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Abstract- Further details are given for the assignment of absolute stereochemistry to the acetoxy- 
hydroxy-acid (1) from D. attenuata and the lactone (6) from the var. linearis. The latter also provided 
a diene-acid shown to have structure 28. Reductive cyclisation of the tosylate of the latter Rives a 
cyclopropane derivative (31). A flavone from the var. iinearis is shown to he 5,7-diiydroxy-3,4’,4- 
~methox~avone (32). 

In 1967 we published a brief paper* assigning 
structure and absolute stereochemistry to the 
acetoxy-hydroxy-acid (1) from Dodonaea nftenu- 
ata A. Cunn. In addition, the var. linearis Benth. 
gave a la&one (6) which was inter-related with 1 
and which we considered to be the lactone from 
hautriwaic acid which had been reported2 from 
D. oiscosu in 1936. This view has since been con- 
firmed by direct comparison3 of samples. In the 
last few years the structures of several other 
diterpenes have been assigned in this4 and other 
laboratories5~6 by inter-relation with 1 and 6 and 
we now wish to describe the isolation and structure 
assignment to some minor components. We also 
take this opportunity to present further details 
associated with the earlier article. 

The hydroxy-acid (1, 2, 3) and lactone series 
(4, 5, 6) were inter-related by cyclisation of the 
former with NN’-dicyclohexylc~~i-i~de or 
alkaline hydrolysis of the latter, preferably in 
t-butyl alcohol, in view of the tendency of the 
la&ones to undergo Michael-type additions. Easy 
manipulation of the functional groups in 1 required 
differentiation of the unsaturated A ring system 
from the firran and this was achieved by reduction 
with Na-EtOH which gave the lactone (10) and 
the dihydroxy acid (7). The latter was epimerised 
and cyclised to 10 via the methyl ester (8). At a 
later stage we found that di-imide reduction of the 
unsaturated acids gave good yields of the lactone 
(10) retaining the furan ring; a process which has 
been used by others.? The reduced lactone now 
provided a suitabfe base for the degradation sequ- 
ences which were used to establish the structures. 
These were detailed in the short coruscation 
and are given in Schemes 1 and 2. The stereo- 
chemical arguments are also adequately detailed 

tPart III see Ref. 1. The papers ~etruked~on Letters, 
1964, 3475 and Ausr. J. Ckem,, 1966. 19, 2133 an? 
regarded as Parts I and 1 I, respectively. 

in the earlier note and are not repeated here. 
Hydrolysis of esters of the hydroxy-acid or the 

lactones resulted in a proportion of /3-addition to 
the conjugated system and this became the dom- 
inant reaction when the ester of 1 was treated with 
sodium methoxide in methanol. After saponi- 
fication the methoxy-lactone (w) was obtained in 
good yield. The contiguration of the methoxyl 
group follows from the NMR spectrum which 
shows the 4-H resonance (2.04 6, J 9 Hz) ex- 
pected for diaxial coupling. 

The NMR spectra of the lactones normally 
revealed the C 19-H, as a broad singlet. However, 
in the unsatu~ted hydroxy-lactone (4) and the 
nitrile (27) obtained by dehydration of the oxime 
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SCHEME 1 

derived from the aldehyde (14) the signals were 
well separated, clearly revealing a long range 
coupling to one of the protons. Although W path- 
ways are possible for the 4a-H or 6-H in the 
nitrile (27) only the latter is acceptable for the 
lactone (4). In support of this there is no long 
range coupling evident in the spectrum of the A8- 
factone (17). 

In addition to the lactone (6) the var. linearis 
also provided the hydroxy-diene-acid (2% separ- 
ated from the &tone (6) as its methyi ester (29). 
Basic hydrolysis of the latter in t-butyl alcohol 
then gave the diene-acid (28). The spectral data for 
the lactone (6) strongly suggested its structure and 
this was confirmed by hydrolysis to the hydroxy 
acid (3) which could be reduced to the factone (19) 
with di-imide or Na-EtOH. The lactone (19) had 
been derived before from 1 by way of the chloro- 
lactone (18). 

