dormant rhizome slice with 
labeled compound. hakurirodine (1 la) and rubijer- 
vine (9a) were isolated by the usual procedure and 
their activities were determined (Table 3). 

It was found that only verazine, and not etioline, 
was incorporated into hakurirodine (lla) and 
rubijervine (9a). This result indicates the presence 
of two biosynthetic pathways in the dormant plant 
for solanidine (1) and rubijervine (9a), branching 
from verazine (5). On the other hand. in the bud- 
ding rhizome slice. neither labeled verazine (5) nor 
etioline (4) was incorporated into (Ila) and (9a). 
This result agrees with the failure of incorporation 
of acetate [I-‘“C] into these alkaloids after bud- 
ding. and with the accumulation of verazine (5) in 
the rhizome and etioline (4) in the aerial part dur- 
ing dormancy. 

Table 4. Tertiary alkaloids in the rhizome of budding V. yrundi&rum 

Fract. no. Solvent system Volume ( 1) Constituents Weight (mg) 

I C,H,m-EtOAc (I: 1) 
2 C,H,pEtOAc (1: I) 
3 C,H,--EtOAc (1: 1) 
4 C,H,,pEtOAc (1: 1) 
5 C,H,mEtOAc (I : 1) 
6 CHCI, 
7 CHCl,-MeOH (99: 1) 
8 CHClsPMeOH (9: 1) 

Solanidine 
Verazine 
Etioline 

Rubijervine 
Isojervine 
Isojervinc 

Alkaloid-G 
Residue 

Trace 
130 

Trace 
300 

7000 
4000 





From thcsc data, a biogenetic pathway of solani- 
danine alkaloids in the dormant veratrum plant 
can be suggested (Scheme 2). The presence of baik- 
eine (13). isolated from I’. q~n@for~n by Itoh 
[37]. supports our scheme. 

k1.p~ are LIIICW~. OptlC;lI rotations were measured in 
CHCI, solution; NMR spectra were determined. in CDCI, with 
TMS as an internal standard: IR spectra in Nujol mull and UV 
spcct~-a in t: t0H. Radioactivit] \vab dctermlncd on an Aloha 
LSC-501 licluid wntillation counter in tolucnc xxntillator. 
TLC were performed on Si gel HFLIL (Merck, Type 60). alu- 
mina (Merck. neutral Z-3) \~al; uxd fol- column chromat- 
ogr;lph>. 

laol<~r~o,l (?f cows/<, tr/hu/oi[/. The rhirome of buddmg I! yrandi- 
flow/n. collected in rarlq April lY72 at Teinc. Hokkaido. Japan, 
ua\ uwd. Ihc dried rhllomc (1.X kg) aas outrnctcd with 
ammoniacal McOII C‘HCI, (I : 1 I to >iclcl crude glqcoside (274 
g). and 76 g of cl-u& :llkaloid \\a\ ohtamcd l’rom this after HCI 
h>drol>\i\. a\ described prcviou<l> [I(‘]. Sccondar> alkaloids 
( IO f) (mainly \cratl-amine) v,erc ohtamcd I>> Jacobs’ method 
12-11. The tertiat-> alkaloids (43 g) wcrc chrom;ltogrnphcd with 
.30 \ol of alumina. and the column was cluted succes<iwly with 
ErOAcmmC,, I I,, (I : I ). CH(‘l,. CHCI, McOH (09: I I. and 
C‘HC‘I, McOH (Y: I) (Tahlc 4). 

/ltr/,lr~r,.r,~/i,l‘, (I la). Rechromatopraph! of G-lractlon and 
recr!stallirallon sevcl-al times from acetone gave needles ( I.2 
g). mp lY4 lY7 [xl/T - 163 (c. 0.71 in C‘HCI,). MS ,a(’ 4%) 
(M-).311(M~ -H,O).3Y6(M’-H,O-Me).378(M’-2H,O-Me). 
164. 163. 126. I25 ibasc peak). Y8:IR v;;c” cm ‘: 33% (OH). 
1655 (<‘=NI. 1060 ((‘-01. I’\’ j.!..‘?” 240 nm 16. 196). end ahsorn- 

111.11 

twn. NMR (ri): 0.61 (3H. \. IX-Me). 0.92 (iH. tl. J 7 Hr. set-Me). 
0.06 (;H. \. 1%Me). I.20 (:H. <i, .I 7 Ii/. \cc-Me). 7.9’ I IH. q. 
J I I. IX I-I/. Iby-HI. .%I6 IIH. 1. .I 2 Hr. i7/1-H), .3.51 (IH, IJ!. 
3x-H). 3.64 (111. tl. J IS HI. 26/i-H). 40-I (IH. ln, 16/1-H). 534 
(IH. (1. .I j.5 H/. C,-olefinic proton). ,,IIIL//. C‘alcd. for 
C2;H,,?0,N; C. 7548: H. IWOY: N, 3.36. Found: C. 75.25: l-1, 
10~02: N. 3.25. Hakurirodine acetate crvstallircd from McOH as 
nccdlcs I 1 I b )_ mp I .37 1.3X MS: ,I! c’ :iY7 (\,I ). 52 (M +-Me) 
554 (M’-MeCO). 523 (M*-Me-MeCO?). 521 (M--Me- 
MeCO?H). 51 I (M+-2 x CH,CO). 479 (M+-7 x CH,C02). 
477 (M.-Z x MeC02H), 453 (M’-MC-? x MeCO). 435 
(M--4 x McCO), 420 (M.-Me-4 x CH,CO) 204, 166, I65 
(haae peahl. 150. IR I,,;,“, cm I: I720 (OAc1. 1665 and IhlO 

(<‘ <‘-W,AC). I260 ;llld IO20 (C-0 -(‘). CIV j.~,,‘~J”- 2.34 lljn (t. 

