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Abstract-Acid-catalyzed cyclization of A7-, A@‘)- and A”“)-lab&l3-dien-IS-01 acetates, sclareol, manool 
and epimanoyloxide gives a mixture of (14R)- and (14S)-isoagath-l2-en-15-01s. hiban-l4a-ol. two 
tetracyclic alcohols with a new carbon skeleton, and their esters. The new tetracyclic alcohols have been 
identified as I I- and l3-hydroxyderivatives of (lR,2S,7S,lOS,l2S) - 2,6,6,10,12 - pentamethyl- 
tetracyclo[ 10.2.1.0’ “‘.02’Jeicosane proved by IR, NMR, MS, ORD and CD data and some chemical 
transformations. 

According to the biogenetic isoprene rule’.2 labdane 
diterpenoids ent<opaIoI 1 and manool 2 are bio- 
genetic precursors of a range of polycyclic dit- 
erpenoids. With an aim of biomimetic syntheses 
elaboration of the latter the in vitro cyclization of 
alcohols 1 and 2 was undertaken.’ It succeeded in 
realizing a biogenetic-like synthesis of tricyclic, but 
not tetracyclic diterpenoids. 

It is to be noted that in the worksG9 the labdanoids 
cyclization was carried out under more or less similar 
mild conditions by solvolysis of esters of bicy- 
clogeranylgeraniol I and its isomers. In the same time 
it is well known” I2 that l$diene cyclization strongly 
depends on the method of reaction initiation, cy- 
clizating agent. reaction medium, temperature, etc. 
The influence of these factors on labdane dit- 
erpenoids cyclization is not sufficiently studied. 

We have investigated the cyclization of acetate 
mixture 3” and its separate constituents using 10% 
sulphuric acid in 990/, formic acid. In this paper are 
given the data on composition of oxygenated portion 
of cyclization products (yield 47-51%). It was shown 
this portion represents a mixture of five alcohols and 
their formates. Three of these alcohols appeared to be 
known: isoagathane compounds 4, St4 and hiban- 
I4 7~ -0l 6.5 ’ These compounds were identified on the 
basis of spectral data and by direct comparison with 
authentic samples. 

The remaining two alcohols (designated as A and 
B) appeared lo be tetracyclic compounds with a new 
carbon skeleton. Their structure was elucidated as 
follows. 

OAc 

(71 (8) (9) 

According to ‘H and “C NMR data, compounds 
A and B are secondary alcohols. The former alcohol 
does not possess hydrogen atoms at P-position to the 
hydroxyl group. Both alcohols contain five methyl 
groups at quaternary carbon atoms and hence they 
cannot belong to tetracyclic diterpenoids of known 
structural types.’ Oxidation of alcohols A and B 
afforded ketones A and B respectively, their carbonyl 
groups being attached to five-membered ring (IR 
spectral data). Ketone B possesses a methylene group 
vicinal to carbonyl group and to a quaternary carbon 
atom, as it follows from its IR absorption at 
1416 cm ’ and the presence of doublet of doublets of 

(4) (5) (6) 
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AB system in its PMR spectrum at 2.33 and 
2.08 ppm, the former being additionally splitted with 
J = 4.7 Hz. Unlike ketone B, the carbonyl group of 
ketone A is sterically hindered. This ketone does not 
form carbonyl derivatives under the standard condi- 
tions and does not react with peracids. 
Huang-Minlon reduction of ketone B” or de- 
sulphurization of its thioketal with Raney Ni 
afforded a crystalline hydrocarbon, m.p. 72-73”. The 
latter was also obtained from ketone A under the 
same reduction conditions. Though these conditionsI 
are sufficiently vigorous the hydrocarbon yield from 
ketone A is rather low. In this case, transformation 
of ketone A to alcohol A, apparently via diimide 
reduction, is predominated. Therefore both alcohols 
A and B possess the same carbon skeleton and differ 
only in their hydroxy group position. Being treated 
with acids, alcohols A and B or their acetates are 
mutually isomerized as a result of hydride shift which 
in terms of the above-mentioned data cannot be a 
1 ,Zshift. 

Owing to the inertness of ketone A further experi- 
ments directed to structure elucidation of alcohols A 
and B were carried out with ketone B. Baeyer-Villiger 
oxidation was found to proceed most efficiently with 
p-carbomethoxyperbenzoic acidI to afford a 
6-lactone. Its saponification product (the correspond- 
ing hydroxy acid) is easily relactonized when heated 
in ether. The starting 6-lactone is also formed during 
silica gel chromatographic purification of the re- 
spective hydroxy acid methyl ester. The latter is not 
oxidized by chromium anhydride in pyridine. There- 

fore its hydroxy group is tertiary. Hence, ketone B 
carbonyl group is attached to the quaternary carbon 
atom bearing one of the methyl groups. This conclu- 
sion was confirmed by further chemical trans- 
formations of the 6-lactone. Thus, its hydride reduc- 
tion leads to a primary-tertiary diol (IR and NMR 
data). Selective acetylation of its primary hydroxy 
group followed by dehydration of the resulted hy 
droxy acetate with phosphorus oxychloride in pyri- 
dine leads to the formation of the mixture of isomeric 
unsaturated acetates. Column chromatography of the 
mixture using silver nitrate impregnated silica gel 
allowed to isolate a mixture of two acetates with 
trisubstituted double bond and the isomer with ex- 
acyclic double bond (IR, NMR and GLC data). The 
latter was oxidized by osmium tetraoxide and sodium 
periodate to form a ketoacetate, which was 
saponified to hydroxy ketone with carbonyl group in 
cyclopentane ring (IR, 1747 cm-‘). In the ketoacetate 
PMR spectrum there are signals of -CH$H,OAc 
group and of two AB systems, indicating the presence 
of two methylene groups linked with quaternary 
carbon atoms and with the carbonyl group. Thus, the 
ketoacetate should contain the structural fragment 7. 
Taking into consideration the above-mentioned se- 
quence of ketone B transformation to ketoacetate it 
can be concluded that its molecule should contain the 
bicycle [2,2,1] heptane moiety 8. Ion peaks at m/z . 
137, 123, 121 and 107 in the ketone B mass spectrum 
indicate the presence of structural unit 9 in its 
molecule.” Both fragments 8 and 9 discount eighteen 
from twenty carbon atoms of alcohol under consid- 

(10) (11) 

SAC OAc 
(13) R=Ac 

(16) R=AC 

(17) R-JI 
(18) 

Scheme I 

1, 18 
(19) R,=R,=R 

(20) R,=OH; B2=Ei 

(21) R,=H; R2=OH 

(31) R,=OAc; R2=B 
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Table I. “C Chemical shifts and off-resonance data for compounds 10-13, l%Zl, 27, 28, 31 
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r 1 
Carbon 
atom I (10) (11) 

i 
(12) (13) (19) (20) (21) (27) 

I 
(28) (31) 