The NMR spectrum of the hy~oxy-diene-ester 
(29) showed signals at 7.25 and 7.10 for the two IY 
protons of a p-substituted furan, a triplet at 6.77 
(J - 3 Hz) due to a vinyl proton fl to carbonyl and 

a broad singlet at 614 S due to two equivalent vinyl 
protons and the p proton of the furan ring. Singiets 
at 3.73 and 3.59 were assigned to Ct&M~ and 
CAlOH groups respectively. A singlet at 255 
was assigned to the 10 H and signals at 086 S 
arose from the secondary and tertiary methyl 
groups. The ester showed IR maximum at 3470 
cm-’ for hydrogen bonded OH similar to that for 
the methyl ester of 3. Bands at 3045 cm-l and 1695 
cm-’ corresponded to a disubstituted double bond 
and conjugated ester carbonyl respectively. The 
skeleton and disposition of oxygenated functions 
were established by reduction of the ester (29) 
with diimide which gave the lactone (19). The 
UV absorption shown by the acid (28) (A,,, 286, 
E 9,200) can only be accommodated in the skeleton 
(19) as a doubly conjugated ester in the A-ring. 
The triplet nature of the C 3-H signal is evi- 
dently due to virtual coupling with the C 1-H 
which is magneticalIy equivalent to the C 2-H. 
In pyridine solution the C 1-H and C 2-H remain 
equivalent but are well separated from the furan 
/3-H resonance and appear as a doublet (6.15 6, 
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23: R=CH,OH 
24: R=CHs 

J 3 Hz). Coupling between the C-l and C-10 
protons is expected to be small since the associated 
dihedral angle is near 90”. 

The ester tosyiate (30) when reduced with 
LiAlH_, gave an alcohol (31) charactexised as its 
p-nitrobenzoate. The NMR spectrum of 31 showed 
a doublet at @14 6 (J 4.5 Hz) characteristic of a 
methylene proton of cyclopropane. Signals from 
the C-18 methylene group appeared as an AB 
pattern suggesting a hydroxymethyl group attached 
to a quartemary carbon; a signal (2H) at 5.596 
(W,,, 4-5 Hz) conforms with the protons for an 
isolated double bond. The product (31) presumably 
arises by addition of hydride /3 to carbonyl fol- 
lowed by nucleophilic displacement of tosylate 
(see 30). The alternative hydride addition to C- 1 is 
discounted since the inductive effect of carbonyl 
favours hydride addition to C-3 rather than C-l 
and the product had UV absorption (A,,, 209 rnp 
E 8,200) expected for the furan without contri- 
bution from a vinyl cyclopropane chromophore.s*p 
Addition of hydride at C-l should result in a 2-ene 
conjugated with cyclopropane. 

From a weakly acidic fraction of the var. linearis 
extract a pigment was isolated and this has been 
proved to be 5,7-dihydroxy-3,4’,6-t~me~oxy- 
flavone (32). The NMR spectrum of the diacetate 
(33) showed methoxyl resonances at 3.89 (6H) and 
3.79 (3H) from the three methoxyl groups, at 2.53 
for the 5-OAc and at 2938 (OAc). The aromatic 
proton signals 7.25 (8-H). 8.04 and 7.01 (B ring) 
were expected for the oxygepation pattern which 
was confirmed by diazomethane methylation to 
give the known 5-hydroxy-3,4’,6,7-tetramethoxy- 
flavone. Ethylation of (32) and alkaline degrada- 
tion of the diethyl ether (34) gave pmethoxy- 
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C,H,O, requires: C, 706; H, 8.1%). Y,,, 1785, 1740 
cm-i ~(&ct&e, acetate). NMR: s, 068, Z-04 (tertiary 
Me. OAc): AB, 6. 4.33. 8. 4.24, J 10 Hz (C 19-H,): 
AB.of ABX, &.4*j’O, 6s 3.78 JAB i 1, Ju 4*5,&,x 7.5 Hz 
(C 17-H,); 7.35. 7.24 and 6.30 (furan H,). The above 
acetoxy-lactone (1 .ZOg) in EtOAc was cooled to -70” 
and saturated with ozone. Removal of the solvent under 
reduced pressure gave the crude ozonide which was 
taken up in acetone (50 ml) and oxidized with excess 
Jones reagent for 1.5 h. The acidic product was isolated 
with ether and chromato~phed on silicic acid (20g). 
Elution with CHCls gave the rrisnor-ac~fuxy-iactone- 
acid (11, 808 mg) which crystallized from benzene-light 
petroleum as prisms, m.p. 116-l 17”. [c&,-23* (c. 15). 
(Found: C, 64.4, H, 8.0. &H,,Oe requires: C, 64.75; 
H, 8.0%). vma* 1785, 1740, 1705 cm’l (+ctone, acetate, 
carboxvlic acid). NMR: s, O-70. 2-07 (tertiarv Me. OAc): 
AB, S; 4.33, s, 4.27 J 9-5 Hi; AB‘ of ABX, 6, 4.24, 
&, 380. JAB 10.5, JAx 45, Jsx 7.5 Hz (C 17-H,). 