Y500). NMR (?!I: 0.75 (:H. \. I X-Me). 090 (31-I. d. .I 7 I-l/. scc- 
Me). 0.98 (3H. s, IY-Me). I.16 (3H. d. .I 7 Hz, sec.Me), 2.01 (6H. 
.s. 2 x OAc), 2,OY (3H. s, OAc). 2.15 (3H. ,t. NAc). 3.60 (2H. ,il. 
26-H,). 4.60( I FI. 1,s. 3%-H). 4.84 (1 H. t. J 6 H/. 16/1-H), 5.1 2 (2H. 
/JJ.. 5. 17/1-H and C‘,,-olctinic proton). 5.40 (I H. ti. J 3.5 Hr. C,,- 
olcfinic proton). 4w/. (‘alcd for C, jH 5 ,O,Y: C. 70.31: F-1. X.60: 
N. 2.33. I-‘ound: C. 70.0X: H. 847: N. 2.42. 

O~~/W~I~~WJ~ o \-it/~trio~i of Ix~hwi,ot/inr~ (1 la). This was carried 
out using the &ind:lrd pt-occdurc. The product (1 Ic) v,as 
obtained <i\ nwtilcs. mp 235 23X Mass bpeclrum: ,I? <, 127 
(M’).409(M ‘-H,O). 394(M--H,O-Me). ?76(M--2H,O-Me). 
3X6. 162. I25 (base peak), YX. IR v:,;:;” cn- ‘: 3375 (OH). 1675 
and 1620 (C=(‘-(‘=(>l. I55 (C‘=N). 1 Oh0 (c‘~O). U V ;.~~~,~:.I:“: ~42 
nm (E. 14000). NMR (0): 0.56 (3H, j. IX-Mc). O.Xb (7H. d. .I 7 
H/. xx-Me). I.05 (?H. .s. IY-Me). I.16 (?H. II. .I 7 HT. w-Me). 
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(b) Chromic acid o?tidtrtio~l ofdih~droruhjjrruinr (9b). A mix- 
ture of 90 mg of (9b). 20 ml of acetone and 1 ml of Kiliani’s re- 
agent was allowed to stand for 30 min at room temp and pro- 
duced 40 mg of an amorphous substance. Recrystallization 
from Me,CO gave plates (12). m.p. 23&232”, [ti]b9 104’ (c, 0.25 
in CHCl,). MS: /n/e 411 (M+) 410 (M+-1), 396 (M+-Me), 383, 
368,220,204,191, 178, 162, 151, 150(basepeak), 13698. IR vr;p’ 
cm-‘: 172O(C=O), 1700 (C=O). NMR (6): 0.76 (3H, d, J 7 Hz, 
set-Me), 0.96 (3H, d, J 7 Hz, set-Me), 1.00 (3H, s, 18-Me), 1.06 
(3H, s, 19-Me). 

Administration oj’acetate [ l-‘4C] by the cotton-wick method. 
Fifteen veratrum plants fed with 1 mCi of acetate [I-‘“Cl were 
cultivated in a cold dark room for 3 weeks and radioactive alka- 
loids were isolated and purified as described previously. 

Administration of lubeled wru--ine and etioline b\’ the .slice 
method. A soln of 20 mg of verazine (5) or etioline (4) in 2.0 ml 
of 17; H,PO, was adjusted to pH 55-6 by the dropwise addi- 
tion of 0.1 M Na,HPO,. When some turbiditv aooeared. the 
soln was clarified with a-few drops of 10% Tween bb soln. and 
final vol was made to about 15 ml. During this process, alka- 
loids remained unchanged. Dormant rhizome slices (3 x 3 x 
0.5 mm) (40 g), prepared in a cold room, were added to this 
soln and incubated in flasks at 25 for 6 hr and 24 hr. The incu- 
bation was terminated by the addition of 20 ml of hot EtOH 
followed by boiling for several minutes. The content of the 
flasks was extracted with ammoniacal MeOH to yield about 0.5 
g of crude alkaloids by the usual method. Hakurirodine (lla) 
and rubijervine (9a) were isolated and purified by column chro- 
matography over 50 vol. of alumina and preparative TLC (hex- 
ane-Et?NH-EtOH=9 :0.75 :0.75) followed by addition of 10 mg 
of respective carriers. Incubation of budding rhizome slices with 
radioactive compounds and isolation of alkaloids were made by 
the same procedure as above. 
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