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The transformation of dehydroabietonitrile and podocarpic acid to 11-hydroxy- and 11-ketoabietanes and po- 
docarpanes is described. Key reactions were metal-amine reductions of 12-methoxydehydroabietic acid, 0- 
methylpodocarpic acid, 12-acetoxy-9(11)-abietenes, and 12-acetoxy-9(11)-podocarpeqes. Hypoiodite reaction 
and oxidative cyclization of the C-11 alcohols and photochemical isomerizations of the C-11 ketones followed by 
oxidative cleavage resulted in functionalization at C-1 and C-18 of the resin acid skeleton. Differences in prod- 
uct distribution and ease of ether cleavage between this work and observations in the steroid series are attrib- 
uted to the absence of an  axial substituent on C-13. Chiroptical properties of two new isomers of methyl levopi- 
marate are discussed in terms of the helicity rule. 

Our previous studies on the partial synthesis of more 
complex diterpenoids from readily available resin acids 
were directed mainly at  the introduction of modifications 
which permitted construction of tetracyclic and pentacy- 
clic ring systems. Since many diterpenes of interest can 
be construed as being derived from 1-hydroxylated inter- 
mediates or are actually functionalized on ring A or on the 
C-10 methyl group, whereas most resin acids are not, it  
was desirable to  test whether functionalization reactions 
developed in the steroid ~ e r i e s ~ - ~  were also applicable to 
11-oxygenated resin acid derivatives. 

The synthesis of some 11-oxygenated abietanes was re- 
ported earlier,5 but the low yields precluded further study 
of the products, In the present communication we de- 
scribe the synthesis of ll-oxygenated abietanes and podo- 
carpanes by a different route and report results of func- 
tionalization reactions which differ to some extent from 
observations in the steroid series. 

Results and  Discussion 
Synthesis of 1 ]-Oxygenated Abietanes. Our first tar- 

get was the a$-unsaturated ketone 7 (Scheme I) which 
should result from dissolving metal reduction of 12- 
methoxydehydroabietic acid (3a). Since the previously 
describeda route to 3a proceeded only in poor overall 
yield, the following reaction sequence to 3a was adopted. 
Dehydroabietonitrile (la) underwent Friedel-Crafts acyla- 
tion in 92% yield to lb7 which gave a 76% yield of 2b on 
treatment with 40% peracetic acid in chloroform. Hydrolysis 
to 2a (quantitative yield, 1% HC1-MeOH, room tempera- 
ture), methylation to 2c (8070 yield, t-BuOH, K+t-OBu-,  
CHaI) and, finally, hydrolysis (NaOH, diethylene glycol- 
water, 170") gave an 88% yield of 3a. 

Considerable effort was devoted to a study of the Birch 
reduction of 3a with lithium, ethylamine, and tert-amyl 
alcohol (high-speed stirring) .s This was followed by acidi- 

fication and ether extraction of the product mixture, 
methylation of the acidic extract, treatment with 0.5% 
hydrochloric acid in methanol under carefully defined 
conditions (v ide infra) to induce hydrolysis of 5b and 
isomerization of 6 without equilibratings 7 and 8, and fi- 
nally acetylation of the crude product to permit subse- 
quent separation of the by-product 4b from 7 and 8 in the 
form of 4c. Chromatography of the product mixture gave 
4a (~WO) ,  3b (14%), 4c (l8%), 7 and 8 (4:l ratio, 60% 
combined yield). The properties of 7 and 8 corresponded 
to those reported in our earlier  publication^.^ 

