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Eight new furan-containing diterpenoids from Solidago gigantea Ait. var. serotit~a (Kuntze) Cronqu., 
are formulated as lc-g, 2, 30, and 4a on the basis of chemical and spectroscopic evidence and by correla- 
tion with solidagoic acid A of previously defined constitution and stereochemistry. The structure (50) of 
a ninth related compound is tentatively assigned. The allylic oxidation of some of these new diterpenoids 
and related compounds with the chromium trioxide - pyridine complex is reported. In the course of this 
investigation of formal total synthesis of compound Y from Leotiolis ieot~rrrris was achieved. 

On propose les form~lles lc-lg,  2, 30 et 4a pour huit nouveaux diterpenoi'des contenant du furanne 
qui ont CtC isolCs de Solign(io gigantea Ait. var. serotitrtr (Kuntze) Cronqu.; ces conclusions sont basCes 
sur des preuves chimiques et spectroscopiques et aussi par correlation avec I'acid solidagoiqi~e A dont la 
constitution et la stCrCochimie ont kt6 dkfinies precedemment. La structure 50 est proposee pour un 
neuvieme compose relie ailx precedents. On rapporte aussi les resultats obtenus lors de l'oxydation 
allylique de quelques-uns de ces diterpenoi'des et composes apparentes par le complexe CrO, : pyridine. 
Au cours de cette etude une synthese totale formelle du compose Y isole de Leonotis leonurus a CtC 
reussie. [Traduit par le journal] 

Can.  J .  Chem..  51.1346(1973) 

In the preceding paper (I) we have summarized 
the evidence which allows the assignment of 
constitution and relative stereochernistry3 to 
solidagoic acids A (la) and B (lb), constituents 
of the ethyl acetate soluble extractive of the 
roots of Solidago gigailtea Ait. var. serotina 
(Kuntze) Cronqu. The present paper is devoted 
to nine furan-containing diterpenoids which 
have been isolated from neutral fractions of the 
same extract. The complex mixture containing 
these compounds was separated initially by 
chromatography over silica gel, final purification 
of each being achieved by preparative t.1.c. The 
presence of a P-substituted fi~ran ring in all nine 
diterpenoids was indicated by their reaction 
with Ehrlich's reagent and the presence of signals 
arising fro111 this moiety in their i.r. (v,,,,, near 
1500 and 870 cm-I), n.1n.r. (near T 2.65, 2.75, 
and 3.65 ; 1H each), and mass (nlle 81 and 95) 
spectra. It thus appeared probable that these 

'For Part I V  see ref. 1 and for the preliminary account 
of this work ref. 2. 

'To whom correspondence should be addressed. 
,The absolute configuration advanced must be viewed 

as only tentative. 

compounds and the solidagoic acids have an 
identical carbon skeleton and indeed it has been 
possible to interrelate eight of the neutral con- 
stituents with the two acids. On this and addi- 
tional chemical and spectroscopic evidence, firm 
assignments of constitution and relative stereo- 
chemistry call be made for the eight (lc-g, 2,3a, 
and 4a). A structure (5a) is advanced for the 
ninth primarily on spectroscopic grounds. The 
absolute collfiguration assigned to these com- 
pounds rests on their correlation with acid A and 
is therefore only tentative. The compounds will 
be discussed in the following order of increasing 
chromatographic polarity on silica gel (ethyl 
acetate - light petroleum mixtures as eluant). 

Coinpo~lnd I 
The least polar constituent was the oily alde- 

hyde lc, [cr], -164". Peaks at 2690 and 1722 
cnl-', typical of an aldehyde function, are 
clearly visible in its i.r. spectrum while the 
-CHO proton resonates at T 0.54 (s). Other 
resonances which may be readily assigned are 
those of an olefinic proton (T 4.28, m) and three 
methyl groups, one tertiary (t 9.22, 3H, s), one 
secondary (T 9.22, 3H, d ,  J = 6 Hz), and the 
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a R' = C02H; R2 = CH3 
b R1 = C02H;  RZ = CH20Ang 
c R' = CHO; RZ = CH3 
rl R' = R2 = CHO 
e R' = CH20H; R2 = CH, 
f R' = CH3; R2 = CHzOH 
g R1 = RZ = CH20H 
/ I  R1 = RZ = CHzOAc 
i R1 = CHO: R2 = CH,OAc 
j R1 = CH~; 'RZ = CH~OAC 
k R' = R2 = CH3 
I R1 = CHDOAc; R2 = CHzOAc 
tn R1 = CH20H; RZ = CH20Ac 
tz R1 = CH20Ac; R2 = CH20H 
o R' = C02Me; RZ = CH3 
p R' = CHzOAc; R2 = CH3 
q R' = CH20Ac; R2 = CHO 
r R' = CHO; R2 = CHzOAc 

CHR 
H2C / 1 9  

a R = O H  
b R = CAc 
c R = H  

a R = O H  
b R = OAc 

a R = O H  
b R = OAc 

other on an olefinic bond (r 8.58, 3H, d, J = 
2 Hz). These data suggested that this compound 
is identical with the aldehyde prepared (1) from 
solidagoic acid A (la) via the alcohol (le) and 
this was verified by direct comparison of the two 
samples. 

Con~po~md II 
The next constituent (2), 1n.p. 92-95", [E], 

+ 12", co~ild be readily formulated as a y-lactone 
because of the strong carbonyl absorption at 
1772 cm-' in the i.r. The presence of a double 
bond in conjugation with the carbonyl group 
was deduced froin the intensity ( E  18 000) of a 
LI.V. maxi~ii~iiii at 210 nin and from the chemical 
shift value and ni~~ltiplicity of a resonance attri- 
butable to an olefinic proton. This proton 
resonates as a triplet at r 3.35, showing only 
vicinal coupling to the C-2 niethylene group and 
significantly no allylic coupling. This was con- 
firmed by a nuclear double resonance experiment 
iii which irradiation of a broad triplet at r 7.77 
(2 H-2) caused that of the olefinic proton to 
collapse to a sharp singlet. Double $radiation 
also located H-8, since with H ,  at r 8.37 the 
doublet at r 9.10 (secondary methyl) collapsed 
to a singlet. Also assignable in tlie n.m.r. spec- 
trulii are resonances arising from a tertiary 
~iiethyl group (r 8.97, 3H, s) and the metliylene 
group in tlie lactone ring (r 5.56 and 6.20, both 
IH, both d, J = 9 Hz), an isolated AB system. 
Assunling this lactone to have the same skeleton 
as the aldehyde discussed above, these spectro- 
scopic data indicate the formulation 2. Con- 
firmation of this conclusion was obtained by its 
reduction with lithium aluminum hydride to the 
diol lg. This compound and the derived diacetate 
(lh) were identical with the corresponding sam- 
ples prepared (1) from solidagoic acid B (16). 
It should be noted that although the lactone 
described here has the same gross structure as 
that (6) isolated (3) from Dorlonaea species, they 
differ in stereochemistry at C-9 and -10. 

Compolrnd III 
The third component, 1n.p. 103-105", [a], 

-49", was readily assigned the s t r~~cture 18 the 
presence of two aldehyde groups being iinmedi- 
ately recognized from the n.m.r. singlets at r 
-0.17 and 0.89. The chemical shift of the former 
reflects the allylic nature of the proton involved. 
Support for our conclusions concerning the 
structure of this compound came from its i.r. 
absorption at 1720 (isolated aldehyde) and 1690 
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cm-' (up-unsaturated aldehyde). Reduction of 
this dialdehyde with lithium aluminum hydride 
and then acetylation of the resulting diol added 
final confirmation of the constitution and stereo- 
chemistry (as Id), the products again being 
identical with those prepared from solidagoic 
acid B. 

Compound ZV 
The next component, an oil, [a], -38", shows 

hydroxyl absorption in the i.r. at 3630 cm-', 
while in its n.m.r. spectrum two carbinyl protons 
form an AB quartet at r 6.37 and 6.51 ( J  = 
11 Hz). In addition, a proton and methyl group 
attached to an olefinic bond give rise to signals 
at r 4.29 and 8.33 respectively. These data sug- 
gested formulation of the compound as l e  and 
direct comparison with a sample of the primary 
alcohol derived from solidagoic acid A con- 
firmed this. 

Compound V 
Compound V, [a], -45", also failed to crys- 

tallize. Its spectral properties appeared to indi- 
cate that it is an isomer of compound IV. In the 
i.r. it lacks carbonyl absorption but a peak at 
3620 cm-' reveals the presence of a hydroxyl 
group. Resonances in its n.m.r. spectrum at r 
9.15 (d, J = 6 Hz), 8.82 (s) and 8.97 (s) can be 
assigned to a secondary and two tertiary methyl 
groups, while a multiplet at r 4.26 (IH) and 
broad singlet at T 5.84 (2H) arise from one ole- 
finic and two carbinyl protons respectively. The 
chemical shift of this last resonance is indicative 
of the allylic nature ofthe primary alcohol group. 
A tentative assignment of structure, If, can be 
made on the basis of the above evidence and it 
gains support from a series of spin-decoupling 
experiments. Irradiation at r 7.95 (2 H-2) caused 
collapse of the multiplet at r 4.26 (H-3) to a 
broad singlet and significant sharpening of the 
singlet at r 5.84 (2 H-18). In addition, this last 
signal appeared as a doublet ( J  = 1.5 Hz) 
upon irradiation at the olefinic proton (r 4.26) 
and conversely with H, at T 5.84 the multiplet 
at r 4.26 simplified to a triplet (J,,, = 4 Hz). 
These results suggest the part structure 7a which 
is accommodated in the post~~lated structure, 
If. Our initial attempts to confirm this struct~~ral 
assignment involved preparation of lj' from 
solidagoic acid B (lb) via the diol ( lg)  and the 
derived aldehydo-acetate (li), but conversion 
of the aldehyde group into a methyl group could 
not be effected (see below). Correlation of If 

with a compound of known constitution was 
achieved as follows. The derived acetate ( l j )  
when hydrogenated in ethanol-triethylamine 
over palladized charcoal (I) afforded the filrano- 
olefin (llc) and its tetrahydro- and hexahydro- 
derivatives. The first of these (lk) was identical 
with the compound prepared previously (1) 
from solidagoic acid A. 

