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Abstract-From the whole plant of Ajuga chmnueprtys, 1%ethoxy-14-hydroaJugapltm and a C-15 epunenc rmxture of 
lChydro-15hydroxyaJugapltm have been isolated 

INTRODUCTION 

Recently, Hertindez et al [l] Isolated two neo-clerodane 
chterpenolds, aJugapitm (1) and 14,lSdihydroaJugapitm 
(2), from Ajuga chmaeprtys L In the context of our 
ongomg interest m potentil insect antlfeedants, we have 
continued the study of thts plant since compound 2 1s the 
C-2 epuner of lvam IV (a), a clerodane diterpenold, 
previously characterized m our laboratory from A IW [2], 
Hnth high antlfeedant activity agamst larvae of Egyptian 
cotton leafworm Spodopteru bttorulw [X Rell6s, F 
Camps, J Coil, A. Cortel, 0 Dargallo and M D Pmlachs, 
unpubhshed work] We have recently reported the slmul- 
taneous occurrence of both types of C-2 epimers m A 
pseudowu [3] 

In the present communication, we report on the 
isolation and ldenticatlon from A chamaep~tys of two 

new clerodane structures, Sethoxy-14-hydroaJugapltm 
(3) and a C-15 epunerrc nurture of 14-hydro-1%hydroxy- 
ajugapitm (4), which are closely related to 1 and 2 

RJZSULTS AND DISCUSSION 

The first of these dlterpencuds, 15ethoxy-14-hydro- 
aJugapitm (3), had a molecular formula of CJIH,,O,, 
(549 60168 [M -EtOH]+), and its IR spectrum w-as 
consistent wth the presence of a free hydroxyl group 
(345Ocm-‘) and ester groups (1730 and 1250 cm-‘) 

The ‘H NMR spectrum of 3 showed signals for two 
acetate groups (62 12 and 194) and for a 2-methylbutync 
ester function (60 94, 3H, t, J = 4 5 Hz, 1 17, 3H, d, J 
= 7 Hz, 2 45, lH, sextet, J = 6 0 Hz) as present m d&y- 
droajugapitm (2) (Table 1) It also exhlhted the following 

Table 1 ‘H NMR spectral data of compounds 2 and 3 (80 MHz, CDCIs, TMS as mt standard) and 
compounds 5 and 7 (200 MHz, CDCI,, TMS as mt standard) 

H 2 3 5 7 

2 

3 

6 
11 

15 
16 
17 

18 

19 
20 

CEI,CH&H(CH&O 

CH,CH$H(C&)CO 
CH,CH,CH(CH,)CO 

(CH,kCHCO 

O-M2CHCO 

CI-I,CH20 
CH&H20 

363m 365br 
5231 (99)* 5221 (99) 

469dd (11 3, 5) 4 80dd (11, 5) 
411dd(113,5) 448dd (11, 5) 

387m 509d (5) 
5681 (55) 581d (53) 
2 56 and 2 58 and 

2 80 AB (4) 2 81 AB (4) 
440and 440and 
4 77 AB (12 3) 4 82 AB (12) 

098s 098s 

085d (7) 085d (75) 

090t (69) 094t (45) 
112d (7) 117d (7) 
2.45 sextet (6) 2 45 sextet (6) 

120t (63) 
340and 360 

ABXs (8,6) 

595s 

480dd (11, 5) 
4 12dd (11 5, 5) 

609d (56) 
2 74 and 

2 93 AB (4) 
4 63 and 
492 AB (126) 

106s 
089d (44) 
094t (45) 
1 17d (6 8) 
2 45 sextet (6) 

418br 

544d (2) 

4 80dd (10, 5) 
448dd (11, 6) 

5 12d (6) 
5 86d (5) 
2 70 and 

3 00 AB (3 5) 
4 48 and 
4 78 AB (12) 

098s 
0926 (65) 

1 16d (65) 
2 57 heptupkt (6) 
120t (6) 
344and 380 

AB& (996) 

*J in Hz 
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1 AJugapitm R’ = OH, R2=H R3=OCO(Me)CHEt 

