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Abstract-The investigation of nine Baccharis species afforded, in addition to known compounds, three new clerodane 
derivatives related to bacchotricuneatin B, two ent-labdane derivatives, two 3-acetoxyflavanones, a benzofuran 
derivative and a chromene. The overall picture of the chemistry of this large genus is still not very clear: 

INTRODUCTION 

The results on the chemistry of the large genus Buccharis 
(tribe Astereae, Compositae) so far available do not show 
a clear picture. In addition to simple acetylenes, typical for 
large parts of the tribe [l 1, clerodanes [2-71 and the 
triterpene baccharis oxide [6,8,9,16] are widespread. 
Also the presence of flavones and flavanones have been 
reported several times [3,5,6,10--141, while from one 
species unusual macrolide sesquiterpenes [ 151 and from a 
few, in addition to widespread ones, some unusual p- 
hydroxyacetophenone derivatives were isolated [6,16]. 
We now have investigated nine further Brazilian species 
Again a very complex picture was obtained. 

RESULTS AND DlSCUSSlON 

The aerial parts of Baccharis cassim@dia DC. afforded 
permacrene D, bicyclogermacrene, squalene, lupenone, 
euphol acetate, spathulenol [ 171, lachnophyllum ester (I ) 
[I], the chromene 2 [18] and the aldehyde 5 [16]. 
Furthermore, bacchari>oxide (25) [8], as well as a mixture 
of diterpenes were present. Even by HPLC this mixture 
could be separated only in part. The ‘H NMR data 
indicated that the compounds were diesters differing in 
the ester residues only, which were angelate, senecioate 
and 2-methylbutyrate. The MS, however, showed no 
molecular ions; only the M - RCO,H peaks were 
detected. Partial saponification led to the formation of two 
monoesters, both with an additional methoxy group, 
obviously introduced by the solvent. Careful ‘HNMR 
studies led to the structures 14 and 15 (Table 1). In 
connection with the ‘HNMR data of the diesters the 
formation of 14 and 15 could be explained only if an 
elimination-addition reaction were assumed. Treatment 
of the diesters with potassium hydroxide first led to the 
elimination products 13a and b, which by addition of 

* Part 307 in the series “Naturally Occurring Terpene 

Derivatives”. For Part 306 see Bohlmann, F. and Fiedler, L. 
(1980) Chw~. Ber. (in press). 

methanol were transformed to the methoxycompounds 14 
and 15. As could be visualized from the 3-H couplings, the 
stereochemistry at C-3 had changed from an axial to an 
equatorial oxygen function. The ‘H NMR data of one of 
the diesters separated by HPLC showed the presence of an 
angelate and a 2-methylbutyrate residue. As the latter is 
missing in the methoxy compounds, obtained from the 
whole mixture, the 2-methylbutyrate must be placed at C- 
3; consequently the structure of this compound is 12 and 
those of the two other diesters 10 and 11, as both methoxq 
compounds were obtained from the mixture of these two 
diester, which could not be separated. Compounds l&l2 
are closely related to bacchotricuneatin B, where the 
stereochemistry was established by X-ray [S]. The 
‘HNMR data are very similar to those of lo-12 and 
consequently the stereochemistry most probably is the 
same at C-S, C-8 to C-10 and C-12. We have therefore 
named the new compounds as diacyloxy-3,4PH- 
bacchotricuneatin B. 

The roots again contain germacrene D, squalene, 1,2,5 
and 25 as well as 8 [19], 9 [20] and the carbinol 3, its 
structure following from the spectral data which were 
identical with those of the reduction product of 2 (see 
Experimental). 

The aerial parts of B. intermixta Gardn. afforded 
germacrene D, fl-farnesene, ent-kaurenic acid (1 S), 
grandifloric acid (20) [21], sakuranetin (27) and two 
diterpenes, the diacetate 16a and the triacetate 17a, which 
could be purified only after saponification to 16b and 17b. 
17b already has been isolated previously from Achyrocline 
alatu and was transformed to the triacetate 17a [22]. The 
structures clearly followed from the ‘H NMR data of the 
alcohols (Table 2). The roots afforded germacrene D, 5 
and 6 [16] and 17a. 

The aerial parts of B. calrescens DC. afforded 
germacrene D, bicyclogermacrene, caryophyllene, squa- 
lene, friedelin, oleanolic acid, lupeol, spathulenol [ 171, 2, 
5, the angelate 24 [23] and the clerodane derivative 23 
[7], while the roots contain squalene, lachnophyllum 
ester (1 ), 2,4,5,8,25 and the acetate 7, which has not been 
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reported previously. The structures clearly followed from 
the ‘H NMR spectrum (see Experimental). 