ent-8,13-Cycfo-19-hydroxy-13-ox0-14,15,16,17-fetra- 
nor-clerodane-IS-oic acid 18 -+ 19 iucrcme (13). The 
acetoxy-lactone-acid (11,5 12 mg) was saponified with 5% 
NaOH aq (5Oml) for 2 h at lOOS The mixture was 
poured into 10% N&SO, solution, acidified and ex- 
tracted with CHCl, to give the hydroxy-lactone-acid 
(12, 483 mg) which crystallized from acetone-light 
petroleum as prisms, m.p. 175-176”, [afu- 18” fc, I.7 
in EtOH). (Found: C, 65.7; H, 8.5. C1,HZB05 requires: 
C, 658; H, 84%). The compound did not give a colour 
with tetranitromethane. The hydroxy-Iactone-acid (12, 
980mg) in acetone (70 ml) was oxidized with a slight 
excess of Jones reagent at room temperature for 1.5 h. 
The crude product in acetic anhydride (10 ml) was 
heated under reflux for 40 min and the solvent removed 
under reduced pressure. The residue was heated at 280” 
for 40min at 20mm taken up in CHCI, and filtered 
through charcoal. The filtrate was washed with NaHCU, 
solution, dried and evaporated to give a resin (249 mg). 
Chromatography on A&O3 (log) and elution with 
benzene gave the kero-locrone (13, 122 mg). Recrystal- 
lization from n-heptane gave needles m.p. 15 l-l 53” 
changing to prisms m.p. 157-9”. (Found: C, 73-3; H, 
8.5. CIBHZ203 requires: C, 73.3; H, 8.5%). vmax 1785, 
1740, 1413 cm-’ (y-lactone, cyclopentanone and methyl- 
ene adjacent to a carbonylf. RD (c, 0.12 in MeOH [tti]a?o 
+ 301”; [@]sm + 336”; [‘J’]321 + 6455”; [@la,,, + 6350”; 
[*j,,, + 6640”; [dflJM + 30 10” (inflection); [@h,, - 4750’; 
[O],,,-1255”. NMR: s, I.02 (tertiary Me); s, 4.31 (C 
19-H,). 

Oxidation of the hydroxy-lactone (10). To the hydroxy- 
&tone (10, l-09& in pyridine (20 ml) was added a solu- 
tion of CrG, ( 1% 1 g) in pyridine (20 ml) and the mixture set 
aside for 2.3 h. The mixture was poured into 5% aq 
K&O, and extracted with ether. The lactone-aldehyde 
(14, 791 mg) crystallized from EtOAc-light petroleum 
as plates, m.p. 132-133’(cap), [a]*- 16”, (c. 2.2). (Found: 
C, 72.4; H. 8-O. C&$&O, requires C, 72.7, H, 7.9%). 
NMR: s, 0.84 (tertiary Me); AB, 8, 3.36, 6, 3.30, J 
10 Hz (C 19-H& 7.36; 7.25, 6.29 (f&an H&-d, 9-72. 
J 3 Hz (CHO). 

Recovery of the acids from the KICOa solution with 
5% HCl into ether, washing with 5% HCI. water, and 
removal of the solvent gave ent- 15,l depoxy- 1 9-hydroxy- 
I3( 16) 14-clerodudiene- 17.1 S-dioic acid 18 + 19 lacrone 
(15, 180 mg). 

Recrystallization from EtOAc-light petroleum gave 
prisms mp. 194-204”, [&- 32” (c, 1.2). (Found: C, 

69.0; H, 7.6. CZ0HZ805 requires: C, 69.3; H, 7.6%). 
NMR: s, 0.82 (tertiary Me); br. s, 4.32 (C 19-H,); 7.33, 
7.2 1 and 6.27 (furan H,). 

