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Abstract-After acid hydrolysis of a glycosidic fraction from the aerial parts of Fritillaria camts~+~atcensis, in addition to 
solanidine, tomatidenol, and solasodine, two N-methyl-22,26-epiminocholestenes, hapepunine and anrakorinine, were 
isolated and their structures elucidated by physical and chemical methods. 

INTRODUCTION 

Fritillaria camtschatcensis (L.) Ker. (Japanese name, 
‘kuroyuri’) grows in northern Japan, and is important in 
the diet of natives in Hokkaido, but no investigation on 
the chemical constituents of this plant has been reported, 
except for the isolation of solanidine from its bulb [l 1. In 
our project of biogenetic studies on the C-nor-D-homo 
steroidal alkaloids, we tried to isolate alkaloids from this 
plant. Although C-nor-D-homo steroidal alkaloids could 
not be detected, two new N-methyl-22,26-epiminochole- 
stenes, hapepunine (la) [2] and anrakorinine (2a), in 
addition to solanidine, solasodine, and tomatidenol, were 
isolated from the aerial parts of the mature plant after 
hydrolysis of a glycosidic fraction. Solasodine and 
tomatidenol were isolated from this plant for the first time. 

RESULTS AND DISCUSSION 

Hapepunine (la), C,sH,,N02, afforded on acetylation 
in pyridine a diacetate (lb). The ‘H NMR spectrum of la 
displayed three singlets (3H each) at 6 0.96 and 1.02 for the 
C-18 and C-19 angular methyl groups of a normal ring 
system with a A5-double bond [3 1 and at 2.30 for the N- 
methyl group [as well as at 6 1.98 and 2.00 (two acetates) 

in lb], two doublets (3H each, J = 6 Hz) at 1.03 and 1.09 
corresponding to two secondary methyl groups at C-21 
and C-27, and a signal at 5.36 for a vinyl proton. A 
multiplet centred at 3.52 was associated with the r- 
hydrogen at C-3, bearing a hydroxyl group (this signal 
shifted downfield to 4.56 on acetylation), and another 
multiplet centred at 4.50 (W! = 12 Hz)was associated with 
the cc-hydrogen at C-16 bearing a b-hydroxyl group (this 
signal shifted downfield to 5.24 on acetylation). The mass 
spectrum of la revealed ions at m/e 429 (M ‘) and 112 
(base peak). In the light of the ‘H NMR and mass spectra 
of la, it was assumed that the base peak at mjr 112 was due 
to the N-methyl-piperidyl side chain moiety produced as 
a result of a bond fission between C-20 and C-22 of N- 
methyl-22,26-epiminocholestane. This compares with the 
mass spectrum of teinemine [4] which shows its base peak 
at m/e 98. From these results la was expected to be an N- 
methyl-22,26-epiminocholest-5-ene-3/?,16fl-diol. 

In order to confirm the configurations at C-22 and C-25 
of la, tomatidenol (25s) and solasodine (25R) were 
reduced with lithium aluminium hydride-aluminium 
chloride following the methods of Sato [5] and Schreiber 
[6]. Four products were obtained and proved to be 
isomeric in the configurations at C-22 and C-25 of 

R’O 

la R’=R2=RJ=H,R4 =Me 

lb R’ = RZ= AC, R’ = H R4 = Me 

2a R1=RL=H,R3=OH,R4=Me 
2b RI = R’ = AC, R’ = OAc, R’= Me 
2c R1=Ac.R2=H.RJ=OAc,R4=Me 

H 

OH R 

HO 

3 R = H. 22S:25S 
4 R = H. 22R:25S 
5 R = H. 22$:25R 
6 R = H, 22R:25R 

I R = Me. 22R:25S 
8 R = Me, 22R:25R 

157 



dihydrospirosolane: (22S.25.S)- and (22R,25S)-dihydro- 
tomatidenol (3 and 4) and (22S,25R)- and (22R.25R)- 
dihydrosolasodine (5 and 6), but the minute amount of 5 
isolated prclentcd further study. Compounds 3, 4 and 6 
were methylated with methyl iodide and potassium 
hydroxide leading to (22S.25S)- and (22R,25S)-N-methyl- 
dihydrotomatidenol (la and 7) and (22S,25R)-.h’-methyl- 
dihydrosolasodine (8) respectively. Each isomer showed a 
diff‘erent Rr value on Si gel TLC: R, 0.14 for 7,0.32 for la, 
0.43 for 8, and 0.32 for the natural product (la) (solvent 
system, cyclohexane_EtOAc ~McOH, 2:2:1). The R, 
value and physical constants of la agreed completely with 
those of the natural product. and the melting point of la 
was not depressed by admixture \vith the natural product. 
From these results, la was identified as (22S,25S)-n’- 
methyl-22,26-epiminocholest-5-ene-3/I, 1 h/&diol. 