The aerial parts of B. L.LII.I’UZ.\ Gardn. afforded 
benzylbenzoate. naringenin (th), eriodictyol (28) and two 
further flavanones. the acetates 29 and 30. 29 was 
transformed to the acetate 31. The structures clearly 
followed from the ‘H NMR data (Table 3i, wjhich also 
indicated the WIIS stereochemistry at C-2 and C-3. The 
roots only gave baccharis oxide (25). 

The aerial parts of R. ,srr~~rluru (Lam.) Pew afforded 
permacrenc D, bicyclogermacrene, squalene. caryophyl- 
lene cpoxide and sakuranetin (27). while the roots gave 
baccharis oxide (25). 

The aerial parts of B. wrir~t&ricl DC. afforded 
germacrene D. bicyclogermacrcnc. squalenc. lupenone. 
lupcol. baccharis oxide (25) and eriodictyol (28) [?4]. 
while the roots gave 5 and 25 

The aerial parts of B. ~~/r$r,t~//tr Gardn. afforded 
germacrene D. ;+hunmlene. bicyclogermncrelle. wr- 
kaurenic acid (IS), grandifloric acid (20). large quantities 
ofits methyl ester (21) and the angrlatc 22a [lb_ as well ;I\ 

the cinnamic acid derivatives 32 :2.i] and 33 [35;. The 
roots gave bicyclogcrm;lcrenc and 25 only. 

The aerial parts of B. i.crr,~ol.\i.\.\illlr, Gardn. ahorded 
germacrene D. bicyclogcrmacrcne. lupcol. lupenonc. 2. 5. 
25 and a tritcrpcnc alcohol. its structure could WI be 
established. All datit aprcr with an isomer of euphol with 
an r-hydroxy group and 21 9, I l-double bond. The 
stereochemistry. honcver. cc~~ilil 1101 be determined. 

The aerial parts of H. ~tr/r~~~tr/~rlii DC‘. allht-dcd 
germacrenc D. bicyclogermacrcnc. caryophyllenr epo- 
xidc. spathulenol. twr-kaurcnic acid (18), the tiglate 22b 
[26]. narinpenin (26) and tilt-cc tritcrpcnes. ;I ketone. XII 

acetate and an alcohol. clowl~ related to that from R. 



Diterpenes from nine Baccharis species 

Table 1. ‘H NMR spectral data of compounds 10-12, 14 and 15 (270 MHz, CDCI,, TMS as int. standard) 
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10 11 

1-H 2.21 ddd 
1 ‘-H 
2-H 5.42 m 

3-H 6.52 dd 6.49 dd 

4-H 1.95 hr. s* 

11-H 2.60 dd 
11 ‘-H 2.52 dd 

12-H 5.48 hr. r 

14-H 6.38 dd 
15-H 1.43 dd 

16-H 7.41 br. s 

17-H 1.15d 

19-H 4.68 d 4.67 d 
19,-H 4.06 dd 4.05 dd 

12 

2.20 m 

5.40 m 
6.45 dd 

2.61 dd 
2.53 dd 

5.45 hr. t 

6.36 dd 

7.43 hr. s 

1.14d 

4.68 d 
4.06 dd 

141 

2.48 d 

4.53 d 
4.38 dd 

2.33 ddd 
1.42m 
4.94 ddd 

3.51 dd 

2.29 d 

5.42 dd 

6.39 dd 
1.42 dd 

7.46 dd 

1.13d 

15: 

2.41 d 

4.50d 
4.31 dd 

* In C,D,, t OMe 3.50 1 OMe 3.48 s, s. 

OAng: 6.13yq, 1.96dq, 1.87dq, [J (Hz): 3’,4’ = 7; 3’,5’ = 4’,5’ = 1.31; OSen: 5.65~4, 2.15d, 1.93d [J (Hz): 3’,4’ = 3’,5’ = 1.31; 

OMebu: 2.36 tq, 1.60ddy. 1.42ddq, 0.86 t, 1.13 d [J (Hz): 2’,3’ = 2’,5’ = 3’,4’ = 7; 3;,3; = 141. 

J(Hz): 1,l’ = 13; 1,2 = 7.5; 1’,2 = 7; 1,lO = 3.5; 2.3 = 3,4 - 1.5 (14115: 2,3 = 7; 3,4 = 6.5); 6.19’ = 1.5: 8,17 = 7; 11,12 = 8; 

12.12’ = 15; 14.15 = 15,16 - 1.5; 14,16 = 1; 19.19’ = 10. 

