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The asponin from Camellia japonioa L. has been investigated by several Japanese 

groups including Iehidate and T8k8EUr8 who ieolated a eapogenol, C30H3004, together with 

tiglio acid, a uranic acid, arsbinose and galrctoee (1); only preliminary investigationa 

hovever have been reported on the structure of the sapwenol (2). We have isolated three 

eapogenins (3) from seeds of the same plant and established their structures, the evidenoe 

for which is described in this communication. 

Crude sapogenin obtained by Iehidate's method (1) wee chromatographed on silica gel 

to give three espogeninsr Camelliagenin A (18) (4), m.p. 2132-2Gj", (a&, +32.6O, 

oamellisgenin B (Ib), m.p. 200-2050, Cal, +q.o*, snd oamelliagenin C (IO), m.p. 26;- 

263O, [ah +37.1' (5). Ib, having an aldehyde group (v 1729 cm*, 6 9.39 ppm), was 

converted to 18 by Rang-Minlon reduction and to Ic by LiAlH 
4 
reduction, thus etructurel 

correlations of the three sapogenine vere established. 

On acetylation with acetic anhydride and sulfuric acid, 18 and Ic gave the amorphous 

tetraacetete II and the amorphous pentaacetate III, respectively, both of which show no 

hydroxyl absorption in their IB spectra. NMK spectra (6) (Tables I and II) of Ib, II 

and III disclosed, besides 8 vinylic proton, the presence of two primary snd three sec- 

ondary scetoxyl groups in III, thus accounting for 811 the oxygen atoms in Ic. OII rear 101 

with acetic anhydride in pyridine, however , Ic produced the amorphous tetraacetste IV, 

v 3520, 1740 cm". 

Reaction of IO with phoeeene yielded the cyclic dicsrbonate V, m.p. >300', v 1760 cm4 

The frequency of the carbonyl band indioated that both pairlr of hydroxyl groupa in IO 

are in a l,J-glycol relationship, having formed cyclic carbonate8 with 6-membered rings 

in V (7). Ic 8180 formed 8 diecetonide VI, m.p. 224.5-225.5', while 18 yielded a mono- 

ocetonide VII, m.p. 273.5-275'. The difference in chemical shift of the carbinyl 
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TABLE I. Lower Field Signals in EBB Spectra of Camelliagenin Derivatives 

Compde 30-H 168-11 228-H 23-H 28-H 12-H 

Ib J.3-4.2* 4.62 br.8 3.3-4.2* 9*39(lH, s) 3.3-4.2+ 5.28 I 

II 4.51 (q, 6.5, 8.5) 5*1-5*5+ 
5.1~5.5* (Me) 3.76(d, 11.5 3.86(d, 11.5 

5.1-5.5* 

III 4 .81 
9, 7, 9) 

5.1-5.5+ 5.1-5.5* 3.77(2H, br.e) 3.77(21, br.8) 5.1-5.5* 

IV ?PY07. 
9) 4.27 br.e 5.33 3.68(d, 3.7O(d, (q1 7, 11) 3.79(d, 

11 1 
11 3.9l(d, 

12 1 
12 5.37 m 

VI Ca 3.5* 4.23 m 4.42 m 3.50(2H, br.s)* 3.23(21, br.s) 5.33 m 

VII 3.1-3.4+ 4.22 PI 4.37 m (Me) 3.25(2H, br.a)* 5.33 m 

VIII ca 3.5+ 4.0e(t, 4) 4.21 m 3.48(2H, br.a)* 3.73(21, br.s) 5.30 m 

IX 4 -48 4.07 
q, 6, 8) (St 3, 4) 4*20(t, 4) (Me) 

3.68(d, 12) 
3.76(d, 12) 

5.30 m 

X Ca 3.5* 4.16 (q, 3, 6.5) 4.46(t* 5, 3.5(2H, br.s)* 9.43(11, s) 5.45 m 

XI (=O) 4.17 (q, 2 *t 5 5 . 5) 4.46(t, 4.5) (Me) g-45(11, s) 5.50 m 

XIV 4 .79 
91 7.5, 8.5) 

5.06 
(q, 6, 12) ::%: z::] ::::t:: ::::] 5.5O m 

XV 3.0-3.25 6.98 (q, 4, 7.5) 5.55 1 

*Complex signals because of overlapping. 