C-l 42.08t= 41.74t 

c-2 18.54t 18.37t 

C-3 42.22t 42.62t 

c-4 33.4cs 33.35s 

C-5 49.9@ 48.m 

C-6 20.10t 19.58t 

c-7 35.86t 35.m 

C-8 40.618 43.378 

c-9 57.30s 52.108 

c - 10 37.738 38.978 

c - 11 43.30t 41.64t 

c - 12 217.568 173.14e 

c - 13 54.47s 84.973 

c - 14 42.08t 35.65t 

c - 15 52.19t 57.mt 

C - 16 14.55q 24.739 

c - I? 16.ooq 15.65q 

C - 18 33.92q 34.22q 

c - 19 21.99q 22.29q 

c - 20 25.13q 25.199 

39.m 

18.49t 

41.61t 

33.398 

4a.24d 

19.42t 

35.4ot 

46.628 

54.2'16 

40.63s 

44.92t 

68.mt 

75.77s 

37.39t 

58.9?t 

22.9Oq 

17.03q 

34.71q 

22.3oq 

33.49s 

39.75t 

16.57t 

41.6ot 

33.528 

48.63d 

19.29t 

31.20t 

46.958 

54.44s 

40.760 

45.46t 

64,llt 

75.35s 

37.45t 

58.78: 

23.21q 

16.75q 

34.72q 

22.37s 

33.589 

21.15= 

171.48a 

w.wt 
18.78t 

42.8Ot 

33.52s 

Ul.!s9d 

20.14t 

35.8Ot 

40.960 

60.Oq.9 

38.1~ 

37.35t 

26.1Ot 

43.04.3 

45.01t 

58.07t 

22.15q 

17.53q 

34.lOq 

22.15q 

25.44q 

41.93t 42.36t 41.55t 

18.65t 18.64t 18.42t 

42.33t 42.36t 42.21t 

33.488 33.488 33.469 

51.17d 50.566 50.906 

20.14t 20.02t 18.42t 

35.72t 35.6Ot 31.99t 

40.22s 40.868 50.209 

58.808 59.408 57.318 

37.71s 37.768 57.368 

39.87t 43.76t 32.41t 

1??.62d 1??.62d 24.74t 

46.669 46.77s 53.278 

3a.24t 35.>‘+t 34.19t 

54.53t 47.43t 218.61e 

16.Ylq 19.57q 14.99q 

17.56q 17.43q 17.aq 

34.02q 33.94q 33.95s 

22.01q 2l.%q 21.94q 

24.92~1 24.56q 2O.ooq 

42.33t 

I&!33 
42.4?t 

33.498 

51.4ld 

19.64t 

26.94t 

42.76s 

59.138 

38.038 

35.11t 

25.74t 

4?.60e 

41.5at 

87.66d 

16.58q 

17.69q 

34.03q 

22.13q 

20.C6q 

41.94t 

18.65t 

42.33t 

33.49s 

51.224 

20.11t 

35.75t 

40.23s 

59.03e 

37.74s 

41.11t 

79.83d 

46.048 

36.37t 

54.33t 

17.lOq 

17.53q 

34.02q 

21.%q 

24.95q 

29.29= 

170.45= 

a6 9, d, t, q - sin&let. doublet, triplet and quartet signals in th..off-resonance spectra respectively: 
m acetoly-group siepa1s. 

/ I 
m/a 259 m/z 277 

-c2H40 
* 

Scheme 2 
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Table 2. The dependence of the saponified cyclization product composition on the structures of isomeric 
labdadien- 15-01 acetates 

Ccmpound 

3. CH2OAc 

4. 

ti 

CH20Ac 

. . 

5. 
*OAc 

42.2 51.1 6.3 5.7 - 

49.4 49.3 13.5 23.5 15 

45 47.4 18.1 15 29.3 37.6 

50.6 46.9 12 14.6 16 36.3 21.1 

59.3 

31.8 

26.7 

16.2 

= Determined by GIL on "Twet-1'36" cbromatograph; column taqerature = 170%. injector port 

temperature = 220%, glass column (1 = 1 m, l.d.3.5 IPIP) rith 5 % 5E-30 on CiLPomtm N-AW-DbCT, 

%liU!n flow rate = 50 m.l/mi.n, FID. 

eration. One of the two remaining carbon atoms 
belongs to the methyl group because the starting 
compound contains five such groups; the second one 
is situated in the cycle B which therefore should be a 
six-membered one. Taking into account the structure 
of fragment 8 and the fact that the highest yield of 
alcohols A and B was achieved starting from cis- or 
[runs-labd-8(9),13-dien-15-01 acetates 3 (see Table 2), 
we conclude that the remaining methyl group should 
be attached to the starred carbon atom of the frag- 
ment 8. Hence, the structure of ketone B may be 
represented by formula 10 (stereochemistry yet not 
considered) and its transformation to ketoacetate by 
the Scheme I. 

The structure of ketone 10 was confirmed by “C 
NMR (see Table I) and MS data. Its ‘-‘C NMR 
spectrum showed signals of five quaternary and one 
tertiary carbon atoms as well as signals of five methyl 
groups. Its MS shows a certain analogy in the 
electron-impact induced fragmentation with cam- 
phor.‘* Probable pathways leading to formation of 
the most informative ions are shown in Scheme 2. 

Evidence supporting the bicyclo[2,2,l)heptane 
backbone of ketone B 10 molecule has been obtained 
on its deuteration experiment. In spite of the fact that 
there is a methylene group adjacent to carbonyl 
group, only one of hydrogen atoms was subs&ted 
for deuterium (MS data). It is well known’e2’ 
that such behaviour is characteristic of the bicycle 
[2,2,l]heptan-2-ones and is caused by the 
stereospecific attack of the base on the less sterically 
hindered a-exo-proton. The mass spectrum data for 
the deuterated ketone 10 followed the fragmentation 
pattern shown in Scheme 2 wherein the peaks of all 
ions except those at mJz 229 and 244 are shifted by 
one unit towards the higher mass region. 

The stereochemistry of ketone 10 was established 

by CD and ORD methods. We cannot find model 
compounds with the structures similar to this ketone. 
However, the environment of its carbonyl group is 
similar to that of l-methylbicyclo(2,2,I]heptan-2-one. 
The negative Cotton effect of the ketone 10 is of the 
same sign as that of (1 S,4R)-l-methyl- 
bicyclo[2,2,l]heptan-2-one 1824 and this fact indicates 
that methylene bridge should occupy a-side of the 
molecule though the absolute value of Ac for ketone 
10 is twice that for ketone 18. More convincing 
evidence (which is in agreement with that mentioned 
above) concerning the stereochemistry of the in- 
vestigated compounds results from analysis of the 
CD of ketoester 16 (see Fig. 1). Absolute value of AC 
(2.95) strictly indicates that its BjC rings are cis- 
fused. Indeed, it is well known that for &-fused 
2-hydrindanones At = 2.7-3.9, but for trans-fused 
isomers A( is larger (5.G6.0). Negative Cotton effect 
of the ketoacetate points out that stereochemistry of 
its B/C cycles junction can be represented by formula 
16. Unlike examples2’ wherein the equatorial substit- 
uent at b-carbon atom in the junction position of the 
2-hydrindanone rings is a methyl group, in the case 
of ketoacetate 16 this substituent (acetoxyethyl 
group) is more bulky. However, it is known25 that the 
influence of methyl group in such a position on the 
Cotton effect is negligible. Our data indicate that on 
replacement of methyl by acetoxyethyl group the 
situation is not altered. These facts lead to the 
conclusion that the ketone B stereochemistry may be 
represented by formula 10. Hence, the corresponding 
hydrocarbon has the structure 19. 

