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Abstract-While the roots of Brickellia eupatoriedes contained several unusual rearranged pimarene derivatives, the 
aerial parts affordedlabdane derivatives, only one of them having been isolated before. The structure and stereochemistry 
of the new diterpenes could be elucidated by spectroscopic methods and a few chemical transformations. The absolute 
configuration of the rearranged diterpenes was proposed following the results of CD measurements. 

The aerial parts of Brickellia eupatoriedes (L.) Shinner 5 showed that the corresponding acids only differed from 
afforded in addition to germacrene D, lupeol and its 1 by the ester group at C-3, which were trans- and cis- 
acetate and stigmasterol several labdane derivatives, one cinnamates. From the ‘H NMR data of 7 and the mixture 
of these, the angelate 1 being isolated before from other of 9 and 11 (Table 1) the presence of 13,14-dihydro 
Brickellia species [l]. All diterpenes, except one, were derivatives could be deduced. The stereochemistry at C- 
acids, which could be separated in part after esterification 13, however, could not be determined. 12 and 14 were 
with diazomethane. Only the major constituents, 12 and highly oxygenated labdane derivatives of molecular 
14. could be isolated as acids. The ‘H NMR data of3 and formula CJ9Hj401,,, which could be separated after 

Table 1. ‘H NMR spectral data of compounds 3,5,7,9, 11, 13, 15,15a and 16 

3 5 7 9 11 13* 15* 15a* 16 

H-2 4.21 br d 4.12 br d 4.18 br d 4.12 br d 5.35 br d 5.35 br d 5.35 br d 4.13 rnt 
H-3 5.07 br d 4.98 br d 5.04 br d 5.04 br d 4.97 br d 5.09 br d 5.09 br d 5.10 br d 
H-7 5.45 br s 5.41 br s 5.39 br s 5.45 br s 5.40 br s 4.95 br s 4.86 br s 3.72 br s 2.39 ddd 

H-12 

H-14 5.80 br s 5.74 br s 5.71 br s 5.40 br t 

H-15 ~ 4.13 br d 
H-16 1.93 br s 1.93 br s 0.94 d 0.96 d 1.91 d 1.89 d 1.91 d 1.68 br s 

;;;;, } 1.84 br s } 1.81 br s } 1.67 br s 1 1.84 br s } 1.81 br s } 1.23 s } 1.26 s } 1.42 s ;:;: ;;; 

H-18 1.05 s 1.00 s 1.02 s 1.00 s 1.02 s 1.00 s 1.01 s 0.99 s 
H-19 0.93 s 0.86 s 0.89 s 0.96 s 0.95 s 0.99 s 0.98 s 0.93 s 0.91 s 
H-20 0.86 s 0.79 s 0.82 s 0.79 s 0.78 s 0.77 s 0.89 s 
COOR 6.51 d 6.04 d 6.12 qq 6.50 d 6.03 d 6.40 d 5.95 d - 

7.73 d 7.02 d 2.02 dq 7.71 d 7.02 d 7.69 d 6.92 d - 
7.57 m 7.56 m 1.93 dq 7.56 m 7.56 m 7.50 m 7.50 m - 
7.40 m 7.40 m 7.40 m 7.40 m 7.38 m 7.38 m - 

OMe 3.68 s 3.68 s 3.67 s 3.67 s 3.67 s 3.68 s 3.68 s 3.68 s - 

*OAng 6.02 qq, 1.95 dq, 1.81 dq; OCOC(OH) (Me) Et 1.8 m, 0.94 t, 1.23 s. 

t In CbDo 3.88 dddd (J = 4). 
J (Hz): lc(,2p = 12; 2p,3b = 2; 14,16 = 1.3; compounds 7-11: 13,14 = 6; 14,14’ = 14; 13,16 = 7; tram 

Cinn: 2’,3’ = 15; cis Cinn: 2’,3’ = 11; OAng: 3’,4’ = 7; 3’S’ = 4’S’ = 1.5; OCOC(OH) (Me) Et: 3’,4’ = 7; 

compound 16: 6,7 = 4; 6’,7 = 2.5; 7,7’ = 13; 14.15 = 7. 

