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Preparation of Some Kaurenolides f rorn 7.1 8-Dihydroxykaurenolide 

By James R. Hanson and Fahmi Y. Sarah, The School of Molecular Sciences, University of Sussex, Brighton, 

The preparation of 7-hydroxy-, and 18-hydroxy-kaurenoIide, the corresponding 18-methyl esters, and 7P-hydroxy- 
18-norkaurenoIide, from 7,18-dihydroxykaurenolide is described. 

Sussex BNl 9QJ 

7,18-DIHYDROXYKAURENOLIDE (1) iS the major neutral 
kaurenolide metabolite of Gibberella fajikuroi strain 
ACC 917. It is accompanied by smaller amounts of 7P- 
hydroxykaurenolide (2) .2 Other kaurenolides such as 
3p,7f3-dihydroxykaurenolide,3.4 78,l l  oc-dihydroxykauren- 
olide, and 4p,7p-dihydroxy-l8-norkaurenolide have been 
detected in different strains of the fungus. In  connec- 
tion with biosynthetic studies on the neutral metabolites 

( 1 )  R' = C H ~ ~ H ,  R*=OH (11) R = CHZCl 
(2 )  R' = Me, R2=OH (15) R = CH,OTr 
(3) R' = CHzOH, R2= H 
(4) R' = COzMe, R2= OH 
(5) R1 = COzMc, R 2 = H  
(6) R' = H ,  R 2 = O H  
(71 R' = CH~OTS, R ~ = O H  
(8 )  R' = CH4 , R2=OH 
(9) R' = CHzOMs, R2=OMs 

(12)' R' = CH2CI, R2=OH 
(13) R1 = CHzOTr, R2=OH 
(14) R' = CHZOTr, R*=OTs 
(18) R1 = CH20fr, R2 = H 
(19) R' = CH20H, R Z =  OAc 
(20) R1 = CH2OAc. R2=OAc 
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TrOC"2 COzMe 
(10) R' CH, , RZ=OMs 
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(21) R1 = CO,Me, R2=OAc TtOCH2 
COfle 
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of G. fujikuroi, we have prepared 7 p-hydroxykaurenolicle 
(2) , 18-hydroxykaurenolide (3), the corresponding 18- 
methyl esters (4) and (5 ) ,  and 7p-hydroxy-18-norkauren- 
olide (6) from the more readily available 7,18-dihydroxy- 
kaurenolide (1). These preparations, which form the 
subject of this paper, necessitated the chemical distinc- 
tion between the equatorial C-18 primary alcohol and 
the axial C-7 secondary alcohol. Reaction conditions 
had to be chosen to avoid the ready A16-A15 double-boncl 
isomerization. 

Treatment of 7,18-dihydroxykaurenolide with toluene- 
9-sulphonyl chloride in pyridine afforded an 18-mono- 
toluene-P-sulphonate (7) .l When an excess of toluene- 

$-sulphonyl chloride was used, a 7,18-bistoluene-$- 
sulphonate was formed. Reduction of the l&toluene-~- 
sulphonate (7) with sodium iodide and zinc dust 
afforded 7~-hydroxykaurenolide (2) directly. Alter- 
natively when the toluene-$-sulphonate was treated with 
sodium iodide in acetone, an 18-iodo-lactone (8) was 
obtained which was reduced in high yield with tri-n- 
butyl tin hydride 7 to afford 7p-hydroxykaurenolide (2). 
The reaction with methanesulphonyl chloride was less 
selective and only a 7 , 18-dimethanesulphonate was 
obtained. However the 7-methanesulphonate in (9) 
was more hindered than C-18 and reduction of this 
with sodium iodide and zinc dust gave only the 7p- 
met hanesulphonate of 7 p-hydroxykaurenolide (10). 

When 7,18-dihydroxykaurenolide was treated with 
triphenylphosphine in carbon tetrachloride containing 
pyridine,* two chloro-compounds were isolated. The 
n.m.r. of the first of these (11) contained a one-proton 
olefinic doublet (6  5.1) showing long-range coupling ( J  2 
Hz, established by spin-decoupling experiments) to  H-5 
( 8  2.39). The i.r. spectrum (vmaX. 1790 and 1690 cm-l) 
was typical of an enol-lactone. The second compound 
was formulated as 18-chloro-7-hydroxykaurenolide (12) 
on the basis of spectroscopic data [v,,,. 3 530 (OH) and 
1760 cm-1 (y-lactone), 6 3.5 and 3.62 ( J  12 Hz, C- 
CH,Cl)]. When it was reduced with tri-n-butyltin 
hydride, it also gave 7Q-hydroxykaurenolide (2) in 
good yield. 