Therefore, only hydroxy group configuration of 
the alcohol B remained unspecified. Since attack of 
small nucleophiles on the bomane type carbonium 
ions is known2’22.26 to proceed from the exo-region, 
one might assume that this hydroxy group has exo- 
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0 

-1 

-3 

Fig. I. CD curves of ketones IO(i), 27(h) and of ketoacetate 
16(iii). 

configuration. To ascertain this question alcohol B 
epimer was prepared by the potassium borohydride 
reduction of ketone 10. It should be noted that its 
sodium borohydride or lithium aluminium hydride 
reduction resulted in the formation of hardly sepa- 
rable epimeric alcohol mixtures. Carbinol proton of 
alcohol B resonates at higher field (3.46ppm) than 
that of its epimer (3.71 ppm). This proves22.27 exo- 
configuration of the hydroxy group in the first of 
them. It was also confirmed using Brewster 
method28.‘9 [the difference between the molecular 
rotation of 3,Sdinitrobenzoate of alcohol B (I 57.3’) 
and that of alcohol B (40.4”) is positive (106.9”)). This 
method revealed not only the alcohol B configuration 
but confirmed also the above discussed stereo- 
chemistry of bicyclo[2,2,l]heptane system. Thus, the 
structure and stereochemistry of alcohol B and its 
epimer are given by the formulae 20 and 21, re- 
spectively. 

Taking into account that (i) alcohols A and B 
possess the same carbon skeleton; (ii) their acetates 
are mutually isomerized; (iii) there is no hydrogen 
atom at an @-position to a hydroxy group in alcohol 
A (PMR data for alcohol A and corresponding 
ketone as well as the absence of deuterium exchange 
in ketone), we conclude that hydroxy group of alco- 
hol A is situated either at C-14 or at C-15 position. 
The latter position was excluded for the reasons (i) 
the 0x0 group of ketone A is strongly hindered 
stetically; examination of molecular models shows 
that C-14 position is sterically more hindered than 
C-15; (ii) according to PMR spectra alcohol A ox- 
idation to corresponding ketone results in the de- 
shielding of two methyl groups; (iii) cyclization of the 
acetates mixture 25 with the deuterium label at C-15 
gives deuterated alcohols A and B which are oxidized 
to ketones without the loss of deuterium. Moreover, 
in the MS of thus obtained deuteroketone 10 in- 
tensity ratio of ion peaks with m/z 244 and 245 (I .6) 
is lower in comparison with that (2.9) in the MS of 
nondeuterated ketone. The intensity ratio of peaks at 
m/z 229 and 230 (6.0 and 1.3 respectively) is also 
decreased. These data as well as other changes in its 
mass spectrum (see Experimental) as compared with 
those of the nondeuterated compound again confirm 
its fragmentation pattern and C-15 position for deu- 
terium atom. Since the deuterium introduction 
method is not stereospecific but McLafferty fragmen- 
tation is, the shift of the ion with m/z 244 by I 

mass-unit towards the higher mass numbers should 
occur only partially, and this is the case. 

The mixture of deuterated acetates 25 was syn- 
thesized according to the following scheme. 

(22) (23) 

&g” 
(24) R=H (28) 
(25) R=Ac 

Corey oxidation”’ of the alcohol mixture 22” 
afforded the hydroxy aldehydes 23 which was re- 
duced by NaBD, to the deuterated alcohols 24. The 
latter were acetylated to acetates 25 and then cy- 
clizated with sulphuric-formic acids. Alcohols A and 
B were isolated and oxidized to ketones as described 
earlier. Our attempt to perform the similar series of 
transformations with the unsaturated alcohols 26 
failed owing to NaBD, reduction of the conjugated 
aldehydes prepared from this alcohol mixture gave 
mainly l,4-addition products and led to the for- 
mation of hardly separable mixture of dienols and 
alcohols with a saturated side chain. It is known,‘2 
however, that acid catalyzed cyclization of 
A”-laManes with the double bonds at C-7 and C-8 
positions or with hydroxy group at C-8 gives rise to 
the same products.‘2 

The evidence cited above leads to the conclusion 
that ketone A has structure 27 which is confirmed by 
its mass spectrum (Scheme 3). Fragmentation of the 
deuterated ketone 27 is represented by the same 
scheme where the peaks of all ions except of having 
m/z 205 are shifted by one unit to the higher mass 
region. Therefore, alcohol A has the structure 2%. 

,-- , 

8 *. 

(27) R=O 
(28) R= dOH,H 

(32) R= dOAc ,H 

d .’ -. 

(30) 

(29) 
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m/z 205 - A 

(27) m/e 288 m/z 73$ 

I 

-CO 

I 

-CHO 
I 

-3 

43 
m/2 245 t-- m/z 260 m/z 107 + 

Scheme 3 
m/z 121 

Location of its carbinoi proton signai in the ‘H NMR 
spectrum (3.21 ppm) indicates that its hydroxy group 
occupies an exo-position. More definite conclusion 
concerning its configuration could be made if we had 
its epimer. However, the ketone 27 hydride reduction 
proceeds stereospecifically giving in all cases the 
alcohol 28. 

On attempt to prepare 3,5-dinitrobenzoate of alco- 
hols 28 large amounts of hydrocarbons and mixture 
of two compounds of comparable polarity were 
unexpectedly obtained. The less polar product was 
not saponified by loo/, alkali hydroxide ethanolic 
solution but its lithium aluminium hydride reduction 
results in the formation of alcohol 28. Difference 
between molecular rotations of 3,5-dinitro~nzoate 
and that of alcohol (+9”) indicates the S- 
configuration at C-14 (exo-hydroxy group) and is in 
agreement with NMR data. Saponification of more 
polar benzoylation product of alcohol 28 gave the 
compound with m.p. 85-87” spectral properties of 
which were close to and chromatographic behaviour 
was identical to those of alcohol 28. Its oxidation 
affords ketone 27. However, high resolution 
(270 MHz) ‘H NMR spectrum gives evidence that the 
product represents in fact mixture cu 1: 1 of two 
compounds. The same mixture is formed also by 
lithium aluminium hydride reduction of more polar 
benzoate. Thus we have failed to obtain the individ- 
ual epimer of alcohol 28. The above given results 
suggest that on benzoylation of alcohol 28 a revers- 
ible alkyl+xygen bond heterolysis takes place with 
formation of the epimeric alcohol henzoates mixture. 
In favour of such a possibility withneses a large 
amount of hydrocarbons which is formed at the 
alcohol 28 benzoylation under standard conditions. 

The structure of alcohols 20 and 28 and their 
transformation products was confirmed by 13C NMR 
spectra (see Table 1). The signals were assign@ by 
comparison of their spectra between each other and 
with the published spectra of other diterpenoids. The 
influence of the functional groups on the signals of 
the atoms attached to them and the neighbouring 
carbons and the off-resonance data were taken into 
account as well. The assignment of the C-5 signal is 
simple because it is the only doublet signal in 
off-resonance spectra for all of the investigated com- 
pounds. 