*Part 382 in the series “Naturally Occurring Terpene 

Derivatives”. For Part 381 see Bohlmann, F., Kramp, W., 

Jakupovic, J., Robinson, H. and King, R. M. (1982) 
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esterification. The ‘H NMR data (Table 1) indicated the 
nature of the ester residues. Both contained an angelate 
and a 2-hydroxy-2-methylbutyrate residue, while one was 
a truns- and the other a cis-cinnamate. An additional 
hydroxyl group was best placed at C-8, since a downfield 
shifted methyl singlet was visible. As the H-20 signal 
showed no downfield shift the g-methyl group most 
probably was axial. The couplings of the low field signals 
showed that two ester groups were r-orientated at C-2 
and C-3, while the third one most probably was an axial 
orientated group at C-7. Partial hydrolysis led to 15a with 
a free 7cc-hydroxyl group, while the cinnamate signals 
were missing. Further saponification was unsuccessful. 
Therefore the relative position of the two remaining ester 
groups could not be determined. The only neutral 
diterpene was most probably 16. Its ‘H NMR data (Table 
1) was close to those of similar labdanes. While the nature 
of the C-9 side-chain clearly followed from the ‘H NMR 
data, the position of the second hydroxyl was deduced 

H Me 

0 

A 

from the coupling pattern, which was identical with an 
alcohol from a Baccharis species [2]. As the signal showed 
four small couplings the axial orientation between two 
methylene groups was established, a situation only given 
at C-2. The absolute configuration of all labdanes was 
assigned only from biogenetic considerations: as 1 co- 
occurred with a labdane [ 11. it was very likely that all 
compounds belong to this series. The roots afforded 32 
[3] and a complex mixture of diterpenes. which, however. 
were not labdanes but rearranged pimarene derivatives. 
The least polar compound had molecular formula 
C,,IH,,,O,. The IR spectrum indicated the presence of a 
conjugated ketone, while an epoxide was indicated by the 
typical signals around 2.8 ppm (2.6 1 ddd, 2.77 tldd, 2.88 dd) 
(Table 2). An olefinic signal at 5.80 (dq) was coupled with 
an olefinic methyl. An allylic coupling with a broadened 
triplet at 1.72 ppm. which was further coupled with 
the epoxide proton (2.77 ddd) led to the partial structure 
A: 

0=-d 
+-+H 
4 CH2CH2CH-¤ 

WCH,CH,CH2-¤ 

A 
B C 
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Table 2. ‘H NMR spectral data of compounds 17-23 (400 MHz, CDC13, TMS as int. standard) 

17 18 19 20 21 22 23* 

H-la 
H-1p 
H-2c( 
H-2p 

H-3c( 
H-3fl 
H-5 
H-6LY 
H-6P 
H-7~( 
H-7fl 
H-8 
H-9 
H-12 
H-14 
H-15 
H-16 
H-16’ 

H-17 

H-18 
H-19 
H-20 
OCOR 

2.90 br d 2.67 br ddd 2.85 m 2.98 ddd 2.85 br d 2.95 ddd 
0.92 ddd 0.89 ddd 0.91 ddd 0.93 m 1.01 ddd 0.96 m 
1.60 ddd 1.6 m 1.57 ddd 1.65 m 1.6 m 1.70 m 
1.40 m 
1.38 m 

} 1.4m } 1.38m G9dd 

1.13 ddd 
0.82 dd 
1.20 ddd 
1.65 ddd 
2.48 dddd 
1.23 dddd 
2.15 dddd 
1.80 d 
5.80 dq 
1.72 br dd 
2.77 ddd 
2.88 dd 
2.61 dd 

1.15 ddd 1.15 ddd 1.65 m 
0.85 m 0.82 dd 0.85 m 
1.30 ddd 1.31 ddd 1.25 m 
1.65 m 1.65 ddd 1.65 m 
2.5 m 2.49 dddd 2.51 m 
1.25 m 1.25 dddd 1.25 m 
2.13 dddd 2.16 dddd 2.15 m 
1.91 d 1.85 d 1.79 d 
6.47 d 5.96 dq 5.82 dq 
2.5 m 1.91 br ddd 1.72 br dd 
2.93 ddd 
2.78 dd 2.83 