Hydrolysis and rearrangement of 5b with 0.5% HC1 
could be followed closely by tlc. A new compound, pre- 
sumably 6, was formed rapidly and rearranged gradually 
to form a mixture of 7 and 8. When the reaction mixture 
was worked up immediately after disappearance of 6 (2 
hr), the ratio of 7 to 8 was 4:l;  when the acid concentra- 
tion was increased or the mixture was exposed to acid for 
a longer period, the ratio of 7 to 8 approached the equilib- 
rium ratio (1: 1) .s Now acid-catalyzed enolization of p, y- 
unsaturated ketones to conjugated enols of type A, which 
may be followed by rearrangement to a&unsaturated ke- 
tones, proceeds much faster than enolization to unconju- 
gated enols of type B;10 hence rearrangement of the dou- 
ble bond of 6 should proceed faster than epimerization of 
the isopropyl group. Consequently the 4:l ratio of 7 to 8 
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reflects the ratio of the initially obtained C-13 epimers of 
6, since 6 is the product of kinetically controlled protona- 
tion at the 01 carbon and favors axial addition of the pro- 
ton to the least hindered side of the enol ether.lla Dreid- 
ing models (Figure 1) reveal that that  conformation of 5b 
which would yield 6a by protonation from the B side is 
preferred over the conformation which would yield 6b by 
protonation from the a side because 1,3 interactions be- 
tween the two hydrogens a t  C - l l  and the C-18 methyl and 
the C-1 methylene group are minimized. The observed 
preference for the formation of 6a, and therefore 7, was 
fortunate, since in a trans-anti-trans-fused perhydrophen- 
anthrene a fl-oriented isopropyl group could compete with 
the C-10 methyl group for functionalization from the C-11 
position and thus negate the proposed reaction sequence. 

With the a,p-unsaturated ketone 7 in hand, its further 
transformation to the desired alcohols 24 and 25 (Scheme 
I) could be studied. NaBH4 reduction of 7 gave a mixture 
of alcohols, one of which (9c) could be isolated in crystal- 
line form. The configuration of the hydroxyl function was 
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Figure 1. Conformations of 5b. 
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apparent from the half-height width of the H-11 resonance 
a t  5.32 ppm ( 5  Hz) and the shape of the H-12 resonance 
a t  4.08 ppm (d br, J12,13 = 9 Hz), which indicated that 
the H-11-H-12 dihedral angle was near 90". By contrast 
the H-12 signal of the epimer 9a was a broad peak (WI,Z 
= 22 Hz). Reduction of the mixture of allylic acetates 9b 
and 9d with lithium in ethylamine gave a mixture of iso- 
meric aldehydes 10a and lla and alcohols 10b and llb, in 
87% yield (ratio of to AI1 olefins was 5:l) .  Hydrobo- 
ration-oxidation of this mixture followed by oxidation 
with Jones reagent and methylation afforded the known 
ketone 12 of established stereochemistryg (8% yield), and 
a new ketone 13 (64% yield) whose stereochemical assign- 
ment is based on the following observations. The chemical 
shift of the C-10 methyl signal (1.08 ppm) is almost the 
same as that of 14 (Scheme 11, 1.09 ~ p m ) ~  and is in conso- 
nance with Zurcher's ruled2 which are based on the ob- 
served influence of substituents on the chemical shift of 
angular methyl groups in steroids. A broadened absorp- 
tion a t  2.16 ppm (W1/2 = 9 Hz) was assigned to the two 
C-12 protons and a broadened doublet a t  2.48 ppm ( J  = 
12 Hz) to the p proton a t  C-11 which is strongly shielded 
by the 11-ketone. Similar resonances in the region 2.1-2.6 
ppm are displayed by 14 and by 15,13 the resonance due 
to the C- lp  proton having been identified by deuterium 
exchange. 

15 

The CD curve of ketone 13 displayed a negative Cotton 
effect ([e1294 = -1050). Ketone 14 also exhibited a nega- 
tive Cotton effect, although 11-keto steroids with trans B/ 
C ring junctioins display weak positive/Cotton effects.14 The 
reasons for t h k  apparent discrepancy have been discussed 
p r e v i ~ u s l y . ~  Finally, the mass spectral fragmentation of 13 
was similar to that reported for 15,15 if allowance is made 
for the presence of substitution a t  C-4, the presence of the 
isopropyl group, and the absence of ring D. Ketone 15 
undergoes a McLafferty rearrangement followed by three 
fragmentations, one of which is responsible for the base 
peak. An analogous process can explain the formation 
from 13 of three major peaks at m / e  139, 153, and 165. 