Compolrnd VZ 
The n.m.r. spectrum of the next component, 

an oil, [a], -30" shows a marked similarity to 
those of the less polar compounds discussed 
above. The resonances at r 4.52 (1 H, m), 9.03 
(3H, s), and 9.15 (3H, d, J = 6 Hz) are assignable 
to an olefinic proton and two methyl groups, the 
former tertiary, the latter secondary. The n.1n.r. 
spectruni also reveals the presence of a herni- 
acetal ring. This gives rise to a multiplet at r 6.65 
(-OH) which is lost upon exchange with D,O 
and two broad singlets, one from -CH(OH)O- 
at r 4.58, the other from -CH20- at .r 5.79. 
If one considers only structures related to those 
discussed above for this compound then two 
possibilities arise, 3a and 8. Certain double 
resonance experiments demonstrated that the 
former formulation is preferable. Upon irradia- 
tion in turn at r 4.52 (H-3) and 7.90 (2 H-2) the 
broad singlet at 5.79 (2 H- 18) collapsed to an 
ill-resolved doublet (w,,, = 5 Hz) and a clean 
doublet ( J  = 3 Hz) respectively. These results 
lead to the part structure 7b and then to 3a. The 
coupling of the hydroxyl proton to H-19 was 
denionstrated by irradiating at r 6.65 whereupon 
the resonance at r 4.58 became a very sharp 
singlet. 

The presence of a cyclic heniiacetal moiety in 
compound V1 was also indicated cheniically. 
Acetylation of this compound fi~rnished 3b 
from which the parent was readily regenerated 
by chromatography over neutral alumina. Al- 
though all attempts to oxidize 30 to the corre- 
sponding lactone (9) (I) failed, correlation with 
a known conipound was achieved by treating 
it witli sodium borohydride. The resulting diol 
(lg) and the derived diacetate were identical 
with those prepared previously. Further con- 
firmation of the orientation of the he~niacetal 
ring was obtained froni an examination of the 
n.1n.r. spectrum of the deuterated diacetate, 11, 
prepared froni 30 by reduction witli l i t h ~ ~ ~ n i  
aluminum deuteride and acetylation of the prod- 
uct. This spectrum was nearly identical to that 
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of the simple diacetate except that the methylene 
resonance a t  higl~erfield (r  6.01) in the latter has 
been replaced by a signal that integrates for only 
one proton. An ~~nexpected conversion of the 
diol ( lg)  into 3a was achieved as follows. In the 
course of attempts to reduce the aldehyde group 
in l i  to a methyl group, it was treated with 
hydrazine hydrate in methanol at  20" but none 
of the desired hydrazone was obtained. How- 
ever, the only isolable product was identical with 
the hemiacetal of natural provenance. 

Cotnpozmd V I I  
Compound V I l  (4a), [a], -47" was isolated 

as an oil which slowly solidified a t  -5" but 
melted at ca. 18". In keeping with its chromatog- 
raphic polarity it shows evidence of hydroxylic 
absorption in the i.r. at  3600 and 3400 cm-'. 
The deduction was made that this group forms 
part of a hemiacetal ring because of the presence 
in its n.1n.r. spectrum of a singlet at  r 4.49 
(H- 19) and an AB quartet centered at  r 6.11 
( J  = 10 Hz, 2 H-18) and since the derived 
acetate (4b) was readily transformed back to 4a 
by alumina. A structural difference between this 
compound and those disc~~ssed above was clearly 
evident in its n.m.r. spectrum. Thus, the multi- 
plet a t  ca. r 4.4 arising from the olefinic proton 
is absent and replaced by a singlet a t  r 6.71, a 
chemical shift value indicative of a proton 
attached to an epoxide ring. ~ r e a t m e n t  of 4a 
with s o d i ~ ~ n i  borohydride furnished the diol (10) 
in which the epoxide ring remained intact. It 
appeared likely that  compound VI1 is the epoxy 
analog of compound VI,  but all attempts to 
convert the latter into the former with 171-chloro- 
perbenzoic acid, in various solvents, led either 
to the recovery of s ~ ~ b s t r a t e  or to non-furanoid 
products. However, the validity of our structural 
assignment was demonstrated as follows. 

Reduction of 4a with l i t h i ~ ~ m  aluminum hy- 
dride gave the trio1 l l a  which was then trans- 
formed into the hydroxy-diacetate l l b .  This 
c o m p o ~ ~ n d  absorbs in the i.r. at  3590 (hydroxyl) 
and 1745 (acetate carbonyl) cni-' ,  while in its 
n.m.r. spectrum resonances at  r 5.63 (q, J = 
13 Hz) and 5.83 (broad s) can be assigned to two 
functional groups of the type -CH,OAc. The 
failure of the third hydroxyl group to acetylate 
and the lack of a resonance attributable to a 
carbinyl proton in the n.m.r. spectrum of l l b  
was taken to indicate the tertiary nature of the 
hydroxyl group. Treatment of l l b  with phos- 

a R = O H  
b R = OAc 

HO j CHOH 

17 

n R ' =  R2 = C H 3  
b R' = C02Me; R2 = CH3 
c R1 = CH2OAc; R2 = CH3 
d R' = CHO; R2 = CH, 
e R' = R2 = CH20AC 

phoryl chloride in pyridine gave mainly one 
product, the known diacetate lh .  These reactions 
allowed compound VI1 to be form~rlated as  
either 4a or 12. To solve this residual problem 
the above sequence of reactions (40 + 117) was 
repeated substituting l i t h i ~ ~ m  aluminum deu- 
teride for the corresponding hydride. The mass 
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spectrum of the res~~l t ing  hydroxy-diacetate 
(13) revealed the presence of two d e ~ ~ t e r i ~ ~ ~ n  
atoms as anticipated, while in its n.m.r. spectrum 
the two-proton singlet at  r 5.83 is still present 
but the q ~ ~ a r t e t  centered at  r 5.63 (in l l b )  has 
been replaced by a one-proton singlet at  r 5.35. 
This reflects the stereospecificity of the reductive 
opening of the hemiacetal ring. Dehydration as 
described above yielded the monodeutero- 
diacetate (11) prepared previously from ~0111- 
pound V1, confirming that both compounds 
have the heiniacetal ring attached in the same 
fashion. This second reaction sequence also 
enables assignments to be made for the reso- 
nances between r 5 and 6 in the n.ni.r. spectr~lm 
of the hydroxy-diacetate l l b .  The singlet at r 
5.83 derives fro111 the inethylene group of the 
C-18 acetate function, shifting downfield to  r 
5.43 on dehydration since it is now allylic, while 
the quartet at  r 5.63 from the C-19 methylene 
shifts ~~pf ie ld  to 6.01 and becomes a singlet. The 
epoxide ring is assigned to a-orientation on the 
following grounds. First, the narrowness (M),,,, = 

3 Hz) of the signal arising from the proton 
attached to the epoxide ring in 4a s~iggests (4) 
the stereochemical s i t ~ ~ a t i o n  14. Second, trans- 
diaxial opening (5) of the epoxide in 14 with 
l i t l i i~~ni a l u m i n ~ ~ ~ n  hydride would lead to a ter- 
tiary alcohol, as is observed. Third, 110 has been 
prepared from l g  by a route (see below) which 
would be expected to introduce the tertiary 
Iiydroxyl on the a-face of the molecule. 