TABLE II. Methyl Signals in EM8 Spectra of Camelliagenin Derivatives 

-+-CH -3 M3C02- ;:3,c:EI 
-3 

Compds 23, 24, 25 26, 29, 30 27 

Ib 

II 0.86 

III 

0.94 0.94 0.94 0.99 1.07 1.27 

0.86 0.97 0.92 0.97 1.03 1.31 1.98 2.03(2)+ 
2.08 

IV 

VI 

VII 0.78 

VIII 

IX 0.06 

X 

XI 1.05 

XIV 

xv* 

0.84 1.01 0.93 0.97 1.03 1.31 1.99 2.02 2.03 
2.04 2.09 

0.85 1.01 0.93 0.93 1.03 1.44 2.04(3) 2.06 

1.00 1.05 0.89 0.94 1.07 1.30 1.40(2) 1.45(2) 

0.94 0.99 0.89 0.94 1.07 1.28 1.40 1.45 

0.99 1.05 0.89 0.94 1.05 1.28 2.04 1.39-1.41(4) 

0.86 0.96 0.90 0.94 1.05 1.26 2.05 2.07 1.38 1.41 

1.00 1.07 0.80 1.00 1.07 1.27 1.42(2) 1.45(2) 

1.05 1.10 0.85 1.00 1.05 1.26 1.41 1.45 

0.86 1.02 0.94 1.02 1.06 1.25 2.01 2.02(2) 
2.05 

0.89 0.89 0.92 0.92 1.01 1.01 

l Number of methyl groups overlapping is in parentheses. l Assignment is ambiguous. 
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hydrogen6 between VI and its acetate VIII, m.p. 196-197*, end between VII end ite 

diecetete IX, m.p. 200-202*, disclosed that the 1,3-glycol unit in Is consists of two 

secondary hydroxyl groups end that the additional 1,3-glycol system in Ic consists of 

primary and secondary hydrdxyls (Table I). This wes further confirmed by the chromic 

acid oxidation of the ecetonidesr VI gave en aldehyde x, m.p. 162.5-165°, v 2718, 1712 

-CH2-FE-#-R -$+l- +ca,oa 
cm" and VII gave a keto-aldehyde XI, 

OH OH OH m.p. 212.50, v 2725, 1704 cm+. These 

Ie R; CH 
findings, together with the splitting 

3 
two hydrogen8 

Ib R; CHO 
next to each pattern of the cerbinyl hydrogen6 end 
cerbinyl carbons 

Ic R; CH20H . Y J eldehydic protons revealed the substitu- 

common to Ia, Ib end Ic 
A 

tion pattern A in the sapogenols. 

The carbon skeleton of these sepogenols was deduced in the following way. Selenium 

dioxide oxidation of VIII afforded, after reconversion to the diacetonide, the heteroan- 

nular diene diacetonide XII, A&!?H 235 (E 17900 sh), 243 (27300), 252 (31300), 261 mu 

(19600) (8). The NMR spectrum of XII exhibited two vinylic protons at 5.61 (q, J=ll, 1.5) 

and 6.50 (q, J=ll, 3>, indicating the presence of a -,H-CH=CH-I- grouping. Further 

selenium dioxide oxidation yielded the dienedione monoacetonide XIII, m.p. 266-268.5', 

which displayed the expected spectral properties; As38gH 280 mu (E 11400) (9), v 3440, 

1650, 1611 cm', 6 5.93 (lH, sharp singlet). This clearly demonstrates the presence of 

F 

grouping B in XIII end, when coupled with the presence of eight 

0 
0 ,-c 

ddc 

methyl groups (or their equivalent) attached to quaternary 

'i lc c" 

carbons (Table II) and of a vinylic proton signal of e typical 

shape for en oleen-12-ene (Table I) in the NMR spectra of all 

c-I I% 
c c 

derivatives listed in Table I, these observations led to the 

B assignment of oleen-12-ene as the carbon skeleton of the 

sapogenins. 