We observed previously5 that attack of diborane on 16 
occurred preponderantly from the p side (Scheme 11) and 
that oxidation of the resulting alcohol mixture yielded cis 
ketone 20 in 80% yield. Ketone 20 was epimerized by base 
to the more stable trans ketone 14. In the present work no 
cis ketone 23 was isolated when 10 was subjected to a sim- 
ilar reaction sequence. Examination of Dreiding models 
(see Figure 2) suggests that attack of diborane on 10 and 
on 16 should occur predominantly from the /3 side, but 
that  a attack on 10 is less obstructed than a-attack on 16. 
p Attack on 10 would yield alcohol 22, which, if rings B 
and C were in chair conformations, should orient the iso- 
propyl group axially, thus resulting in a strong interaction 
with the C-7 methylene group. Flipping the B and/or C 
ring into a boat conformation would not significantly re- 
duce the interaction, nor would oxidation to the cis ketone 
23 reduce the strain. Thus alcohol 22 and ketone 23 are 
expected to be of higher energy than 18 and 20, respec- 
tively. On the other hand, formation from 23 of a A9(11)- 
enol or enolate would relieve more strain than formation 
of a similar compound from 20; thus steric acceleration 
should cause 23 to enolize faster, with eventual conversion 
to the thermodynamically favored trans ketone 13, than 
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probably preferred 
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22 

Figure 2. Hydroboration of 10 and 16. 

20. It is therefore not surprising that any cis ketone 23 ob- 
tained by oxidation of the alcohol mixture formed from 
olefin 10 is isomerized to the more stable ketone 13 more 
rapidly than 20 is isomerized to 14. 

Scheme I1 
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Although the hindered ketone group of 13 was not af- 
fected by NaBH4 in methanol a t  room temperature, re- 
duction with NaBH4 in THF and aqueous NaOH fur- 
nished the desired two epimeric alcohols 24 and 25 (85%, 
11:9 ratio). The C-10 methyl resonance of the major alco- 
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Figure 3. Anions from hydrogenolysis of 9b, Sd, and 32b. 

hol 24 (Scheme I) exhibited a chemical shift (1.16 ppm) 
near the value (1.14 ppm) previously6 observed for the 
C-13 epimer and W I ~ Z  (11 Hz) of the H-11 signal at 4.31 
ppm was characteristic of an equatorial proton coupled to 
two axial protons (H-ga, H-12a) and one equatorial proton 
(H-12P). The C-10 methyl resonance of the minor alcohol 
25 a t  1.03 ppm was near the value reported5 for its C-13 
epimer. The H-11 resonance a t  3.64 ppm, under the three- 
proton singlet of the methyl ester function, was made visi- 
ble by use of the Eu(fod)s shift reagent; Wllz (20 Hz) was 
characteristic of an axial proton coupled to two axial pro- 
tons (H-9a and H - E a )  and one equatorial proton (H-12P). 
Further evidence for the assigned stereochemistry was a 
broadened doublet a t  2.39 ppm (J = 12 Hz) attributed to 
H-1b which is deshielded by the a-oriented hydroxyl 
group. 

