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Abstract-Two new labdane diterpene acids have been isolated from Grindelia humilis. The spectroscopic properties of 
the acids and their derivatives, as well as conversion to methyl 6-oxogrindelate, showed that they were the epimeric pair 
6u-hydroxy- and 6P-hydroxygrindelic acid. A series of 11 diterpene acids were surveyed for their feeding deterrency 
towards the aphid Schizaphis graminum. The substances tested showed a wide range of activity. 

INTRODtJCrION RESULTS AND DISCUSSION 

A previous paper from this laboratory reported [l ] the 
isolation and structure determination of two new 
grindalane diterpene acids from Chrysothamnus nauseosus 
(Pall.) Britt (Compositae). These diterpene acids showed 
antifeeding properties towards the Colorado potato 
beetle and were formulated as 18hydroxygrindelic acid 
(1) and 18-succinyloxygrindelic acid (2) based on 
spectroscopic considerations and chemical inter- 
conversions. 

Structure elucidation of the new labd-7-ene diterpene acids 
The bicarbonate-soluble portion of the crude plant 

extracts was chromatographed on silica gel. Two of the 
fractions which were obtained crystallized. The high- 
resolution MS and carbon count in the i3C NMR (Table 
1) indicated that both substances were Czo diterpenes of 
the formula C20H3204. 

To confirm the structures and define the stereo- 
chemistry it was desirable to relate these diterpene acids 
chemically to a known substance. One possible way 
would be their conversion to grindelic acid (3) by the 
removal of the functional group at C-18. Accordingly, the 
locally available Grindelia humilis (Hook. and Am.) was 
examined as a possible source of a reference sample of 
grindelic acid. Grindelic acid was not found but instead 
two new labd-7-ene diterpene acids, 4 and 8, were isolated 
and their structures are reported in this paper as well as 
the feeding deterrent properties of 11 diterpene acids 
towards the aphid Schizaphis graminum (Rondani). 

The less polar acid, 4, showed hydroxy and carbonyl 
bands in the IR. The ‘H NMR spectrum showed a one- 
proton vinyl multiplet at 6 5.83, a one-proton doublet of 
multiplets centred at 6 4.38, a two-proton AB quartet, 6 
2.52,2.59 (J = 15 Hz), and five C-methyl resonances, one 
of which must be due to a vinyl methyl (6 1.85). Irradiation 
of the vinyl methyl signal at 6 1.85 caused the multiplet 
assigned to a alcohol methine proton (6 4.38) to collapse 
into a clean AB quartet, J = 3, .I = 9 Hz, while the vinyl 
multiplet collapsed into a clean doublet, .I = 3 Hz. These 
decoupling results indicated that both the vinyl proton 
and the alcohol methine proton were subject to long- 
range coupling with the vinyl methyl. Since the decoupled 
alcohol methine proton signal was a doublet of doublets 
there had to be in addition to the vinyl proton, one other 
proton adjacent to the methine hydrogen. These 
conclusions were supported by decoupling of the vinyl 
signal at b 5.83. These results showed that the acid 
contained the following part structure: 

I R=OH 
2 R = OCOCH2C’H,COOH 
3 R=H 

* Present address: Chevron Chemical Co., Ortho 
Agrochemical Division, 940 Hensley St., Richmond, CA 94803, 
U.S.A. 

OH Me 

CH-CH-CH=d--. 

Methylation of 4 with diazomethane gave a monomethyl 
ester (5). 

The remaining oxygen atom was identified as a cyclic 
ether by ’ 3C NMR. The t3C NMR spectrum of 4 showed 
signals for one carbonyl group, two vinyl carbons and 
three carbons in the range of 6 60-90. The cyclic ether was 
implied by two off-resonance singlets (6 81.2 and 91.3) 
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Tablel. ‘3CNMRdataof4-6,8and9(2.5MHz,CDCI,,TMSas 
int. standard) 

C atom 4 5 8 9 6* 

2 

4 
5 
6 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Me ester 

39.3 
18.9 
42.5 
33.6 
44.7 
80.7 

128.4 
139.2 
91.3 
43.9 
27.0t 
33.3t 
81.2 
47.1 

171.9 
26.8 
22.5 
34.4 
19.03 
21.1: 