R’ R1 R3 R4 Rs 

14, 15 - Dlhydroajugapitin HO H EtCH(Me H H 

15Ethoxy -14 - hydroajugapitm HO H EtCH(Me H OEt 

14 - Hydro -15 - hydroxyajugapttm HO H EtCH(Me H OH 

-0- EtCH(Me -O- 

Ivam - IV H HO EtCH(Me H H 

Ivam - 111 H HO Me,CHCOO H OEt 

signals due to protons on carbon atoms beanng oxygen 
atoms6522(1H,d,J=99Hz,H-3),480(1H,dd,J=ll 
and 5 Hz, secondary acetate), 4 82 and 4 40 (AB system, J 
= 12 Hz, primary acetate), 3.65 (lH, br, H-2) and 2 81 and 
2.58 (AB system, J = 4 Hz, a,a-dlsubstltuted oxlrane 
nng) In addition, charactenstlc signals of a tertiary 
methyl group (60 98, s) and of a secondary methyl group 
(60 85, d, J = 7 5 Hz) were also observed Likewise, the 
presence of a hexahydrofuranofuran system was inferred 
from an a&al proton signal at 65 81 (d, J = 5 3 Hz) and 
ofsignalsat6448(dd,J= lland5Hz)and509(1H,d,J 
= 5 Hz), attnbutable, respetively, to H-16, H-l 1 and H- 
15 This last absorption and the appearance of a methyl 
group signal at 6120 (t, J = 6 3 Hz) and methylene 
protons signals at 63 40 and 3 60 (dd, J = 8 and 6 Hz) 
suggested the substltutlon of an H-15 proton for an 
ethoxy group, as found previously for lvam III (7) [2] 
(Table 1) Furthermore, the occurrence of this C-15 
substituted hexahydrofuranofuran moiety was confumed 
by the presence m its mass spectrum of significant peaks at 

m/z 157,111,8 1 and 69, as well as of metastable ions at m 
78 5 and 42 9 [2] 

The second compound, 14-hydro-15-hydroxyajuga- 
pitm (4) had a molecular formula of C29H4401 1 (550 [M 
-H1O]+) and Its IR spectrum revealed the presence of 
free hydroxyl (345Ocm-‘) and ester (1730 and 
1250 cm- ‘) groups Its ‘H NMR spectrum showed essen- 
tlally the same signals as those present m the spectrum of 
3, except for the H-15 signal which appeared as a double 
doublet at 65 56 (lH, dd, J = 10 5 and 5 1 Hz) and for the 
H-16 signal which appeared as two doublets at 6 5 76 and 
5 80 (lH, d, J = 4 5 Hz) suggestmg an epunetrc rmxture at 
this site This suggestion was further confirmed by the 
presence of practically a double number of signals m the 
“C NMR spectrum of 4 (Table 2). 

Oxldatlon of 4 wth chrommm trloxlde m pyIldme 
yielded the 2,15&0x0 denvauve 5 with a molecular 
formula of C19H4001 1 (479 46877 [M - C,H90] +) Its 
IR spectrum revealed the presence of a y-lactone moiety 
(178Ocm-‘) and broad carbonyl absorption of ketone 
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Table 2 ‘H and ‘“C NMR spectral data of the eplmenc nuxture 4 (80 and 20 MHz 
respectively, CDCls, TMS as mt standard) 

H 6 C 6 c s 

2 
3 
6 
11 
1.5 

16 
16 
17 

18 

19 
20 
CIIsCH&H(CH&O 
CH,CH2CH(CII~)C0 
CH&H#.X(CH$O 

360br 1 303 
5 21 d (9 9). 2 72 1 
4 8Odd (11, 5) 3 715 
405dd (11, 5) 4 62 7 
5 56dd (105, 5 1) 5 456 

5 455 
5 80d (4 5) 6 328 
5761 (45) 7 329 
2 50 and 8 35 7 
2 75 AB (4) 8 354 
4 38 and 9 409 
4 79 AB (12) 10 423 
098s 11 83 3 
086d (7) 11’ 82 8 
094c (45) 12 32 1 
1 16d (7) 12 320 
2 45 sextet (6) 13 40 1 

14 33 3 
14’ 332 
15 98 6 
15 98 3 
16 1091 
16 1072 
17 43 5 
18 614 
19 163 
19 16 1 
20 137 
20 136 
CHICO0 209 
CH&OO 208 
CHsCOO 171 1 
CHCGG 1757 
CHCOO 1756 
CHsCHCOO 16 6 
CH,CHCOO 26 5 
CH&H&OO 110 