2.83 ddd 
m 

2.88 dd 
2.73 dd 2.59 dd 2.62 dd 

1.38 m 

1.2 m 
1.20 m 
0.83 m 
1.35 m 
1.6 m 
2.15 m 
1.35 m 
2.3 m 
2.24 d 
6.02 t 

2.83 dd 
3.01 dd 
2.80 dd 

- 

4.59 dd 
1.70 m 
0.9 m 
1.4 m 
1.7 m 
2.55 m 
1.4 m 
2.1 m 
1.85 d ~ 
6.08 dq 6.50 d 
1.93 br dd 

2.85 
2.93 ddd 

m 
2.79 dd 

2.61 dd 2.76 dd 

1.92 dd 9.68 s 
4.73 br d 
4.62 dt 

1.93 dd 

. . 0.84 s 0.85 s 0.84 s 0.92 s 0.85 s 0.89 s 0.85 s 
0.83 s 0.84 s 0.83 s 0.88 s 0.82 s 0.92 s 0.84 s 
1.02 s 1.08 s 1.03 s 1.05 s 1.99 s 1.08 s 0.96 s 

2.11 s 6.03 qq 2.11 s 2.12 s 
1.98 dq 6.16 qy 
1.89 dq 1.99 dq 

1.89 dq 

* Missing signals were overlapping with those of 18. 
J (Hz): lor,lp = 13; la,201 = 3.5; la,2b = 13; lp,2a - 3; lb,2a - 3; 2c(,2/1 = 13; 2cq3a - 3; 

2cq3/? - 3; 28,3~= 13; 2b,3p = 3.5; 3c(,3fi = 13; 58,6~( = 12; 58,68 = 2; 6~(,68 = 13; 6a,7a = 3; 
6c(,7jI = 12; 6p,7c( = 3; 6p,7/j’ = 3; 76(,7/I = 13; 7a,8a = 3.5; 7/?,8d1 = 12; 8a,9/3 = 12.5; 8a,14 = 9; 
12,14 = 12,17 = 1.5; 14,15 = 8.5; 15,16 = 3.5; 15,16’ = 3; 16.16’ = 5; 19, 21, 22: 12,17 = 1.5; 
17,17’ = 16 

As the ‘H NMR spectrum further showed the presence 
of three tertiary methyl groups the ring skeleton of 17 was 
very likely. Spin decoupling allowed the assignment of the 
remaining sequences B and C, which only could be 
combined to 17. The stereochemistry at C-8, C-9 and C-14 
followed from the couplings observed. The CD curve of 17 
showed opposite Cotton effects as that of the steroid 30 
[4] indicating different stereochemistry at the carbon c( to 
the conjugated keto group. Therefore the absolute 
configuration presented in 17 was very likely. The 
molecular formula and the ‘H NMR data of 18 (Table 2) 
clearly showed that this diterpene was an aldehyde 
derived from 17 by oxidation of the olefinic methyl group. 
Consequently the signal of H-12 was shifted downfield 
and showed a doublet splitting only. Since at first the 
nature of the oxygen functions was not clear, the 
diterpene, which was accompanied by a small amount of a 
second one, was heated with acetic anhydride. This 
resulted in the formation of two products formed by 
opening of the epoxide ring. The ‘H NMR data (Table 3) 
showed that 27 and 28 were present. While the 
stereochemistry of 27 at C-15 and C-16 followed from the 
couplings that of 28 could not be determined with 
certainty. Both diacetates obviously were formed from 18, 
while the second compound was destroyed. As the 