1 8-Hydroxykaurenolide (3) was prepared in the 
following manner. The primary alcohol was protected 
as its 18-trityl ether (13). Treatment with toluene-p- 
sulphonyl chloride gave the 7-mono-t oluene-P-sulphonate 
(14). This however could not be reduced with zinc and 
sodium iodide. Treatment of the 18-trityl ether with 
triphenylphosphine and carbon tetrachloride gave the 
enol-lactone (16) (6 7-H, 5.13, J 2 Hz coupled to  the 5-H, 
6 2.2; v,,,,~. 1 800 and 1 700 cm-l). The enol-lactone was 
hydrolysed with sodium methoxide to the 6-keto-ester 
(16) of undefined stereochemistry at C-5. This was 
reduced with sodium borohydride to afford the unstable 
Ga-alcohol (17). The reduction of the kauranoid 6- 
ketones by sodium borohydride has been shown to occur 
from the less-llindered P-face of the molecule.9 Pyro1ysjs 
of the and cllromatography of the product gave, 
in good yield, a separable mixture ~8-hy~Toxy- 
kaurenolide (3) and its 18-trityl ether (18). The trity) 
group was hydrolysed with acetic acid, Surprisingly tfle 
11YdroxY-absorPtion of 18-hydroxykaurenolide lay under 
the N O 1  C-H band. I n  order to confirm the presence 
Of a IlY(lroXY-Voup in the compounc1, it was acety- 
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lated to form the 18-monoacetate. Oxidation of the 
18-alcohol with the 8~-chromium trixode reagent gave 
the 18-acid which was purified as its methyl ester (5).  

Previous work had shown that C-7 is oxidized more 
rapidly than C-18. Hence the preparation of the 18- 
methyl ester (4) involved protecting C-7 as its acetate. 
This was achieved by acetylation of the 18-trityl ether 
(13) and then removal of the C-18 protecting group with 
acetic acid. Apart from the 7p-monoacetate (19), the 
known 1 7,Wdiacetate (20) was also isolated from this 
reaction. Subsequently we found that the 7p-mono- 
acetate (19) could be obtained in high yield by partial 
hydrolysis of the 7,Wdiacetate (20) with sodium 
hydrogen carbonate. Oxidation of this monoacetate 
with 8~-chromium trioxide and methylation of the 
resultant acid with diazomethane, gave the 7p-acetoxy- 
18-methyl ester (21). Hydrolysis of this compound 
with sodium carbonate in methanol gave the 7p-hydroxy- 
18-methyl ester (4) in the neutral fraction. The acid 
fraction contained a mixture of the 7p-acetoxy- and 7p- 
hydroxy-18-acids which were separated as their methyl 
esters. Treatment of the methyl ester (4) with sodium 
carbonate and then boiling the acid fraction with water, 
gave 7p-hydroxy-18-norkaurenolide (6). The earlier 
method of preparing this by pyrolysis of 7,18-dihydroxy- 
kaurenolide afforded a mixture of Ax5 and A16 double- 
bond isomers. Thus the differing reactivity of the 7- 
and 18-hydroxy-groups of 7,18-dihydroxykaurenolide, 
can be utilized to  make available less readily accessible 
kaurenolides. 

EXPERIMENTAL 

General experimental details have been described pre- 
viously.10 The bistoluene-p-sulphonate of 7,18-dihydroxy- 
kaurenolide was prepared by treatment of 7,18-dihydroxy- 
kaurenolide with an excess of toluene-p-sulphonyl chloride 
for 1 week. It crystallized from ethyl acetate-light 
petroleum as needles, m.p. 155-154 "C (Found: C, 64.0; 
H,  6.4. C,,H,,O,S, requires C, 63.7; H, 6.3y0), vmx. 
1 775, 1 595, 890, 850, 810, and 6ti5 cm-l; 6 0.90 (3 H, s), 
2.05 (1 H,  d, J 7 Hz, 5-H), 2.44 (6H, s, Ar-CH,), 3.83 (2 H, s, 
18-H), 4.48 (1 H,  t, J 7 Hz, 6-H), 4.89and 5.01 (2 H,  br, d, 

(2 H, d,  J 9 Hz), and 7.79 (2 H,  d, J 9 Hz). 
Reduction of the Toluene-p-sulphonate of 7,18-Dihydroxy- 

kaurenolide with Sodium Iodide and Zinc Dust.-The tolu- 
ene-p-sulphonate (7) (100 mg) was heated with a mixture of 
dry sodium iodide (300 mg) and zinc dust (300 mg) in dry 
dioxan (100 ml) for 3 days under reflux. The mixture 
was filtered and the solvent evaporated. The residue was 
chromatographed on silica. Elution with 17% ethyl 
acetate-light petroleum gave ent-7a-hydroxykaur-16-en- 
19,6P-olactone * (60 mg) as needles, m.p. 186-187 "C (lit.,, 
187-188 "C), which was identified by its i.r. and n.m.r. 
spectra. 

