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Abstract-Six novel secodammarane-type triterpenic acids were isolated from the male flowers of Alnus japonica. On 
the basis of their physicochemical and spectral data, these were characterized as methyl (24E)-3,4-secodammara- 
4(28),20,24-trien-26-oic acid-3-oate, (24E)-3,4-secodammara-4(28),20,24-trien-3,26-dioic acid, (20S,24S)-20,24-di- 
hydroxy-3,4-secodammara-4(28),25-dien-3-oic acid, (23E)-(20S)-20,25-dihydroxy-3,4-secodammara-4(28),23-dien-3- 
oic acid, (23E)-(20S)-20,25,26-trihydroxy-3,4-secodammara-4(28),23-dien-3-oic acid and (23E)-(12R,20S)-12,20,25- 
trihydroxy-3,4-secodammara-4(28),23-dien-3-oic acid. 

INTRODUCTION 

Previous studies on the chemical constituents of the 

female and male flowers of Alnus species, such as A. 
serrulatoides Call., A. sieboldiana Matsum. and A. pen- 
dula Matsum., have shown the presence of C,,- 
dammarane-type triterpenes, such as alnuserol Cl], al- 
nuselide [2], alnuseric acid [2], alnuserrudiolone [3], 
alnuserrutriol [4], alnustic acid [S-S], 12-deoxyalnustic 
acid [9] and 12-O-monoglycosides [S-S] of alnustic acid, 
in addition to flavonoids [lo], diarylheptanoids [ 1 l-131, 
and their glycosides [14], and other aromatic com- 
pounds [lo, 151. For the systematic comparison of the 
chemical constituents of Alnus species, we investigated 
triterpenoid constituents of the male flowers of A. japon- 
ica (Japanese name: Hannoki). In this plant, the isolation 
of cyclic biarylheptanoids from the wood [ 161, a flavone 
glucoside from the pollen [17] and flavones from the 
buds [18] has already been reported. Our investigation 
on the chemical constituents of the male flowers of the 
present species resulted in the isolation of six novel C,,- 
secodammarane-type triterpenic acids. In this paper, we 
report the evidence which led to the establishment of 
their structures. 

RESULTS AND DISCUSSION 

Centrifugal and TLC separations of an acetone extract 
of male flowers gave two compounds 1 and 2 and an 
additional fraction which appeared to be a mixture of 
several compounds. Compounds 1 and 2 were suggested 
to be triterpenic acids on the basis of their IR and ‘H 
NMR spectra, as described below. The additional frac- 
tion, on spraying with p-Bromocresol Green solution, 
gave a yellow spot and showed analogous behaviour to 
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alnustic acid [S, 63 on TLC. Thus, this fraction was also 
thought to be composed of triterpenic acids. However, 
after methylation with diazomethane, it was quite differ- 
ent from Me alnustate (11) [S, 61 on TLC. These obser- 
vations suggested the presence of new triterpenic 
acids. Acetylation of the methylated fraction, which show- 
ed the IR absorption bands due to hydroxyl groups, 
gave three Me ester acetates (7) (9) and (10) and an 
unaltered Me ester (8). These derivatives (7-lo), on sa- 
ponification, gave spots with R, values corresponding to 
those of the compounds in the triterpenic acid fraction on 
TLC. Thus, the triterpenic acid fraction was found to be 
composed of four triterpenic acids (M). Compounds 1 

and 2 and the compounds 7-10, after methylation and 
acetylation of compounds 34, are numbered in order of 
increasing polarity on TLC. 

Compound 10 

The CI mass spectrum of compound 10 gave [M 
-HI+, [(M+H)-H,O]+ and [(M+H)-2H,O]+ ion 
peaks at m/z 545, 529 and 511, respectively, indicating a 
M, of 546. This was supported by the appearance of EI 
mass spectral fragment ions at m/z 468 (CM- AcOH 
-H,O]+) and m/z 450 ([M-AcOH-2H,O]+), which 
also indicated the presence of an acetoxyl and two hy- 
droxyl groups. The presence of these groups was con- 
firmed by IR and ‘H NMR spectra, which also revealed the 
presence of a Me ester moiety, a terminal methylene 
group and a disubstituted double bond. Comparison of 
the 13C NMR chemical shifts (Table 1) of compound 10 

with those of Me alnustate (11) [S, 61, Me acetoxy 
alnustate (12) and chikusetsusaponin-III [19] indicated 
that 10 possesses the same 3,4-secodammarane-skeleton 
having the acetoxyl group on C-12 (Sc 74.4) with an R- 
configuration [S, 61 as 12 and the same acyclic side chain 
having one tertiary hydroxyl group located on C-20 (6, 
73.6) with an S-configuration 15, 61, another tertiary 
hydroxyl group on C-25 (6c69.7) and a trans-disubstitut- 
ed double bond (6, 123.0 and 142.2 due to C-23 and C- 
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Table 1. 13C NMR chemical shifts for comnounds 1,2 and 17 (6,. in CDCI,) and for compounds 7-12 (6c, 