Synthesis of 1 1-Oxygenated Podocarpanes. The pro- 
posed reaction sequence for the synthesis of these com- 
pounds (Scheme 111) was identical with that adopted in 
the abietic acid series. 0-Methylpodocarpic acid (28b) 
was reduced with lithium in liquid NHB-THF with tert- 
amyl alcohol as the proton source. Methylation of the 
crude product with diazomethane, rearrangement with 5% 
HCl in methanol, and chromatography afforded 29 
(26%),16 methyl 0-methylpodocarpate 28c (3%) and the 
two ketones 30 and 31 (52%). The less polar unconjugated 
ketone 30 could be isomerized to the more polar ketone 
31, which had the expected spectral proper tie^.'^,^^ 
NaBH4 reduction of 31 gave a single allylic alcohol 32a (or 
a mixture of epimeric allylic alcohols which could not be 
separated) ,I9 Conversion to the acetate 32b followed by 
hydrogenolysis with lithium in ethylamine gave a mixture 
of 33a (21%), characterized as 33b, and 33c (46%). The 
nmr spectra of these compounds in the vinyl region were 
similar to the nmr spectra of 10a and lob, an observation 
which indicated that little if any AI1 isomer 34 was pres- 
ent. An explanation of this result is the following. 

In the hydrogenolysis leading to the podocarpenes 33a 
and 33c, approach of the bulky proton source (tert-amyl 
alcohol) to the most stable conformation of the planar 
allylic carbanion (Figure 3) from the a side is relatively un- 
hindered and the olefin should be formed in high 
yield as actually observed. In the carbanion leading to the 
abietenes 10 and 11, on the other hand, the a-oriented iso- 
propyl group partially obstructs a approach of the bulky 
proton source and should therefore reduce the preference 
for formation of the more stable A 9 ( 1 1 ~  olefin. 

Hydroboration-oxidation of the mixture of 33b and 33c 
followed by oxidation with chromic acid-acetic acid and 
subsequent methylation with diazomethane gave two keto 
esters which were difficult to separate. The less polar sub- 
stance (20% yield) was assigned structure 37 with a cis 
B/C ring junction because it was isomerized by acid; the 
second more polar keto ester 38 was obtained in 55% 
yield. The characteristically deshielded resonances of 
H-12 and H-I@ (vide supra) were masked by signals of 
other protons deshielded by the axial carbomethoxy 
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group, but the CD curve ( e 2 9 4  = -4360) was in harmony 
with the proposed stereochemistry. The groups of 38 
which provide negative contributions are similar to those 
of keto ester 13. However, there are two important differ- 
ences. The positive contribution of the isopropyl group is 
no longer present and the axial carbomethoxy group locat- 
ed in the upper right rear octant probably provides an ad- 
ditional negative contribution. The Cotton effect of 38 
should therefore be somewhat more negative than that of 
13, as was actually observed. Moreover, three major peaks 
in the mass spectrum of 13 a t  rn/e 97, 110, and 123 corre- 
spond to the fragmentations observed in the mass spectra 
of 13 and 15. 

As described in the previous section, the main direction 
of diborane attack on 33 should be from the @ side. The 
cis B/C alcohol 35 and cis ketone 37 obtained from it 
should be of lower energy than the corresponding abie- 
tanes 22 and 23 because of the absence of an axially ori- 
ented isopropyl group. Enolization of 37 (and its isomer- 
ization to 38) would therefore result in relief of less strain 
and should therefore be slower than enolization (and 
isomerization) of the corresponding cis ketone 22 of the 
abietane series. On the other hand, cis ketone 37 should 
enolize and isomerize faster to the more stable trans ke- 
tone 38 than cis ketone 18 enolizes and isomerizes to trans 
ketone 14, for 14 has an axial isopropyl group and should 
be of higher energy than 38. However, the actual isomer 
ratios obtained after hydroboration-oxidation in the podo- 
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carpane series are not strictly comparable to the isomer 
ratios in the abietane series because of the need for a 
more strongly acidic medium to achieve oxidation of the 
axial carbinol function in the podocarpanes 35a and 36a. 
Hence oxidation of the crude alcohols of the podocarpane 
series may have been accompanied by partial epimeriza- 
tion. 