Reaction of the 18-Toluene-p-sulphonate of 7,18-Dihydroxy- 
kaurenolide with Sodium Iodide.-The toluene-P-sulphonate 
(7) (100 mg) in dry acetone (30 ml) was heated with dry 
sodium iodide (500 mg) for 1 day under reflux. The acetone 
was evaporated, water was added, and the product was 

* Named as ent-68,7a-dihydroxykaur- 16-en-19-oic acid 19-6p- 
lactone in refs. 1,4. 

17-H,), 5.29 (1 H, d, J 7 Hz, 7-H), 7.30 (4 H, J 9 Hz), 7.68 

extracted with ethyl acetate. The extract was washed 
with 10% sodium thiosulphate solution and water and then 
dried (Na,SO,). The solvent was removed and the gummy 
product chromatographed on silica. Elution with 15% 
ethyl acetate-light petroleum gave ent-7a-hydroxy- 18-iodo- 
kaur- 16-en-19,6P-olactone (8) (70 mg) which crystallized 
from acetone-light petroleum as needles, m.p. 151-152 "C 
(Found: C, 54.3; H, 6.1. C2,,H,,IO3 requires C, 54.3; 
H, 6.1y0), vmye 3 580, 1 765, 865, and 720 cm-l; 6 0.88 
(3 H,  s, 20-H,), 2.0 (1 H,  d, J 7 Hz, 5-H), 3.23 and 3.40 (2 
H,  AB q, J 11 Hz, 18-H2), 4.38 (1 H I  d, J 7 Hz, 7-H), 4.58 
(1 H,  t, J 7 Hz, 6-H), and 4.88 and 5.0 (2 H,  br, d,17-H,). 

Reduction of the Iodo-lactone (8) with Tri-n-butyltin 
Hydride.-The iodo-lactone (100 mg) in dry freshly re- 
distilled tetrahydrofuran (30 ml) was heated with tri-n- 
butyltin hydride (150 mg) for 0.5 h under reflux. The 
mixture was cooled and the tetrahydrofuran was evapo- 
rated. Water was added and the product was recovered in 
ethyl acetate and chromatographed on silica. Elution with 
20% ethyl acetate-light petroleum gave 7p-hydroxykaureno- 
lide (65 mg) as needles, m.p. 184-186 "C (lit.,, 187-188 "C), 
identified by its i.r. and n.m.r. spectra. 

Reduction of the Bismethanesulphonate (9) with Sodium 
Iodide and Zinc.-The bismethanesulphonate of 7,18- . 
dihydroxykaurenolide, prepared with methanesulphonyl 
chloride in pyridine, was a glass, m.p. 72-75 "C (Found: 
C, 54.2; H, 6.6. C,,H,,O,S, requires C, 54.0; H, 6.6%), 
vmx. 1775, 1 175, and 860 cni-l; 6 1.00 (3 H,  s, 20-H), 
2.18 (1 H,  d ,  J 7 Hz, 5-H), 3.02 and 3.12 (3 H each, singlets, 

4.88 and 5.0 (2 H,  br, d,  17-H), and 5.26 (1 H, d,  J 7 Hz, 
7-H). The methanesulphonate (9) (220 mg) was heated 
with a mixture of dry sodium iodide (800 mg) and zinc 
dust (800 mg) in dry dioxan (100 ml) for 1 week under 
reflux. The mixture was filtered and the dioxan was dis- 
tilled off. The gummy product was chromatographed on 
silica. Elution with 20% ethyl acetate in light petroleum 
gave the methanesulphonate ( 10) of 7P-hydroxykaurenolide 
(120 mg) which crystallized from ethyl acetate-light 
petroleum as needles, m.p. 217-219 "C (Found: C, 64.1; 
H, 7.65. C2,H,,0,S requires C, 64.0; H, 7.7y0), vmx. 1 775, 
1655, 1 162, and 862 cm-l; 6 0.94 (3 H, s, 20-H), 1.31 

SO,CH,), 4.76 (1 H, t ,  J 7 Hz, 6-H), 4.83 and 5.0 (2 H, br, 
d,  17-H), and 5.31 (1 H, d, J 7 Hz, 7-H). 