Anrakorinine (2a), named after the Ainu name for the 
original plant ‘Anrakor’. CZ8H,:NOJ, afforded on 
acetylation in pyridine an amorphous triacetate (Zb): 
‘H NMR (52.03 (6H. s. -2OAc) and 2.09 (3H, s. OAc). 
The ‘H NMR spectrum of2a exhibited a singlet at 0 1.02 
(3H. s), indicative of a C-19 angular methyl group 
of a normal steroidal ring system with a As-double 
bond, two doublets at 1.06 (6H, tl, .I = 8 Hz). correspond- 
ing to two secondary methyl groups at C-21 and C-27, a 
singlet at 2.28 (3H) for an ,Y-methyl group, a muitiplet 
centred at 3.48 (IH) for a 3x-H (this signal shifted 
downfield to ii 4.62 on acetylation), a multiplet centred at 
4.62 (.lH, PI’, ? = 12 Hz) for a 16&-H (this signal shifted 
downfield to (55.38 on acetylation). and a multiplet 
centred at 5.32 (1H) for an olcfnic proton by direct 
comparison of the ‘H NMR spectrum of la. The mass 
spectrum of 2a revealed species at ITI;~ 445 (M ’ ). 414 
(M’ - 31 ). and 112 (base peak). From these spectral 
data. the basic structure of 2a was concluded to be IV- 
methyl-22,26-epiminocholestene with a 16/i-hydroxyl 
group. 

In the ‘H NMR spectrum of2a, an AB quartet at 6 3.62 
and 3.88 (1 H each, J = 12 Hz each) was associated with 
two protons at C-18 (bearing a hydroxyl group). The 
presence of a fragment ion at m/r 414 corresponding to 
M * - CH,OH, in the mass spectrum of 2a, and the lack 
of a tertiary methyl group in its ‘H NMR spectrum 
supported the presence of a hydroxyl methyl group at C- 
18 in 2a. 

To determine the absolute configuration of 2a, it was 
converted to la by treatment of a solution of 2a in 
pyridine with excess of tosyl chloride under non-aqueous 
conditions, and the resulting monotosylate was reduced 
with lithium aluminium hydride. The reduction product. 
la, was crystallized from acetone. The physical constants 
of la agreed well with those of the natural product. and 
the melting point of la was not depressed by admixture 
with the natural product. From this synthetic proof, 2a 
was identified as (22S.25S)-rv’-methyl-22,26-epimino- 
cholest-5-ene-3/1,16/j, 1%trio]. 

Compounds la and 2a are the first N-methyl-22,26- 
epiminocholestane-l6/Gols isolated from natural sources. 
In this plant, tomatidenol accumulated in the aerial parts 
at budding and then gradually decrcascd during plant 
development. During plant growth, the content of la was 
almost constant. but 2a gradually accumulated and its 
content reached about three times that of tomatidenol. as 
shown in Table 1. Because la and 2a were contained in the 
bulb as a trace alkaloid at every stage ofgrowth, it appears 
that la and 2a are synthesized from tomatidenol in the 
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Tomatidenol content I “,,I 7.5 3.3 0.3 
Hapepunine (la) content f “,,) 2.6 14 _. 0.8 

la: Tomatidenol 0.35 : I 0.73:1 2.67:l 

Anrakorinine (2a) content I ‘I,,) I .O 2.2 1 .o 

ta: Tomatidcnol i).l?:l 0.67: I .x33: I 

aerial parts by biological degradation. not from the 
precursor of spirosolane biosynthesis. 

Although cevanine alkaloids could not be detected in 
budding. growing. or resting plants, it appears that 
F. ~.L~~~I~.\~,~o~~~~II.s~s is closely related to the Friti[/tri-itr 
genus. because la was also isolated fram tllc mature 

F. twfi~~~ll~~t~~ in wr recent work [7]. 

Pltrr~t wrruricrl. The aerial parts of the mature plant of 
Fritilltrvirr c,[rrr~r.\~hrrfc,rf~.~;.\ (L ) Ker. were harvccted in the districts 

along the sea of Okhotsk, Hokk;lido, at the end of June (after 

tlouering). The powdered aerial parts of the plant (4.5 hg) were 

extracted bith hexanc to remove the free neutral fraction and free 

alkaloids. then extracted with :~mmom;& CHCI, MeOH (6:41. 

and 4OX.Xg of glycoside fraction \\;~s obtained. 

Scptrrotiou of d!4oiA The glqcoside (40X.X g) was hqdrolbsrd 

with IN methanohc HCI for hhr cind the hvdl-olysate u:ls 

extracted with Et,0 after being made alkaline L\jth NnOH. The 

Et,0 phase UHS extracted wth 5”,, aq. tartaric ncid. and the ;lq. 

sol extracted with CHCI, after being made alkaline with NaOH. 

ThcCHCl,extract (7.1 g)wscrystallired from Me2COandga\e 

3 g of crystals of solanidine. The residue (3g) \\as purilicd by (‘(‘ 

on AIZO,, and eluted consecuti\cly uith Et,0 C,H,, (I :9). 

