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Abstract-The investigation of four Acrifopuppus species afforded twenty-three new diterpenes of the labdane or 
kolavane type and three tetranorditerpenes as well as two new benzofuran derivatives and a hydroxybicyclogermacrene. 
The structures were elucidated by spectroscopic methods and by some chemical transformations. Though the absolute 
configuration were not established in all cases, most probably all diterpenes were ent-labdanes or kolavanes 
( = clerodanes). The chemotaxonomic importance of this investigation is discussed briefly. 

IYYTRODU0JON 

Acriropuppus (tribe Eupatorieae, family Compositae) is a 
small Brazilian genus,which together with Rudlkoferofoma 

belongs to a group closely related to the Gyptis group [ 11. 
Two of the species were placed in the genus Ageratum, 

which, however, differs most significantly from 
Acritopappus by having a conical receptacle and glandular 
punctate leaves. So far nothing is known about the 
chemistry of any species of this genus. We have now 
investigated four species, A. hagei K. et R., A. coy/bus 
(Gardn.) K. et R., A. morii K. et R. and A. teixeirae K. et R., 
in order to see whether the chemistry gives an indication of 
relationships to other genera or groups in the Eupatorieae. 
Along with known compounds, more than 20 new 
diterpenes were isolated all being ent-labdane or kolavane 
derivatives. However, a few were degraded tetranorditer- 
penes. In addition a new sesquiterpene and two new 
dihydroknzofurans derivatives were also present. 

RESULTS AND DISCI:SSION 

The aerial parts of A. hagei K. et R. afforded in addition 
to 1, 2 and 3a. cpi-friedelinol. the obliquine derivative IO 

[2], the tlavone I1 and a complex mixture of diterpenes. 
which were separated after esterification of the acidic part. 
Finally, five methyl esters were obtained, four being 
derivatives of methylkolavenate (22) [3] oxidized at C-16 
and C-18. ‘HNMR studies (Table 1) and chemical 
transformations led to the identification of structures 14b, 
Hb, 16band 17bfortheestersandconsequently thenatural 
products were 14a, ISa, 16aand 17a,respectively. Themain 
compound was the diol 15a. Its methyl ester 15b on 
acetylation afforded the diacetate 21 and on MnO, 
oxidation gave a mixture ofthe two isomericaldehydes 17b 

*Part 281 in the series ‘Naturally Occurring Terpene 
Derivatwes’; for Part 280 see: Bohlmann. F. and Bohlmann, R. 
(1980) Phgrochemistry 19. 2045. 

and 19and the dialdehyde 18. All ‘H NMR spectra (Table 
I ) were very similar to that of 22. The second ester was the 
hydroxyacetate 14b, which on acetylation afforded the 
same diacetate as the diol15b. while MnO, oxidation gave 
the aldehyde 16b, identical with the ester of the third 
natural compound. The observed differences of the chemi- 
cal shifts in the spectra of 14b and 16b clearly indicated 
that the acetate group in 14b was positioned at C- 16, while 
decoupling experiments with 16b showed that the second 
double bond must be between C-3 and C-4. lrradiation of 
thesignaloftheolefinicproton(6 6.04ddinC,D,)changed 
the multiplets at 2.28 and 2.14. These signals can be 
assigned only to 2-H since if a 7,8-double bond was present 
these signals should be simple double doublets. A three- 
fold doublet must be assigned to 6x-H as this signal was 
shifted downfield in the aldehyde when compared with the 
chemical shift in the diacetate 21. The addition of Eu(fod), 
allowed furtherdecouplings which clearly showed that 2-H 
had a neighbouring CH, group, although the signals of the 
latter were partly overlapped by other peaks. Furthermore, 
the observed Eu(fod),-induced shifts were in good 
agreement with the proposed structures. In particular the 
shifts of the methyl signals could be explained only by a 
structure related to a kolavenic acid derivative and not by 
that of an isomeric 7,X-unsaturated labdane. The E- 
configuration ofthe 13,14-double bond also followed from 
the ‘H NMR data, as the shift difference for 14-H in 15b 
and 18 was 0.5 ppm and the chemical shift of the aldehyde 
proton was also that of an E-configuration unsaturated 
aldehyde. The absolute configuration of 22 is established 
[4] and most probably all the diterpenes have the same 
configuration as their optical rotations are similar. 