Reaction of 7,18-Dihydroxykaurenolide with Carbon Tetra- 
chloride and Triphenylphosphine.-The kaurenolide ( 1 g) , 
carbon tetrachloride (100 ml), I add pyridine (5 ml) were 
mixed and hlehted with triphenylphosphine (2 g) for 90 min 
under reflux. The mixture was concentrated in vacuo. 
Dilute hydrochloric acid was added and the product was 
recovered in ether and chromatographed on silica. Elution 
with 6% ethyl acetate-light petroleum gave ent-18-chloro- 
kaur-6,16-dien-19,6-olactone (100 mg) which was recrystal- 
lized from ethyl acetate-light petroleum as needles, m.p. 
243-244 "C (Found: C, 72.1 ; H, 7.5. C,,H,,C10, requires 
C, 72.2; H, 7.5%), v,,,. 1 790, 1 690, 885, and 730 cm-1; 
6 0.8 (3 H,  s, 20-H), 2.39 (1 H,  d, J 2 Hz,  5-H), 3.5 and 3.63 
(2 H, ABq,  J 11 Hz, 18-H), 4.79 and 4.93 (2 H,  br, d ,  17-H), 
and 5.1 (1 H, d ,  J 2 Hz, 7-H). Irradiation at 6 5.1 caused 
the doublet a t  6 2.39 to collapse to a singlet. Further 
elution with 15% ethyl acetate-light petroleum gave ent- 
18-chloro-7a-hydroxykaur- 16-en- 19,6P-oZactone (650 mg) 
which recrystallized from ethyl acetate-light petroleum as 
needles, m.p. 193-195 "C, (Found: C, 68.4; H, 7.5. 

SO,CH,), 4.2 (2 H, S, 18-H), 4.91 (1 H,  t, J 7 Hz, 6-Hf, 

(3 H, S,  18-H), 1.83 (1 H, d ,  J 7 Hz, 5-H), 3.13 (3 H, S, 
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C2,H2,C10, requires C, 68.5; HI 7.7%), v,, 3 530, 1 760, 
1 650, 895, and 735 cm-l, 6 0.91 (3 H, s, 20-H), 2.12 (1 H, d, 
J 7 Hz, 5-H), 3.5 and 3.62 (2 H, AB q, J 12 Hz, 18-H), 

and 4.99 (2 H,  br, d, 17-H). Irradiation at 6 4.63 causes 
the doublet a t  6 2.21 to collapse to a singlet. 

Reduction of the Chloro-lactone ( 12) with Tri-n-butyltin 
Hydride.-The lactone (12) (100 mg) in dry tetrahydrofuran 
(30 ml) was heated with a mixture of tri-n-butyltin hydride 
(100 mg) and azobisisobutyronitrile (5 ing) for 6 h under 
reflus. The tetrahyclrofuran was distilled in vacuo, water 
was added, and the product was recovered in ethyl acetate. 
The gummy product was chromatographed on silica. 
Elution with 207; ethyl acetate-light petroleum gave the 
7~-hyclro~~kaurenolide (2) (60 mg) which recrystallized 
from ethyl acetate-light petroleum as needles, m.p. 185- 
187 "C ( l i t . ,?  187--188 "C) and identified by its i.r. and n.m.r. 
spectra . 

Renction of 7,18-I~iJiydroxykaure1zoIide with Triphenyl- 
c11IoronaetJrnne.-The kaurenolide (6 g) i n  dry pyridine (50 
ml) was hested with triphenylchloroniethane (6 g) for 8 h on 
a boiling water-bath. The mixture was cooled and poured 
into dilute hydrochloric acid. The product was recovered 
in ethyl acetate and chromatographed on silica. Elution 
with 12.6(); ethyl acetate-light petroleum gave the 18- 
tviphenyl~iiethyl ethev ( 1.3) of 7,18-dihydroxykaurenolide 
(5 g)  which crystallized from ethyl acetate-light petroleum 
as needles, m.p. 209-211 "C (Found: C, 81.4; H ,  7.0. 
C,,H,,O, requires C, 81.5; H, 7.3%), vms. 3 598, 1763, 
1 655, 1 595, 885, 770, and 710 c1n-l; 6 0.87 (3 H ,  s, 20-H), 
1.75 (1 H, d ,  J 7 Hz, 5-H), 3.14 and 3.33 (2  H ,  AB q, J 
9 Hz, 18-H), 4.24 (1 H,  d ,  .J 7 Hz, 7-H), 4.49 (1 H,  t, J 7 Hz, 
G-H), 4.82 and 4.96 (2 H, br, ( 1 ,  17-H), and 7.28 (15-H, 111, 