16a 16b 17a 17b 
R H H OAc OH 
R’Ac H AC H 

CO,R 

18 19 20 21 

R H Me H Me 

R’ H H OH OH 

OH 

24 25 

CO,H - 

22a 22b 23 

H H 

OAng OTigl 

26 27 28 29 30 31 
R H Me H H H AC 

R’ H H H OAc OAc OAc 

R” H H H H H AC 

R “’ H H OH OH H OAc 

32 R=H 

33 R = CH2CH=CMe2 
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Table 2. ‘H NMR spectral data of compounds 16a and 17a 

16a 17a 

7-H 

12-H 

12’-H 

14-H 

15-H 

16-H 

16,-H 

17-H 

18-H 

IO-H 

20-H 

5.40 hr. ,\ 
2.38 hr. t/t/d 

2.07 ,n 

5.65 hr. I 

4.24 hK. tl 

4.24 rl 

4.1 x 11 

1.70 hr. \ 

0.87 .s 

0.86 \ 

0.77 \ 

5.75 hr. ti 
2.49 hr. L/t/t/ 

2.08 11, 

5.62 hr., 

4.lXhr.rl 

4. I8 ‘I 

3.00 <I 

4. I8 hr-. \ 

0.89 \ 

OS7 \ 

0.77 .\ 

Brazil. uas extracted wth Et,0 petrol. 1 :2 and the extracts 

obtained wrc separated first b> Column Chromatography (SiO?. 

act. grade II) and further t-q repeated TLC (SiO,. GF2541. The 

ml\ture of IO 12 Could he sparated by Hf’LC (reversed phabe. 

McOH HzO, 7. 3) in pat-r. Knoun compounds ucre idcntificd b) 

comparing the IR and ‘1~ NMR data with those of authentic 

material. 

Baccharib cassinaelolu (I ou( /WI. K.!A K 8003). The roots (9OOg) 

afforded 5 mg gel-macrcne I>. X0 mg qualenc. X0 mg I. 20 me 2. 

Xmg3(Et20 petrol. 1:3~.501n~S.XmgX.Xmg9and IOOmgZS. 

while the aerial pal-la (SOOg I yleldcd IO mg germacrene D. 30 mg 

squalenc, 2 mg hicyclo~ermacre~~c. 5 mg lupu1011c. 15 mg cupho 

acetate, 7 mg apathulenol. 2 mg I. 4 mg 2. 3 mg 5. 20 mg IO and I I 
((ii I: I. Et,0 pctrol.i:1).7mfl 2 II:1,0 petrol. ?:l)and IOmg 

25. 

J(Hz:6,7=5;11.12= 11:11’.12=5;1?.12’= li:14.15=7: 

16.16’ = 12. 

Baccharia mtermixta (r ~~~~~/~~~r /<:\I ti Xl 39). The roots (JOOg) 

aftordcd 20 mg germacrcnC D. 3 rnf 5. 4 mg 6 and 65 mg 17a 
(Et20 petrol. I : I ). \+hile the ;ieri;ll parts (XOOg) !icldcd 26Omg 

germacrenc I). I30 mp /i-farneacne. 0.2 g 16a (F.r,O petrol. I : I I. 
21 17a. 5OOmg 18. 22Omg 20 xnd 3OOmg 27. 

ramoisi.ssima. The structures could not be estimated. The 
roots yielded bicyclogermacrene. ;-humulene, squalene. 5. 
18 and baccharis oxide (25). 

Comparing the chemistry of the Bucchuris species 
investigated now, it is obvious that some species can be 
characterized by the presence of baccharis oxide, uhilc 
others have typical clerodane derivatives. These arc 
sometimes replaced by rrll-kaurcnes, while so far from one 
species only labdanes were isolated. Another group can be 
characterized by flavanones. which often co-occur with 
baccharis oxide. Probably the benzofurans 4-~7 are also of 
chemotaxonomic importance as the unusual position of 
the acetyl group seems to be very rare. Surely further 
investigations are necessary to get a clearer picture. 

Baccharis tarian\ (r ou&r K!\ K 80x9 I_ The roots (25 g) 

alSi,rdcd 25 mg 25, L\hile the aerial pait\ (1OOg) licldcd 6Omg 

benq I bewvatc. 4 mg 26. I6 mg 28. 20 mp 29 (F t,O 1 and 6 mg 30 

(Et,()). 