A further ester 17b could not be separated completely 
from 14b. The ‘H NMR spectral data (Table 1) clearly 
show that this compound had a free 16-hydroxy group, 
while the aldehyde was located at C-4 (6 6.61, hr. c. 3-H). 
However, the ‘H NMR data were identical with those of 
oneofthehydroxyaldehydesobtained by MnO, oxidation 
of 15b. 
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- _-. 
2-H 

2’H 

3-H 

8-H 

II-H 

12-H 

12,-H 

14-H 

16-H 

17-H 

IX-H 

19-H 

20-H 

OAC 

CO,Me 

14b ISb 16b’ 

> 2.50 nt 

5 57 f(hF) 5 SXr(hr) 6.61 r(hr) 

I mm 

I .50 ,,I 

2.45 m 2.43 ddd 2.54m 

2.34 ddd 2.32 ddd 

5.81 I 5.95 f SX4r 

459d 4 17d 4.61 cl 

0.86 d 0.86 d 0.87 d 

4.08\(hr) 4.09\(hr) 9.31 .\ 

I .07 .\ I.08 s 1.16\ 

073.\ 0 73 \ 0.75 \ 

2.13, x13.\ 

370s 3.71 \ 371, 

A’ C,D* I-lb IX 19 21) 

> 
0.36 

?.28 m 

2.14n1 > 
257nr 

045 604dd(hr) 6.61 r(h) 663rihr) 5.60 r(h) 

-0.1 

0.26 2.64 ddd 

0.30 2.42 ddd 

0 I7 5.98 I 5.96 I 

0 23 446d 415d 

0.W 089d 0.85 d 
I 34 9.30 .\ 9.29 \ 

066 1.27, I.165 
0.19 06X\ 0 7Y \ 

0 17 I .70 \ 

0.09 3.43 \ 3.71 \ 

2.6 nr 

2.47 ddd 
245m 

6.45 \ 645~ 5811 

9.52 \ 051, 46211 

0.88 d 0.86 d 087d 

9.32 \ 4 I3 \(/v) 4.52 F(hT) 

I l7\ I ORv I OXF 

071, 0.71 \ 0 74 .\ 

2 l5r 

2.07 \ 

3.83 s 3.69 \ 

21 At 

2.19m 

5601(/v) 
I5Xm 

I .6X n, 

2 4X ddd 

2.4 I ddd 
582r 

4.59 d 

0.x7 d 
4 52 \(!v) 

I .0x \ 

0.74 \ 

2.13 \ 

2 07 .\ 

371, 

0.46 

I 2x 

0 54 

0.7 

I 02 

I .2x 

0.2X 

3 30 

063 

0.2x 

0 IY 

2.9X 

0.54 

* 62-H 2.64 (cf&i. J = 13.3.3 Hz) A I .24; t A-values after addition Eu(fod),. 

J(Hz): 2.3 = 3.5: 7.17 i 7: 14.16 = 1.5: I I.12 = 4: 11’12 = 13: 11.12’ = II: Il’.12’ : 5: 12.12’ = 13. 

3a R=H 
3b R = OH 
3c R =OAc 

OH 

“‘“r:: a() Ho&OH 
IO OH 0 

II 
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Table 2. ‘H NMR spectral data of compounds 238, 23b. 24. 25~. 26b, 27b, 28~1 and 29b (270 MHz CDCI,) 

23n’ 23b’ 24t 25c 26b 27b +Eu(fod),: 28a 29b 

2-H 
T-H 

4 25 ,?I 

3-H 5.23\(hr) 
X-H 
I I-H 
12-H 
I2’-If 
13-H 
14-H 
14,-H 

7.10/ 

16-H 
17-H OR4d 
IX-H 1.63 r(h) 
IY-H IO6\ 
?(I-H 078\ 
Ok 

0.85 d 

I 64 \thr) 
I .08 \ 
0.77 \ 
206v 

0.88 d 
l.Yod 
i.r3.% 
0x5\ 

0.92 d 

4.51 A(h) 
I .08 .\ 
0.79.\ 
206\ 

0.87 d 

4.51 \(fw) 
I .07 .% 
0.77 \ 
2.08 > 
2.04 \ 

9 70.\(h,) 9.91 v(hr) 5.52.s(h,) 

0.78d(hr) O.ROd(hr) 0.83 m 

1.58s(hr) 1.58 u(h) I.60 v(h) 
099.\ l.Oh l.OZv 

071 \ 0.73 \ 0 75 \ 

CO,Me 3.65 \ -. OMe 3.68 .\ 5.89 .\ 

5.33 m 

5 16\(hr) 

7.141 

5 74\ 5.58rQwt 
2.44 d 

2.32 d 

2.15m 

_. 