Conipolr~zd VZll 
The neutral compound penultimate in polarity 

was the diol ( lg),  1n.p 60-63", [a], -46", into 
which several of tlie compounds disc~issed above 
have been converted. The functional groups in 
l g  were readily inferred from its i.r. and 1i.in.r. 
data and those of the derived monoacetates (117.1 
and n)  and diacetate (Ill), while chemical trans- 
for~nations clearly defined the spatial relation- 
ship of the two primary hydroxyl groups. In the 
first of these reactions, the diol was converted 
into a cyclic ether by treatment with p-bromo- 
benzenes~~lfonyl chloride in pyridine (6). Its 
form~~lat ion as 3c followed from its very low 
polarity on t.1.c. and from spectral evidence. In 
the i.r. it lacks both carbonyl and hydroxyl 
absorption while its inass spectrum has the 
rnolec~~lar ion at  m/e 300 (C,,H,,O,). In its 
n.m.r. spectrum the ethereal metliylene groups 
resonate as two AB quartets, one centered at  

r 5.85 (2 H-18) the other at 6.28 (2 H-19). A 
second important transforniation involved the 
oxidation of the diol with the Sarett reagent. 
Under mild conditions (see below) the major 
product was significantly a y-lactone (v,,,;,, 1772 
cm-') ,  ~ I I L I S  providing additional confirmation 
of the disposition of the two hydroxylic groups. 
This lactone (2) m.p. 89-90", was in fact shown 
by direct comparison to be identical to coin- 
po~ ind  I I .  Unambig~~ous  proof of the struct~ire 
of the diol 1g was obtained by hydrogenation 
( I )  of the derived diacetate in ethanol containing 
triethylamine over palladized charcoal. The 
resulting monoacetate ( lp)  was identical with 
that prepared fro111 solidagoic acid A (1) of 
well-defined structure. 
Colnpound ZX 

The niost polar of these ne~itral furanoid com- 
pounds (5a), 1n.p. 135-1 37", [a], - 18" has no 
resonances attributable to olefinic protons in its 
1i.m.r. spectrum. However, it does have a i i i~~l t i -  
tiplet at  r 4.50 which can be assigned to  

I 
HO-CH-0- in a heiniacetal ring. Additional 
lines which form a complex pattern between r 
5.6 and 6.6 al tho~igh presumably arising from 

\ 

\ protons of the type ,CH-0- were of little 

diagnostic value. However, the n.m.r. s p e c t r ~ ~ ~ n  
of the derived hydroxy-diacetate (5b) proved 
more informative. Thus the inethine proton 
(H-19) of the hemiacetal acetate has shifted 
downfield and appears as a singlet at  r 3.28 
while the ethereal methylene protons (2 H-18) 
are now clearly visible as an AB quartet centered 
at  r 5.88. A broadened triplet at  r 5.18 (J = 

6 Hz) can be assigned to the methine of a secon- 
dary acetate group. The iii~~ltiplicity and value 
of the observed c o ~ ~ p l i n g  constant for this proton 
indicate that if it is attached to a cyclohexane 
ring, it is probably axial and vicinally related 
to two protons. Bearing in mind the above 
spectral evidence and tlie structures of the other 
diterpenoids in this plant the p la~~sible  structure 
(5a) can be advanced for compound 1X. In an 
attempt to relate this compound to  one of known 
structure the Iiemiacetal 3a was treated with 
osmium tetroxide. However, the resulting triol 
was not identical with the natural product. The 
formulation of this new triol as 15 rests on the 
narrowness of the resonance fro111 H-3 ( I V , , ,  = 
6 Hz, r 6.33). Pres~~niably the presence of the 
hemiacetal ring has induced the decalin system 
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to adopt the conformation 16 in which, although 
both faces of the olefinic bond are open to  
attack, the p would probably be preferred if the 
C-19 hydroxyl group is a-orientated. 

Oxiclutions with the C / IYO/ I I~L/ /~  Trioxide - 
P ~ ~ r i ~ l i n e  Conz~)Iex 

Of major importance in our arguments con- 
cerning the structure and stereochemistry of 
solidagoic acids A and B (I), and by extension 
the related neutral diterpenoids of natural 
provenance, have been n.m.r. and c.d. st~tdies 
on the ap-unsaturated ketones 170, 180, 180, 
and 19. A key step in the formation of 170 was 
the introduction of the C-2 ketone using the 
chromium trioxide - pyridine coniplex at  20°, 
conditions which minimize oxidative attack on 
the fiiran ring. In the course of our structural 
studies tlie reactions of other derivatives of 
solidagoic acid A and its congeners with this 
coniplex were examined and in addition the 
investigation was extended to related compounds 
for two reasons. First, c o n i p o ~ ~ n d s  containing 
the enone substitution pattern in 170, but with a 
trails-fi~sed decalin system, were r eq~~i red  as 
models for our n.m.r. work (I) .  Second, at the 
time the major portion of the work described 
in this section was completed" (7), only one 
report of an allylic oxidation with the Sarett 
reagent existed (9) and the reaction appeared to 
have enough intrinsic interest to warrant study. 
It should be noted, that in general, these reac- 
tions were carried O L I ~   sing concentrations of 
c h r o m i ~ ~ m  trioxide in pyridine of the order of 

A - 
100 mg/nil. 

Oxidation of the methyl ester l o  and tlie 
acetate 11) for I8 days afforded the enones 170 
and c (56 and 50% respectively, based on s ~ l b -  
strate cons~~rned).  The alcohol l e  in only 12 h 
gave ( I )  tlie aldehyde l c  (67'%,), the enone-alde- 
hyde 17d (3%) and the nor-enone 20 (5%). Main- 
gayol (210) (10) reacted (I) similarly and f i~ r -  
nished 210, 22, and 23. The formation of these 
nor-enones and of 24 from drime~iol (250) (1 1) 
might involve a mechanism of tlie type 26 

n R = CHlOH 
b R = CHO 

(arrows) or  eq~~ivalent  intermolecular process. 
The diacetate 111, as anticipated, was converted 
into the enone 17e (ca. 50%) during 17 days. The 
parent diol ( lg)  was subjected to oxidation for 
14 h ~ ~ n d e r  two distinct sets of conditions, 
namely, with a chromium trioxide - pyridine 
concentration of first, 250 mg/ml, and second, 
2.5 mg/ml. In the former case tlie major product 
was the enone-lactone 27 (60%), tlie minor being 
the lactone 2 (15:(). In tlie latter oxidation the 
lactone 2 (74%) was the only isolable product. 
Our attention was next directed to tlie two 

4However, soon a was pLlblis,led (8) monoacetates In? and 11 (1). The latter with cliro- 
concerning the oxidation of 17 olefins with the isolated lnillln trioxide in pyridine (25 11ig/ml) during 
chromium trioxide - pyridine complex in rnethylene 14 h smoothly formed the aldehyde l q  (740/;',). 
chloride. In this medium similar results to those reported ~ h ,  other lllonoacetate (lIl7) during 12 h was 
here were obtained, but the reaction times involved were 
significantly shorter. Probable mechanisms for the reac- converted with tlie complex at  a concentration 
tio,, are oLltlined i n  this (8) and no further discus- of 2.5 mg c l i romi~~m trioxide per milliliter of 
sion is required here. pyridine into the aldehydo-acetate l r  (ca. loo><) 
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and unexpectedly at  a concentration of 100 
mg/nll into the corresponding epoxide 28 (68%). 
This epoxide on reduction with l i t h i ~ ~ m  alu- 
minum hydride furnished the known triol 110. 
Formation of an epoxide by chrorni~~m(VI) OZc, f H 2  

0 
CHO 

oxidation of an alkene, although a well-known AcOH2C 

(1, 12, 13) reaction ~ ~ n d e r  acidic conditions, is a 27 28 

novel reaction in pyridine solution. The orienta- 
tion of the epoxide ring in 28 is assigned as a 
for two reasons. First, in the s~tbstrate the p-face 
of the A ring is probably (1) shielded by the C-9 
methyl group. Second, it seems likely that even CH3 
in pyridine solution, tlie initial step in the reac- 

29 
tion would involve formation of the chromate 30 

ester of the primary alcohol at C-5 followed by a R = CH20Ac 

transfer ( I  3) of an  oxygen aton1 from this ester b R = CH20H 

to the d o ~ ~ b l e  bond, i.e. from the a-side. 
As models in our n.m.r. and c.d. studies on the 

stereochemistry of solidagoic acid A (l) ,  we 
required compounds of the general type 29 or 
enantiomer. In view of the results reported 
above, the diacetate 30a from confertifolin (31) 3 I 32 
(14) was treated with chromium trioxide in a R1 = R2 = CH20Ac 
pyridine (100 nig/ml) for I8 days and afforded, b R1 = CE-120Ac; R2 = CH3 

as anticipated, the enone 32u (81%). For this c R1 = C02H;  R2 = CH3 

conlpound the relevant coupling constants, 
H-5/H-6 eq~latorial and H-5/H-6-axial, were 
ca lc~~la ted  as J = 3.5 and 13.5 Hz respectively. 
When the diol 300 was oxidized ~ ~ n d e r  similar 
conditions but for a shorter time (14 h), three H 
products were isolated, tlie p,p'-dis~~bstituted 

33 31 
furan (33) (40%), confertifolin (31, 2273, and 
isodrinienin (34 (14), 25%). The reaction can be 
envisaged as proceeding through the two possible 
hydroxyaldehydes to the corresponding hemi- 
acetals and thence by dehydration to  the furan 
or  oxidation to  the lactones. The oxidation of 3 5 
drimenyl acetate (256) was examined next. In a R = H ,  
this case the only product isolated was the enone b R = O  
32b (67%) in  which the  double had is inferior to  that fro111 oxidation by either the 
migrated into the A8.\osition. Earlier workers c~roll l iL, l l l  trioxide - pyridine conlplex i n  methy- 
had the isolation of the enone-acid lene chloride (74%) (9) or  t-butylchromate (60%) 
32c, albeit in very low yield, from the prod~1ctsof (17). Finally, the oxidation of two derivatives 

of drilnenol ( 2 5 ~ )  with the Sarett of marrubiin (18) was studied. The ester 370 
reagent. A niechanism which would explain the during 1 0  days formed the enone 3ga (81%) 
formation of these isoineric enones has been while 37b ill just less than 1 week gave 386 (70%) 
proposed recently (9). Oxidation of the furano- and over 25 days the correspondillg product 39 
olefin (35a) (I6) gave the enone (35h) (12%) which has suffered cleavage of the furan 
which a negative Cotton effect for the ring. Direct comparison showed that the enone 
n + n* transition. 380 is identical to  compound Y 5  from Leo~ot is  

Oxidation of cholesteryl acetate (36a) for 
14 days afforded the 7-keto derivative (36b, 5Dr. D. E. A. Rivett kindly supplied a sample of this 
33%). It is noteworthy that in this case the yield compound. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

Sc
ie

nt
if

ic
 L

ib
ra

ry
 o

f 
L

om
on

os
ov

 M
os

co
w

 S
ta

te
 U

ni
v 

on
 1

2/
02

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



HENDERSON ET AL..: SOL,II~AGO SPECIES. V 1353 

raplied over alumina (Grade 1II; 'ne~ltral; 2 kg) using as 
eluting solvent light petroleum - chloroform mixtures. 
C o ~ n p o ~ ~ n d s  were isolated from the various fractions by 
preparative t.1.c. and then either crystallization or distil- 
lation ill UOCIIO. 