38.3 
18.9 
42.8 
33.4 
44.9 
81.6 

126.1 
139.8 

89.7 
43.3 
27.9? 
33.47 
81.7 
47.6 

171.8 
27.5 
22.8 
34.9 
18.6: 
20.71 
51.5 

39.0 
18.9 
43.1 
33.6 
51.2 
68.0 

131.4 
136.2 
91.2 
43.5 
27.4t 
33.6t 
81.5 
47.5 

173.4 
27.1 
22.7 
35.6 
18.61 
20.71 

38.2 
18.9 
43.2 
33.6 
51.0 
68.0 

130.7 
136.5 
90.1 
43.2 
27.8t 
33.6t 
81.5 
47.6 

171.5 
27.5 
22.8 
35.5 
18.6: 
20.71 
51.5 

38.4 
18.1 
43.0 
32.5 
56.4 

200.2 
129.5 
154.9 
89.8 
45.4 
28.67 
33.6t 
82.6 
47.7 

171.3 
27.6t 
21.7 
32.8 
19.82 
20.9: 

*Proton noise decoupled spectrum not available. 
TInterchangeable. 
$ Interchangeable. 

assignable to tertiary carbons bearing oxygen. The 
exceptionally low field resonance of one of these signals (6 
91.3) required that this carbon be adjacent to a 
quarternary centre. These data suggested that 4 contains a 
C-9, C-13 oxygen bridge. Jones oxidation of the methyl 
ester gave a product (6) which showed two carbonyl 
bands, 1738,1665 cm-‘, in the IR and lacked the hydroxy 
band. The IR and NMR spectra suggested that this 
substance was an a&unsaturated ketone. This was 
supported by the UV spectrum. This ketone is a known 
substance [I. 21, methyl 6-oxogrindelate (6), and the IR 
spectrum was identical with that previously published 
[2]. The corresponding 6-oxogrindelic acid (7) occurs 
naturally in G. robusta [2]. These data showed that the 
non-polar acid was 6-hydroxygrindelic acid. 

The ‘H NMR spectrum of the more polar acid (8) 
showed signals for one vinyl hydrogen, a multiplet at 6 
4.05 for a secondary alcohol methine proton, two 

exchangeable protons, a two-proton AB quartet centred 
at 6 2.58 and five C-methyl resonances. One of the C- 
methyl signals appeared to be due to a vinyl methyl 
(6 1.77). Irradiation of the vinyl methyl at 6 1.77 in the 
D,O exchanged spectrum caused a collapse of the vinyl 
proton signal to a clean doublet. J = 3 Hz, while the 
signal at 6 4.05 collapsed to a clean doublet of doublets 
(J = 8 and 3 Hz). On the other hand, irradiation of the (5 
4.05 signal caused the vinyl proton signal at 5 5.55 to take 
the form of a broadened singlet indicating the presence of 
allylic coupling. Moreover, the vinyl methyl resonance at 
ij 1.77 was sharpened. Finally, irradiation of the ii 5.55 
vinyl resonance caused the 0 1.77 vinyl methyl resonance 
to sharpen and the 6 4.05 methine resonance to collapse to 
a doublet of two broadened singlets. Therefore, the 
methine proton was not only adjacent to the vinyl proton 
but was adjacent to one more aliphatic hydrogen. These 
data again suggested the presence ofthe same ally1 alcohol 
part structure as encountered in 4. The 13C NMR 
spectrum confirmed the presence of an acid group, one 
trisubstituted double bond, a hydroxy group and, in 
addition, indicated the presence of a cyclic ether. The lack 
of additional signalsin the 6 3.5-4.0 region of the ‘H NMR 
and the lack of multiplicity in the undecoupled 13C 
spectrum indicated that the ether oxygen terminated at 
fully substituted carbons. The close similarity of the 13C 
NMR spectra for the two acids,4 and 8 (Table 1) with that 
from the 1%substituted grindelic acids from 
Chrysotkamnus [l ] suggested that they all possessed the 
same carbon skeleton as well as the C-9, C-13 oxygen 
bridge. 