The hydrocarbon 19 off-resonance spectrum shows 
4 quartet signals of primary carbon atoms at 17.53, 

22.15, 25.44 and 34.10 ppm. The signal intensity at 
22.15 ppm is approximately two times higher than 
that of the other signals. In the spectra of oxygen 
containing compounds it splits into two signals. 
Comparison of 13C NMR spectrum of hydrocarbon 
19 with that of labdane,33”4 podocarpane,)’ kaurane3* 
and hibane” diterpenoids unambiguously shows that 
C-18 carbon atom resonates in the lower field 
(34.10 ppm), C-17 carbon atom-in the highest field 
(17.53 ppm) and C-19 carbon atom resonates at 
22.15 ppm. The remaining two quartet signals (22.15 
and 25.44 ppm) belong to C-8 and C-13 methyl 
groups, respectively, because in the spectra of ketone 
27 and alcohol 28 they were shifted upfield that is 
characte~stic of carbon atoms at y-position to a 
hydroxy group.““” One of them (22.15 ppm) is 
shifted upfield also in the spectra of compounds 10, 
20 and 21 and therefore belong to C-16 atom. In 
agreement with Ref. 27, the exo-isomer 20 shows a 
larger shift. The remaining signal at 25.44ppm is 
assigned to C-20 carbon atom. 

fn the off-resonance spectrum of hydrocarbon 19 
there are five signals of quaternary carbon atoms at 
33.52, 38.14, 40.96, 43.04 and 60.09ppm. Com- 
parison with the published data’&” reveals, that the 
signal at 33.52ppm may be attributed to C-4 atom. 
This is in good agreement with its chemical shift value 
(33.20 ppm) calculated according to ref. 39. On pass- 
ing from hydrocar~n 19 to alcohols 20 and 21 and 
to ketone 10, the signal at 43.04 ppm shifts downfield 
by 3.83, 3.73 and 11.43 ppm, respectively. The values 
of these shifts are characteristic of carbon atoms at 
/?-position to the mentioned functional group~.-‘~ The 
deshielding of C-4 carbon atom occurs also in acetate 
31 and lactone 11. Due to reasons cited above we 
assigned the signal at 43.04 ppm to C-13 carbon 
atom. 

Passing from hydrocarbon 19 to compounds 10, 
11, 20, 21 and 27 the signal at 38,14 ppm is shifted 
upfield by 0.36-0.83 ppm, i.e. the corresponding car- 
bon atom occupies &-position to the carbon atom 
connected with the oxygen containing functional 
group?8 According to these data and the fact that 
C-10 atom of diterpenoids of other structural 
type?)’ resonates in the 37-39 ppm region the signal 
at 38.14 ppm in the spectrum of hydrocarbon 19 must 
be assigned to the same carbon atom. 

The introduction of hydroxy or 0x0 groups in C-14 
position of hydrocarbon 19 causes the downfield shift 
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of signals at 40.96 and 43.04ppm. Hence, these 
signals can be attributed to C-8 and to C-13 carbon 
atoms. Since the signal at 43.04ppm has been as- 
signed to C-13, the signal at 40.96 ppm corresponds 
to C-8 carbon atom, and the remaining singlet signal 
at 60.09 ppm to C-9 carbon atom. Indeed, the last 
signal in the compounds 10, 20, 21, 27 and 28 spectra 
is shifted upfield by 0.69-2.38 ppm (7-effect).‘5 Thus, 
the carbon atom of hydrocarbon 19 having a chem- 
ical shift 60.09 ppm occupies y-position to C-12 and 
C-14 atoms and is situated at C-9. Shift value of this 
atom in the ketone 27 spectrum (2.28 ppm) is larger 
as usual (_ I .30 ppm) and is characteristic of bridged 
system carbon atoms situated at the bridgehead.““’ 
This explains probably the unusually strong 6- and 
y-effects in the case of lactone 11: the signals of C, 
and C, atoms in its spectrum are shifted, in com- 
parison with their position in the spectrum of hydro- 
carbon 19 downfied and upfield by 2.42 and 
7.99 ppm, respectively. 

Off-resonance spectrum of hydrocarbon 19 shows 
9 triplet signals of methylene groups. Comparison of 
their values with those published elsewhere3G37 al- 
lowed to assign the signals at 18.78, 20.14, 42.21 and 
42.80 ppm (the assignment of these latter two signals 
cannot be conclusive because the difference between 
them is less than 0.5 ppm), to C-2, C-6, C-l and C-3 
atoms respectively, the surrounding of them being the 
same for all the compared types of diterpenoids. 
Since the introduction of oxygen containing groups 
at C- I2 and C- 14 in hydrocarbon 19 leads to disap- 
pearance of triplet signals at 26. IO and 58.07 ppm 
they should be attributed to C-12 and C-14 carbon 
atoms. The signal at 35.80 ppm occupies rather con- 
stant position in the spectra of hydrocarbon 19 
derivatives except of those for ketone 27 and alcohol 
28 where it is shifted upfield. In the “C NMR spectra 
of diterpenoids of different structural types the signal 
of the C-7 atom appears at 35.9&43.20ppm, and 
introduction of functional group in peri position to 
it (at C-14) results in upfield shift of its sig- 
nal.“-“Therefore the signal at 35.80 ppm in the spec- 
trum of hydrocarbon 19 is assigned to C-7. The 
introduction of oxygen-containing functional groups 
at C-12 in hydrocarbon 19 results in downfield shift 
of triplet signal at 37.35 ppm. Hence, it corresponds 
to C-I I carbon atom and the last triplet signal at 
45.00 ppm must be attributed to C-l 5 atom. 

To establish the influence of the structure of initial 
compound on composition of the cyclization product 
the esters 3 with A’-, AR.‘- and.A*“)double bonds (as 
A”-& tram mixtures) were prepared according to 
ref. 13 from manool 2 and its A’- and A*‘9)-isomers.43 
In the case of A”‘)-isomer the individual A”-cis and 
A”-trans compounds (3) were isolated. However, 
their cyclization lead to formation of both tricyclic 
alcohols 4 and 5, this indicates on A’3-double bond 
isomerization before the cyclization. Therefore the 
cyclization of A’- and A &‘O)-acetates was carried out 
with the A’3-isomers mixtures (see Table 2). The 
highest total yield of tricyclic alcohols 4 and 5 (ca 
37’j/, of alcohol fraction) was obtained from the 
mixture of AMzo)-acetate 3 and of tetracyclic alcohols 
20 and 23 (S&880/, of alcohol fraction)-from ace- 
tateS 3 with tetrasubstituted double bond in the cycle 
B. 

We have shown that alcohols @, 20 and 28 are 
TE7‘ Vol 19. N<, ?1.-H 

formed also on cyclization of the acetates mixture 3 
by formic acid, of manool 2 by the mixture of 
aqueous acetic and sulphuric acids,‘.* and of sclareol 
29 and l3-epimanoyloxide 30 by the mixture of 
sulphuric and formic acids. 

Thus, the cyclization of a series of labdane dit- 
erpenoids with several acids or their mixtures gives 
rise to I I- and l3-hydroxy derivatives of 
(lR,2S,7S,lOS,l2S) - 2,6,6,10,12 - pentamethyl- 
tetracyclo[ 10.2. I .O’ “.02 ‘leicosane 19, i.e. hydro- 
carbon with a new bridged carbon skeleton. Their 
formation may be represented by the following 
scheme: 

_&a l $r 
b (28) 

The validity of this scheme follows from the facts 
that the highest yield of alcohols 20 and 28 is 
obtained by cyclization of labd-8(9), 13-dien- 15-01 
acetates, and the deuterium label in cyclization prod- 
ucts of the deuterated acetate mixture 25 is situated 
at C-15. 