-- 7091 

?.lSm 

5 59rlhrt 

4.07 ddd 

3.99 ddd 

S.IR.\(h) 5 18 \(h,) 5.19.s(hr) 

272m 2.71 dddd 1 

2.42 m 3.05 m 
j 5.841 

2 IRnr 

5.59r(hr) 

228m 

2.3-2 501 

4.74 d 

0.83 d 

4.52.\fhr) 

I .A9 .\ 
0.79 .\ 
2.07 > 

* 15-H 4.77dr (J = 2.2 Hz). 

t(C,D,)I-H 2.41dd. (J = 17.4Hz): I’-H 2.25dd, (.I = 17,14Hz). 

3 A-values after addition of Eu(fod),. 

J(Hz):2.3 = 3.5;7,17 = 7; 14.16 = 1.5: 11.12 = 4: II’.12 = 13: 11,12’= 12; II’.12 = 5; II’.12 = 5; 12,12’= 13;25c: 11.11’= 13: 

26b. Il.12 = 6: 12.12’ = I I. 

kovalenic acid (Table 2). However, an oxygen function at 
C-2 was indicated by an additional signal at 6 4.25 in the 
spectrum of one of the compounds, which could only be 
purified after acetylation. In the ’ H NMR spectrum of the 
acetate the signal at 4.25 was shifted to 5.33. Decoupling 
experiments showed that this signal must be assigned to 
2-H. The data of the second lactone showed that we were 
dealing with thecorresponding 2-ketone (Table2), because 
the signals for the olefinic proton and the olefinic methyl 
group were shifteddownfield. The observed couplings for 
J,,z supported the rrurls-annelation of the decalin system. 

Two furtherditerpencs, less polar that 3Ob,could only be 
isolated as their acetates. The spectral data showed that 
they were theacetates 26band 29b. The ‘H NMR spectral 

data of 29b showed that a labdane derivative was present, 
with the lactone carbonyl now at C-15 and the acetate 
group located at C-l 8. The other signals were very similar 
to those ofthe other labdanes isolated. Compound 26b was 
a tetranorditerpene closely related to 2%. From the 
‘H NMR data (Table 2) it was apparent that the C-l I 
carbomethoxy group was replaced by an acetoxym- 
ethylene group. The structures of the natural products 
therefore are 26a and 2%. Compound 26a has been named 
acritopappusol. 

The roots afforded, in addition to polyisoprene. 
compounds 1, 3a, 6. 7, and the alcohol 3b which was 
purified as its acetate. The corresponding angelate has 
been isolated previously [5 ] and the ‘H NMR spectral 

Table 3. ‘H NMR spectral data of compounds 31% 3lb, 37% 37b. 3% and 38b (270MHz, TMS as internal standard, CDCI,) 

.flb(C,,D,,) 37s 37b 38s .Wb 

6-H 
6’.tl 
7.t1 
12-H 

12’.II 
14-H 
IS-H 
16-H 
17-H 
17,-H 
18-H 
19-H 
20. H 
Ok 

549\(h) 5.49.\(br) 5.52\(br) 

}57lh ~S711‘1, 5 7hdr 

7 (HI d 7 Ofid 7.oOd 
h.OY I 6.18f 5641 

I 71 .\(br) }I 71 .s(hr, -. }1.75.\(hr, 

089, 0x9\ 0.88 \ 
0.87 .\ 0.87 ., 0.83 \ 
0.711 \ o.so.\ 0.79.r 
2.19~ 2.16~ I 66, 
2.13, 20x\ 160, 

5.52.\(br) 

> 
5 64 81 

70Yd 

56X! 

> 
1.75.\(h) 

0.88 \ 

0.x2 5 

0.78 5 

165., 

I 63 \ 

4.39 v(h) 
2 54 ddd 

2.26 ddd 

62Rdd 

7.35 dd 

7.21 dd 
5.01 dd 

4.70 dd 

0x95 
0.89 \ 
0.68 .\ 

2.6 I dd 

231dd 

2.58 ddd 

2.30m 

6 27.\(hr) 

7.36dd 

7.22.\(hr) 

5.87 dd 
5.16dd 
o.xx \ 
0.88 \ 
084.\ 

5 78 d(hr) 6.83 ddd 

2 7 2 ddd 2 90 ddd 

2.45 ddd 2.4Om 

6 30 \(br) 6.34.5(hr) 

7.36dd 7.34dd 

7.24 ,(hr) 7 23.>(h,) 

4 20 d(hr) 
4.02d(hr) > 

y 42 \ 

0.89 * 0.94s 

087\ 0.90 s 

076\ 0.81 .\ 

J (HI). 11.12 = 7: 12.14 = 14.15 = I: 37ai37b: 7.17 = Y.17. I; II.12 = 10: II.12 = 5: 11.12’ = IO; I I’.12 = 7: 12.12’ = 15: 