configuration at C-15 in 27 was settled also that of the 
epoxide was very likely, as 27 probably was formed via 34. 
After addition of diazomethane to 18 and 23 two 
separable pyrazolines were obtained. While one was the 
adduct of 18, the second one was that of 23 with additional 
addition to the aldehyde group. All data agreed with the 
presence of 29, while those of the natural compound led to 
the structure 23, though this diterpene could not be 
separated from 18. Having established the structures of 17 
and 18 the ‘H NMR data of 19-22 (Table 2) easily led to 
the proposed structures. The data of 19 were similar to 
those of 17, however, the olefinic methyl was replaced by 
CH,OAc (4.73 br d, 4.62 ddd and 2.11 s). Furthermore, the 
signals of H-15 and H-16 were slightly shifted. From the 
‘H NMR spectrum of 20, which could not be separated 
completely from impurities, the presence of an angelate 
was obvious. A double doublet at 4.59ppm and a 
downfield shift of the H-18 signal indicated a 3cc-position 
of this ester group. The other signals again were similar to 
those of 17. The ‘H NMR data of 22 (Table 2) were close 
to those of 19 and 20 indicating a 17-acetoxy derivative of 
20. The molecular formula of 21 showed that a diterpene 
was present containing one more oxygen than 19. The 
missing coupling Jr4,, 5 indicated that a hydroxyl group 
was at C-14. Consequently the H-12 signal was a triplet 
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Table 3. ‘I-1 NMR spectral data ofcompounds 24 29 (400 MHz. CDCI,. TXIS 

as int. standard) 

24 25 26 (C,,D, ) 27 28 29* 

H-l/l 2.x4 17, 2.83 hr tl 3.39 <l&l 2.78 r/&l 

H-5 0.85 U1 0.x5 1?, 0.85 tld 0.x2 ,?! 

H-X 2.15 ,,I 2.15 111 I .98 rldtl 2. IO 111 

If-9 1.92 (1 1.90 <I 2.14 rl 1.93 11 

H-l’ 5.96 l/i 5.9x t/t 5.59 hr .\ 5.92 d 

H-13 2.70 ddd 

H-15 
i 2.84 

2.80 kit/ 3.30 ddd 4.88 rldd 
H-16 01 2.87 tlti 3.51 ddd 3.85 (id 
H-16’ 2.59 dd 2.61 dd 3.20 rlrl 3.74 dd 

2.94 ,I, 2.31 hr d 

0.x5 ,?I 0.84 t/t/ 

2.03 ,,I 

I.81 i/ 

5.92 d 2.69 lit/ 

2.94 ,,I I.6 ,?I 

4.61 ddd 3.40 ddd 

4.25 dd 3.00 dd 

4.04 dd 2.78 dd 

H-17 

H-17’ 
H-18 1.60hr.\ 1.31 \ 0.89 \ 0.x3 5 0.84 \ 0.84 \ 
H-19 1.56 hi, ., 1.23 < 0.x7 \ 0.81 \ 0.81 ., 0.80 \ 
H-20 0.92 5 0.92 * 1.14 I 1.00 \ I .oo 5 0.90 .\ 
OH 1.17 Li 
C)Ac 2.12 \ 2.12 .\ ~~ 2.10. 2.12 .< 2.07. 2.10s 

* H-21 4.99 drl, 4.59 dd (Jlz ?, = 4 and IO Hz: J:, 2 ,I = IX Hz: H-22 2.89 dd. 
2.75 dd (J,-., = 3 HZ; Jzz,Jrt = 4.5 Hz). 

J(Hz): Compounds W25: 8.9 = 12: 12.14 = 12.17 = 1.5: 13.15 = 9: 

1.5.16 = 3.5: IS.16 = 3: 17.17’ = 16: compound 26: IX.]/? = 13: 1~2~ = 5: 

lz.?/I = 3; 5.6~ = I’: 5.6/i = 2.5: &.7/j = 7r.711 = 13; 6[k7/{ = 3.5: 711.8 = 17: 

7x.8 = 4; X.9 = 17: 12.17 = 1.5: 15.16 = 5: lS,16’ = 10: I.‘.OH = 5: 

16.16’ = IO: 17.17’ = II: compound 27: 8.14 = 14.15 = 9; 12.14 = 2: 

15.16 = 5: 15.16’ = 16.16’ = 10: compound 28: 8,14 = 14.15 = 9: 12.14 = 3: 

11.17 = 1: 14.15 == 9; 15.16 = 4; 15,36’ = 8: 16.16’= 12.5: compound 29: 

14.15 = 9: 15.16 = 4: IS.16 = 2.5: 16.16’= 5. 