EXPERIMEYKAL. 

‘HNMR: 270MHz. TMS as int. stand; MS: 70eV. direct 

inlet. The air-dried plant material, collected in north-eastern 

Baccharis relkularia (c~ou(~/~~v K.\/h 81061. The Iroots ( IOOg) 

afforded 3 mg 5. X0 mg 25 and the aerial parts (I kg) 50 mg 
gelmaci-enc 1). 5 mg blc~ulocrnlacre~~e. 30 mg squalene. 30 mg 

lupenone. 80 mg lupeol. 50mg 25 and 30 mg 28. 

Bacchal-is polyph)lla (r-rwc/w R.ZlK SlO8). ‘The roots (1OOgl 

aff‘orded 10 mg bic!Cloeern?acrcnc :rnd 50 mg 2s. M bile the acrlal 

Table 3. ‘H NMR spectral data of compound\ 29 31 

2-H 

3-H 

6-H 

8-H 

2,-H 

3 ‘-H 

5’.H 

h’-H 

OH 

5.36 ti 

5.84~/ 

6.00 ti 

6.90 ,,i 

I .9x .* 

I1 5x .5 

5.43 tl 

5.88 tl 

6.00 ii 

6.04 tl 

7.42 l/ 

6.01 (1 

7.42 rl 

I .9x .\ 

1 I .59 \ 

5.42 (I 

5.7Stl 
6.70 t/ 

J(Hz): 2,3 = 12: 6.X = 1.7: 2’~‘~ X: ~‘.6’= 1.j 
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parts (35Og) gave 150mg germacrene D, 600mg ;-humulene, 

50mg bicyclogermacrene, 400mg 18, 1OOmg 20, 1.5g 21. 50mg 
22a, 40 mg 32 and 50 mg 33. 

Baccharis ramoisissima (coucher RMK 8176). The aerial parts 
(300 g) afforded 20 mg germacrene D, 10 mg bicyclogermacrene, 

30 mg lupeol. 20 mg lupenone, 2 mg 2,3 mg 5,lO mg 25 and 30 mg 

of a triterpene alcohol, whose structure could not be fully 

established. 

Baccharis salzmannii (coucher RMK 8056). The roots (360g) 

afforded 5 mg y-humulene, 5 mg bicyclogermacrene, 40 mg 

squaiene, 5 mg 5,300mg 18 and 520mg 25, while the aerial parts 

(820 g) yielded 100 mg germacrene D, 3 mg bicyclogermacrene, 

20mg caryophyllene epoxide, 3 mg spathulenol. 180mg 18.5 mg 

22b,500mg26, lomgofatriterpeneketone, 1Omgofa triterpene 

acetate and 1Omg of a triterpene alcohol, their structures not 
being established. 

[ 1 -H?drox~erh~l]-2,2-dimerh~l~llromene (3). Colourless oil, IR 
,,‘,‘;:’ cm 1: 3620 (OH), 1495, 1270, 1160,965; MS nljr (rel. int.): 
204.115 (M+, 11) (C,,H,,O,, 189 (M - Me, 100). 171 

(189 - H,O, 12), 161 (189 ~ CO, 7); ‘H NMR (CDCI,): 5.62 (d, 

3-H), 6.31 (d, 4-H), 6.73 (d, 8-H),7.08 (dd, 7-H), 6.99 (d, 5-H),4.78 

(4, 9-H). 1.45 (d, 10-H). 1.42 (s, 11,12-H) (J = (Hz): 3,4 = 9.5; 
5.7 = 2: 7,8 = 8; 9,lO = 7). LiAIH, reduction of 2 afforded a 

compound, its spectral data being identical with those of 3. 
3~-Acetou~-6-ucrt~l-2r-isopropen~l-5-iz~dro.uy-2,3H-benzo- 

/urun (7). Colourless oil, 3500-2700, 1660 (chelated hydroxy 

ketone), 1755 (OAc); MS m/e (rel. int.): 276.100 (M+, 80) 

(C,,H,,O,), 216 (M - HOAc. loo), 201 (216 - Me, 95); 

‘H NMR (CDCI,): 4.98 d, 2-H), 6.12 (d, 3-H), 7.36 (s, 4-H), 7.23 

(s, 7-H), 2.63 (s. 9-H), 5.09 and 4.98 (hr. s, 1 I-H), 1.76 (6,. s, 12-H). 
2r-A,lgr/o!,/ox~-3r-,s~n~~io~~o~] und 2r-sefle~iog/os~-3a- 

rrngelo~lox~-3,4/(H-bu~~/~o~r~c~~~l~~~~i~~ (10 und 11). Colourless, 

crystalline mixture, which could not be separated, IR YE: cm- ’ : 
1775, 1765 (lactone), 1725, 1710 (CO,R), 1595,880 (furan); MS 
m/e (rel. int.): 440.184 (M - C,H,CO,H, 2) (C2,H,,0,), 422 

(440 - H,O, 2), 382 (440 - CH2C02, 1), 340 (440 - C&H,- 

CO,H. 3). 310 (340- CH,O, 3). 83 (C,H,CO+, loo), 55 

(83 - CO, 39). 