14.15 = 15.15 = 1.5: 38ai38b: 6.7 = 5: 6’.7 = 2: II’.12 = 4.5. 
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320 
R CO>H 
R’ CHIOH 
R” Me 

34a 
R COzH 
R’ CH,OH 
R” CHO 

3oa .3ob 31a 31b 
R OH OH OAc OAc 
R’ OH H OAc H 
R” H OH H OAc 

(-Y-R 
R’ 

R“ 

326 3k 33a 33b 33c 

CO,Me C02Me COIH CO,Me CO,Me 
CH,OH CH,OAc CHzOH CH,OH CH20Ac 
Me Me CH,OH CH,OH CHtOAc 

34b 34c 3% 3sb %a 36b 
CO,Me CO,Me C02H CO,Me COZH COzMe 
CH,OH CH,OAc CH,OAc CHIOAc CHzOH CH,OAc 
CHO CHO CHIOH CHIOH CH,OMe CH,OMe 

37~ X = P-OH. z-H 
37b X = 0 

38m R =CH20H 
38b R=CHO 

Table 4. ‘H NMR spectral data compounds of 32b, 32~. 33b, 3k, 34b, 34e, 35b and 36b (270 MHz CDC13) 

32b 
_______-- 

32c 33b 33c 34b 3&! 356 36b 34b K,D,b 
___-._. _~ -. -.- 

6-H 

6’-H > 
l.93m 

7-H 
9-H 
12-H 
12,-H 

14-H 

5.42 v&J 
1.93m 
2.69 ddd 

2.54 ddd 
5.97 I 

16-H 

16.-H 
17-H 

17*-H 

4.23 d 

I .78 S(h) 

18-H 0.88 s 

19-H 0.86 5 

20-H 0.74 F 

OAC 

OMe 3.72 \ 

> 
1.9m 

5.42s(hr) 

1.9m 

2.73 ddd 

2 Sllddd 
5.83 I 

4.64 d 

1.76s(br) 

0.87 .T 

0.85 s 

0.79 s 
2.12.~ 

3.72s 

1.92m 

5.75d(br) 

2.08 m 

2.94 ddd 

2.43 ddd 

5.94 I 

4.26dd 

4.13dd 
4.32d(hr) 

492 d(br) 

0.89s 
0.87 5 

0.79 s 
_ 

3.72.~ 

> 
2.0 m 

5.82d(br) 
2.Om 

2 71 ddd 

2.56ddd 
5.82, 

> 
4.62 s(k) 

4.68 d(h) 
4.54d(br) 
0.89 s 

0.87 s 

076s 

2.13~ 

3.71 s 

2.41m 
2.28 m 

6.88 ddr 

2.1 m 

3.01 ddd 

2.6 1 ddd 

5.86 I 

4.29d(hr) 

4.21 d(h) \ 

> 
937s 

0.94s 

0902 

0.x1.\ 

3.72 7 

2.38 m 

228m 

6.83 ddt 
2.05 m 

2.93 ddd 

2.67 ddd 

5.79, 

4.78 d 

4.69d 

9.40 3 

0.94 s 
0.89 s 

0.82 s 

2.13s 

3.72 F 

1 1.95 m 

5.70d(br) 
1.95m 

3.09 ddd 

2.32 ddd 
5.84 I 

> 4.65 d 

4.34d(hr) 
4.01 d(br) 

0.89 s 

0.87 .v 

0.75 5 

2.13s 
3.72 Y 

5.77 d(h) 5.73d(hr) 

> 

5.82h(br) 

4641 

6.04 s(br) 

4.63 dd 

4.06 d(br) 4 17d(br) 
3.7Od(hr) 3.74d(br) 
0.90 s 0.90 s 
088:\ 0.88 5 

0.76 s 0.85.F 
2.13s 1.70s 

3.72, 3.44.\ 
3.30 t 3.26 c 

J(Hz): 11.12 = II’.12 = 12.12’= 12: II’.12 = 11,12’= 5; 14.16 = IS: Ub: 6,7 = 5: 34b: 6.7 = 5: 6’7 = 2.5. 
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Table 5. ‘H NMR spectral data of compounds 39b, 3!k, 3!hl, 40.42b. 43b, 44 and 45b (270 M& CDCI,) 

12-H 
I/f-H 
2-H 
31-H 
3/?-H 
5-H 
61-H 
6/Y-H 
7-H 
7-H 
9-H 
II-H 
I I ‘-H 
13-H 

14-H 
IS-H 

16-H 

17-H 
17,-H 

18-H 
19-H 
M-H 
0% 
OAc 

39b CA +Eu(fod), 3%~ 39d 40 42b 4.~ CJ% +Eu(fod), 44 45b 
.- -. -.. - 

IIOddd 1.03ddd I.lOddd 

I .63 d(h) 