NaBH4 reduction of 38 in refluxing T H F  containing 
NaOH yielded alcohols 36a and 39, which were very diffi- 
cult to separate, in approximately equal amounts. Struc- 
tures were assigned by nmr spectroscopy, the C-10 methyl 
resonance of 39 being more deshielded (0.92 ppm) than 
that of 36 (0.82 ppm) and W1lz of H-11 in 39 (8 Hz) being 
considerably smaller than W1,z of H-11 in 36 (20 Hz) ,zo 

Functionalization Reactions. A. The Lead Tetraace- 
tate-Iodine Reagent. Reaction of lead tetraacetate-iodine 
with 24 in cyc1,ohexane gave a mixture (tlc) which on oxi- 
dation with Jones reagent afforded a complex mixture 
(tlc). Preparative tlc resulted in isolation of a lactone 40 
(49%), obviously produced by oxidation of the correspond- 
ing hemiketal, whose infrared (carbonyl bands at  1760 and 
1722 cm-1) and nmr spectra (lack of the C-10 methyl 
signal, broadened one-proton resonance of H-11 at  4.77 
ppm, W1/2 = 7 Hz) were consonant with the proposed 
structure. The downfield shift of the H-11 signal indicated 
esterification; its half-height width showed that  it had re- 
mained a and equatorial. Moreover, the model indicated 
that  the C-4 methyl group was located within the deshield- 
ing influence of the lactone function, thus accounting 
for the downfield shift of the C-4 methyl resonance to 1.54 
ppm. A similar lactone 41 was isolated in 40% yield after 
oxidation of the crude product obtained by lead tetraace- 
tate-iodine oxidation of 39. Disappearance of the C-10 
methyl signal, downfield shift of the H-11 resonance, and 
a new infrared frequency at  1762 cm-I (y-lactone) sup- 
ported the structure proposal. 

480 
H 

41 

These results are slightly a t  variance with previously 
reported results in the steroid series, but can be easily ra- 
tionalized in terms of the mechanism proposed for the hy- 
poiodite r e a c t i ~ n ~ - ~  and in fact serve to buttress it. Oxida- 
tion of the llp-hydroxypregnane derivative 42a affordedz1 

ether 43a, hemiketal 43b, and C-18 functionalized prod- 
ucts, although formation of an ether normally requires co- 
linearity of iodine, carbon, and oxygen in the first inter- 
mediate, an iodohydrin, of the general reaction scheme 
and this condition is not fulfilled in the case of 42b and 
the corresponding iodohydrins from 24 and 39. In the case 
of 42a, the formation of 43a has been ascribed to steric 
factors which interfere with formation of hypoiodite 42c, 
the precursor of 43c and thence of 43b, a situation which 
opens the way to  a competing ring closure of 42b to 43a, 
“probably by an ionic m e ~ h a n i s m . ” ~  In the case of 24 and 
39, the absence of an axial C-13 methyl group removes the 
obstacle to formation of the second hypoiodite correspond- 
ing to 42c and allows the reaction to take a normal course, 
although the presence of a small amount of ether 49 ( d e  
infra) corresponding to 43a in the steroid series in the 
crude reaction product cannot be excluded. Similarly, if 
products are present which are the result of a “billiard- 
ball” reactionz2 on the axially oriented C-4 methyl group 
of 24, they could not be isolated. 

Subjection of 25 to the hypoiodite reaction yielded a 
complex mixture, none of whose components could be iso- 
lated or characterized. In the steroid series, hypoiodite 
reaction of the lla-hydroxypregnane derivative 44a re- 
sulted in functionalization at  C-1 and formation of ether 
45.z3 The complexity of products in the case of 25 may 

44a, a-OH 
b, @-OH 

- 
45 

conceivably be rationalized in terms of the reaction se- 
quence proposed for substitution on secondary and terti- 
ary ~ a r b o n . ~ . ~  If combination of the initially formed radi- 
cal A (Scheme IV) with iodine is hindered, as in the radi- 
cal resulting from decomposition of the hypoiodite of 25 
and subsequent hydrogen transfer, electron transfer may 
lead to an ion pair B which can form an ether C by an 
ionic mechanism or stabilize itself by elimination of a 
proton to D. In the case of the resin acids, elimination of a 
proton from C-1 might be favored because a 1,2 double 
bond forces ring A into a quasi-boat conformation which 
relieves the strong 1,3 interaction between the C-10 meth- 
yl group and the axial substituent on C-1. Further possi- 
ble complicating transformations of such olefinic alcohols 
under the influence of lead tetraacetate-iodine have been 
d i s c ~ s s e d . ~ , ~  