Ar-H). 
The 7P-ncetute, prepared with acetic anhydride in pyricline, 

crystallized from ethyl acetate-light petroleum as needles, 
1n.p. 215-218 "C (Found: C, 79.0; H,  7.1. C.,1H&, 
requires C, 79.8; H, 7.2%). v,,,,,. 1 765, 1 740, 1 655, 1 595, 
ant1 890 ~ i i i - ~ ;  6 0.09 (3 H, s, 20-H), 2.06 (3 H,  s, OAc), 3.08 
and 3.38 (2 H,  AB q, J 9 Hz, 18-H), 4.68 (1 H, t, J 7 Hz, 
6-H), 4.86 and 4.96 (2 H,  br, d, 17-H), 5.71 (1 H ,  d ,  J 7 Hz, 
7-H), and 7.3 (15 H,  in, Ar-H). 

The 7~-toluene-p-sulpJzonate, ( 14), prepared with toluene- 
fi-sulphonyl chloride in pyridine, crystallized from methanol 
as neeclles, m.p. 185-187 "C (Found: C, 75.5; H,  6.7. 
C46H4806S requires C, 75.7; H,  6.7%), v,,,. 1 775, 1600, 
876, and 710 cm-l; 6 0.9 (3 H, s, 20-H), 2.41 (3 H, s, Ar- 
CH,), 3.04and 3.24 (2H, ABq,  J 8Hz ,  18-H), 4.57 (1 H ,  t, 
J 7 Hz, G-H), 4.84 and: 4.99 (2 H, br, d,  17-H), 5.3 (1 H, d, 
J 7 Hz, 7-H), 7.32 (15 H, m, Ar-H), and 7.42 and 7.82 (2 H 
each, cl, J 8 Hz, Ts-H). 

Reaction of the Triplzenylmetl~yl Ether ( 13) witla Triphenyl- 
PJzosphine and Carbon Tetrachloride.-The triphenylmethyl 
ether (13) (4 g)  and triphenylphosphine (4 g) in carbon 
tetrachloride (100 nil) and pyridine (5 ml) were heated for 
2 h under reflux. The niixture was then concentratedin 
vacuo, dilute hydrochloric acid was added, and the product 
was recovered in ethyl acetate. The gummy product was 
chromatographed on silica. Elution with 20% ethyl 
acetate-light petroleum gave the 18-tri~henylmethyl etlzer 
( 15) of ent- 18-hydroxykaur-6,16-dien- 19, Golactone (3.5 g) 
which crystallized from ethyl acetate-light petroleum as 
needles, n1.p. 203-206 "C (Found: C, 84.1; H, 7.15. 
C,,H,,O, requires C, 84.1; H, 7.2%), vmaS. 1800, 1 700, 
1 655, 1 603, 885, 820, 765, and 710 cn1-l; 6 0.76 (3 H, s, 

4.35 ( 1  H, d, J 7 Hz, 7-H), 4.63 (1 H, t, J 7 Hz, 6-H), 4.87 

20-H), 2.94 and 3.42 (2 H AB, q, J 9 Hz, 18-H), 4.78 and 
4.92 ( 2 H ,  br, d, 17-H), 5.13 (1 H, d, J 2 Hz, 7-H), and 7.30 
(15 H, m, Ar-H). 

Hydrolysis of the Enol-lactone ( 15) with Sodium 
Methoxide.-The enol-lactone (15) (3 g) in dry methanol 
(50 ml) was heated with freshly prepared sodium methoxide 
(from sodium, 0.35 g) for 1.5 h under reflux. The solution 
was cooled, concentrated in vacuo, and acidified with dilute 
hydrochloric acid. Water was added and the product 
recovered in ethyl acetate to afford tlie 18-triphenyZmethy1 
ether ( 16) of methyl ent- 18-hydroxy-6-oxokaur- 16-en- 19-oate 
(2.6 g) wliich crystallized from aqueous ethanol as prisms, 
m.p. 80-82 "C (Found: C, 82.4; H,  7.4. C,,H,,O, 
requires C ,  81.6; H,  7.50/,), vmaK. 1715, 1655, 1600, 876, 
742, and 700 cn1-l; 6 1.06 (3 H, s, 20-H), 2.8 (1 H, s, 5-H), 
3.22 antl 3.41 ( 2  H, ABq,.] 9Hz, 18-H), 3.53 (3 H,s,OCH,), 
4.72 and 4.83 (2 H,  br, d,  17-H), and 7.25 (16 H, in, Ar-H). 