The lactone-aldehyde (14, 791 mg) in Ac,O (30 ml) 
with NaOAc (1.2 g) was boiled for 10 hr. The mixture 
was cooled, diluted with ether and stirred with 8% aq 
NaHCOS for 2 hr. Isolation with ether and flltmtion in 
benzene through alumina (2Og) gave the enol-acetate 
as an oil (769 mg), Y- 1785, 1755 cm-* (y-Iactone, and 
acetate). This product in acetone (100 ml) was ozonised 
at - 70”, then oxidized with an excess of Jones reagent 
for 10 h at room temperature. MeOH and HP0 were 
added, the solution concentrated under reduced pres- 
sure and extracted with CHC& to give a gum (585 mg) 
which was methylated with CHINl in ether-MeOH. 
The product in EtOH (IS ml) and HOAc (l,Oml) was 
boiled for 2 h with Girard “T” reagent (1.2 g). NaOAc 
(log) was added, the solution diluted with water and 
extracted with ether. The aqueous layer was acidified 
with 10% HCl, heated at 100” for I h, cooled and 
extracted with CHCI,. The CHC& extract was washed 
with NaHC4 solution and the acids recovered from the 
aqueous layer with dilute HCI into CHCI,. Removal of 
the solvent gave the keto-lactone-acid (16, ISOn@ 
which crystallized from acetone-light petroleum as 
needles, &p. 1.58-159”, lab + 20” (c:, 1 .li. (Found: C, 
6.51: H. 7.4. C,,H,,O, reauires: C. 653: H. 7.5%). The 
addition of m-dhri~rodknzene to a ‘solution of the. keto- 
lactone-acid (16) in ethanoiic KOH gave a purple colour. 
I+,,~~ (Nujol) 1775 cm-’ (y-lactone); 1700 cm-i (ketone 
and carboxylic acid). NMR: s, 0.93 (tertiary Me). AB 
6,, 4.49,6,, 4.41; J 10 Hz (C 19-H&. 

Methylation of the keto-lactone-acid (16) with diazo- 
methane gave the methyl ester which crystallized from 
acetone-Ii-&t petroleum as rectangular. prisms, m.p. 
85-86”. (Found: C, 66.4; H, 7.8. C1rHOIOJ requires: 
C. 66.2; H, 7.8%). Q,,~ 1785, 1735, 1710 cm-’ (y-iactone, 
-CO,Me, cyclohexanone). NMR: s, 092 and 3.65 
(tertiarv Me, CO,Me): AB S,. 4.48: 6, 440. J 9.5 Hz 
(C 19-H,). For a-bet&me sol&ion the’C-19 and C-20 
protons gave rise to singlets at 4-80 and 0.401 respec- 
tively. RD (c, 0.094 in MeOH); [@&+ 137’; [a&+ 
1815”; (@]2,3 - 1283”; [@ltts - 791’. 

The oxime, prepared from the keto-lactone-ester with 
hyd~xyiamine hydrochloride in pyridine, crystallized 
from methanol as needles, m.p. 237-239” (decomp.). 
(Found: N,4.3%. C,,H,,O,N requires: N, 4.3%). 

Brominati(~n und dehydro~r[~minari~ln of the met~yf 
ester of the keto-lactone-acid (16). The methyl ester of 
16 (235 mg) in HOAc (10 ml) was treated dropwise with 
Br, (121 mg) in ether (2.5 ml) at room temperature. 
Dilution with water, and isolation with ether, gave the 
bromoketone as an oil (290 mg). NMR: s, 1.03, 3.65 
(tertiary Me, CO,Me); q, 5-19 Wup 20 Hz (C 7-H); hr 
s, 4.74 (C 19-H,). The crude bromoketone (290mg) in 
DMF (15 ml) was heated at 100” with LiBr (0.8 g) and 
L&CO3 (O+g) for 16h under Nr. The mixture was 
poured into water and extracted with ether to give the 
A*-keto-lactone-ester (17, 158 mg) which crystallized 
from THF-light petroleum as plates m.p. 115-l 17”. 
(Found: C, 66.0: H, 7.1. C,,H,,O, requires: C. 66.6: H, 
7.2). v,,,~ 1785, 1740, 1673 ct+-(y-hone, ester, ‘og- 
unsatu~ted ketone). h,,. 225 nm (E, 7.000). NMR: s. 
0.95, 3-65 (tertiary ‘Me;“CO,Me); AB, d, 4-50; &, 4.27; 
J 9 Hz (C 19-H,): AB, 8, 6.91; & 6.05, J 10 Hz (C 6-H, 
C 7-H). 

Treatment of the A*-keep-IQctone-esier (17) with NaOH. 
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and NMR spectra were identical with those of the ester 
of 15. The product in THF (20ml) was boiled with 
LiAlH, (0.15g) for 2 h. Isolation with ether gave the 
trio1 (23, 75 mg) which separated from THF-light petrol- 
eum as plates, m.p. 182-185” varying with the rate of 
heating, [c&-31” (c, 1.2 in EtOH). (Found: C, 71.3; 
H. 9.5. C,,H,,OI requires: C, 71.4; H, 9.6%). (ii). The 
hydroxy-lactone (10, 187 mg) in THF (50 ml) was boiled 
with LiAIH, (180 mg) for 3.5 h. The product (180 mg), 
isolated in the usual way with ether, crystallized from 
THF-light petroleum as plates, m.p. and mixed m.p. 
183-185”. 