and the H-15 signal was slightly shifted downfield. while a 
downfield shift of H-9 required a 14/Ghydroxyl group. The 
structures of 24 and 25 could not be established 
rigorously. However, all data. especially the chemical 
shifts of the methyl signals (Table 2). could only be 
explained if diterpenes with a rearranged ring A were 
present. The ‘H NMR data and the molecular formula of 
26 (Table 3) showed that a diterpene was present, which 
had in addition to a conjugated keto group three further 
oxygen functions. Spin decoupling in C,D,, showed that 
H- 12 was coupled with a double doublet and a broadened 
doublet at 393 and 3.65, respectively, while a threefold 
doublet at 3.22ppm was coupled with a double doublet at 
3.13 and a threefold doublet at 3.48ppm indicating the 
proposed situation at C-l 5 to C- 17. The /&orientation of 
the C-14 hydroxyl was supported by a downfield shift of 
H-8/$ while the stereochemistry at C-15 directly followed 
from the couplings observed. 

Obviously all diterpenes from the roots are formed 
from the same precursor, which could be the oxygenated 
pimarene 33, which may be hirectly transformed to 17. 
which surely then could be further transformed to the 
other diterpenes. So far only one compound with this 
carbon skeleton was reported. which was named 
cleistanthol (31) [5j. We therefore propose the name 
cleistanthane for this carbon skeleton. 

The compounds isolated from B. euputorirdrs again 
showed that the chemistry of this large genus is not 
uniform. So far most species have aff‘orded labdane and,or 
dehydronerolidol derivatives [6.7] as well as several 
flavones [X, Y ] and a few p-hydroxyacetophenone 
derivatives [6_!. Only one species so far pa\e a clerodane 

[l]. Surely further investigation is necessary to see 
whether the rearranged pimarenes are of chemo- 
taxonomic importance. 

EXPERIhlEUTi\L 

The air-dried plant material (boucher deposited in the U.S. 

National Herbarium) was extracted with Et,O&petrol. (1 : 2) and 

the resulting extracts were separated first by CC (Si gel) and 

further by TLC (Si gel). Known compounds were identified by 

comparing the IR and ‘H NMR spectra with those of authentic 
material. The aerial parts (2OOg) aft‘orded 2Omg germacrene D, 

1Omg lupeol and 5 mg ofIts acetate. 1Omg stigmasterol. 9.5 mg I. 
4mg 16(Et:0- petrol, 4:l I. 6mg32and 10Omgofpolaracids from 

which only 12 and 14 could be isolated as a mlxturc. After ad- 

ditionofCH,KL and TLC (Et20 pctrol.4:l. x3~3mg3. 3mg5. 

2mg 7. 4mg 9. 4mg II and 65mg 13 and 15 acre obtained. The 

roots (70 p) gave 9 mg 17 (EI~<) petrol, 1:l). 17 mg 18 (Et:0 
pelrol, 2:l) containing 2 mg 23. 6 mg 19 (Et?<> petrol. ?:I), 5 mg 

20 [Et20 pztrol. ?:I), Xmg 21 (Et10 petrol. 3:ll. h.5mg 22 

(Et,O-petrol. 3:l). I mg 24 (Et,0 petrol. ::I). 3.5mg 25 

(EtzOmmpetrol, 2:l) and 3 mg 26 (ttzO- petrol, 3: 1 ). 

Metl~~~/-3r-trans-cin~~u~f~~~/f~\!~-~~-/~~~~~~~~.~~~-l3.14Z-drh~~riro- 

curivurr (3). Colourless gum. IR vi,::’ cm ’ : 3600 (OH), 1715 

(C=C‘CO,R); MS RI+: (rel. inr.): 480.7X8 [M ] ’ (0.5)(C,,,,H,,,O,). 
448 :M --MeOH]- (I). 367 [hl ---CH,C(Me)=C‘HCOqMe]’ 

(16). 219 [367 --- RCO>H]- (30). 201 [219 ~~ H,O]’ (27). I31 

[RCO] * (100). 

~~rth~~l-3r-cis-clnnumo~lo x-y-2x-l1~dro.x I - 13.142-drhwfro- 

curi~~re (5). Colourless gum. IR I,:,:!’ cm ’ : 3600 (OH). 1715 

(C=CCO,R); MS vt:; (rel. int.): 480 [Ml’ (0.3). 367 (I 1). 219 

128). 201 (33). 133 (100). 
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