AcO Fraction A (4.3g), eluted with chloroform - light 
R petroleum ( 1  :19) was a coniplex m i x t ~ ~ r e  (t.1.c.) of non- 

36 3 7 polar compounds which was not investigated further. 
n R = C 0 2 M e  

Fraction B (923 nig) was eluted with chloroforni - light 
n R = H 2  
b R = O  b R = CH, 

petroleum (1 :9) and contained compound I, the oily 

= CHzOH aldehyde l r  (471 nig) as the major constituent. It had 

= CHzOAc [a], - 164" (c, 0.9) and was identical (i.r., n.m.r., and 
t.1.c.) to the aldehyde prepared ( I )  from solidagoic acid 
A. Fraction C (1.3 g), eluted with chloroforni - light 
petroleuni (I :I), f~~rnished compounds I1 and 111. The 
first of these, the lactone 2 (31 1 nig) formed needles from 
light petroleum and had ni.11. 92-95", [a], + 12" (c, 0.65); 
v ,,,;,, 1772 and 874cm- ' ;  ? .,,,, 210 nm (E 18 000); r 3.35 

R 
38 39 

(t, 1 H-3, J,,,, = ~ H z ) ,  5.56 (d, 1 H-19, J =  ~ H z ) ,  6.20 
(d: 1 H-19, J = 9 Hz), 8.97 (s, 3 H-20) and 9.10 (d, 

a R = COzMe 3 H-17, J = 6 Hz); 111/e 314 (M). 
b R = CH3 Anal. Calcd. for C2,H2,03: C, 76.40; H, 8.34. F o ~ ~ n d :  
c R = C H O  C, 76.44; H, 8.41. 

C o n l p o ~ ~ n d  111, the dialdehyde ld(472 mg), crystallized 

@ 

@ from etliyl acetate - light pe t ro le~~m as needles, m.p. 
103-l05', [aID - 4 9  (c, 0.7); v,,,, 1720, 1690 and 878 
cm-I ;  T -0.17 (s, I H-18), 0.89 (s, 1 H-19), 3.16 (t, 1 

.' H-3, J o b , =  4Hz) ,  9.04 (s, 3H-20) and 9.15 (d ,3H-17,  

R H~~ k O  J = 6 Hz) I I I / ~  314 (M). 
Anal. Calcd. for C,,H,,03: C, 76.40; H, 8.34. Found: 

40 41 C, 76.52; H, 8.43. 
n R = COIMe Fractions D, E, and F were all eluted with chloroform - 
b R = CH3 light petroleum (I :I). The first of these, fraction D 

[e0,71,1.1,S (19). Since Inarrllbiin has been syn- (928 mg), contained two major components. Compound 
IV, thc alcohol l e  (38 mp), had [a], - 38" (c ,  0.9) and was 

(20)3 conversion of 'marrubiin in to  identical (n.m.r. and t.1.c.) to the alcohol prepared (1) 
c o l l l ~ o l l ~ d  Y constit~ltes a formal total synthesis from solidagoic acid A. Compound V, the alcohol If 
of the latter. (671 nig), had [%ID -45" ( r ,  0.6); v ,,,,, 3620, 3400 and 

875 cm-I ; r 4.26 (m, 1 1-1-3; I V , , ,  = 8 Hz), 5.84 (s, 2 
Experimental H-IS), 7.80 (s, --OH), 8.82, 8.97 (both S, 3 H-19 and 

Melting points are ~~ncorrectetl and were determined 3 H-20), and 9.15 (d, 3 H-17, J = 6 HZ); 11l1e 302 (M). 
on a Kofler hot-stage appa ra t~~s .  Specific rotations refer *""I. Calcd. for C2~H3,02: C, 79.42; H, 10.OO. 

to solutions in ethanol ~~n le s s  otherwise stated. Woelm C, 79.30; H,  9.94. 

Grade I alumina, deactivated to the appropriate grade Fraction E (4.3 g) contained compound VI,  the hemi- 
according to Brockn1ann, was for cllromatography, acetal 30 (1.7 g), and a sterol (220 mg) which crystallized 

For analytical and preparative t.i.c., chronlatoplates from e t l l~ l  acetate - light petrole~~m as needles, m.p. 

were spread with Kieselgel G (Merck). Light petroleuni 161-163'; v,,,:,, 3600 cm-I ; I I I / C  412 ( c ~ , H ~ ~ o ) .    he 

was of b,p, 40-600, M ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~  were by ~i~~ F. he~iiiacetal had [a], - 30' (L., I. l ; chloroform); v,,;,, 3600, 
Cowan, Glasgow. High resolution rnass spectra were run 3390 and 872 cm- ' ;  r 4.52 (m, 1 H-3, It11,2 = 10 Hz), 

at the N.T.H, Trondheini, by Dr. T. Anthonsen. 1.r. 4.58 (broad s, 1 H-19), 5.79 (broad S, 2 H-18, I V , , ~  = 7 

so l~~ t ion  spectra were recorded in carbon tetrachloride HZ), 6.65 (m, -OH), 9.03 ( ~ 3  H-20) and 9.15 (d, 

on a Perkin-Elnier 225 or 257 or Beckmann I.R.12 H'17, = Hz'; r l l le = 3 1 6  ("). 
spectrophotometer, L I . ~ .  spectra i n  etllanol on a Unicam Anal. Calcd. for C,oH,,O3: C, 75.91 ; H, 8.92. F O L I ~ ~ :  

S.P.800 spectrophoton~eter and the circular dichroisnl Cl 75.91 ; H l  9.03. 

cilrve on a Cary 61 s p ~ ~ t r o l l o l ~ r i m ~ t e l - .  spectra The derived oily acetate (3b), v,,,, 1740 and 882cni-I ,  

were r ~ l n  on a Perkin-Elmer R-10 or Varian Associates 3.68 (s, 1 H-191, 4.44 (m, I H-3) and 5.72 (m, 2 H-18, 

A-60A or HA 100 spectrometer in ,-arbon tetracIlloride, l l ' i , '  = 12 Hz), on chromatography over alumina ( ~ r a d e  
Llnless otllcrwise stated, using a p p r o x i n l a t e ~ y  0.3 M solu- 111, ncutral) was reconverted into the parent lieniiacetal. 
tions and tetraluethylsilane as internal standard, M~~~ Fraction F (3.39 furnished c o m [ ~ o ~ ~ n d  VII, the epoxy- 
spectra were run on a varian ~~~~~i~~~~ CH 7 or A,E,I .  hemiacetal 40 (1.9g), wliicli solidified on cooling and had 

MS9 or MS12 instrument. n1.p. C.N. IS ; [%ID -47' (r., 0.8); v ,,,,, 3600, 3400, and 
872 cni--' ; r 4.49 (s, I H-19), 6.00 (d, I H-18, J = 10 Hz), 

1solofi011 Proce~l~rre 6.22 (d, 1 ti-18, J = 10 Hz), 6.71 (s, 1 H-3, 1v1,2 = 3 Hz), 
The chloroform soluble portion (24 g) of an extract 7.03 (m, -OH), 9.12 (s, 3 H-20), and 9.19 (d, 3 H-17, 

(1) of Solirlc~go g i g o ~ ~ f e n  var. sero t i~~o  was chromatog- J = 6 Hz); I I I / ~  332 (M). 
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1354 CAN. J. CHEM. 

Anal. Calcd. for C20H2,0,: C, 72.26; H, 8.49. Found: 
C, 72.33; H, 8.64. 

Its acetate (4b), r 3.62 (s, 1 H-19), 6.10 (d, 1 H-18, 
J = 10 Hz), 6.18 (d, 1 H-18, J = 10 Hz), 6.71 (s, 1 H-3), 
8.17 (s, 3H, -OCOCH,), 9.13 (s, 3 H-20), and 9.20 (d, 
3 H-17, J = 6 Hz), was transformed back to the parent 
hemiacetal on chromatography over alumina. 

Fraction G (2.9 g) ,  eluted with chloroforni, afforded 
compoi~nd VIII the diol I g  (2.6 g), n1.p. 60-63", [a], 
-46" (c, 0.9), which was identical to the diol prepared ( I )  
from solidagoic acid B. Fraction H (509 mg) was eluted 
with methanol-chloroform (I :19) and yielded compoi~nd 
IX, the dihydroxy-hemiacetal 50 (284 mg), which on 
crystallization from ether - light petroleum had n1.p. 
135-137"; [a], - 18" (c, 0.95); v,,, 3425 and 875 cm-' ; 
r 4.50 (m, 1 H-19, ~ v I I 2  = 10 Hz), 9.03 (s, 3 H-20) and 
9.15 (d, 3 H-17, J = 6 Hz); tnie 350 (M). 