I38m 

I.00 ddd 0.55 ddd 0.80 ddd 

I 5Od(br) l.33m I 49 d(br) 

1.35dd 0.95 dd I.21 dd 

2.23 d(h) 1.87d(br) 2.04d(br) 

1.96 dd 160 dd(br) I 80 dd(hr) 

2.38ddd 2.41 d(br) 2.38d(br) 2.38dtbr) 2.39ddd 5.42r 5.73.Qbr) 5.172(br) 5.43s(br) 2.4Oddd 

1.94ddd I.98dd(br) l.98m I .98 ddd I .98 ddd > > 199ddd > 

5,41, 

2.20m 224m 2.35 m l.84m 2.47~1 
2.56 dd 2.21 dd 3 51 dd 

2.4 m I .99 dd 3.23 dd 

2.80 dddd* 2 62 m* 

2.57 ddd* I 

I98m 2. I 9 dddd 5 x I ddr 

3.63 m 

2.7Oddd’ 2.38 m 2.341~1 3.68 m 7.09 I 0.91 s 0.84 .Y 0.84 5 1 4.98 ddr 5.52 r(h) 
2.38 ddd 2.18 ddd 4.78 dr 0.89 s 0.84 5 0.84 F 4.93 ddr 4.68 d(br) 
9 70s(hrl 3.52~1 } ;:;;z } ;:;;;; 0.78 5 0.94 s 0.94 s > 4.67 d 

4.62 d 
4.83ddd 493ddd 500s(hr) 4.82s(br) 4.82,(br) 4.83ddd 5.27s(br) 4.70d(br) 4.76d(br) 4.76d(br) 4.83.s(hr) 5.19,(br) 

4 45s(br) 4 56s(br) 4,74.\(br) 4,47s(br) 4.44.\(br) 4.49ddd 4.84.s(br) 4.59d(br) 4.65d(br) 4.65d(br) 4.51 .s(br) 4.76s(br) 

0.88 F 0.89 .T 0.89 s 0.88 s 0.88 s 0.89 s 0.84 s 0.91., 0.77 s 0.84 .> 0.89 .Y 0.84 A 
080s 0.83 ., 0.83, 0.80 5 0.80 .s 0.81 s 0.80 \ 0.89 .\ 0.76 ., 0.76 ., 0.8 I s 0.8 I .\ 
0.67 .\ 0.69 .s 0.73 Y 0.67 \ 0.68 5 0.69 s 0695 0.7x s 0.54s 0.94 .t 0.69 s 0.68 r 

3 67 Y 3.37.\ 4.02 .s 3.68 .s 3.68 s 
. 2.05 5 2.0‘s 2.07 ., 

2.06 .s 

2.05 ., 

* Not first order. 
J(H2): ~,7~ = 4.5; &,7p = 2.5; 6p.7~ = 12; 68.78 = 4; 7a,7/l = 13; 12.13 = 13,15 = 8; 7.17 = 9.17 = 1.5;40: 6z,7a = 4: 6/?,7a 

= 4.5; 13.16 = 4.5; 13.16’ = 6.5; 16.16’ = 10.5;42b:6.7 = 13: 12.14 = 14,15 = 1.5;438: la.l/I = 13; la.22 = 4; la,21 = 13;2%,3n = 4; 

28.3% = 3a,3/j = 13; 5,62 = 5: 5.68 = II; 62.68 = 17; 9.11 = 6.5.9.11 = 9; ll,ll’= 17,17’= 14345b: 6.7 = 2.5; 14,15 = 7: 16.16’ 

= 14. 

data were nearly identical. Together with 6 and 7 other 
sesquiterpene alcohols were present. all bearing a tertiary 
hydroxy group, but their structures could not be 
established. Most probably one of the alcohols was a 
hydroxy derivative of 4,Sdihydrobicyclogermacrene. 