After completion of this work (preliminary 
reports”.4s) the communication of French chemistsa 
had appeared describing a new tetracyclic alcohol 
which is formed with 82% yield from sclareol treated 
with perchloric acid in I-nitropropane. The structure 
33 has been assigned to this alcohol. Its physico- 
chemical properties are very similar to those of 
alcohol 20 obtained by us and MS of its oxidation 
product coincided with that of ketone 10. We have 
repeated the work@’ and established the identity of the 
compound described by these authors with alcohol 
20. However, the structure 33 proposed by French 
researchers does not explain why on the deuteration 
of the ketone formed by its oxidation only one of two 
hydrogen atoms is substituted for deuterium. More- 
over, having accomplished the sequence of trans- 
formations with alcohol 33, leading in our case to 
ketoacetate 16, we should have obtained a ketoester, 



3954 P. F. VLAD et al. 

the molecule of which would contain only one meth- 
ylene group attached to the carbonyl group. In fact, 
there are two such groups. Finally, the structure 33 
contains three tertiary and four quarternary carbon 
atoms, but “C NMR data show the investigated 
alcohol contains one tertiary and five quarternary 
carbon atoms. 

No compound having the carbon skeleton de- 
scribed in the present paper have been found so far 
in the natural sources. 

EXPERIMENTAL 

M.ps were determined using Kofler apparatus and are 
uncorrected. Optical rotations were measured in CHCI, on 
polarimeter Polamat S. IR spectra were taken in CCI, on 
UR-20 and “Specord 71 IR” spectrophotometers. ‘H NMR 
spectra were measured in CDCI, using RS-60 and Varian 
HA-100 spectrometers and “C NMR using a Varian CFT- 
20 spectrometer, with TMS as internal standard. The chem- 
ical shifts are presented in terms of b values. Mass spectra 
were recorded on MX-1303 spectrometer at 70eV. the 
sample being introduced directly into the inlet system. The 
ORD and CD curves were recorded on a Spectropol 1 
spectrophotopolarimeter and on a Jouel dichrograph, re- 
spectively. Organic extracts were dried over anhydrous 
Na,SO,. Column chromatography was performed on 
1001160mkm L silica gel (Czechoslovakia) and neutral 
activity 111 alumina. For TLC silica gel LS 5!40 mkm 
(Czechoslovakia) was used. 

Cyclizarion of the acetates mixture 3 by concentrated sul- 
phuric and formic acid.7 

The acetate mixture 3 (36.61 g) was added during I hr 
under continuous stirring to a soln of cone sulphuric acid 
(IO g) in 9%; formic acid (74 ml) at - 2 f 2”. Under stirring 
the reaction mixture was heated up to 20” for 30 min then 
stirred for I hr, then was diluted with ether and poured into 
ice water. Ether layer was separated and water layer extrac- 
ted with ether. The combined ether extract was washed with 
water, then several times with sat NaHCO, and sodium 
sulphate solutions, again with water. and dried. After ether 
evaporation 30.8 g of crude product were obtained. It was 
purified by column chromatography on alumina. The fol- 
lowing fractions of increasing polarity were obtained: (i) 
15.2 g of hydrocarbons mixture; (ii) I .5 g of esters mixture; 
(iii) 0.5 g of crystalline compound; (iv) 3.3 g mixture of 4 
compounds; (v) 3.3g, crystalline mixture of 3 substances; 
(vi) 0.22 g of crystalline compound; (vii) 0.25 g of crystalline 
product; (viii) 4.8 g of crystalline compound; (ix) 1.2 g of 
complex mixture of compounds (not investigated). Re- 
crystallization of fraction (iii) from petroleum eiher &ve 6. 
m.p. II l-l 11.5’; [al:? - 6.3” (c 4.8). Its IR NMR and mass . , 
spectra were ideniical with those of authentic hiban-14a-ol 
6. Recrystallization of fraction (vi) from petroleum ether 
gave alcohol 4, m.p. I06lO7”, [z]g + 52.2” (c, 3.8) identical 
with an authentic sample. Recrystallization of fraction (vii) 
from petroleum ether gave alcohol 5. m.p. 124.5-125”. 
[z]E - 7.5” (c, 4.3) identical with an authentic sample. 

Terracyclic alcohol A 2.8 
Repeated recrystallization of fraction (v) from petroleum 

ether gave the alcohol A 28 with m.p. 133-134.5”, [a]: 4.4” 
(c, 6.8). Found, C, 82.60; H, 11.74. Calc for C,H,O: C. 
82.69; H, 11.80”/ IR (cm - ‘): 1058, 3530, 3645 (OH), 1370, 
1388 [C(CH,)J. NMR (ppm) singlets (3H) at 0.83, 0.87, 
0.85, 1.03, 1.06 CH,-grou 

i P \HOH 

s at quaternary carbon atoms), 

singlet at 3.21 This compound was not OX- 

idized with p-ni>&erbenz/oic acid. Acetylation of alcohol 
28 by Ac,GPy mixture gave the acetate 32, m.p. 125-126” 
(CH,CN), [a]:’ 42.5” (c, 5.5). Found: C, 79.80; H, 10.92. 
Calc for C,H,,O,: C, 79.46; H, 10.91%. IR (cm - ‘): 1242. 
1742 (OAc). 

Tetracyclic alcohol B 20 
Recrystalli;ration of fraction (viii) from petroleum ether 

gave alcohol B 20, m.p. l60.5”-161.5”. [a]:+ 13.9“ (c, 8.8). 
Found: C, 82.92; H, 11.70. Calc for C,&,O: C, 82%9; fi, 
Il.80”/,. IR (cm- ‘): 1050. 3500. 3636 (OH). 1367. 1384 
[C(CH&. NMR @pm): singlets (3H) ai 0.8?, 0.88: 0.94, 
I .OO, I .05 (CH,-groups at quaternary carbon atoms), octet 
at 2.18 (IH, J,= 14Hz, J,=7.2Hz, J,=3.6Hz), doublet 

with broadened signals at 3.46 
( 

IH, J = 6.8 Hz, \ 

/YoH . > Product is not oxidized by p-nitroperbenzoic aad. Its 
acetylation by Ac+Py mixture gave acetate 31 with m.p. 
87-87.5” (CH,CN). [a]:: + 72.5 (c, 5.4). Found: C, 79.62; H, 
10.92. Calc for C,Hj,O,: C, 79.46; H, 10.91%. IR (cm- I): 
1245, 1740 (OAc). Tosylate of alcohol B, m.p. 116-l 17.5’ 
(petroleum ether) was unstable even in a refrigerator. Its 
partial decomposition occurred during preparation. For this 
reason we did not succeed in obtaining satisfactory elemen- 
tal analysis results. 

