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Abstract.- Oxidative cyclization of Labdanediol (XII) and methyl Labdanolate (Ib) 

with Pb(OA&, and sUbs8qu8nt Oxidation with ZWagMtS as G&ID , g 

( aut)2cr0 affords, in excellent yield, the natural dlizrpe%c 
G. QQG or 
la&ones II, III, 

VW VII& XI and XIII, isolated from Cistusladaniferus L. 

Labdanolic add (Ia) and Labdanediol (XII) are the main oomponents of the 

acid (a) and neutral (a) fractions, respectively, from the ph8mne extract of 

Cistus ladanlferus L. (Wod~-rw3e~)~. We report hare their use as raw matsrial for 

the synthesis of ditarpenic la&ones such as Labdanolide and 12-Epl-labdanolide 

(II and III),q- and (3-Levantanolides (VII and VIII), and of nor-diterpenic lact_ 

nas as 12-Norcambreinolide (XIII) and GEpi-12-noIcambreinolide (XI), which have 

all been isolated as natural products fmm Cistus ladaniferus L. 
L 

These la&ones have also economic interest, since they can 

formed in perfume fixers with "ambergris" smell as &nbrox (XVI) 

(xVI$'*. W open here, thue, a possibility for the industrial 

ferus I_. 

be aesily trans- 

and Isoambmx 

use of C. Ladani- 

The syntheses of these compounds have been carried out through the novel epI, 

merit cyclic ethers IV and V, and through the splroketals IX and X, obtained by 

oxidative cyclization of I and XII, respectively. 

It is worth noting that the succssful preparation of the versatile intermedia 

t8s IV, V and VI represents a satisfactory solution to tha classical problem of 

the functionalization at C-12 in the labdan skeleton, thus opening a pOSSibl8 

*ay for th8 synthesis of a great number of natural products containing this eke12 

ton. 

La&ones II and III can be directly obtained as a (6:l) mixture in 20$ yield 

by reectiond Ia with Pb(OAc)* In benzene'. Alternatively, they can be prepared 

5717 



5718 

O---P * 
d+ '-OH =. t II, 111 

100% e 
0 

e 100% * 

&yooH J$ 
-’ - - 

G@- 
H20H 

<‘OH 

‘*. 
XII - 

aPb(OAc)4 / I2 , CatI6, CSH5N, 10°C; 
b 
Ru02 / NaIO 

d 
Me2C0 / H20; =Cr03 / AcOH; 

NaBH4 / MeOH; eKOH / MeOH and after HCl / H20; 
"f' 
B2H6 / F3B.Et20 or successive 

h 

treatment with LiA1H4 / Et20, ClTs / C5H5N and heating; 

(But)#r04 / Ac20 / AcOH; iPb(0Ac)4 / I2 , 

'03 / Si02, -80°C; 

cyclohexane, CaC03, 80°C. 
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in 66$ overall yield (6:1), PollowIng the sequence 1b-c(IV,V)wVI-(I&III), 

by reduction of VI rsith RaWa / YeOH and subsequent treatment with KOH / MeOH 

and aqueous HCl. 

The cyclic ethers IV and V are obtained by treatment of 

Ib, with Pb(OAc)g / I2 at lOQC, under I* hypolodite reaction 

a yield of 66% (1:l). 
r) 

cnethyl labdanolate, 

6 
” conditions , with 

Oxidation of IV and/or U with CrO3 / AcOH’ affords 77$ of la&me XIII. I? 

6 
the oxidation Is carried out with Ru02 / NeI04 , the ketoester VI is obtained 

in quantitative yield. 6eponification and subsequent acidification of VI leads 

quantitatively to a (3:l) mixture of Spirolactones VII and VIII (66% overall 

yield). These spire-g-lectones can also be directly synthesized by reaction of 

Ia with LTA / 12, but the yield Is only 26% (3:l). 

Oxidative cycllzation of 6,16-labdanadiol, XII, with Pb(OAc)4 / 12 yields 

W$ of the spiroketals' IX and X (3:l) which, when oxidlzad tith RuO2 / NaIOo , 

give 60$ yield of the spirolactones VII and VIII (3:l). I? the oxidation of IX 

and/or X Is carried out with (6ut)2W4 / Ac20 / AC&' a 7% yield of lactons 

XI is obtaine d? 

On the other hand, VII and VIII can be prepared PIQUI the acids XIV and XV 

by the w dry ozonation" metho d12 with yield of 76% (3:l). 

The mixtures of epimers II/III, IV/V, VII/VIII and IX/X have been perfectly 

reSolved: II/III, VII/VIII 8nd IX/X have been separed by oolumn ohmmatognsphy on 

silica, eluting with rhexane / diethyl ether, followed by recrystallization in 

phexane. On the other side, IV and V wsre separated by preparative H.P.L.C. on 

silica, eluting with phexane / diethyl ether (9:l). The absolute configuration 

at C-12 in all of the epimers was determined by comparative studies of their 
1 
H N.&R. (200 MHz) and l3 C N.M.R. (60 YHz) spectra. Moreover, the absolute cot+ 

figuration at C-12 of II and III, has been corroboreted by spplying the @ Thoreau 

method n 
13 to the trials obtained by reduction of II end III with LiA1H4. 

All compounds reported In this study gave satisfactory microansiLySes, and 

wire perfectly &aracterized by their physical and spectroscopic properties, 

Moreover, the properties of the la&ones synthesized by us, wem identical 

IJO those of the correspondent nature1 prOdUctS,isol8ted from rhewne extract 
1 

of Nstus ledaniferus L. . 
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