Anal. Calcd. for C20H300,: C, 68.54; H, 8.63. Found: 
C, 68.42; H, 8.89. 

The derived diacetate 51, had n.1n.r. signals at  r 3.28 
(s, 1 H-19), 5.18 (t, 1 H-3, Job, = 6 HZ), 5.74 (d, 1 H-18, 
J = 10 Hz), 6.03 (d, 1 H-18, J = 10 Hz), 7.89, 8.02 (both 
s, 2-OCOCH,), 8.98 (s, 3 H-20) and 9.18 (d, 3 H-17, 
J = 6 Hz). 

Redrrctiotr oj'tlie Lnctotie 2 with Litliirrttr AIrnriit?rrtr~ 
Hyrllirle 

The lactone 2 (17 mg) was treated witli a very large 
excess of lithiuni aluminum hydride in refluxing dry 
ether for 14 h. Work-LIP afforded an oil (16 nig) which 
was submitted to preparative t.1.c. (ethyl acetate - light 
petroleuni, 2:3). Tlie rnajor component ( I  I nig) on crys- 
tallization from ethyl acetate - light petrole~lni had m.p. 
57-61", [a], -50" (c, 1.1) and was identical (t.1.c. and 
n.m.1.) to tlie diol(1g) of natural provenance (see above). 

Redrrctiot~ of tire Dinlr/e/ryrle I d  wit11 Litlrirrtrr Alrrttiitrrrtt~ 
Hycllicle 

The dialdehyde (24 mg) when reduced for 2 h as above 
gave on work-up and purification the known diol I g  
(13 nig), m.p. 58-61", [a], -51" (c, 1.3). 

Cotrversiotl of tlre Alcolrol I f  itito tlre Frrrntio-olc~firr I k  
The alcohol V'  (100 nig) in dry pyridine (2 1111) was 

treated at 20" for 15 h with acetic anhydride (I ml). The 
crude product, tlie acetate I j  (98 mg), was purified by 
preparative t.1.c. (chloroforni) and distillation irr ucrcrro. 
It was obtained as an oil [ c r ] ,  -34" (c, 1.4); v,,, 1740, 
1230, and 878 cni-l; r 4.34 (m, 1 H-3), 5.55 (s, 2 H-IS), 
8.05 (s, 3H, -OCOCH3), 8.82, 8.93 (both s, 3 H-19 and 
3 H-20), and 9.10 (d, 3 H-17, J = 6 Hz). 

Anal. Calcd. for C22H32O3: C, 76.70; H, 9.36. Found: 
C, 76.95; H. 9.34. 

-~ydrogenat ion of this acetate (50mg) in ethanol 
(25 ml) containing triethylaniine (5 ml) over 10% pal- 
ladized charcoal for 5 min afforded a mixture (t.1.c.) of 
two products. These were separated by preparative t.1.c. 
(light petroleum), the less polar being tlie major com- 
ponent. This compound was the filrano-olefin I k  (31 mg) 
which after distillation in uacrro had [a], -21" (c, 1.1) 
and was identical (i.r., n.m.r., t.1.c.) to the furano-olefin 
prepared ( I )  from solidagoic acid A. Tlie niinor com- 
ponent was the tetrahydrofuran-olefin on mass spectroni- 
etric evidence, rri,'e 290 (M). 

In a separate experiment the above acetate ( l j ,  45 mg) 
was hydrogenated in ethanol containing triethylaniine 

over palladized charcoal for 40 niin. Work-LIP gave 
mainly one compound which was purified by preparative 
t.1.c. (ethyl acetate - light petroleurn, 1 :19) and distilla- 
tion at 100"/0.05 nini. The resulting oil (28 nig) was tlie 
hexahydro derivative of Ik and liad [a], -7" (c, 0.7, 
chloroform); tr~/e 292 (M). 

Anal. Calcd. for C2,H3,0: C, 82.12; H, 12.40. Found: 
C, 81.95; H, 12.23. 

Red~rctio;~ oj'tlre Hertliacetnl 30 
(i) The hemiacetal 30 (60 mg) in absolute ethanol 

(5 ml) was treated at 20' for 15 li witli a large excess of 
sodium borohydride. The solution was diluted with water 
and extracted with ethyl acetatc. Tlie product was essen- 
tially pure (t.1.c.) diol I g  (54 mg) which on crystallization 
from ethyl acetate - light petroleum had m.p. 60-61"; 
[a], - 52" (c, 1.2). 

(ii) The hemiacetal 30 (50 mg) was heated with excess 
lithium aluniinuni deuteride in refluxing dry ether for 
14 h. The dei~terodiol (47 nig) obtained after work-up 
was acetylated with acetic anhydride - pyridine and 
afforded the corresponding deuterodiacetate (11, 39 ~iig). 
In its n.ni.r. spectri~ln it exhibited resonances at  r 4.06 
(ni, 1 H-3), 5.43 (s, 2 H-IS), 6.01 (s, I H-19), 7.98 (s, 6H, 
2-OCOCH,), 8.93 (s, 3 H-20), and 9.08 (d, 3 H-17, 
J = 6 Hz); ttr/e 403 (M). 

H.vcI~'oxylntior~ 0.f tlre Het)iicrcetnl3n 
The he~niacetal 3cr (450 nig) was treated with osniiuni 

tetroxide (500 mg) in dry ether for 4 days. The reaction 
was worked-up with hydrogen sulfide gas, precipitated 
sulfides being filtered off. The cr~lde product (430 nig) 
consisted (t.1.c.) of two components which were separated 
by preparative t.1.c. (chloroforni-nietlianol, 19:l). The 
less polar (350 nig) was unreacted hemiacetal while the 
more polar, niinor, product (40 nig) was the triol 15, 
wliich could not be induced to crystallize. It liad v,,,;,, 3500 
and 880cni- ' ;  r 4.51 (m, 1 H-19), 5.18 (ni, IH, -OH; 
lost on D 2 0  exchange), 5.56 (s, 1 H, -OH; lost on D,O 
exchange), 6.14 (s, 2 H-IS), 6.33 (s, 1 H-3, I V , , ~  = 6 Hz 
after D 2 0  exchange), 6.82 (ni, IH, --OH; lost on D,O 
exchange), 9.01 (s, 3 H-20) and 9.18 (d, 3 H-17, J = 

6 Hz); ttl/e 350 (M). 

Trecrttrrerit of' Acefoxy-crlrlehyle l i  tvitlr Hyrhnzitie 
Hyrl~~rte 

The acetoxy-aldchyde l i  (50 nig) in nietlianol (5 liil) 
was treated at  20" for 15 l i  witli hydrazine hydrate (3 ml). 
Work-up afforded an oil (47 nig) from which the major 
product (32mg) was recovered by preparative t.1.c. 
(chloroforni). It had [a],  -74" (c, 1.1) and was identical 
(n.ni.r., i.r., and t.1.c.) with the hemiacetal (3rr) of natiil.al 
provenance. 

Atterrrptecl Eposirlntiotr of tlre Her11iircetnl3n 
Reaction of the hemiacetal 3cr (I5 mg) with ttr-chloro- 

perbenzoic acid (20 nig) in clilorofor~ii (5 n:l) at 20" for 
90 mi11 and work-up by filtration tliro~~gli a short co l~~n in  
of neutral alumina afforded essentially pure (t.1.c.) 
starting material (13 mg). Tlie reaction was repeated this 
time for 15 h. The prodi~cts were a complex mixture (t.l.c., 
Elirlicli, and siilfi~ric acid staining) of non-fi~ranoid com- 
pounds and starting material. Similar r e s~~ l t s  were ob- 
tained when carbon tetrachloride or benzene was used 
as solvent. 
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Attempted Oxidation qt the He111incetnl30 
(i) The hen~iacetal 30 (10 n ~ g )  in ether was stirred at 20' 

for 16 h with activated manganese dioxide. Removal of 
the reagent and solvent afforded p ~ ~ r e  (t.1.c.) starting 
material (8 mg). This experiment was repeated  sing 
various grades of manganese dioxide but in all cases the 
result was similar. 

(ii) Treatment of the hen~iacetal (10 mg) at 20" with 
excess of the Sarett reagent for 6 11 also yielded only 
starting material (10 mg). 

Fort,ln/iotl of tile E ~ o . Y J J - ~ / ~ o ~  10 
A large excess of sodiilm borohydride was added to a 

soliltion of the epoxy-hemiacetal 4ri (50 lng) in ethanol 
(I0 n~ l )  and the mixture allowed to remain at 20' for 
15 h. Work-up afforded an oil (47 nlg) which contained 
one major component. This compound, the epoxy-diol 
10, was purified by preparative t.l.c. (ethyl acetate - light 
petroleuni, 1 :I)  and then distillation at 150'/0.04 nini. 
The resulting oil had [a], -6" (c, 1.5); v ,,,,,, 3630, 3380, 
and 875 cm- ' ;  r 9.03 (s, 3 H-20) and 9.20 (d, 3 F1-17, 
J  = 6 Hz). 

Anal. dalcd. for C2,H3,04: C, 71.82; H, 9.04. Found: 
C, 71.89; H, 9.12. 

The corresponding acetate had [a] ,  - I I" (c, 0.6); v,;,, 
1745, 1235, and 875 cnl-I; r 5.57 (d, I H-18, J = 12 Hz), 
5.85 (d, 1 H-19, J  = 7 HZ), 5.94 (d, 1 H-19, J  = 7 HZ), 
6.08 (d, I H-18, J  = 12 HZ), 6.89 (d, I H-3, J = 3 HZ), 
7.97, 7.99 (both s, 3H each, 2 -OCOCH3), 8.97 (s, 3 
H-20), and 9.14 (d, 3 H-17, J  = 6 Hz). 