One of the secondary hydroxyl groups is considered to be at the 38-position, because 

i) the carbinyl proton signal appearing et ce 3.2 in VII is shifted to 4.48 by acetyletion 

(to IX) in accord with the b8hoviOur of 38-hydroxyolean-12-enes end their acetates, ii) in 

the deriVetiVe8 of Is, such as II, VII, IX and XI, signals essignable to 23-, 24- and 25- 

methyls always appear et the same field es other 38-hydrolcyoleen-12-enes (10) and iii) these 

methyl signals change their chemical shifts regularly on going from the hydroxyl (VII) to 



Ia R=R'=H X=H2 

Ib R=R'=H X=0 

IC R=P'=H X=H,OH 

II R=R'=Ac X=H2 

VI X=CH*OH VII X=CH20H 

VIII X=CH20Ac 

X X=i-HO 

III R=R'=Ac X=H,OAc 

IV R=Ac R'=H .!=H,OAc 

AcO 
AcOH& ’ 

XIV 
XII 

IX X=CH20Ac Y= <;” 

XI X=CHO Y=O 

G@@ 0 

HO 
HOH& 

xv 

the acetoxyl compound (IX) (0.08, 0.02 and -0.13 ppm shifts) and from (IX) to the 

corresponding ketone (XI) (0.19, 0.09, 0.24 ppm shifts) (Table II) (11). 

One of the primary hydroxyls in Ic, which is absent in Ia and aldehydic in Ib, forms 

an acetonide and a cyclic carbonate in each case with the 3g-hydroxyl group and must 

therefore be located at either the 23- or the 24-position. In fact, the 3a-H signal in 

III is deahielded compared with that in II (Table I). The equatorial nature of the 

hydroxymethyl group is revealed by the fact that i) the aldehydic proton of Ib appears at 

9.39 ppm (12) and that ii) the methylene protons in the -CH2-OAc in III and IV appear as 

either a broad singlet or closely situated AB pattern (13) (this was also observed in XIV 

and XV described below). Thus the primary hydroxyl was placed at the 23-position while 

the two secondary and a primary hydroryl groups, all 

sapogenols Ia, Ib and Ic, remain to be located. 

In the lU4R spectrum of the tetraacetate IV, the 

remaining hydroxyl group appears as a broad singlet, 

of which are present in the three 

carbinyl proton attached to the 

suggesting that the hydroxyl is 
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axial. The ketone XIV, m.p. 231-231.5', v 1740 cm+, RD C+l~~~*h-7160, @3;;;k+8320, 

obtained by a CrO 
3 
oxidation of IV was subjected to an alkaline hydrolysis which afforded 

the norketone XV, m.p. 202-206~~ kh@= 244 'p (E 7500), v 3310, 1692, 1626 cm+ (strong), 

6 6.98 (lH, q, 7.5, 4), tiBenzene 6.97 (lH, in). These spectral properties are indicative 

of a cisoid a&unsaturated oarbonyl grouping with (z and S-trans substituents (14). 

Furthermore, thermal decomposition (at 230') of Ia, VI and VII liberates formaldehyde 

(dimedone) and the residue from the reaction of VI was reconverted to acetonida to give 

a triene with a triaubstituted heteroannular diene system 
' C32H4802' m.p. 147-149O, 

Ai!@H 238 II+ (E 11830), 6 5.38, 5.92 (J=lO, AB), 5.4-5.7 (complex 2B). These results, 

in addition to the presence of the "l,J-diaxialw relationship (15) between the methyl 

group appearing at lowest field (assignable to the 27-methyl) and the hydroxyl group in 

IV (OH (IV)+OAc (III): 6M,, 1.44+1.31; OH (IV)+=0 (XIV): EMe, 1.44+1.25), enable us 

to place the hydroxyl groups at the 16a-, 22- and 28-positions. The configuration of the 

22-hydroxyl is revealed to be equatorial from the formation of acetonides and the coupling 

constant of the C-22 hydrogen signal in the NMR spectra of IV and XIV (Table I) (16). 

The above evidence leads to assignment of structures la, Ib, and Ic for the camellia- 

genins A, B,and C, respectively. 

We are greatly indebted to Dr. H. Sugiyama and Mr. M. Sunagawa, Tohoku University, 

for preliminary experiments, to the Central Research Institute of Sankyo Company for 

extraction of the crude saponin and to Mr. Hirota, Shizuoka Institute of Chemical 

Industrial Research, for the collection of plant material. 
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