Heductioia of tlre Ketone (1 6) with Sodiuw BoyoJydride.- 
The Jzetoize (16) (2  g) in tetrahydrofuran (50 ml) was treated 
with a suspension of sodium borohydride (3 g) in methanol 
(20 1171) for 6 11 a t  room temperature. A mixture of water 
and ethyl acetate was added and the product was recovered 
in ethyl acetate. The organic phase was washed with 
water, dried (Na,SO,), and the solvent was evaporated and 
the gummy product chromatographed on silica. Elution 
with Go4 ethyl acetate-light petroleum gave the 18-tri- 
PJtenylmetJzyZ ether ( 17) of inethyl ent-GP, 18-dihydroxykaur- 
1G-en-19-oate (1.3 g)  which crystallized from methanol as 
prisms, n1.p. 87-89 "C (Found: C, 81.5; H,  7.7. C4,- 
H,,O, requires C, 81.3; 13, 7.85%), vnlaK. 3 425br, 1700, 
1 650, 1 595, 870, 760, and 702 cm-'; 6 1.09 (3 H, s, 20-H), 
2.80 ancl 3.58 (2  H ,  AB q, J 8 Hz, 18-H), 3.75 (3 H ,  s, OCH,), 
3.02 (1 H,  in, 6-H), 4.72 (2 H, i n ,  17-H), antl 7.25 (15 H, m, 
Ar-H) . 

Pyvolysis of tlie Hydroxy-ester ( 17) .--The Iiydrosy-ester 
(17) (1  g) was heated at 220-230 "C for 1 11 under a stream 
of nitrogen. The mixture was cooled and estracted with 
ethyl acetate. The solvent was evaporated and the gummy 
product chromatographed on silica. Elution with 7 yo 
ethyl acetate-light petroleum gave the 18-tripkeizyl~netJiyZ 
ethev ( 18) of ent- 1 8-hydroxykaur- 1 &en- 19, GP-olactone (GOO 
ing) which crystallized from aqueous ethanol as prisms, 
1n.p. 145-148 "C (Found: C, 83.9; H, 7.6. C39H4203 
requires C, 83.9; H,  7.5%), v , ~ ~ .  1 770, 1 655, 1 595, 870, 
763, and 710 cm-1; 6 0.91 (3 H,  s, 20-H), 3.23 and 3.31 (2 H, 
AB q, J 9 Hz, 18-H), 4.7 (1 H,  in, 6-H), 4.8 and 4.94 (2 H, 
br, d, 17-H), and 7.28 (15 H, m, Ar-H). Further elution 
with 300/, ethyl acetate-light petroleum gave ent-18- 
hydroxykaur- 16-en- 19,6p-olactone (3) (200 mg) which crystal 
lized from ethyl acetate-light petroleum as needles, m.p. 
217-219 "C (Found: C, 75.75; H, 8.8. C2,H2803 requires 
C, 76.0; H,  8.9%), v,,,. 1 754, 1 650, and 875 cm-l; 6 0.98 
(3 H, s, 20-H), 3.66 (2 H,  in, 18-H), 4.8 (1 HI m, 6-H), 
and 4.96 (2  H ,  111, 17-H). The acetate, prepared with acetic 
anhydride in pyridine, was a guin (Found: hZ+ 358.214. 
C2,H3,04 requires M f  358.214), v,,,. 1750br 1650, 1230, 
1 040, and 880 c1ii-l; 6 0.96 (3 H,  s, 20-H), 2.06 (3 H,  s, 
OAc), 4.1 (2 H, s, 18-H), 4.81 (1 H I  in, 6-H), ancl 4.81 and 
4.93 (2 H I  br, cl, 17-H). 

Hydrolysis of the 18-Triphenylmethyl Ether (18) .-The 
triphenylniethyl ether (18) (500 mg) was heated in acetic 
acid (10 nil) under reflux for 20 min. The mixture was 
cooled, poured into aqueous sodium hydrogen carbonate, 
and the product was recovered in ethyl acetate. The 
extract was washed with water, dried, and the solvent 
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evaporated to afford a gum which was chromatographed on 
silica. Elution with 30% ethyl acetate-light petroleum 
gave ent-18-hydroxykaur-l6-en-19,6~-olactone (250 mg) 
which crystallized from ethyl acetate-light petroleum as 
needles, m.p. 217-219 "C, identified by its i.r. and n.m.r. 
spectrum. 