Theaerial partsofA. confrrtu.s(Gardn.) K.er R.atiorded 
I, 2. 6.8 and 9. Furthermore a complex mixture of acids 
was isolated, which could only be separated as their 
methyl esters. The main constituent was a diol which on 
acetylation afforded adiacetate. The ‘H NMR data (Table 
4) were in agreement with the structures 33a and 33b 
respectively, which were also supported by the mass 
spectra in which were observed a typical loss of the side 
chain after elimination ofwater and acetic acid respectively 
(m/r 189). Therefore the natural compound was the acid 
33a. Three further compounds were obviously closely 
related to 33a. Compound 32a was the l’l-desoxy 
derivative as shown by the absence of the second CHzOH 
signal in the ’ H NMR spectrum ofthe methyl ester 32b and 
which was replaced byasignalforanolefinicmethylgroup. 
As the signals of 14- and 16-H were almost identical with 
those of 33b, the methyl group must be positioned at C-R 
and not at C- 13. Also the data of the acetate 32c supported 
the structure. The two further compounds were the 
corresponding aldehyde alcohol 34a and the hydroxy 
acetate35aasindicated bythe ‘H NMRdataofthemethyl 
esters (Table 4). The position of the aldehyde group in 34b. 
which on reduction afforded 33b, followed from the 
observed shift of the 7-H signal when compared with that 

seen in the spectra of 32b and 33b, while the position of the 
acetoxy group in 35b was established by sodium 
borohydride reduction of the acetate 34c, which led to35b. 
The esters ISband 25b were also isolated and therefore the 
natural acids 15a and 25a were present. Furthermore. the 
lactone 43b was isolated. The structure of this 
tetranorditerpene followed from ‘H NMR studies (Table 
5). In C6D6 the 11-H signals could be assigned (6 2.21, dd 
and 1.99 dd). Irradiation at 1.84 collapsed these signals to 
doublets. Decouplingexperimentsfurther showed that the 
signals at 1.87 and 1.60 must be assigned to 6-H and that at 
5. I7 lo 7-H, while the two broadened doublets at 4.21 and 
4.08 were due to the 13-H protons. The mass spectrum was 
also in good agreement with the proposed structure and 
the base peak (m/e 124) must be the result of a retro- 
Diels-Alder fragmentation. As 43b was isolated after 
acidification of the acid fraction the natural product must 
be43a.a tetranorlabdanederivative, which we havenamed 
acriconfertic acid. The roots afforded only germacrene D 
(2) and humulene (4). 

The aerial parts of A. morii K. et R. afforded the 
hydrocarbons 2,3a, and 4. The more polar fractions again 
contained diterpenes. The structures of the two labdane 
derivatives 37a and 3811 followed from the ‘H NMR 
spectra of the compounds and the corresponding 
oxidation products 37b and 38b, obtained by MnO,- 
oxidation of the alcohols (Table 3). From the spectrum of 
37b the position of the oxygen function was determined as 
the chemical shifts of the vinylic protons were only in 



Diterpenes of Acriropappus sp. 2701 

Table 6. ‘H NMR spectral data of compounds 4ln and 4lb (270 MHI CDC13) 

- 

7-H 
12,-H 

12,-H 
14-H 

15-H 

16-H 

17,-H 

17,-H 

18-H+ 

19-H; 

20-H’ 

7P’-H 

72,-H 

4la 
(GD,) 

4.38 dd 

2.58 ddd 

2.28 ddd 

6.21 s(h) 

1.24 dd 

7.20 s(hr) 

5.13s(br) 

4.84 s(br) 

0.89 s 

0.82 .x 

0.76 s 

2.39 ddd 

1.9m 

At 

0.47 
0.14 

0.07 

0.05 

0.08 

0.25 

0.16 

0.01 

0.0 1 

0.0 1 

0.02 

4lb 

(GD,) 

4.54 dd 

6.3 I s(h) 

1.24 dd 

7.20 s(br) 

5.09 s(br) 

4.8 1 s(br) 

0.89 s 

0.85s 

0.73 s 

2.39 ddd 

1.9m 

4la 41b 
CDCI, CDCI, 

-- 

4.35 dd 4.25 dd 

2.51 m 

2.3m 

6.27 s(br) 6.30 s(hr) 

7.36s(br) 7.33 s(br) 

7.19s(br) 7.23 s(br) 

5.21 s(br) 5.11 s(br) 

4.94 s(br) 4.77 .s(br) 

0.88 s 0.88 s 

0.82 s 0.82 s 

0.72 s 0.72 s 

2.42 d(br) 2.42 d(br) 

1.95m 

14,-H 

16,‘-H 

16,‘-H 

2.05 d 1.39 

5.20 d 0.58 

2.40 m 
2.80 dd 

2.14dd 
5.05 d 5.&d 5.25d 

17;‘-H S.OOs(br) 0.05 4.94 s(br) 

17,‘-H 4.65 s(br) 0.12 4.50 s(br) 

18,-H* 0.95 s 0.06 0.91 s 

19,-H’ 0.76 s 0.05 0.83 s 

20,-H* 0.65 s 0.07 0.70 s 

4.84 s(br) 4.84 s(br) 