Ketone 10 
The solution of alcohol B 20 (350 mg) in 10 ml of dry 

pyridine was added with stirring to the complex obtained 
from CrO, (350 mg) in 3.6 ml of pyridine. The mixture was 
stirred for 7 hr and stored at room temp for 35 hr. Then it 
was poured into 200ml of 5% hydrochloric acid, the 
precipitate was filtered off and the filtrate was extracted with 
ether. The extract was washed with 20% hydrochloric acid, 
water, sodium bicarbonate solution, water and then dried 
The precipitate was dissolved in 5% sodium hydroxide and 
the solution was treated in the same manner. Both extracts 
were combined and ether was evaporated to give 341.1 mg 
of ketone 10, m.p. 102-103” (ethanol-ether). [z]: 15.3” (c, 
5.3). Found: C, 83.10; H, 11.29%. Calc for C,H,,O: C, 
83.27; H, 11.18%. IR (cm-‘): 1742 (cyclopentanone), 1416 
(CH,CO). NMR (Bruker HX-270): singlets (3H) at 0.85; 
0.90; 0.99; 1.07; I .I2 (C,, C,, C,, and C&H,), doublet of 
doublets of AB system at 2.33 (H,, J = 18 Hz, the signals of 
this doublet are additionally splitted with J = 4.7 Hz, exo-H 
at C,,) and at 2.08 (Ha, J = I8 Hz, endo-H at C,,), multiplet 
at 2.21 (lH, C,,-H, deshielded by the carbonyl group). “C 
NMR data are tabulated. 2,CDinitrophenyl hydrazone, 
m.p. 212.5-F-213.5:‘ (ethanol). Found: C, 66.67: H, 7.84; N, 
11.82. Calc for C,H,N,O,: C, 66.64; H, 7.74; N, 11.96%. 
Tosylhydrazone, m.p. 187.5-188” (methanol). Mass spec- 
trum (m/z, intensity in %): 288 (M, 60). 273 (6). 260 (3). 259 
(9), 246 (8). 245 (15). 244 (44), 243 (3). 23 (3), 230 (S), 229 
(23). 203 (3). I91 (I I), 190 (3), 189 (S), 177 (4), 175 (7), I64 
(3), 163 (9), 161 (6), I51 (7), 150 (20), 149 (16). 148 (3), 147 
(5). I38 (13). 137 (100). 136 (52). 135 (13), 134 (4), 133 (5), 
125(3), l24(4), 123(18), 122(12), 121 (28), l20(9), 119(13), 
Ill (4). llO(6), lO9(32), lOS(33). 107(46), 106(7), lO5(12), 
101 (3). 97 (4). 96 (5). 95 (40). 94 (16). 93 (20), 92 (3). 91 (16). 
83 (52), 82 (8), 80 (3). 79 (IS), 78 (3), 77 (9). 71 (4), 70 (3). 
69 (39), 68 (5). 67 (9), 65 (4). 57 (9). 56 (7), 55 (40). 53 (9), 
45 (7), 44 (8). 43 (27), 42 (S), 41 (53) (here and hereafter the 
peaks with the intensity less than 3% are not shown). The 
ORD curve (c, 0.2, methanol), 20”; [alyg + IS”, [aim + 1 S”, 
rFI o’;+~~l,, 7 yc. [a/,zS - 45’. [al,, - 83”. [all,, - 14@. 
1 xl5 

[aIN + 48;“. [a;,> 390”: C~~:o~~~Fn],,‘~‘~~.~~ 
CD curve in methanol at 20” (c, 6.93 10-j mol/l): 
AL=: - 0.70 (Fig. 1, curve I). 

Deuterared ketone 10 
Ketone 10 (26Omg) was dissolved in IOml dry freshly 

distilled dioxane, 1.6 ml of deuterium oxide and 800 mg of 
sodium methylate were added to the solution. and the 
mixture was refluxed for 8 hr. The solvent was removed, 
then IO ml of dioxane and 1.6 ml of deuterium oxide were 
added to the residue. The soln was refluxed for 6 hr. cooled 
and poured into 15ml of 1 mol soln of KH,PO, and then 
extracted with ether. The extract was washed with deu- 
terium oxide and water, dried and the solvent was evapo- 
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Diol (12) 
Lithium aluminium hydride (5OOmg) was added to the 

solution of lactone 11 (460 mg) in 50 ml of dry ether and the 
mixture was stored at room temperature for 5 hr. The excess 
of hydride was decomposed with ethyl acetate, the mixture 
was acidified with IO:/, sulphuric acid solution, water was 
added and the mixture was extracted with ether. The extract 
was washed with water. sodium bicarbonate solution, water, 
dried and ether was evaporated. The residue (470mg) was 
recrystallized from ether- to give diol 12, m.p. ‘92-95’: [z]: 
35.2’ (c. 5.7). Found: C. 78.08: H. 11.66Y. Calc for 
C,H,G,: C, 77.92; H, I I .70x. IR (cm’ I): 328o”(OH band). 
NMR: singlets at 0.88 (3H), 0.91 (3H) [C,(CH,),], 1.04 (6H, 
C, and C&H,), 1.44 (3H, C,,-CH,), triplet at 3.79 (2H, 
J = 6.5 Hz; CH,OH), broadened signal at 3.50 (2H, OH- 
groups). 

Hydroxyacelare (13) 
Dioll2 (470 mg) was dissolved in 6 ml of dry pyridine and 

l.7ml of acetic anhydride was added. The mixture was 
stored for 1.5 hr at 22’. then 10% sulphuric acid was added 
and the mixture was extracted with ether. The extract was 
washed with water, sodium dicarbonate solution, water, 
dried, filtered and the solvent was evaporated. The obtained 
product (13; 515 mg) was recrystallized from petroleum 
ether, m.p. ll~l10.5~, [x]g 22.6’ (c, 6.1). FoundiCY, 75.11; 
H, 10.76. Calc for C,,H,,O,: C, 75.38; H, 10.92%. IR 
(cm I): 1030. 3520, 3605 (OH), 1244, 1733 (OAc). NMR: 
singlets (3H) at 0.88; 0.92; 1.04; 1.08 (C,, C, and C&H,), 
1.43 (:C(OH)CH,), 2.04 (OAc), triplet at 4.28 (2H. 
J = 7.5 Hz; CH,OAc). 

Unsarurafed esters (14) and (15) 
Freshly distilled cooled phosphorus oxychloride (0.67 ml) 

was gradually added to the cooled (V) soln of hydroxy- 
acetate 13 (490 mg) in 6.7 ml of dry pyridinc. The mixture 
was stored at room temp for I5 hr. The crushed ice was 
added to the reaction mixture and it was diluted with water 
and extracted with ether. The extract was washed with IT/; 
sulphuric acid, water, sodium bicarbonate soln, water, 
dried, filtered and evaporated to give 433mg of viscous 
liquid product. It gives two spots on TLC on silver nitrate 
impregnated silica gelU (R, 0.57 and 0.7 I, solvent benzene). 
Found: C, 79.50; H, 10.85. Calc for C,,H,,O,: C, 79.47; H, 

10.91Y~.IR(~lm.cm~‘):828, l7OO(>=C~),990. 1650 

( )C-CH,)> 1235, I742 (OAc). The product (420 mg) was 

ghromatog%aphed on silver nitrate impregnated silica gel 
(I 5 a) obtained bv the orocedurc? and activated at 130” for 
15 hr. Petroleum;ther&nzene (9: I) eluted the mixture of 
the trisubstituted double bond isomers 14 (319mg). IR 

(film, cm ‘): 827, 1655 (>=C$ 1236, 1743 (OAc). 

and C,CH,), 1.65 (3H, 

I.10 (3H) (C,, C,, 

1.88 (3H, OAc), 

according to NMR integration, was 21 and 79”/,, re- 
spectively. According to GLC (“Chrom-4”. So/, XE-60 
on Chromaton N-AW-DMCS, glass column 2m x 3.5 
mm i.d., column temp programming from I60 to 230’, 
v = 3”/min, carrier gas helium, flow rate 45 ml/min) their 
content was 22% and 78:;. 