Oxidation of the 18-Hydroxykaurenolide (3) .-The lactone 
(3) (25 mg) in acetone (5 ml) was treated with the 8 ~ -  
chromium trioxide reagent (0.5 ml) for 20 niin a t  0 "C. 
Methanol was added and the solution was concentrated in 
vacuo. The mixture was diluted with water and the product 
was extracted with ethyl acetate. The extract was washed 
with water, dried (Na,SO,), and the solvent removed a t  room 
temperature. The gummy product was treated with ether- 
eal diazomethane. The ether was evaporated and the 
product chromatographed on silica. Elution with lO"4, 
ethyl acetate--light petroleum gave ent- 18-metlioxycarbonyl- 
kuur- 16-en- 1 !), GP-olactone (5) ( 16 mg) which crystallized 
from methanol as needles, m.p. 115-117" (Found: C, 
73.4; H, 8.3.  C,,H,,O, requires C, 73.2; H, 8.1yo), v,,,,~. 
1 780, 1 730, 1 235, 1000, and 880 cm-l; 6 0.92 ( 3  H ,  s, 

(1 H, m, 6-H), and 4.8 and 4.92 (2 H ,  br, d ,  17-H). 
Hydrolysis of the 18-Triphenylmetkyl Ether of ent-7a- 

A cetoxy- 18-hydvoxykaur- 16-en- 19,6~-olactone.-The ether ( 1 
g )  was heated under reflux with acetic acid (10 ml) for 45 
niin. l'he mixture was cooled and the excess of acetic acid 
was distilled off under reduced pressure. A niixture of 
water and ethyl acetate was added and the product was 
recovered in  ethyl acetatc. The organic phase was washed 
witli water, dried, and the solvent evaporated to afiord a 
gum whicli was cliromatograplied on silica. Elution with 
20-25°4, ethyl acetate-light petroleum gave 7,18-diacetoxy- 
kaurenolide (400 mg) which crystallized from ethyl acetaie- 
light petroleum as needles, m.p. 197-198 "C (lit.,l 197- 
202 "C), identified by its i.r. and n.ni.r. spectra. Further 
elution with 30(j/,  ethyl acetate-light petroleum gave ent- 
7a-aceton.y- 18-hydroxykaur- 1 &en- 19,6P-oZnctone ( 1'3) (300 nig) 
which crystallized ftoni ethyl acetate-light petroleum as 
needles, m.p. 169-171 "C (Found: C, 70.4; H, 8.0. C2,- 
H3,,05 requires C,  70.0; H, 8 . O % ) ,  v,,,,,. 3 450, 1 750, 1 735, 
and 875 cin-1; 8 1.03 (3  H ,  s, 20-H), 2.05 ( 3  H,  s, OAc), 
3.66 (2 H, s, 18-H), 4.74 (1 H, t ,  J 7 Hz, 0-H), 4.02 and 4.!18 
( 3  H, br, d ,  17-H), and 6.74 (1 H ,  d ,  J 7 Hz, 7-H). 

Partial Hydrolysis of 7,18-Diacetoxykaurenolide.-The 
diacetate (1 g) in methanol (25 ml) was treated with aqueous 
sodium hydrogen carbonate (25 nil) for 4 h a t  room temper- 
ature. l'he niethanol was removed in zlacuo, water was 
added, and tlie product was recovered in ethyl acetate. 
~uzt-7a-Aceto\;y-18-liydroxyliaur-10-e1i-l9,ti~-olactone (750 
mg) crystallized from ethyl acetate-light petroleum as 
needles, m.p. 169-171 "C, identical (i.r. ancl n.m.1.) to the 
material described above. 