ent-l5,16-Epoxy-l9-hydroxy-13(16),14-clerodadiene- 
17-nirrile-l8-oic acid 18 + 19 lacrone (27). The oxime, 
prepared from the lactone-aldehyde 14 with hydroxyl- 
amine hydrochloride in pyridine at room temperature 
overnight crystallized from aqueous MeOH as needles, 
m.p. 216-218” (decomp), (Found: N, 3.9. C&,,O,N 
requires: N, 4.1%). The oxime (36Omg) was boiled in 
Ac,O (15 ml) for 5.5 h. Isolation with ether and crystal- 
lization from MeOH (charcoal) gave the lacfone-nitrile 
(27) as prisms, m.p. 173-175”. [ah,- 18” (c, 1.2). (Found: 
N, 4.2. C,,,H,,O,N requires: N, 4.3%). Y,,,~~ 2230, 1785 
cm-l (C-N, y-lactone). NMR: s, 0.92 (tertiary Me); 
AB gA. 4.36, Se 4.21. J 9.5 Hz (C 19-H,); 7.37. 7.26. 
6.30 (furan H,). 

ent-17,19-Dihydrox~-15,16-ep~~~-3a-me~~~~x~-13(16). 
14_c/erodadien- I8-oic acid 18 + 19-lacrone (2s). The 
acetoxy-hydroxy-acid (1) in MeOH was methylated 
(CH,N,), to give the methyl ester as a resin. v,,, 3450, 
1740. 1700 cm-* (OH. acetate. CO..Me). NMR: 1. 6.75, 
J 3 Hz (C 3-H);‘s, 0.88 (tertiary Me): s. 2.01 (0Ac)f 
s, 3.73 (CO,Me); m, 7.35, 7.22, 6.29 (furan H,): AB 
6, 4.09, 6a 3.75, J 11 Hz (C 19-H,); m 4.45-340 (C 
17-H&. 

The methyl ester (2.10 g) in MeOH (70 ml) was heated 
under reflux with NaOMe (from 5.5 g Na) for 34 h under 
NI. Water 5 ml) was added and the solution was heated 
under reflux for a further 2.5 h. The mixture was poured 
into water, acidified and extracted with ether. The 
ether extract was washed with NaHCO, solution, 5% aq 
K2C03, water, and the solvent removed to give the 
hydroxy-methoxy-lactone (25, I. 18 g) which crystallized 
from acetone-light petroleum as prisms, m.p. l57-159”, 
[c&+7’ (c. 2.1). Found: C, 70.0; H, 8.5. C2,H3005 re- 
quites: C. 69.6; H, 8.3%). Y,,,~ 3620, 1775 cm-l (OH, y- 
lactone). NMR: s, 064 (tertiary Me); s, 3.36 (OMe): 
d, 2.04, J 9Hz (C 4-H); s, 4.18 (C 19-H,); m, 7.33, 
7.20,6.27 (furan H,). 

Tosykatiun of the luctone-alcohol (IO). Tosyl chloride 
(0.77 g) was added to the hydroxy-lactone (10, 293 mg) 
in pyridine (IO ml) at 0”. After 4 days the product was 
isolated with ether and chromatographed on alumina 
(IO g). Elution with benzene-light petroleum (I : I) and 
benzene gave the lactone rosy/ate 26 (380mg). Re- 
crystallization from acetone-light petroleum gave 
needles, m.p. 121-123”. [c&,-25” (c, 1.5). (Found: 
C. 66.5; H, 7.2; S, 7.0. CP,HBIOBS requires: C, 66.6; 
H, 7.0; S, 6.6%). NMR: s. 0.59 (tertiary Me); s, 2.45 
(ArMe); AB, kk4.25. &, 4.15, J 9.5 Hz (C 19-H,); AB of 
ABX, 6., 4.15, 6~ 3.75 J,,,, 10, JAx 4, JBx 7 Hz (C 17-H,); 
m, 7.3 I. 7.11, 6.18 (furan HJ; A,B,, r& 7.72, s, 7.28 
(phenyl I-L). 