The same solvent mixture eluted 85 mg of ester 15 m.p. 
49.5-50.5” (methanol). IR (film, cm -‘) 876, 1650, 3085, 

1246. I743 (OAc). NMR (Ccl,): singlets at 0.87 

(6H), 1.04 (3H), I.10 (3H). (C,, C, and C&H,), 1.94 (3H, 
OAc), triplet at 4.15 (2H. J = 8 Hz, CH,OAc), broadened 

multiplet signal at 4.95 
( 

2H, \ 

/ 
C=CH, 

> 

Oxoacefate 16 
Osmium tetraoxide (12.2 mg) was added to the solution of 

ester 15 (83 mg) in the mixture of dioxane (5.7 ml), water 
(1.7 ml) and acetic acid (1.2 ml). The solution darkened in 
I5 min and then 930 mg of sodium periodate were added. 
The mixture was stored at room temp for the reaction 
completion (22 hr), then diluted with water and extracted 
with ether. The extract was thoroughly washed with water, 
sodium bicarbonate soln. water, dried and ether was evap- 
orated. The residue (80 mg) was subjected to column chro- 
matography over silica gel (2.5 g) to give 65mg of ke- 
toacetate 16, m.p. 162-163” (petroleum ether-benzene). 
Found: C, 75.26; H. IO.1 I. Calc for C,,H,O,: C, 75.40; H, 

10.24’/,. IR (cm- ‘): 1238, 1748 
( 

OAc and >a). NMR: 

singlets at 0.85 6H. [C,(CH,)& I.16 (3H, C&H,), 1.26 
(3H, C&H,), 2.04 (3H, OCO-CH,), triplet at 4.41 (2H, 
J = 7 Hz, CH,OAc), doublet of doublets of AB system at 
2.04 and 2.22 (2H. J = IO Hz. -CH,-CO-), and doublet of 
doublets of another AB system at 2.34 and 2.78 (2H, 
J = IO Hz, CH,-C@). ORD curve (c, 0.49, CH,OH), 20”. 
[z],~ - 38”; [zLw, - 80”; [z],~ - 325”; (x],rr - 890”; 
[a],r, - Y33” (shoulder): [s],~ - 974”; [a],,, - I I 15’; 
[alw, - 669’; [aIMi - 567 (shoulder); [aim - 325”; [aIs, 0”; 
[xlr+,, + 649’; [a]28o + 1217’; [a]273 + 1298”; [a]rao + 1135”; 
[a],,+ 374 CD curve in methanol at 20” (c. 
7.37 x IO-?mol/l) (Fig. I, curve III), ALES - 2.95. 

Hydroxykerone (17) 
Ketoacetate 16 (14.5mg) was dissolved in an excess of 

10% potassium hydroxide alcoholic soln and the mixture 
was stored at room temp for 1.5 hr. Water was added and 
the mixture was extracted with ether. The extract was 
washed with water, loo/, sulphuric acid soln, water, dried 
and ether was evaporated to give IO mg of hydroxyketone 
17, m.p. 124125” (petroleum ether). IR spectrum (cm -I): 
1089, 3380, 3612 (OH), 1746 (cyclopentanone). 

Alcohol (21) 
KBH, (90mg) was added to the solution of 90mg of 

ketone 10 in 9ml of methanol and the soln was stored at 
room temperature for 2 hr. then water and 10% sulphuric 
acid were added and the mixture was extracted with ether. 
The extract was worked up in usual manner, dried and the 
ether was evaporated to give 85 mg of compound 21. m.p. 
991Ol^ (acetonitrile), [a]$ - 10.3” (c, 3.6). Found: C, 82.76; _ _- 
H, 11.72%. Calc for C,H,O: C, 82.69; H, 11.80%. IR 
(cm ‘): 1065. 3500. 3638 (OH). NMR (Bruker HX-270): 
singlets (3H) at 0.81; 0.86; i).8910.99; I.18 (C,, C& C,, and 
C&H,), octet at 3.71 (IH J, = 10.5 Hr J,= 3 Hz; 
J, = I.5 Hz, &-H). 

Isomerizarion of alcohols (20) and (28) 
The solns of alcohols A and B (SOma) in 2n of 10% 

sulphuric acid in formic acid solution were-stirred at 70’ for 
30min and worked up. In both cases the mixtures of 
alcohols A and B formates and hydrocarbons were obtained 
(TLC on SiO,). Saponification of formates mixture afforded 
a mixture of alcohols A and B. 

Hydroxyacetafes mixture (25) 
The soln of alcohols mixture 22 (1.45 g)” in IO ml of 

methylene chloride was added on stirring at room temp to 
the mixture of potassium acetate (300mg) and pyridine 
chlorochromate (4.5 g)” in I5 ml of methylene chloride. In 
5 min 35 ml of ether was added to the mixture, the precip- 
itate was filtered and washed with ether, the filtrate was 
washed with water. 10% sulphuric acid, water, sodium 
bicarbonate solution, water, dried and evaporated to dry- 
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ness. The residue (1.35 g) was subjected to column chro- 
matography on SiO, (45 g). 257; Ethyl acetate in petroleum 
ether-eluted under some pressureSO 7-60 mg of the- hydroxy- 
aldchvdes mixture 23. IR (film. cn-‘l: 1650 and 1680 
(conjugated <HO), 3500 (OH). This mixture was dissolved 
in IO ml of methanol and 137 mg of sodium borodeuteride 
were added. The soln was stored at room temperature for 
20min and then was treated in a usual manner to give 
650 mg of the diol mixture 24 identical according to IR 
spectra and TLC data with the mixture of nondeuterated 
alcohols 22. The product was dissolved in IOml of dry 
pyridine, 2.2 ml of acetic anhydride was added and the 
mixture was stored at room temperature for 2.5 hr for the 
completion of reaction. After the usual work up of the 
reaction mixture, 680mg of the acetates mixture 25 were 
obtained. The identification was carried out by the chro- 
matographic comparison with the sample of the non- 
deuterated esters mixture. 

Deuleruted alcohols (20) and (28) 
The mixture of acetatcs 25 (655 mg) was dissolved in the 

mixture of 0.3 g of concentrated sulphuric acid and 2.7 g of 
999 formtc acid, then heated to 65’ and stirred for 20 min. 
The reacuon mixture was treated in usual manner and the 
residue was saponified and chromatographed to give 270 mg 
of hydrocarbon and 240 mg of alcohol fractions. The alco- 
hol fraction was chromatographed on silica gel column 
(2Og) under pressure. Elution with 7% ethylacetate in 
benzene give I8 mg of alcohol #I, m.p. 131-132.5” (petro- 
leum ether) and 30 mg of alcohol 20, m.p. 159-160’ (alco- 
hol). Their IR spectra arc identical with those of un- 
deuterated products. 