Oxidution of ent-7a-Acetoxy-l8-Jtydroxyknur-l6-en-1'3,6~- 
olactone (l9).---The alcohol (19) (700 mg) in acetone (50 
nil) was treated with the 8~-chromium trioxide reagent (5 
nil) for 30 niin in an ice-bath. Methanol was added and 
the mixture was concentrated in vncuo. Water was added 
and tlie product was recovered in ethyl acetate. The ethyl 
acetate extract was washed with aqueous sodium hydrogen 
carbonate. The aqueous sodium hydrogen carbonate was 
then acidified with dilute hydrochloric acid and t h e  organic 
acid recovered in ethyl acetate. The solvent was evapo- 
rated and the gummy residue methylated with ethereal 
diazomethane and chromatographed on silica. Elution 

20-H), 2.3 ( 1  M, d, J 8 Hz, 5-H), 3.71 (3 H, S ,  OCH,), 4.77 

with 15% ethyl acetate-light petroleum gave ent-7a- 
acetoxy- 18-methoxycarbonylkaur- 16-en- 19,6P-oZactone (2 1) 
(500 mg) which crystallized from ethyl acetate-light petrol- 
eum as needles, m.p. 181-184 "C (Found: C, 70.4; H, 
8.0. C,,H,,O, requires C, 70.6; H, 8.0yo, v,,,,. 1785, 
1 725, and 880 cin-1; 6 0.99 (3 H ,  s ,  20-H), 2.05 ( 3  H, s, 

4.62 (1 H, t ,  J 7 Hz, 6-H), 4.86 and 5.0 (2 H, br, d ,  17-H), 
and 5.78 (1 H, d ,  J Hz, 7-H). The starting material (100 
mg) was recovered from the neutral fraction. 

Hydrolysis of ent- 7a-Acetoxy- 18-methoxycnrbonylkaur- 1 6- 
en- 19,6P-o1actone.-The above acetate (400 mg) in methanol 
(50 ml) was treated with aqueous sodium carbonate (15 ml) 
for 3 h at room temperature. The solution was acidified 
with dilute hydrochloric acid and the product was extracted 
with ethyl acetate. This extract was shaken with aqueous 
sodium hydrogen carbonate. The neutral organic phase 
was washecl with water and dried. The solvent was eva- 
porated and the gummy product chromatographed on 
silica. Elution with 20% ethyl acetate-light petroleum 
gave ent-7a-hydroxy- 18-methoxycarbonylkaur- 16-en- 19, 8p- 
olactone (4) ( 150 mg) which crystallized from acetone-light 
petroleum as needles, m.p. 183-185 "C (Found: C, 69.7; 
H,  7.8. C,,H,,O, requires C, 70.0; H,  7.8%), Y ~ , , ~ ~ ,  3 580, 
3 480br, 1765, 1735, and 885 cm-l, 6 0.99 (3 H, s, 20-H), 

J 7 Hz, 6-H), and 4.86 and 4.99 (2 H, br, d,  17-H). The 
aqueous phase was acidified with dilute hydrochloric acid 
and the product was extracted with ethyl acetate. The 
extract was waslied with water, dried, and the solvent 
evaporated. The residue was2 methylated with ethereal 
diazoniethane and chromatographed on silica. Elution 
with 26% ethyl acetate-light petroleum gave ent-7a- 
acetoxy- 18-inethosycarbonylkaur- 1 &en- 19,0P-olactone 
(50 mg), m.p. 181-183 OC, identified by its i.r. and n.1n.r. 
spectra. Further elution yielded ent-7a-Jiydroxy- 1 8-me- 
tlioxycarbonylhnur-lG-en-19,0~-oZactone (150 mg), m.p. 183- 
185 "C, identified by its i.r. and n.m.r. spectra. 

Hydrolysis of ent-7a-Hydroxy-18-metl~o.~ycarbonylknuv- 
16-en-19,GP-oZactone (4) .-The ester (4) 30 mg) in niethanol 
(10 nil) was treated with aqueous sodium carbonate (10 nil) 
for 4 11 a t  room temperature. The mixture was acidified 
with dilute hydrochloric acid and extracted with ethyl 
acetate. Tlie extract was separated into acidic ancl neutral 
fractions with aqueous sodium hydrogen carbonate. The 
acid fraction was boiled with water (15 ml) for 1 11. Tlie 
solution was cooled and extracted with ethyl acetate. The 
extract was clriecl and the solvent evaporated to afiord ent- 
7a-hydroxy- 18-norkaur- 1 &en- 19,6P-olactone (6) ( 13 nig) , 
m.p. 190-192 "C (lit.,l 190-192 "C). It was identical to 
a sample prepared by the pyrolysis of 7,18-tlihydroxy- 
liaurenolide. 

OAC), 2.49 (1 H, d,  J 7 Hz, 5-H), 3.73 (3 H, S, OCH,), 

3.74 ( 3  H, S ,  OCH,), 4.36 (1 H, d ,  J 7 Hz, 7-H), 4.56 (1 H, t ,  

I;. S. tliaiilis the University of Basrah for study leave. 
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