ent-15,1~Epoxy-13(16),14-c/erodadiene-18,19-dio/ (24). 
The lactone tosylate (26, 660 mg) in THF (50 ml) was 
heated under reflux with LiAIH, (I.0 g) for 26 h. The 
diol (24, 421 mg), isolated with ether, crystallized from 

ethyl acetate-light petroleum as plates, m.p. 141-l43”, 
[a],,-9” (c, 5.3). (Found: C, 75.4; H, 9.8. CZ0HnZ03 
requires: C, 75.0; H, 10.1%). Y,,, 3625, 3450. NMR: 
s, 0.75 (tertiary Me); d. 084, J 5.5 Hz (set Me) s. 3.85 
(C 19-H& AB of ABX. 8, 3.93, 8a 3.39 JAB 11.5. JAX 

- I, JBX 3.5 Hz (C 18-H,); m, 7.36,7.22,6.27 (furan HJ. 
Exrruction of Dodonaea attenuata oar. linearis. Leaves 

and terminal branches of D. attenuata var. linearis 
(7.6 kg). collected 8 miles south of Coolgardie, W.A. in 
October 1963, were dried, milled, and exhaustively 
extracted with cold ether. The combined ether extracts 
were washed with 8% aq NaHCO, and then 5% aq 
NaOH. Recovery into ether of the acids from the 
NaHCO, solution gave a resin. After washing with a 
little ether and filtration, 58 g of a crystalline solid was 
obtained, part (5.5 g) of which was methylated (CH,N,) 
and the product (5.2 g) chromatographed on acid washed 
AltO:, ( I50 g). Elution with benzene-light petroleum (I : I) 
and benzene gave ent- 15,16-epoxy- l9-hydroxy-3,13( 16). 
l4-clerodalrien- 18-oic ucid 18 + 19-kucrone (6. 2.25 g). 
Recrystallization from EtOH gave plates m.p. 119-l 20”. 
[ah,- 156” (c, 1.3). (Found: C, 76.6; H, 8.4. C,,,H,,O, 
requires: C, 76.4; H, 8.3%). urn._ l775cm-‘. NMR: s, 
0.61 (tertiarv Me): d. 0.87. J 6 Hz (set Me): AB. 6, 
4.30, 6, 3.92, J 8.Hz (C 19-H& q. 6:74 WI,*- i I Hz (C 
3-H); m. 7.35. 7.22.6.26 (furan H,). Elution with benzene- 
ether gave tnelh~l ent- 15,16-epoxy- l9-hydroxy- 1.3,13( 16) 
l4-clerodcrtetraen- I I-ocrre (29, 2.3 g). Recrystallization 
from aqueous MeOH gave plates, m.p. 96-97, [a],, 
-233” (c, 1.4). (Found: C, 72.9; H, 8.1. C,,H,,O, re- 
quires: C, 73.2; H. 8.2%). Y,,,,,% 3470, 3045, 1695 cm-l 
(OH. -CH=CH-. ester carbonvl NMR: s. 0.85 
(tertiary Me); d, 0.86, J 5.5 Hz (set Me): s, 260 (C IO-H); 
s. 3.77 (CO,Me and C 19-H,): d 6.17. J 3 Hz (C 1-H). 
C 2-H);‘& 6:85, J 3 Hz (C 3-Hj; m, 7.3i, 7.17,6.il (rut& 
HZ). 

The 5% NaOH soluble part of the original ether extract 
was recovered into ether which was washed successively 
with 8% aq NaHCOs, 5% aq Na&O,, and 5% aq NaOH. 
Recovery of the acids from the Na&Os solution with 
10% HCI and ether gave a resin which partially crystal- 
lized on standing. Washing with a little ether and recrystal- 
lization of the residue from EtOH gave 5,7-dihydroxy- 

3,4’.6-trimethoxyjaoone (32, 7 g) as yellow needles, m.p. 
164-165”. (Found: C. 62.4: H. 4.7. C,,H,.O, reauires: 
C, 62.8; H,‘4.7%). The flavone.gave a green cblour with 
ferric chloride and a red colouron reduction with Mg/HCI. 
hkyz 273 nm. log z 4.31; 341 nm, loge 4.29. A~~~‘snua 
276 nm. log c 4.46; 296 nm (sh), log e 4.34; 378 nm. log e 
4.12. 

ent-15,l6-&~oxy-19-h.vdroxy-3,13( 16),14-clerodatrien- 
18-oic (3). The lactone (6, 5.79 g) in t-butanol (70 ml) 
was boiled with NaOH (5 g) in water (20 ml) for 8 h. 
After distillation the acidified residue was extracted with 
CHCI, to give the hydroxy-acid (3, 5.3g). Recrystal- 
lization from EtOH gave needles, m.p. 183-184” [a],, 
- 105” (c. 1.4). (lit.* for hautriwaic acid, m.p. 182-184”, 
I& - 1049. (Found: C, 72. I ; H, 8.5%. C&IZBO, requires: 
C, 72.3; H, 8*5%.). NMR: (C,H,N) s, 0.83 (tertiary Me); 
d. 0.79 (set Me): AB, 6, 444, 6a 4.07, J 10.5 Hz (C 
19-H& m, 6.46 (C 14-H). 