Deuterared ketone (10) 
The deutcrated at C- I5 alcohol 20 (29 mg) was added with 

stirring to a mixture of 5 mg of potassium acetate and 66 mg 
of pyridinium chlorochromate in 2 ml of methylene chlo- 
ride. The mixture was stirred at room temp for the reaction 
completion (2.5 hr) and treated as described above. The 
obtained product (I7 mg) was crystallized from methanol, 
m.p. 99- IO0 It shows no m.p. depression when mixed with 
the undeuterated ketone. Mass spectrum (m/z, intensity in 

‘:‘,): 289 (M ’ , 75) 288 (33). 274 (9). 273 (4). 260 (8). 259(9), 
247 (lo), 246 (16). 245 (3l), 244 (51). 232 (3). 231 (6). 230 
(21). 229 (28). 205 (3). 203 (4). 199 (18). I91 (5). 189 (5). 177 
(3). 176 (6). 175 (8). 164 (9) I61 (6), 152 (5), I51 (33) 150 
(22)> 149 (1 l), 148 (6). 147 (7). 146 (3). 139 (I I), 138 (71). 
l37(77). l35(13), 134(6), 133(8), l25(6), 123(22), 122(21), 
l2l (26). l20(13), ll9(15), llO(17). 109(42), lO8(47), 107 
(33), 106 (IO), 105 (12). 97 (6). 96 (20). 95 (40) 94 (20). 93 
(II). 92 (9). 91 (lo), 83 (9). 82 (9). 81 (26). 80 (8). 79 (17). 
78 (5). 77 112). 70 (6). 69 (36) 68 (9). 67 (23). 65 (5). 57 (8). 
56 (23). 55 (40), 45 (12). 44 (100). 43 (22). 42 (12). 41 (61). 
40 (4). 

Deuterared ketone (27) 
The alcohol 2t3 with deuterium lable at C- 15 (I 5 mg) was 

oxidized as described above to give 3.5 mg of ketone, m.p. 
IOl-102’ (methanol). which showed no melting point de- 
pression when mixed with undeuterated ketone sample. 
Mass spectrum (m/z, intensity in %): 291 (6). 290 (37). 289 
(M -3 100). 288 (38). 274 (8). 273 (3). 262 (6). 261 (22) 260 
( 11). 2% (4). 247 (7). 246 (30). 245 (9) 230 (4). 128 (3). 209 
(12). 208 (17). 207 (3). 206 (5). 205 (12). 204 (6), 192 (S), I91 
(8). 190 (14) 189 (8). 179 (6). 178 (6). 177 (6). 176 (8), I75 
(4). 165 (9). 164 (IO), 163 (IO), 162 (5). I61 (5). I53 (3). I52 
(8) 151 (15). l50(15), 149(18), 148(9), 147(8). 146(4), I45 
(4). 125 (IO). 124 (12). 123 (49), 122 (53), 121 (54). 120 (9), 
1 l9 (1 l). l l l (8) 110 (9). 109 (42). 108 (52). 107 (26), 106 
(9). 105 04). 97 (7). 94 (9). 95 (27), 34 (14), 93 (23). 92 (I I), 
9) (16). 83 (IO). 82 (25). RI (31). 80 (13). 79 (17). 78 (6). 77 
(9). 70 (7). 69 (37). 68 (I I), 67 (21). 65 (4). 57 (14). 56 (30). 
55 (36). 54 (5). 53 (IO), 43 (30) 42 (8). 41 (42). 40 (4). 

Reduction qf ketone (27) 
(a) Potassium borohydride (140 mg) was added to the 

soln of ketone 27 (134 mg) in 5 ml of methanol. The 
obtained mixture was heated to reflux and new portions of 
potassium borohydridc were added (240 mg in I hr, 200 mg 
in 3.5 hr and 130 mg in 7 hr). The soln was stored overnight 
at room temp, acidified with IO”,: sulphuric acid, diluted 
with water. extracted with ether and the extract was treated 
in a usual manner to give 130mg of the product. It was 
subjected to column chromatography over silica gel (5g). 
Ethyl acetatehexane (I :9) eluted 61 mg of initial ketone 27 
and then 63 mg of alcohol 27. m.p. 131-132.5” (petroleum 
ether). 

(b) 200mg of lithium aluminium hydride in IOml of 
absolute ether were added to the solution of ketone 27 
(120 mg) in 5 ml of absolute ether. The solution was stored 
at room temp for I hr and then refluxed for 5 hr. The excess 
of hydride was decomposed by adding ethylacetate. After 
the usual work up 122 mg of 28, m.p. l31.5-133’(petroleum 
ether), wcrc obtained. 

Benzqvlurion of alcohol (28) 
Alcohol 7.8 (240 mg) in 2.5 ml of dry pyridine was added 

on ice cooling to 3,5-dinitrobenzoyl chloride obtained from 
500g of acid and thionilchloride. The soln was stored at 
room temp for 2 hr then water was added, the solution was 
acidified with IO’/” sulphuric acid and extracted with ether. 
The usual work up of extract afforded 345 mg of the product 
consisted of 3 components (TLC on SiO,). The product was 
chromatographed on silica gel (15 g). Petroleum ether eluted 
108.6 mg (31.57;) of hydrocarbons. Further elution with 2% 
of ethyl acetate in petroleum ether afforded 165.5 mg of a 
compound with m.p. 196197.5” (petroleum ether), [x]g4.2” 
(c, 1.9) and 55mg of a compound with m.p. 165-167” 
(petroleum ether), [xl: 5’ (c, 1.6). The former can not be 
saponified by refluxing with 10% potasstum hydroxide 
ethanolic soln. This compound (17.5 mg) was refluxed for 
I.5 hr with the soln of lithium aluminium hydride (IO mg) 
in 1 ml of absolute ether. The usual work up of the mixture 
gave l0.2mg of product which was chromatographed on 
alumina (0.8 g). Petroleum ether cluted 4.3 mg of hydro- 
carbon fraction. Ethyl acetate-petroleum ether (5: 95) mix- 
ture eluted 5.4mg of alcohol 2t3, m.p. 133-134’ 
(acetonitrile,Ipetroleum ether). Its oxidation afforded ketone 
21. 

The bcnzoylation product with m.p. 165.55167^ (30mg) 
was rcfluxed with an excess of loo/, potassium hydroxide 
ethanolic soln for I hr. After the usual treatment the 
product (I 8 mg) was chromatographcd on alumina (0.8 g) to 
give 3.5 mg of hydrocarbon fraction and 14. I mg of crys- 
talline compound, m.p. 121-122’ (petroleum ether). Ox- 
idation of this compound afforded ketone 27. 

In the other experiment the mixture of benzoylation 
products with m.p. 197” and 167,‘ (210 mg) was saponified 
with IO’?;; alkali hydroxide alcoholic solution. The product 
was subjected to column chromatography on silica gel 
(I5 g). Ethyl acetate-petroleum ether (3:97) mixture eluted 
88 mg of the product, m.p. 196197’. Lithium aluminium 
hydride reduction furnished alcohol 28. Further elution 
gave 56mg of alcohol, m.p. 85-87’ (acetonitrile). Its ox- 
idation gave ketone 27. 
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