Et,OmC,H,, (I :4). C‘HCI,. MeOH CHCI, (1 :9). and hlcOH 
(Table 2). 

Solonitii~~. Needles from MeZCO. 4.65 g. mp 204 209.5 : MS 
WC: 397 (M’). 396 (%I’ - I ). 3X1 (Vi -. MC), 204. 150 (bw 

peak ): IR I,;~~Y’ cm ’ : 3300. 1060. The mp \\a’\ not depressed on 

admixture with authentic solanidine. 

7i~~i~uti~lcwi. Fractions III and IV from CC on Al,<>, were 

purified by Sigel TLC(cycloheaane EtOAc McOH, 2:2:1),;1nd 

the substance nith R,O.X7 was crystallizd from Mr?CO 

(21 mg): mp 233 235 ; [z],, - 3X.6 (c~ 0.07. CHCI,): MS 111 P: 

413 tM+ ). 138. 125. I14 (base peak). 113; IR I,:,,!::” cm ‘: 3600. 

1040, 975. 960, 890. 865; ‘H NMR (CD(‘l,): (jO.X4 (3H. cl. 
J = 6H7. 27-Me). 0.97 13H. tl. .I = 6Hr. ?I-Me). I.().+ 13H. \. 19. 

Mc).‘.73(2H.rl,J = 7H7,26-H~)..~.~2(1H.,,~.:r-H1.3.lh(lI-1. 

111. Ibr-HJ. 5.34 (IH. ,!I. 6-H): mmp 232 742 t:lllthentic 

tomatidenol. mp 236 237 ). 

Sdosorliw. Fraction IV from CC on AI,O, was purified b) SI 

gel TLC (cyclohexanc EtOAc McOH. 2:2:1 ) and the aubhtancc 

with R, O.XI was crystallized from MezCO to pi\e plate qstal\ 

(8.5 mg), mp XI 203.5 [I I,, .-- 114.7 (co.1 l.CHCI,): MS,rl <‘: 

413 (M’). 138, 125. 114(basepeak). Il3;lR ~,a:,::‘.c:m~ ‘: 3600. 

1045. 975. 965. X95, 870: ‘H NMR (CDCI,): 80.80 (3H. [I. 
J = 6 HY. 27-Me). 0.X.3 (3H. 5. IX-Me). 0.96 (3H. tl. .I = x Hz. 21. 

Me), 1.04 (3H. .s. 1%Me). 2.66 t?H. ri. ~I = 5 Hr. 26-H,). 3.52 (I H. 
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(13mg). Compound 2b: amorphous; ‘HNMR (CDCI,): ri 1.02 

(3H. .s, 19-Me), 1.07 (3H. tl, .I = 7 Hz. 21- or 27-Me), 1.25 (3H, tl, 

J = 6 Hz. 21- or 27-Me), 2.03 (6H. .s. 20Ac). 2.09 (3H, s, OAc). 
2.26 (3H,s, N-Me), 4.50 (2H.hr. s. IX-H,), 4.62 (I H. m, 33-H). 5.36 

(1 H. m, 6-H I, 5.38 ( I H, nr, 16a-H ): Compound 2c: amorphous: 

MS/~I~~~:S~~(M+),S~~.SI~(M‘ - Me).486(M+ -- I - acetyl), 
456 (M’ - CHIOCOMe). 154. 113. 112 (base peak): ‘H NMR 

(CDCI,): d 1.03 (3H. s. 19-Me), 1.10 (3H. t/,J = 7Hz, 21- or 27- 

Me), 1.14 (3H. (/, J = 7 Hz, 21- or 27-Me).203 (3H.s. ~OAck2.06 

(3H. ,s. OAc), 2.34 (3H. .s. N-Me), 4.32 (2H. hr. 5. IX-H,). 4.54 
(IH, UZ, 16x-H) 4.56 (1H. ,,I, 3x-H), 5.36 (IH. ,,I, 6-H). 

R&trctirj~ of rrrrrtrkor+~irrr (Za). A soln of 2a (24.8 mg) in I ml of 

pyridine was added to excess of tosyl chloride on an ice bath. 

After new spots were detected in the upper region of 2a on TLC, 

the mixture was poured into a cold soln ofsatd NaHCO,. The aq. 

phase was extracted w,ith CHCI,. a soln of the oily residue from 

the CHCI,% extract in 6 ml THF was reduced with LiAIH, (50 mg) 

on an ice bath. and then the mixture was relluxed. Excess reagent 
w~as decomposed by cautious addition of THE H,O (2:l ). and 

the soln made alkaline. After removal of THE. the aq. layer was 

exlracted with CHCI,. The CHCI, extract was purified by TLC 

(hexane-EtZNH -EtOH. 9:0.75:0.75) on Si gel. yielding I mg of 

la. mp 194.5 200 
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