Scheme IV 

1. I 
HO CHCH 

I 

A 

I-, I / 
\ 

HO CHCH 

U ‘  -.v=, 
B D 

I 
0-CHCH 
U I  

42a, R1 = R2 == H 43a, R = H  
b, R,=I;R,=H b, R=OH 
c, R,=R,:- I c, R = I  C 



6 J .  Org. Chem., Vol. 39, No. 1, 197'4 Herz and White 

Because of the disappointing results with 25, no at- 
tempt was made to carry out a similar reaction on the 
analogous podocarpane derivative 36a. However, the out- 
come of another hypoiodite reaction not directly related to 
the work so far described in this section merits brief dis- 
cussion. 

Cambie and F r a n i ~ h ~ ~  have reported the successful 
functionalization of the isopropyl group of a dehydroabiet- 
ic acid derivative by conversion of 46a to 47 on treatment 
with lead acetate in benzene. The availability of 46b and 
its facile conversion to a mixture of epimeric alcohols 
4 6 ~ ~ ~  suggested that hypoiodite oxidation of 46c might 
provide another entry to C-15 functionalized resin acids. 
However, the product of this reaction was quite unexpect- 
edly the lactone 47 (55% yield). This is obviously the re- 

p 
CO,Me COLMe 

46a. R = C02H 47 
b, R = A c  
c, R = CHCH3 

I 
OH 

d, R=CHO 
sult of a fragmentation of the originally formed 0 radical 
which is followed by oxidation of the fragmentation prod- 
uct 46d to 46a and subsequent functionalization at C-15 
as observed p r e v i ~ u s l y . ~ ~  The activation energy for intra- 
molecular hydrogen abstraction reaches a minimum in 
rigid systems with a C-0 distance of 2.5-2.7 In 46c, 
however, the C-0 distance (measured from Dreiding mod- 
els) is 2.25 A. The closeness of the reacting centers reduc- 
es their ability to orient properly for hydrogen abstrac- 
tions and greatly increases the chance for the competing 
fragmentation to 46d. 

B. Oxidative Cyclization with Lead Tetraacetate. 
Because the hypoiodite reaction failed to yield the desired 
1,11 ethers, attention was turned to oxidative cyclization 
with lead tetraacetate, for in rigid, hindered systems this 
reaction is believed to produce ethers without generation 
of carbonium ions.2,4,26 Indeed, treatment of 25 with 
P ~ ( O A C ) ~  in cyclohexane afforded two ethers. The more 
polar substance (33% yield) was assigned structure 48 in 
view of its nmr spectrum, which retained the three-proton 
singlets of the C-10 methyl (0.84 ppm), the C-4 methyl 
(1.28 ppm), and the carbomethoxyl group (3.65 ppm). A 
two-proton resonance hidden under the latter was made 
visible by the Eu(fod)s shift reagent and resolved into a 
doublet of doublets (H- l a )  which was coupled to H-2@ (J  

H I H I 

50 

= 8.5 Hz) and H-2a ( J  = 5.5 Mz) ,  and a doublet of trip- 
lets (H- l lp )  which was coupled to  H-Sa ( J  = 10 Hz) ,  
H-12a ( J  = 10 Hz), and H-12p (J  = 5 Hz). The less polar 
product (40% yield) was formulated as 49, presumably the 
result of a reversible fragmentation leading to epimeriza- 
tion of starting material during Pb(OAc)4 treatment,3 be- 
cause the nmr spectrum displayed only two methyl sin- 
glets a t  0.95 (C-4 methyl) and 3.66 ppm (carbomethoxyl), 
a one-proton resonance characteristic of an equatorial 
H-11 proton (4.24 ppm, = 7 Hz) similar to H-11 of 
24, and an AB quartet centered a t  3.80 ppm characteristic 
of the two hydrogens on C-20. 