in C,D,N) 

c 

I 

2 

3 
4 

5 
6 

7 

8 

9 
10 

I1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

-0Me 

-COMe 

-CO& 

1 2 

34.1 34.5 
2X.4 2x.5 

174.2 180.7 

147.2 147.5 

50.8 51.0 

24.8 24.7 
34.4 34.1 

40.1 40.2 

41.1 41.4 
39.1 39.2 

21.8 21.9 
24.8 24.9 
45.5 45.4 

49.8 49.8 

31.4 31.5 

28.8 28.7 

47.6 47.8 

15.4 15.5 

20.0 20.2 

151.1 151.1 

108.5 108.6 

32.7 32.3 

21.7 27.6 

144.3 145.0 

127.3 127.1 

173.1 173.6 

11.9 12.1 

113.6 113.5 

23.2 23.2 

15.8 15.8 

51.3 

34.1 35.0 
28.4 28.5 

174.3 174.1 

147.3 141.7 

50.9 51.0 
24.7 24.9 
34.5 34.0 

40. I 39.2 
41.2 41.1 
39.1 40.1 

21.8 22.3 
24.9 25.0 
45.5 42.5 
49.8 50.6 

31.4 31.6 
28.8 27.6 

47.7 50.2 

15.5 15.3 
20.2 20.3 

151.3 73.6 
108.3 25.7 
32.8 37.5 

27.5 27.8 
142.0 78.0 
121.1 144.9 

168.4 122.6 
12.4 18.3 

113.6 113.7 

23.3 23.3 

15.8 16.6 

51.5 x 2 51.3 

169.0 

21.0 

17 7 8 9 10 

35.0 35.1 34.7 

28.5 2X.6 28.4 

174.1 114.3 174.0 

147.7 147.9 147.4 

50.9 51.0 50.4 

24.9 25.0 24.8 

34.1 34.1 33.3 

39.2 39.3 39.5 

41.1 41.2 40.8 

40.1 40.3 39.5 

22.1 22.3 29.4 

24.9 25.0 74.4 

42.3 42.5 45.9 

50.6 50.7 52.9 

31.4 31.5 31.4 

27.9 27.9 27.6 

49.9 50.2 52.5 

15.4 15.5 15.4 

20.3 20.4 20.2 

74.1 74.2 73.6 

26.8 25.1 26.8 

45.1 45.2 41.1 

122.0 126.4 123.0 

142.5 137.8 142.2 

69.7 71.3 69.7 

30.6 71.8 30.7 

30.6 26.7 30.7 

113.7 113.7 114.0 

23.3 23.5 23.4 

16.6 16.6 17.4 

51.3 51.4 51.4 

170.7 170.7 

20.8 20.8 

11 12 

34.9* 34.5 

2x.x 28.7 

174.1 173.7 

147.6 147.2 

50.6* 50.3 
24.9* 24.7 

33.1 33.2 

39.6 39.2 

40.x* 40.8 
39.6 39.4 

32.5 29.2 

70.4 74.4 

48.5 45.6 

52.2 52.9 

31.4 31.4 

2X.3* 28.3 

54.7 52.9 

15.6 15.3 

20.3 20.0 

72.7 13.2 

27.0 26.1 

34.4 35.9 

27.0* 26.1 

157.1 151.0 

34.4 34.3 
77, .._.‘.. 22.0 

22.2 22.0 

114.0 114.0 

23.4 23.0 

17.0 17.4 

106.5 106.3 

51.4 51.3 

169.9 

21.6 
- 

*Assignments of these values in ref. [6] were revised as given in this Table. 

24, respectively), as that of chikusetsusaponin-III [19]. 
These results also suggested that the absolute configu- 
ration of the 3,4-secodammarane-skeleton in 10 is iden- 
tical to that of 11 and 12. This suggestion was confirmed 
by the agreement of the CD curve of a 12-keto derivative 
(13) derived from compound 10 with that of Me 12-keto 
alnustate (14) derived from Me alnustate (11). Thus, the 
structure of 10 was defined as Me (23E)-( 12R,20S)-12- 
acetoxy-20,25-dihydroxy-3,4-secodammara-4(28),23- 
dien-3-oate. 

Compound 7 

This compound showed a peak due to [M-H]+ at 
m/z 529 in the CI mass spectrum and peaks due to [M 
-AcOH]+ and [M -AcOH-HH,O]+ ions at m,/z 470 
and 452, respectively, in the EI mass spectrum. These 
observations indicated that 7 has a M, of 530 and posses- 
ses an acetoxyl and a hydroxyl group. The 13C NMR 
chemical shifts of C-l-C-21 and the Me carbon in the 
methoxycarbonyl group of 7 were in fair agreement with 
those of the corresponding carbon atoms of Me 12-deoxy 
alnustate (15) [9]. Comparison of the chemical shifts of 
C-22-C-27 in 7 with those of the corresponding carbon 

atoms of chikusetsusaponin-L,,, Cl93 indicated that 7 
possesses an acyclic side chain having an acetoxyl group 
on C-24 (6, 7&O), a tertiary hydroxyl group on C-20 (6, 
73.6) with an S-configuration [5, 61 and an isopropenyl 
moiety (6, 144.9. 122.6 and 18.3 due to C-25, C-26 and C- 
27, respectively). These were supported by the appear- 
ance of peaks at rn/: 185. 125 and 107 in the EI mass 
spectrum. 