Anal. Calcd. for Cz,H,,06: C, 68.86; H, 8.19. Found: 
C, 69.04; H, 8.39. 

Corrcel:r.iotl of the Epo,~j~-ileflli~icetfl/ 40 illto ttle 
Diricctntes Ih mlrl I 

(i) Treatment of the epoxy-hemiacetal 40 (50 mg) in 
refluxing dry tetrahydrofuran with excess litliii~nl alu- 
niin~rnl hydride for 15 11 gave a product (43 nig) which 
consisted of two components of similar, high, polarity. 
These were separated by preparative t.1.c. (ethyl acetate - 
light petroleum, 3:l) .  The major, less polar co~ilpone~it, 
the triol 110 (21 nig) was an oil which after distillation at 
180/0.1 mni had [a], -22" (c, 0.75); v,,,, 3420 and 880 
cm-I. 

Anal. Calcd. for C2,H,,04: C, 71.39; H, 9.59. Found: 
C, 71.33; H, 9.60. 

This triol (50 mg) was acetylated and gave the hydroxy- 
diacetate I l b  (46 mg), an oil which was distilled at 
75"/0.01 mm and had [a] ,  - 13' (c, 1 .O); v ,,,;,, 3590, 3480, 
1745, 1240, and 875 em-I ; r 5.35 (d, I H-19, J  = 13 Hz), 
5.83 (s, 2 H-IS), 5.91 (d, I H-19, J  = 13 HZ), 8.00, 8.13 
(both s 3 H each, 2 -OCOCH3), 9.07 (s, 3 H-20) and 
9.18 (d, 3 H-17, J  = 6 Hz). 

Anal. Calcd. for C24H360b:  C, 68.54; H, 8.63. Found: 
C, 68.74; H, 8.86. 

The hydroxy-diacetate 110 (15 mg) was heated at 80' 
with redistilled phosphoryl chloride (0.5 ml) in dry pyri- 
dine (3 1111) for 3 11. The reaction mixture was poured onto 
crilshed ice and extracted with ethyl acetate to afford the 
crude product (17 mg). This consisted (t.1.c.) of two com- 
ponents which were separated by preparative t.1.c. (ethyl 
acetate - light petroleum, 1 :4). The major, more polar, 
component (10 mg) was the oily diacetate which had [a] ,  
-58" (c, 1.0) and was identical (n.ni.r., t.1.c.) to that 
obtained previously by acctylation of the diol lg .  

(ii) The above sequence of reactions was repeated 
starting with epoxy-hemiacetal (50 mg) but substituting 
l i t h i~~m aluminunl de~lteride for the hydride. The hydroxy- 
diacetate 13 had n.1n.r. resonances at r 5.35 (s, I H-19) 
and 5.83 (s, 2 H-18); tu/e 422 (M). The diacetate I /  
(17 mg) obtained by dehydration was identical (n.m.r., 
mass spectroscopy) to that prepared fro111 30. 

Foor.t,tntiotl of tile Ether 3c 
The diol I g  (50 mg) was heated for 15 11 with p-bronlo- 

benzenesulfonyl chloride (150 mg) in refluxing dry pyri- 
dine (5 ml). Work-up afforded an oil (46 n ~ g )  from which 
the major product (32 mg) was obtained by preparative 
t.1.c. (ethyl acetate - light petroleunl, 3:17). This ether 3c 
was distilled at 1503/0.03 nlnl and had [a] ,  -30" (c, 
0.65), v ,,, 872 cm- ' ; r 4.57 (m, 1 H-3), 5.73 (broad d, 
I H-18, J  = 11 HZ), 5.84 (d, 1 H-19, J  = 8 HZ), 5.98 
(broad d, 1 H-18, J  = l l I-lz), 6.73 (d, 1 H-19, J = 8 Hz), 
9.01 (s, 3 H-20) and 9.16 (d, 3 H-17, J  = 6 Hz); t,l/e 
300 (M). 

Anal. Calcd. for C2,H2,02: C, 79.95, H, 9.39. Found: 
C. 79.88: H. 9.52. 

Osirlntiotl of Metlrj~i Ester l o  
Oxidation of the ester l o  (152 mg) in dry pyridirle 

(2 ml) with chromium trioxide (500 mg) at 20' for 18 days 
and work-up afforded an oil (172 mg). The two major 
components of this oil were obtained by preparative t.1.c. 
(ethyl acetate - light petroleunl, 3:7). The less polar 
conlponent (48 rng) was unreacted ester while the other 
was the enone-ester 17b (63 mg). It was purified further 
by distillation it1 unc~to and had v,,;,, 1725, 1675, and 882 
cm- ' :  r 4.23 (s. 1 H-31. 6.50 (s. 3H. -OCH,). 8.29 (d. 
3 H-18, J = I 'Hz), 9.07 (s, 3 H:20) And 9.07 id, 3 H-17: 
J  = 6 Hz); ttl/e 344 (M). 

Anal. Calcd. for C21H2804:  C, 73.22; H, 8.19. Found: 
C, 73.26; H, 8.35. 

Oxirlntiotl of Acetate Zp 
The acctate l p  (40 mg) in dry pyridine (2 nil) was 

treated at 20" for 17 days with chro~nii~nl trioxide (I00 
nlg). The oil (38 mg) obtained on work-LIP was separated 
by preparative t.1.c. (ethyl acetate - light petroleuni, 2:3) 
to afford ilnreacted l p  (17 mg) as the less polar coxn- 
pollent. The other component, the enone-acetate 17c 
(12 mg) was obtained as an oil which distilled at 140°/ 
0.04 nun; [.J], - 88" (c, 0.08); v ,,,,, 1740, 1670, and 872 
C ~ I - ' ;  r 4.07 (s, 1 H-3), 5.84 (d, 1 H-19, J = 12 HZ), 6.18 
(d, 1 H-19, J  = 12 Hz), 8.00 (s, 3 H, -OCOCH,), 8.28 
(broad s, 3 H-IS), 8.97 (d, 3 H-17, J  = 6 Hz), and 9.08 
(s, 3 H-20). 

Anal. Calcd. for C22H3,04: C, 73.71 ; H, 8.44. Foi~nd:  
C, 73.83; H, 8.52. 

Osirlntiotl of Dinretote It1 
The crude product (51 mg) obtained from oxidation 

of the diacetate 111 (SO ~ n g )  with chrornii~m trioxide 
(120 mg) for 17 days at 20 , was submitted to preparative 
t.1.c. (ethyl acetate - l~glit pet~.oleilm, 2:3). This furnished 
two componeri;s, starting material (18 n~g)  and the more 
polar enone-diacetate 17e (16 mg). The latter, an oil, 
after distillation at  150 10.03 1iim had v,,.,, 1753, 1675, 
1220, and 875 cm- ' ;  r 4.05 (s, 1 H-3), 5.28 (narrow nl, 
2 H-IS), 5.86 (d, I H-19, J = I I  HZ), 6.13 (d, I H-19, 
J  = l l Hz), 7.91, 8.02 (both s, 3H each, 2 -OCOCH,), 
8.99 (d. 3 H-17, J =  7Hz),  and 9.12(s, 3 H-20). 
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Anal. Calcd. for C Z J H ~ ~ O ~ :  C, 69.21 ; H, 7.74. Foulid: 
C, 69.21 ; H, 7.72. 

Ox-icitiorl of Diol I g  
(i) Tlie diol l g  (50 rng) In dry pyridine (20 nil) was 

treated at 20" for 14 h with c h r o n i i ~ ~ n i  trioxide (50 mg). 
Tlie oily product (55 mg) resulting from work-up was 
p~~r i f ied  by preparative t.1.c. (ethyl acetate - light petro- 
leum, I :19) and afforded as the sole product the lactone 2 
(37 mg) which crystallized from ethyl acetate - light 
petroleum and had m.p. 89-90", [a], +8" (c, 1.5). It was 
identical (m.p., mixed m.p., n.m.r., i.r., t.1.c.) with a sam- 
ple of the n a t ~ ~ r a l l y  occurring lactone (see above). 

(ii) Tlie diol 1 g  (75 nig) in dry pyridine (2 ml) was 
treated at 2 0  for 14 I1 with a large excess of chromium 
trioxide (500 rng). The  product consisted of two com- 
ponents (t.l.c.), the less polar of which corresponded to 
the lactone (2) obtained previously. Separation of the two 
cornpo~~ncls  was effected by preparative t.1.c. and afforded 
2 (11 mg) as the minor component. The  Inore polar, 
major product (47 mg) the enone-lactone 27, crystallized 
from ethyl acetate - light petroleum and had n1.p. 148- 
149'; [a], -9" (c, 1.2); v,,,, 1779, 1690, and 872 cm-'  ; 
s 3.56 (s, 1 H-3), 5.50 (d, 1 H-19, J =  ~ H z ) ,  6.03 (d, 
1 H-19, J =  S H z ) ,  9.03 (s, 3 H-20),and 9.10(d,  3 H-17, 
J = 6 Hz); 117je 328 (M). 

Anal. Calcd. for C2,H2,0,: C, 73.14; H,  7.37. Found: 
C,  73.1 1; H ,  7.23. 