The products from 25 indicate that partial isomeriza- 
tion of an equatorial alcohol (25) to an axial alcohol (24) 
has taken place. By contrast, lead tetraacetate treatment 
of the equatorial alcohol 44a furnished only the 1@,lla 
ether 4527a without epimerization, whereas the axial 1lp- 
hydroxy steroid 50 gave, in addition to l l@,l8 and ll@,19 
ethers, the l p , l l a  ether 5128 by partial epimerization of 
an axial to an equatorial alcohol. 

These differences can be rationalized by comparing the 
steric interactions experienced by a- and @-oriented hy- 
droxyl functions in steroids 44a and 44b (or 50) with those 
in the abietanes 24 and 25. The equatorial lla-hydroxyl 
group in both steroids and abietanes is rigidly positioned 
near the C-1 methylene group such that the C-0  distance 
is 2.5 A (measured on Dreiding models). The interaction 
between the lla-hydroxyl group and the C-1 methylene of 
44a and 25 should therefore be approximately equal to the 
1,3-diaxial interaction between the axial 11@-hydroxyl and 
the C-10 angular methyl group of 44b or 50 and 24, for in 
these substances the C-0 distance is also 2.5 A. In the 
case of steroid 44b (or 50), the axial hydroxyl experiences 
an additional 1,3-diaxial interaction with C-19; hence the 
axial alcohol is of higher energy than the equatorial alco- 
hol to which it might be expected to epimerize. 

Abietane 24, on the other hand, should be of approxi- 
mately the same energy as 25. Both alcohols might, there- 
fore, be expected to produce a mixture of epimers when 
exposed to oxidative cyclization with lead tetraacetate. 
This was observed experimentally; treatment of 24 with 
lead tetraacetate gave a mixture of 48 (13%) and 49 
(54%) .29 

In analogy with the results in the abietane series, podo- 
carpane 36a furnished lp,llcu ether 52 in 33% yield and 
l lp,19 ether 53 in 38% yield. Treatment of podocarpane 
35a with lead tetraacetate-cvclohexane also gave 52 (40%) 
and 53 (30%). 

51 52 53 

OAc 
54 55 56a, 8,9db 

b, 9,11 db 

Oxidation of ethers 49 and 53 (CrOs-HOAc-Ac20) re- 
sulted in disappointingly poor yields of lactones 40 and 41, 
presumably because of the obstruction presented to the 
oxidizing agent by the axial group a t  C-4. Cleavage of 52 
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with acetic anhydride-boron trifluoride etherate30 fur- 
nished a complex mixture from which 54 was isolated in 
34% yield. Structure assignment was based on the obser- 
vation that the one-proton resonance at lowest field (5.00 
ppm, W,,, = 18 Hz) corresponded to that of H-11 in 36a 
and that the chemical shift and coupling constant of a 
second signal (triplet a t  3.56 ppm, J = 8 Hz), made visi- 
ble with the shift reagent Eu(fod)3, were characteristic of 
H-lw3I An analogous cleavage reaction of 48 gave 55 in 
38% yield. BF3 cleavage of 49 gave a mixture of 56a and 
56b. 

The preceding results indicate that while oxidative cy- 
clization of 11-hydroxyabietanes and podocarpanes with 
lead tetraacetate proceeds quite efficiently, the reaction is 
not as selective as in the steroid series, since the direction 
of functionalization is not dependent on the original con- 
figuration of t  he 11-hydroxyl group. 