4.54 s(br) 4.44 s(br) 

0.91 s 0.91 s 

. 0.83 s 0.83s 

0.72 s 0.72 s 

l Assignment not certain. 

t A-values after addition of Eu(fod),. 
./(Hz): 6.7 = 2.5; 11.12, = 11; 11,12, = 4; 11,,12 = 7; 11,,12, = 10; 1212, = 15; 14.15 = 15.16 = 1.5; 

6fi’,7fi’ = 4: &‘.7j?’ = 3; 7a’,7/3’ = 12.5; 13’,16’ = 5 (41b: 3.5). 

agreement with a 7-oxo-derivative. The presence of a /?- isopolyalthine. Somewhat less polar than 37a was an 
substituted furan afforded the typical ‘H NMR signals epimeric mixture of two dimeric diterpenes. which must 
(Table 3). To establish the proposed (runs-annelation of possessthestructures4laand41b. Reduction with LiAIH* 
the decalin system we also measured the 13CNMR atTorded37aand thediol40,as wasseenfrom the ‘H NMR 
spectrum. The signals were again in very good agreement spectrum. The ‘H NMR spectra of the natural compounds 
with those of other tram-fused labdanes (Table 7). The (Table6)showed that 37a wasconnected with a hemiacetal 
structure of the isomeric alcohol 3Sa also followed from the of a labdane derivative. which must contain a tive- 
‘H NMR data of the alcohol and the corresponding membered lactone ring (IR: 1795cm-‘). The ‘H NMR 
aldehyde Mb, where the 7-H signal was shifted downfield spectrum of one of the epimers displayed typical signals 
(6.83 ddd). The presence of a labdane derivative was indicating a partial structure OCOCH&H-. Double 
demonstrated by comparison ofthe other NMR data with resonanceexperimentsfurtherestablished thenatureofthe 
those ofsimilar diterpenes. For 37a. without a hydroxyl at lactone moiety, while the stereochemistry at C-16’ could 
C-7, we propose the name polyalthine, the precursor of not be assigned with certainty as the vicinal couplings 
polyalthic acid [6], with a carboxyl group at C-4. J 13.16 were very similar in both epimers. 
Compound 38a has been named 17-hydroxy- Finally, from the acetates of the polar fraction a 

triacetate was isolated. The ‘H NMR spectral data (Table 
5) showed that it was with the labdane 45b, the natural 
compound therefore must be 4% 

Table 7. “CNMR spectral signals of compound 37n (CDCI,. 

TMS as internal standard, &values in ppm) 

C-l 38.9 I c-11 23.5 I’ 

c-2 19.4 f c-12 23.9 I’ 

c-3 42.2 r c-13 109.4 s 

c-4 33.2 s c-14 I 10.9 d 

c-5 41.7 d c-15 138.7 d 

C-6 31.21 C-16 142.6 d 

C-l 74.1 d c-17 109.4r 

C-8 149.9 s C-18 33.3 q 
c-9 50.5d c-19 21.64 
c-10 39.9 s c-20 13.5q 

* Interchangeable. 

A compound which could only be isolated after 
acetylation was the methyl ether36b. Thechemical shifts of 
16- and 17-H indicated the relative position of the acetate 
to the methoxy group (Table 4). The neutral extract, again 
after acetylation, afforded the lactone 42b. The structure 
followed from the observed ‘H NMR spectral data (Table 
5). especially when compared with 37a (see below). The 
downfield shift of the 14-H showed the position of the 
lactone carbonyl. The main constituent was an aldehyde 
acid. The ‘H NMR spectral data (Table 5) showed that it 
was the diterpene 39a, which easily epimerized at C- I3 on 
treatment with base, while direct esterification afforded the 
methyl ester 39b. which on reduction with sodium 
borohydride afforded the alcohol 3!k, which was purified 
asitsacetate3W.ToeliminatethechiralcentreatC-l3,39a 
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39a 39b 39c 

R <‘O,H C02Me CO,Me 

R’ CHO <‘HO CH,OH 

39d 40 41 

R’ COJMc (‘H:OH COLH 

R’ Cff,O.Ac (‘H:Ofl COJH 

4la 16’~H 

41 b 16,/j-H 

43a* 43b* 

wasdegraded to44 by oxidation with silver oxide followed 
by lead tetraacetate treatment. Its structure waselucidated 
from the observed ‘H NMR spectral data (Table 5). 
Compound 44 showed a positive Cotton effect below 
210nm as in ent-manool. which again supports the 
assumption that the diterpenes isolated belong to the enr- 
labdane series. The roots afforded only 2, 3a and 12. 