Osirlotio~l of the Mo~lorrcetote 111 

The known (I)  rnonoacetate 111 (50 nig) was oxidized 
in dry pyridine (2 ml) with c h r o m i ~ ~ m  trioxide (50 mg) 
for 14 h. Work-LIP gave the crude product (52 nig) which 
consisted of two compounds (t.l.c.), the more polar b a n g  
tlie r n ~ ~ c h  niore abundant. This component, the acetoxy- 
aldehyde 1q (37 rng) was isolated by preparative t.1.c. 
(ethyl acetate - light petroleum 1 :3). It was an oil which 
after distillation at  155'/0.025 mrn had [E], -21' (c, 
0.88); v ,,,.,, 2710, 1745, 1695, 1235 and 574 cm-I ; s 0.73 
(s, IH-18), 3.29 (t, I H-3, Job, = 4 HZ), 5.51 (d, 1 H-19, 
J = 12 Hz), 5.77 (d, 1 H-19, J = 12 Hz), 8.14 (s, 3H, 
-OCOCH,), 8.97 (s, 3 H-20), and 9.16 (d, 3 H-17, 
J = 6 Hz); I I I / ~  358 (M). 

Anal. Calcd. for C 2 2 H 3 0 0 4 :  C, 73.71 ; H, 8.44. Found: 
73.70; H, 8.42. 

Oxirlat io~~ of Mo~loncetntr ZIII 
(i) Oxidation of the known (I)  rnonoacetate 1111 (45 mg) 

with chromium trioxide (50 mg) in dry pyridine (20 ml) 
at  20" for 12 h and work-LIP afforded an oil (49 ~ n g )  wliicli 
consisted of essentially one compound (t.1.c.). This com- 
pound, the acetoxy-aldehyde 1r  was purified by prepara- 
tive t.1.c. (chloroforni - light p e t r o l e ~ ~ m ,  4 : l )  and then 
distillation at 160'/0.04 mm. The  resulting oil had  ID 
-89" (c, 0.8); v ,,,, 2690, 1745, 1725, 1230, and 878 a n - '  ; 
s 0.53 (s, 1 H-19), 4.03 (m, 1 H-3), 5.82 (s, 2 H - 1 0 ,  8.08 
(s, 3H, -OCOCH3), 9.02 (s, 3 H-20), and 9.23 (d, 3 H-17, 
J = 6 Hz); I I I / ~  358 (M). 

Anal. Calcd. for C2,H,,O,: C, 73.71, H ,  8.44. Found:  
C,  73.86; H,  8.47. 

(ii) When the monoacetate 11)1 (130 nig) was oxidized 
in dry pyridine (2 ml) at 20" for 12 I1 with a large excess 
of chromium trioxide (500 mg) the only product isolable, 
by preparative t.1.c. (chloroform - light petroleum, I :9), 
was the aldehydo-epoxide 28 (90 mg). This was p~~r i f ied  
further by distillation at  150-/0.015 mm and the resulting 

oil liad [E], + 3" (c, I .3); v ,,,, 2710, 1755, 1722, 1230, and  
878 c m - I ;  s 0.05 (s, 1 H-19), 6.09 (d, 1 H-18, J = 12 Hz), 
6.40 (d, : H-18, J = I2 HZ), 6.97 (s, I H-3, !t11,2 = 4 HZ), 
8.04 (s, 3H, -OCOCH,), 9.13 (s, 3 H-20), and 9.25 (d, 
3 H-17, J = 6 Hz); 111/e 374 (M). 

Anal. Calcd. for CZZH300, :  C ,  70.56; H, 8.08. Found: 
C, 70.21 ; H, 7.89. 

Redrrt io~l  of the Aldehyde-ej~oxirle 28 
Reduction of the aldehydo-epoxide 28 (60 nig) with 

excess lithium aluminum liydride in refluxing dry ether 
for 14 h afforded an oily mixture (t.1.c.) of products 
(57 mg) the less polar of which was tlie niore abundant. 
This compound was isolated by preparative t.1.c. (rnetli- 
anol-chloroform, 3 :97) and had [a], -27'  (c, 0.91). I t  
was identical (n.m.r., t.1.c.) with the triol 110 prepared 
from the epoxy-hemiacetal 40. Acetylation fi~rnished the 
hydroxy-diacetate l l b  (35 mg), [a], - 16" (c, 1.0) which 
was identical (t.l.c., n.m.r., i.r.) with a sample prepared 
from 40 (see above). 

0xirlotio11 of Diol300 
Diol 300 was prepared by reduction of confertifolin6 

(31) (14) with l i t h i ~ ~ n i  aluminum liydride and a sa~iiple 
(150 rng), m.p. 123", was then treated with cl iroi i i i~~ni  
trioxide (200 mg) in dry pyridine (2 mi) at 2 0  for 14 h. 
Work-LIP afforded a crude product whicli cons~sted (t.1.c.) 
essentially of three components. These were separated 
by preparative t.1.c. (ethyl acetate - light petroleum, 
1 :19). Tlie major, and least polar, cons t i t~~ent  was tlie 
furan 3 3  (57 nig) wliicli after distillation ill rncrro had 
v ,,.,, 889 cm-I ;  s 2.93 (s, 1 H-I I and 1 H-12), 8.81, 9.08, 
and 9.10 (all s, 3H each, quaternary C-CH,'s). 

Anal. Calcd. for C l s H r r O :  C, 82.51; H,  10.16. F o L I ~ ~ :  
C, 82.40; H, 10 12. 

The minor components were of similar polarity. The  
less polar of tlie two was isodrirnenin (34 (14), 37 mg), 
m.p. 125-127', the identity of wliicli was established by 
compal.ison (n.m.r., t.l.c., mixcd m.p.) with an authentic 
sanlple. The more polar was confertifolin (31 (14), 
34 nig), m.p. 150-153", the identity of which was also 
established by comparison (n.m.r., t.l.c., mixed m.p.) 
with a n  authentic sample. 

Osirlotio~r o/' Dinretnte 300 
Acetylation of diol 300 (14) furnished the correspon- 

ding diacetate (300) a s  an oil which after distillation at  
100°/0.05 mm liad v ,,,;,, 1743 and 1225 c m - '  ; s 5.37, 5.40 
(both s, 2 H-l l and 2 H-12), 7.93, 7.97 (both s, 3 H  each, 
2-OCOCH,), 8.97, 9.03, and 9.10 (all s, 3tI  each 
q~latcrnary C-CH,'s). 

Anal. Calcd. for C ,9H300, :  C, 70.77; H, 9.38. Found: 
C, 71.05; H ,  9.55. 

A portion (80 mg) of this diacetate was trcalcd with 
c l i r o m i ~ ~ m  trioxide (200 mg) in dry pyridine (2 ml) at 20 '  
for 16 days and affordcd an  oily product which contained 
two major components. These were separated by prcpnra- 
tive t.1.c. (ethyl acetatc - light petrolcum, I :3). The less 
polar coniponent was substrate (23 mg) and the more 
polar the enone-diacetatc 320 (47 mg) whicli was purified 
f i~rther  by distillation ilr  'rrcr~o. Tlic res~~l t ing  oil had v,,,, 
1750, 1685, and 1230cni - ' ;  s 5.16 (s, 2 H - l l  and 2 

6We are gratefill to Dr.  K. H. Overton for suppling 
samples of confertifolin, isodrimenin, and drirnenol. 
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H-12), 7.95, 8.00 (botli s, 3H each, 2 -OCOCH,), 8.81, was filrnislied by reduction of 376 with lithium aluminuni 
9.06, and 9.08 (all s, 3H each, quaternary C-CH3's); hydride in refluxing ether. It was obtained as an oil, r 
i ~ / e  336 (M). 4.38 (broad s, 1 H-6), 6.43 (d, I H-19, J = 1 1  Hz), 6.75 

Anal. Calcd. for C1,H2,0, :  C, 67.83; H, 8.39. Found:  (d, 1 H-19, J = 1 1  Hz), 8.88, 8.92, (both s, 3H each, 
C, 68.26; H,  8.47. quaternary C-CH,'s) and 8.99 (d. 3 H-17. J = 6 Hz). 

0.uidotioir of Dri~?reilyl Acetnte 256 
Drimenyl acetate (25b (15), 70 nig) in dry pyridine 

(2 1111) was treated at  2 0  with c l i romi~~ni  trioxide (200 mg) 
for 16 days. Tlie oily product (77 nig) was separated Into 
two coniponents by preparative t.l c. (ethyl acetate - 
light petrolcuni, 3:17). The less polar was startlng 
material (23 liig). The more polar, tlie enone-acetate 32b 
(33 nig) was obtained as an oil which slowly crystallized 
at  0' and had n1.p. 48-50"; v,,.,, 1745, 1677 and 1228 
cm- ' ;  r 5.27 (d, 1 H - l l ,  J = 13 Hz), 5.29 (d, 1 H-11, 
J = 13 Hz), 7.97 (s, 3H, -OCOCH,), 8.24 (s, 3 H-12), 
8.91, 9.10, and 9.13 (all s, 3H each, quaternary 
C-CH;'s). 

Anal. Calcd. for C , ,Hz ,03:  C, 73.34; H, 9.41. Found:  
C, 73.10; H, 9.40. 