*.C In Hz 

and ester groups (1740 cm - ‘), as well as the absence of 
hydroxyl groups The ‘H NMR spectrum of 5 exhblted 
e.&&ll~the ktme signals as those of 3 and 4, except for 
H-3 which now appeared as a singlet at 65 95 and the 
corresponding disappearance of H-2 and H-15 
absorptlons 

EXPERIMENTAL 

EIMS (DI method), 70 eV, CC s111ca gel 60 (70-230 mesh, 
Merck), s~bca gel HF254+316 (Merck) and A&O, 90 
[7&230 mesh, Merck, actlvtty I (Brockmann Scale)] 

Plant matenals were collected m May 1983 m Wlanna 
(Gerona, Spam) and voucher specimens were deposlted m the 
Instltuto de Qulnuca Blo-Org&mca C S I C (Barcelona, Spain) 
and Identified by Mr Joan F~sse 

Extractton and lsolaczon of the dzcerpenozds Dned and finely 
powdered whole plants (400 g) were extracted with Et,0 (4 1) at 
35” for 1 week The solvent was evaporated to yreld a gum (116 g) 
which was treated wnh Me&O to prectpnate the accompanymg 
waxes After filtration, the solvent was evaporated to yield a 
residue (9 25 g) wluch was fractionated by dry CC over s111ca gel 
(180 g) eluted wnh 600 ml hexane-EtOAc (5 1). 4OOml 
hexaneEtOAc (5 2,5 3,s 4,1 1,l 2), 800 ml EtOAc and 800 ml 
MeOH 

A fraction enriched m duerpenold 3 was eluted with the 
hexaneEtOAc (1 2) system, and a fraction enriched m drier- 
penold 4 was eluted wnh EtOAc Both fractions were punfied 
separately by successive CC over s~hca gel HF and Al,O, gel 
eluted with hexane-EtOAc (1 1,l 2 and 0 1) yleldmg Enally 15- 
ethoxy-14-hydroaJugapmn (3, 6 mg) and 14hydro-15-hydroxy- 
aJugapmn (4, 107 mg) 

15-Echoxy-14-hydroajugapltln (3) [a] g - 3 53” (CHCls, c 
34),IRvzcm -I 3450 (OH), 1730, 1250 (ester groups), 1150, 
1020, ‘H NMR (80 MHz) see Table 1, MS m/z (rel mt ) 550 [M 
- EtOH]+ (7) 375 (2), 339 (lo), 325 (17), 281 (4), 265 (5), 248 (5) 
230 (2), 218 (ll), 217 (7), 200 (lo), 187 (19), 169 (9), 157 (29, 

ethoxyhexahydrofuranofuran fragment ion), 149 (lB), 111 (Sl), 
85 (37), 83 (18X 81 (20), 69 (19), 57 (X0), 55 (24), 43 (92) 

2,15-DIOXO derruatwe 5 A soln of 4 (55 mg) m C,H,N (3 ml) 
was added to a muture of CrG, (70 mg) m 3 ml C,H,N at 0” and 
the mixture was stured for 22 hr Then, Et,0 (6 ml) and EtOAc 
(1 ml) were added and after 10 mm the suspension was liltered 
over cehte The solvent was evaporated at 40” yielding a crude od 
of 4 and !I which was punEed by CC over nhca gel HF and eluted 
with hexane-EtOAc (1 2) to yield 5 (15 mg) [x)&O + 141” 
(CHCl,, c 6 4), IR v$~$~s cm- ’ 1780 (y&tone), 1740 (ketone 
group), 1740,123O (ester groups), ‘H NMR (200 MHz). see Table 
1, MS m/r (rel mt ) 479 [M - C,H,O]+ (3), 463 (5), 437 (3), 421 
(4), 420 (13), 378 (2), 330 (2), 301 (2), 234 (5), 217 (4), 200 (2), 187 
(7), 181 (6), 175 (7), 127 (19, 15-oxohexahydrofuranofuran 
fragment Ion), 111(3), 85 (46), 83 (lo), 81 (ll), 69 (9), 57 (lOO), 55 
(15), 43 (54) (Found C, 6146, H, 6 90 C29H4001 1 reqmres C, 
6176,H,715) 
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