Reduction of the hydroxy-acid (3) wirh sodium in 
ethanol. The hydroxy-acid (3, 2 g) in boiling EtOH was 
reduced by dissolution of Na (50 g). The product (40 g) 
was chromatographed on acid washed alumina (100 g) 
and elution with benzene-light petroleum (1: 1) and 
benzene gave ent-IS,16epoxy-l9-hydroxy-13(16),14- 
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clerodadien- IS-oic acid 18 + 19.lactone (19, I *71 g) 
which crystallized from MeOH as needles m.p. and mixed 
m.p. 96-979 Elution with ether gave a crystalline acid 
( 15 g) m.p. 165- 170 which could not be purified. 

Di-imide reduction of the &tone (6). The la&one (6, 
222 mg) in diglyme (20 ml) was boiled with tosyl hydra- 
zide (l-S& and NaOAc (2.Og) for 1 h. Isolation with 
ether and crystallization from aq MeOH gave the 
dihydro-lactone (19, 161 mg) as needles m.p. and mixed 
m.p. 9697”. 

ent-15,16-Epoxy-19-hyd~~~xy-1,3,13(16),14-cler~~du- 
ferraen-18-oic acid (28). The hydroxy-ester (29, l-25 g), 
t-butanol (40 ml), NaOH (I6gf, in water (5 ml) were 
heated at 100” for 4.5 h. The solution was concentrated 
under reduced pressure, and extrdcted with ether. Acidi- 
fication of the aqueous layer and ether extraction gave 
the hydroxy-acid (28 I .2 g). Recrystallization from 
EtOAc-light petroleum gave needles, m.p. 161-163”. 
[aIn- 153” (c, 1.5). (Found: C, 72.25; H, 8,l. &,H,,O, 
reauires: C. 72.7: H, 79%). h,,, 286 nm. (c 9208). NMR: 
(C;H,N): s; 0.82 (tertiary .Me);-d, 0.79 (set Mej; s, 4.1 I 
(C 19-H,) d. 6.15. J 3 Hz (C 1-H. C 2-H): s. 2.69 (C 
10-H); rny6.42(C 14-H). ” 

Tosyfurion of the hydroxy-ester (29). The hydroxy- 
ester (29, 946 mg) was treated with TsCl/C,H,N for 
2 days. The neutral product (30, I*26g), isolated with 
ether crystallized from MeOH as needles, m.p. 108-109” 
(decomp.) A,,, 290 nm, (f 5500). pmax 3045, 1720 cm-’ 
(--CH=CH-, ester carbonyl). NMR: (CCI,); s, O-79 
(C S-Me. C g-Me): s. 240. (Ar-CH,): s, 355 (CO*Me; 
s, 2.50 (C lo-H)‘& 4.13 (d 19-H,);‘m, 608.(C -l-H, 
C 2-H, C 14-H); m, 7.09, 7.25 (furan H,); A,B, fii\ 762; 
SRI 7.25 (phenyl H,). 

LiAlH, redaction of the ester-fosylafe (30). The ester- 
tosylate (30, 936 mg) in THF (50 ml) was treated with 
LiAlH, (0.4g) under reflux for 18 h. Chromatography 
of the product on alumina f 15 g) and ehtion with benzene- 
light petroleum (1 : 1) gave the alcohol (31) as a resin 
(487 mg). A,, 209 nm -(e 8200). ymax 3630, 3055,303O 
cm-’ (OH. cyciopropyl C-H, -CH==CH-). NMR: 
(Ccl,); s, 0.73 (tertiary Me); d, 0.86, J 5 Hz (set Me); 
d, 0.14, J 4.5 Hz (C 19-H); AB, 8,, 3.61, s, 3.52,5 1 I.5 Hz 
(C 18-H.): m. 5.59 W,,, 4.5 Hz (C 1-H. C 2-H): m, 7.25, 
7~13,6~16(fur&H,). “* . ‘. 