In order to establish the configuration at C-24, 7 was 
subjected to saponification to give a secondary allylic 
alcohol, followed by p-bromobenzoylation to give the 
corresponding p-bromobenzoate (16). Its CD spectrum 
exhibited a positive Cotton effect in the 230-250 nm 
region. Application of the benzoate rule [20] to the 
spectrum clearly indicated that the configuration at C-24 
of 16 is S. Consequently, the stereostructure of 7 was 
defined as Me (20S,24S)-20-hydroxy-24-acetoxy-3,4- 
secodammara-4(28),25-diene-3-oate. 

Compound 8 

The CI mass spectrum of 8 exhibited a [Ml.’ peak at 
m/z 488, indicating that its M, is smaller than that of 10 by 
42 mass units. The IR and ‘HNMR spectra of 8 re- 
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sembled those of 10, except for the absorption bands and 
peaks due to the acetoxyl group in 10. These observations 
%icated that the 8 is a 12-deacetoxyl derivative of 10. 
This was confirmed by comparison of the i3C NMR 
chemical shifts of 8 with those of 10 (Table 1). The 
structure of 8 was thus found to be Me (238)-(2OS)-20,25- 
dihydroxy-3,4-secodammara-4(28),23-dien-3-oate. 

Compound 9 

By a combination of CI mass spectrometry which 
exhibited a peak at m/z 545 ([M-H]‘) and EI mass 
spectrometry which showed peaks at m/z 510 ([M 
-2H,O]+), 495 ([M-2H,O-Me]‘) and 468 ([M 
-HZ0 - AcOH] ‘), 9 had a M, of 546, suggesting that it 
contained an acetoxyi and two hydroxyl groups. The 
presence of the primary acetoxyl group was evident from 
the ‘H NMR spectrum, which also indicated the presence 
of a methoxycarbonyl group, a terminal methylene group 
and a disubstituted double bond. Comparison of the r3C 
NMR chemical shifts of 9 with those of 7, 8 and 10 
indicated that 9 possesses the same 3,4_secodammarane- 
skeleton as 7 and 8 and an acyclic side chain having the 
trans-disubstituted double bond on C-23, one tertiary 
hydroxyl group on C-20 with an S-configuration [S, 61, 
another tertiary hydroxyl group on C-25 and the primary 

acetoxyl group on C-26. From these data, 9 was charac- 
terized as Me (23E)-(20S)-20,25-dihydroxy-26-acetoxy- 
3,4-secodammara-4(28),23-dien-3-oate. 

The above Me ester monoacetates (7), (9) and (10) and 
the Me ester (8), on saponification, gave spots with R, 
values corresponding to those of the compounds in the 
triterpenic acid fraction on TLC. Thus, it was unambig- 
uously evidenced that the triterpenic acid fraction was 
composed of (2OS, 24S)-20,24-dihydroxy-3,4-secodam- 
mara-4(28),23-dien-3-oic acid (3) (23E)-(2OS)-20,25- 
dihydroxy-3,4-secodammara-4(28),23-dien-3-oic acid (4), 
(23E)-(20S)-20,25,26-trihydroxy-3,4-secodammara-4(28), 
23-dien-3-oic acid (5) and (23E)-(12R,2OS)-12,20,25- 
trihydroxy-3,4-secodammara-4(28),23-dien-3-oic acid (6). 

Compound 2 

Compound 2 possessed a molecular formula of 
C30H4604 on the basis of elemental analysis and the 
appearance of the [M]’ peak at m/z 470.3383 in the high 
resolution mass spectrum. Furthermore, IR and ‘H 
NMR spectra suggested the presence of two carboxyl 
groups. This suggestion was supported by the fact that 2, 
on methylation with diazomethane, gave a diMe ester (17). 
On comparison of the i3C NMR chemical shifts (Table 1) 
of compounds 2 and 17 with those of 7-10,2 was found 

I R’=Me, R*=H 

2 R’=R’=H 

I7 R’ =R’=Me 

4 R’=R2=R3=R4 =H 

5 R’=R2=R3+, R4=OH 

6 R’=R3=R4:H, R2=OH 

8 R’=Me, R2=R3=R4=H 

9 R’=Me, R2=R3=H, R4=OAc 

IO R’=Me, R’=OAc, R3=R4=H 

13 R’=Me, R2,R3=0, R4=H 

3 R’=R’=H, R3=OH 

7 R’=Me, R’=H, R3=OAc 

16 R’ =Me, R’=H, R3=OBz-pl3r 

3’ 

I I R’=OH, R2=H 

12 R’=OAc, R2=H 

14 R’,R’=O 

15 R’=R’=H 
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