Oxirlntio~r ~f the Frirmro-olef~i 350 
Treatment of thc furano-olefin 350 (16, 50 mg) in dry 

pyridine (4 ml) witli chronii i~m trioxide (61 ~ i ig)  at  20' 
for 4 weeks afforded an oil (45 mg) on work-LIP. This oil 
was scparated into two components by preparative t.1.c. 
(ethyl acetate - light pet~oleilm, 1 :4). The less polar was 
unreacted furano-olefin (350, 24 nig). The other coni- 
ponent was the oily enone 35b (16 mg) which was dis- 
tilled irr crrcrro and had v ,,,, 1665cni- ' ;  h ,,,,, 239 nni 
(E 10 500); c.d. In ethanol [0]325 -4800 and [f3I2,, 
+ 17 600; c.d. in chloroforni [O],,, -4500; r 4.37 (q, 
1 H-3, J =  1 HZ), 8.13 (tl, 3H-18,  J =  I Hz), 8.87 (s, 
3 El-191, 9.12(d, 3 H-17, J = 6 Hz), and 9.17 (s, 3 H-20). 

Mol. Wt. Calcd. for C ~ 0 H 2 8 0 2 :  300.2089. Found 
(high rcsolution niass spectrometry): 300.2094. 

Osirlntioir ofClrole.~trryl Acetate 360 
Cliolcsteryl acetate (360, 330mg) in dry pyridine 

(10 ml) was trcated witli cliromi~lm trioxide (800 mg) at  
20" for 14 days. Thc product (340 mg) when subjected to 
preparative t.1.c. (ethyl acetate - light petroleuni, 3:17) 
gave two major fractions. Tlie less polar was starting 
niatcrial (130 mg) and the other, tlic known (8) enone- 
acetate 366 (68 mg). It crystallired from light petroleum 
and had m.p. 154' (lit. value 161-163'); v,,,;,, 1740 and 
1682 cni-'  ; r 4.30 (s. 1 H-6) and 5.33 (111, 1 H-3, I V , , ,  = 
20 Hz). 

Delryclrntioir (~f'iCletlr~~/ iMrrrrir1)icite 400 
Mctliyl niarrubi:~tc (400, 421 mg) in dry pyridine was 

trcatcd at 20' for 7 days with toli~ene-p-si~lfonyl chloride 
according to the method developed (21) by Burn and 
Rigby for tlic dehydration of niarri~biic acid. Work-LIP 
alTordctl an oil (414 mg) which consisted essentially of 
only one compound, 370. Tliis was purified by prepara- 
tive t.1.c. (cliloroforrn) and distillation at  130°/0.02 nini. 
Tlie resulting oil had v,,,;,, 3650, 1772, and 882 cn i - ' ;  
r 4.17 (t, 1 ti-6, J ,,,, = 3 Hz), 6.37 fs, 3H, -OCH,), 8.70 
(s, 3H, quaternary C-CH,), 9.00 (d, 3 H-17, J = 6 Hz), 
and 9.07 (s, 3H, quaternary C-CH,). 

Anal. Calcd. Sol- C z , H 3 , 0 4 :  C ,  72.80; H, 8.73. Found: 
C,  72.61 ; H, 8.62. 

This compound was further characterized by prcpara- 
tion of the corresponding primary alcohol (37c) wliich 

Anal. ~ a l c d .  for C~~H,,,O,: C, 75.43; H ,  9.50. Found: 
C, 75.13; H, 9.27. 

The corresponding acetate 37d, also a n  oil, had r 4.29 
(t, 1 H-6, Job, = 3 HZ), 5.86 (d, 1 H-19, J = 11 Hz), 6.15 
(d, 1 H-19, J = l l Hz), 8.90 (s, 6H, quaternary 
C-CH,'s) and 9.00 (d, 3 H-17, J = 6 Hz). 

Anal. Calcd. for C22H320,:  C, 73.30; H, 8.95. Found: 
C, 73.15; H,  8.92. 

Oxidotiou of /he Olefinic-ester 370 
Oxidation of the ester 370 (750 mg) in dry pyridine 

(3 ml) with chronii~lni trioxide (500 nig) at  20" for 10 days 
afforded a n  oily prod~rct  (687 nig). This material was 
chromatographed over neutral aluniina (grade 111; 
60 g). Early fractions containing unreacted 37a (320 mg) 
were eluted with ethyl acetate- light petroleuni (1:19). 
Tlie enone 380 (360 nig) was eluted next (ethyl acetate - 
light petroleum, 3:17) as an oil which had v,,,, 1730, 
1680, and 878 cni- '  ; h,,,, 241 nm (E 12 000); r 3.82 
(sharp s, 1 H-6), 6.38 (s, 3 H, -OCH,), 8.61 (s, 3 H 
quaternary C-CH,) 8.73 (d, 3 H-17, J = 6 Hz), and  
8.86 (s, 3H, quaternary C-CH,). N o  satisfactory elemen- 
tal analysis was obtained for this compound and it was 
characterized by preparation of 38c. Reduction of 380 
with lithium aluminuni hydride in refluxing ether gave a 
mixture (t.1.c.) of two triols (epimeric at  C-7). This mix- 
ture was oxidized witli the Sarett reagent and afforded 
38c, a n  oil, which had v,,,, 1720, 1670 and 882 cm- ' ;  
h ,,,,, 240 nni (E 12 500); r 0.79 (s, 1 H-19), 3.87 (sharp s, 
1 H-6), 8.70 (d, 3 H-17, J = 7 Hz), 8.82 and 8.90 (both s, 
3 H  each, quaternary C-CH,'s). 

Anal. Calcd. for C20H2604: C, 72.70; H ,  7.93. Found:  
C, 72.65; H, 8.01. 

Preprrrn/iotr of //re Frrrarro-olefiil 376 
The known (5) ketone 41  (176 nig) was heated with 

excess lithium aluniini~nz hydride in refluxing dry ether 
for 18 h. The  product (182 nig) was chromatographed 
over neutral alumina (Grade 111; 25 g), the major com- 
ponent, tlie axial alcohol 406 (88 mg), being eluted with 
ethyl acetate - light petroleuni (1 :9). This alcohol failed 
to crystallize and was purified by distillation at 155"/ 
0.05 mm. It had v ,,,, 3610, 3390, and 865 cm-I ;  r 5.70 
(ni, 1 H-6, ~ v , , ~  = 7Hz) ,8 .75 ,  8.78,9.02(al ls ,  3Heach ,  
quaternary C-CH,'s), and 9.05 (d, 3 H-17, J = 6 Hz). 

Anal. Calcd. for C 2 0 H 3 2 0 3 :  C,  74.96; H,  10.06. 
Found: C,  74.73; H,  10.03. 

Tlie diol40b (66 mg) in dry pyridine (2 1111) was treated 
at  20" for 80 niin with methane sulfonyl chloride (1 ml). 
The oil obtained (72 nig) was subjected to preparative 
t.1.c. (ethyl acetate - light petroleum, 1 :19) and  afforded 
the olefin 370 (57 mg) which was distilled irr ~iaclio. The  
resulting oil had v,,,, 3560 and 878 cm- ' ;  r 4.36 (t, 1 
H-6, Job, = 3 Hz), 8.85, 8.88, and 8.90 (all s, 3H each, 
quaternary C-CH,'s), and 9.00 ( d ,  3 H-17, J = 6 Hz). 

Mol. Wt. Calcd. for C2,H3,02: 302.2246. Found (high 
resolution niass spectronietry): 302.2250. 

This olefin (50 mg) in dry pyridine (3 ml) was treated 
at 20" with chromiunl trioxide (100 mg) for 25 days. The  
crude product was subniitted to preparative t.1.c. (chloro- 
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form) which furnished the only isolable product, the 5. T .  ANTHONSEN, P. H. MCCABE, R. MCCRINDLE, and 
enone-lactone 39 (19), (7 mg). This material solidified R. D. H. MURRAY. Tetrahedron, 25, 2233 (1969). 
after distillation in uaclro and had n1.p. 128-134" and was 6. R. A. APPLETON, J. W. B. FULKE, M. S. HENDERSON. 
identical (t.l.c., i.r., u.v., mass spectra) with a sample of and R. MCCRINDLE. J.  Chem. Soc. C, 1943 (1967). 
39 supplied by Dr. Rivett. A further sample (16 mg) of 7. M. S.  HENDERSON. Ph.D. Thesis. University ofGIas- 
the olefin 37b was oxidized in dry pyridine (2 ml) with gow, Glasgow, Scotland. 1969. 
chromium trioxide (35 mg) for 5 days. The product con- 8. W. G. DAUBEN, M. LORBER, and D. S.  FULLERTON. 
tained (t.1.c.) essentially only two components. These J .  Org. Chem. 34, 3587 (1969). 
were separated by preparative t.1.c. (ethyl acetate -light 9. I.  YOSIOKA and T. KIMARA. Chem. Pharm. Bull. 13, 
petroleunl, 1:l). The less polar was starting material 1430 (1965). 
(3 nlg) and the other, compound Y (386, (19), 8.5 mg) 10. C. NISHINO, K. KAWAZU, and T .  MITSUI. Agr. Biol. 
which crystallized from ethyl acetate - light petroleum. Chem. 35, 1921 (1971); K. KAWAZU, C. NISHINO, R. 
It had m.p. 110-1 14", [a], - 23" (c, O.8), and was identical McCRlNDLE, and D. MCMASTER. Agr. Biol. Chem. 
(mixed m.p. (110-114"), t.l.c., i.r., u.v.) with a sample of 36> 124j (1972). 
386, m.p. 112-114", provided by Dr. Rivett. 11. C. J .  W. BROOKS, G. LINDSAY, and K. H.  OVERTON. 

J .  Chem. Soc. C, 203 (1970). 
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