The aerial parts of A. reixeirae K. et R. contained the 
hydrocarbons 2,3a, 4 and 5, and an aldehyde, which was 
identified as 2% by the ‘HNMR spectral data of the 
correspondingmethylester27b(Table2).Thepresenceofa 
kolavane-type diterpene followed from the observed 
‘H NMR signals, especially from those of the methyl and 
olefinic signals. Furthermore, the corresponding 
hemiacetal 28a was present, but this may be an artefact 
formed from 27~1. Acetylation afforded the acetate 28b. The 
‘H NMR data again indicated the presence of the 
hemiacetal. 

The roots also contained 28a and 2 and an aromatic 
compound, 13. Thecouplings in the ‘H NMR spectrum of 
13 clearly showed that the substituents at C-2 and C-3 
were [runs-orientated. while the substitution pattern of the 
aromatic ring followed from the observed chemical shifts 
for S-and 7-H. which werecharacteristicallydifferent from 
those in tremetone derivatives (see Experimental). 

The overall picture of the genus Acriropappus is very 

uniform, ent-labdane and kolavane derivatives being 
present in all species investigated. Though these 
compounds are also found in other genera of the tribe 
Eupatorieae[7-201, the absence of larger amounts of 
other types of natural products is unusual. The only link to 
Rudlkqferoroma is the isolation of 12, the cis isomer being 
present in R. cisr$dia [2 I 1. while 10 has been isolated from 
a member of the Gypris group, which could support the 
proposed relationship of the Acriropappu.\ group to the 
latter. 

*Carbon numbermg is the same as in the diterpenes. 

4Za R = H 

4Zb R = Ac 

44’ 453 R=H 

45b R = Ac 

EXPERIMLYTAL 

IR:CCI,;‘H NMR:270MHz,TMSasinternalstandard;MS: 
70 eV, CI: iso-butane; optical rotation: CHCI,. The air-dried 

plant material. collected in north-eastern Brazil. was cut and 

extracted with Et+petrol (1:2). The resultingextractswerefirst 

separated by CC (Si gel. act. grade II) and further by TLC (Si gel. 

GF 254). The acid portions were separated by addition of 

equivalent amounts of NaOH to a MeOH soln of the polar 

fractions. After addition of H,O the neutral part was extracted 

withEt,Oand thcacidpart wasalsoextractedafteradditionofdil 

H,SO,. The acids were esterlficd by addition of an Et,0 soln of 

CH,N,. The resulting methyl esters were separated by TLC. 

Acetylatlonswerecarriedout byheatingthccompoundsfor I brat 

70 in excess of Ac,O. evapn in L‘OWO and purification by TLC. 

Acrltopappus hapei (ro~c~lrrr RMK X1.54. 8156. X165). Roots 

(50~) atTordcd I mg I. IOOmg polylsoprcnc. I p 3a. IOmg 3b 
(isolated as its acetate 3c. Et,0 petrol, 1 :lO), 5Omg 6, 200mg 7 

and IOOmg of a mixture of three further sesquiterpene alcohols. 

which have not been idcntifed. 5OOp ofaerial partsaflorded I mg 

I. IOOmp 2. l5Omg 3a. IOmg IO. 30mg ep+frlcdellnol. Wmg3Oa 

and30b(2:1)(Et,O-petrol.?:]). lOOmg14a(Et,O). IOOmglSa 

(Et,O), IOmg 16~1 (EtzO). IOmg 17a (Et,O). 5mg 23a 

(Et,0 petrol, I:1 1. Smg 24 (Et,0 petrol. I 11. 20mg 2% 

(Et,O) (isolated as acetate methyl ester (25)). IS mg I I. 5 mg 26a 

andSmg29a(thelast threeisolatcdasthelracetaks.D~O petrol. 

I : 1 1. 
Acrttopappus confertus (IYU+W RMK X153). Roots (IWg) 

afforded 6Omg 2 and 30mg 4. while 320g aerial parts ylelded 

0.5 mg 1. 700 mg 2. 10 mg 6. IO0 mg 8, 80 mg 9 and a rmxture of 

acids. which were separated by addition of NaOH to the 

methanolic soln of the polar CC fraction. After addition of H,O 

the neutral part was extracted with Et,O. The acids were isolated 

after addition of dil H$O, by cxtractlon with Et,O. The acid 

mixture then was esterified with CH2NI. CC and TLC afforded 

15mg 15b. 15mg 251~. 20mg 32b (Et,0 petrol, I:3), 50mg 33b 

(Et20). IOmg .34b (Ft,O-petrol. I:I). 15mg 3Sb (Et,0 petrol. 