Treatment of 8 with diazomethane gave the 
corresponding methyl ester (9). The methyl ester showed a 
carbonyl band in the IR at 1740 cm ’ and a hydroxy band 
at 3400cm-‘. Proton spin-spin decoupling results on 9 
paralleled those on the parent acid (8). Jones oxidation of 
the methyl ester (9) gave the same a&unsaturated ketone 
(6) [2] as was obtained from the methyl ester of the less 
polar acid (5). Since this ketone (6) had the same optical 
rotation whether obtained by oxidation of 5 or 9 then 4 
and 8 must have differed only in the configuration ofthe 6- 
hydroxy group and the stereochemistry at all the other 
centres had to be the same. 

The rotational data (see Experimental) indicated that 6 
was stereochemically homogeneous with other naturally 
occurring h-oxolabd-7-enes; 6-oxogrindelic acid [2,3], 
dihydrohedychenone [4] and h-oxocativic acid [5]. 

The MS of the acids, 4 and 8, and their methyl esters 
supported the presence of the functional groups assigned 
in each case. In addition, a major fragmentation pattern 

4 R’-rOH:R’=H 
5 R’:rOH:R’=Me 
X R’ = /j OH; R’ = H 
9 R’ = /I OH: R’ .= Mc 
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I4 Sandarsc~~plm;lric acid 

CDCI,): 6 5.68 (m, H-7), 4.37 (1 H, dof multiplets J = 9 Hz, H-6), 
3.61 (3H, s, OMe), 2.50 (1 H, d, J = 15 Hz, H-14, 2.63 (1 HZ d, 
J=15Hz,H-14).1.80(3H,t,J=2Hz,H-17),1.30(3H,s),1.06 
(3 H, s), 0.98 (3 H, s), 0.81 (3 H, s); MS (probe) m/s (ret. int.): 350 
[Ml+ (5),332(19),226(36),224(42), 187(55). 135(35), 111(35),95 
(43), 82 (32), 69 (52), 55 (50), 43 (100); high resolution MS m/z 
350.2456 (talc. for C, ,HA404. 350.2457); 

589 578 546 Lc(] = _-66,J .~9~_79~7 ~ .Z!__~ _-16’ 1” 
- 142.7 -235.1” 

((, = 0.487, CHCI,). 

Methy/ 6-oxogrindelate (6). Oxidation of 5 or 9 with Jones 
reagent gave 6; mp 70-71” (hexane-EtOAc); IR v:!~~::“’ cm- I: 
1730, 1665; AZ:” nm: 232; ‘H NMR (90MHz, CDCI,): <S 5.69 
(I H, s hr. H-7). 3.68 (3 H, s, OMe). 2.78 (1 H, s, H-5), 2.72 (I H, d. 
J = 14Hz, H-14) 2.57 (1 H, d, J = 14Hz, H-14), 1.99 (3H, d, 
J = 1 Hz, H-17), 1.43 (3 H, s). 1.24 (3 H, s), 1.14 (3 H, s), 0.98 (3 H, 
s); ‘H NMR (90 MHz, C6Db); 6 5.70 (1 H, (br), H-7), 3.27 (3 H, s, 
OMe),2,91(1H,s,H-5),2.57(1H,d,J = 14Hz,H-14),2,39(lH,d. 
J = 14H2, H-14), 1.61 (d,J = 1 Hz, H-17), 1.33 (3 H,s), 1.31 (3H, 
s), 1.30 (3 H, s), 0.76 (3 H, s); MS (probe) m/z (rel. int.): 348 [Ml’ 
(4),224(100), 164(16), 150 (32), 114(27), 111(80), 109(19),82 (73), 
69 (25), 55 (31). 43 (44); high resolution MS m/z 348.2309 (talc. for 
C,,HaZ04, 348.2300). For 6 from oxidation of 9, 

589 578 
[a] = _X44-864-_g5--;;;;- 

(c = 0.995, CHCl,). 

For 6 from oxidation of 5, 

589 578 546 436 365 nm 
[a] = ---__ 

-85.8 -87.4 -98.4 - 107.5 +350.8” 
(c = 0.254, CHCI,). 
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