[~I’;, = 2 
578 546 436 nm 

~__ 
- 44.7 -51.6 -97.9 

(c = 0.95, CHCI,). 

2r-Ange/o$ox)-3r- [2-merk~/hut~r~lox~]-3,4~H-hacckotri- 

cuneutin (12). Colourless oil. IR $T: cm- I : 1775, 1765 (lactone), 

1730, 1710 (CO,R), 880 (furan); MS m/e (rel. int.): 442 

(M - C,H,CO,H, 3). 440 (M - C,H,CO,H, 31, 340 

(440 - C,H,CO,H, 6), 310 (340 - CH,O, 9), X5 (C,H,CO+, 

24). 83 (C,H,CO+, lOO), 57 (85 - CO, 48). 
Parrial sapon[ficatio~l qf10p12. To 15 mg lo-12 in 2 ml MeOH 

200mg KOH in 0.5 ml H,O were added. After 1 min dil. H,SO, 

was added. TLC (Et,O) afforded 6mg 14, colourless crystals 

(Et,O-petrol), mp 195 , IR IS’,‘;: cm-‘: 1785, 1768 (lactone), 

1720 (C = CCO,R), 880 (furan); MS m/r (rel. int.): 472.210 (M’, 

48) (C,,H,,O,), 442 (M - CH,O, 5). 440 (M - MeOH, 2). 372 

(M - C,H,CO,H, 22), 343 (372 - CHO, 8), 312 (343 - OMe, 

45), 83 (C,H,CO+, 90), 55 (83 - CO, 100). The second fraction 

still was a mixture of 14 and 15 as shown by the ‘HNMR 

spectrum (Table 1). 
15,16-Dicrcrtox!.-ent-lcrhticr-6,14-diene (16a). Colourless gum, 

purified as its dial 16b (LiAIH, in Et,O, room temp.), colourless 

gum, IR Y’$: cm- 1 : 3620 (OH), 860 (CH=C<): MS m/e (rel. 

int.): 306.256 (M’, 4) (CZ,H,,O,l 288 (M - H,Q 5), 273 

(288 - Me. 5). 204 (M - C,H,002, 100). 

[rl;,~ = :p’:: 
578 546 436 nm 

+ 1.9 12.4 t2.9 

(c = 0.34, CHCl,). 

15,16,17-7?incerox~-ent-labu’cr-6.14-di~t~~ (17a). IR and 

‘HNMR data identical with those of the triacetate prepared 

previously [16]. LiAlH, reduction afforded the trio1 17b, 

colourless gum, IR \c? brndx cm I : 3620 (OH), 860 (CH=C<); MS 

m/r (rel. int.): 304 (M ~ H,O, 0.3). 286.230 (304 - H,O, 15) 

(C,,H,,O), 273 (288 - Me. 5), 220 (C,IH,,O, 25). 109 (CsH:,, 

100). 

38-A~rto?c~~riodi~,t~[~/ (29). Colourless gum, MS mjr (rel. int.): 

346 (M+, I), 286 (M - HOAc, 5), 65 (100). 1Omg 29 in 0.2ml 

Ac,O were heated for 2 hr at 70 Evaporation and TLC 

(EtzOppetrol, 3: 1) afforded 1Omg 31, Colourless gum, IR ~22 

cm-‘: 1790 (PhOAc), 1665, 1635, 1580; MS m/r (rel. int.): 
472.101 (M+, 16) (C,,H,,O,,), 430 (M - ketene, 22), 412 

(M - HOAc, 15), 370 (430 - HOAc, 24), 57 (100). 

3B_Acetoxq,luri,tgrrlin (30). Colourless gum, IR \I:? cm- 1 : 
3600 (OH), 1715 (C=); MS ,n/e (rel. int.): 330.074 (M+, 20) 

(C,,H,,O,), 270 (M - HOAc. 55), 153 (loo), 136 (72). 
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