The p-nitrahenzoure, prepared with p-nitrobenzoyl 
chloride in pyridine, crystallized from ether-methanol 
as cream needles, m.p. 152-155”, [a]“+ 15” fc. 1.3). 
(Found: C, 71.8; H, 7.0; N, 3.0. C,,H,,O,N requires: 
C, 72.1; H, 7.0; N, 3.1%). vrnax 3040, 1730cm-l (-CH 
=CH-, ester carbonyl). NMR: (CCL,); s, 0.75 (tertiary 
Me); d, 0.88, J 5 Hz (set Me); d, 0.38, J 5 Hz (C 19-H); 
AB, 6, 4.51; 8” 4.28, J 12Hz (C IS-H,); m, 7-25, 7.13, 
6.17 (furan H,); br s, 8.19 (ArH& 

Di-imide reduction of the hydroxy-ester (29). The 
hydroxy-ester (29,265 mg) in diglyme (20 ml) was heated 
under reflux with tosyl hydrazide (2eOg) and <anhydrous 
NaOAc (3aOa) for I.5 h. The solution was cooled, 
poured into water and extracted with ether. The ether 
extract was washed thoroughly with water and the 
solvent removed to give an oil (260mg) which was 
filtered through alumina (20g) in benzene to give the 
&tone (19, 216 mg). Recrystallization from ben- 
zene-light petroleum gave plates, m.p. and mixed m.p. 
95-96”. 

room temperature for 2 h. The solution was poured into 
ice water and the product isolated with ether to give 
5,7-diacetaxy-3,4’,6-trimethoxyjuuone (33) which crystal- 
lized from EtOH as needles, m.p. 170-17 1”. (Found: C, 
61.7; H, 5.0. CnHZoOe requires: C, 61.7; H. 4.7%). 
NMR: s, 3.89, 3+8Y, 3.79 (3 x OMe); s, 2.53. 2.38 (2 X 
OAc); s. 7.25 (C 8-H); A,B*, 8, 8.04; 8s 7.01 (phenyl 
H,). 

Partial methyiation of 5,7-dihydroxy-3,4’,6-trimethoxy- 
flauone (32). The flavone (32, 250 mg) in MeOH (30 ml) 
was treated with CH,N, in ether at 0” for 2 h. The 
solvent was removed, the residue taken up into CHC& 
the solution repeatedly washed with 1% NaOH and then 
water. The CHCI, extract was dried and evaporated to 
give 5-hydroxy-3,4‘,6,7-tetramethoxytlavone (96 mg) 
which crystallized from ethanol as yellow plates, m.p. 
and mixed m.p. with authentic material from Dodonaea 
10butara,*~ 172-173”(lit.l:S m.p. 173-174’). 

Ethylation of 5,7-dihydroxy-3,4’,6_trimetho~fluvone 
(32). The flavone (32, 1.35 g) in acetone f 100 ml) was 
heated under reflux with anhydrous K&O, (IO g) and 
diethyl sulphate (6 ml) for 5 days. Acetic acid (3 ml) was 
then added dropwise and reflux continued for a further 
4 h. The solution was concentrated, poured into water 
and extracted with CHC&. Removal of the solvent gave 
a semicrystalline residue (I .4g) which was taken up in 
ether and filtered through alumina (4Og). The eluate 
(I +I g) crystallized from benzene-light petroleum to give 
5,7-djezho~-3,4’,~rr;methoxy~avone (34) as needles, 
m.p. 123-124”. (Found: C, 66.4: H, 6.5. C,,H,,O, re- 
q&es: C, 66.0; H, 605%). NMR: t, l-53 (6 x H) and q 
4.20 (4X H) J, 7 Hz (2 x OEt); s, 3.91, 3.88, 3.85 (3 x 
OMe); s, 6.72 (C 8-H). A*B2, & 806, 8s 7.01 (phenyl 
HJ. 

Atknline degradation of 5,7-diethoxy-3,4’,6-trimethoxy 
&vone (34). The diethyl ether (34, 562 mg) in ethanol 
(25 ml) was heated under reflux with NaOH (5 g) and 
water (5 ml) for 20 h under Nz. The product was poured 
into water and the solution acidified, saturated with 
NHICI and extracted with ether. The ether extract was 
washed with 8% NaHCO, solution, water, and the sol- 
vent was removed to give a fraction (0*3g) which was 
taken up in light petroleum and chromatographed on 
alumina. Elution with light petroleum and benzene gave 
2,4-diethoxy-6hydroxy-w,3-dimethoxyacetophenone (282 
mg) which crystallized from light petroleum as prisms 
m.p. and mixed m.p. with authentic material,” 65-66”. 
This compound was also obtained as needles m.p. 56-57” 
changing to prisms m.p. 65-66’. (lit.” m.p. 60-62”). 
Recovery of the acids from the NaHC4 extract gave 
p-methoxybenzoic acid (194 mg), m.p. and mixed m.p. 
183-184”. 
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