C. Photoisomerization of 1 I-Ketones. Irradiation of 
13 (quartz aplparatus, Corex filter33) resulted in quantita- 
tive conversion to the cyclobutanol 57, as indicated by 
disappearance of the ketone frequency from the ir spec- 
trum, the appearance of OH absorption, and the disap- 
pearance of the C-10 methyl signal from the nmr spec- 
trum. Cleavage of 57 with P ~ ( O A C ) ~ ~ ~  did not furnish the 
expected hydroxy ketone 59, but the hemiketal acetate 
58b, which could be hydrolyzed to 58a and reduced 
(LiAlH4-ether) to 58c. Similarly, photoisomerization of 38 
provided 60, which was cleaved to 61b. The latter was hy- 
drolyzed to 61a, which was stable in the hemiketal form. 
58a and 60a were resistant toward oxidation attempts; re- 
duction of 611a (LiAlH4-THF) furnished the triol 63a, 
which could not be converted to derivatives in which the 
primary hydroxyl groups were protected selectively. 

Hemiketal acetates have been isolated as products of 
the lead tetraacetate cleavage of certain strained tertiary 
alcohols,35 but not from steroidal or triterpenoid cyclobu- 
tanols corresponding to 57 and 60. The product formed by 
lead tetraacetate cleavage of 64 exists entirely in the hy- 
droxy ketone form 65.34 Lead tetraacetate treatment of 
cyclobutanol 66 from 11-oxolanostanol, on the other hand, 
yields a hemiketal 67 which can be opened with base to 
the keto mesylate 68b.36 Attempts to duplicate this reac- 
tion with 61a resulted only in recovery of starting material 
or formation of 61c. 

These differences in the hemiketal-hydroxy ketone 
equilibrium of the diterpenoids 58a and 61a, the steroid 
65, and the triterpenoid 67 can be rationalized as follows. 
(1) Formation of a hemiketal will reduce the interaction 
between an axial substituent a t  C-4 and the substituted 
C-10 methyl group by incorporating the hydroxyl group in 
a ring, thus favoring the hemiketal over the hydroxy ke- 
tone form. ( 2 )  Formation of a hemiketal introduces a new 
interaction between an axial substituent on C-13 and the 
axial substituent on C-11, thus favoring the hydroxy ke- 
tone over the hemiketal form. In steroid 65, the absence of 
an axial Substituent on C-4 and the presence of an axial 
substituent on C-13 both favor the hydroxy ketone form. 
In triterpenoid 67 the presence of an axial C-4 substituent 
shifts the equiilibrium toward the hemiketal, but the pres- 
ence of an axial substituent on C-13 permits displacement 
of the equilibrium toward 68a under appropriate circum- 
stances. In diterpenoids 58a and 61a, the presence of an 
axial C-4 substituent and the absence of an axial C-13 
substituent conspire to  favor the hemiketal forms over the 
hydroxy ketone forms 59 and 62 to such an extent that  
formation of derivatives of the latter is difficult, if not im- 
possible. This result has so far interfered with utilization 
of the present route to C-10 methyl functionalized diter- 
penoids, although the photoisomerization reactions pro- 
ceeded in high yield. 

58a, R1 = C02Me; h = H 57 
b, R, = C0,Me; % = Ac 
C, R1 =CH*OH; =s H 

OH 

59 60 

61% R1 = C02Me; R2 = H 63a, R1 = R2 = H 
b, R,=CO,Me; &=Ac  
c ,  R, = C02Me ; Rz = Me 

b, R,=R,=Ac or Ms 

62 64 
0. 

65 66  

6’7 68a, R = H  
b, R = M s  

New Isomers of Levopimaric Acid. The availability of 
the acetates 9 from the synthesis of the 11-oxygenated 
abietanes suggested the possibility of conversion to the 
methyl levopimarate isomer 27 (Scheme I), which is of in- 
terest because of its chiroptical properties. This substance 
lacks the interactions which are probably r e ~ p o n s i b l e ~ ~  for 
the “folded” conformation of levopimaric acid, originally 
invoked38 to account for its deviation from what is now 
known as the cisoid helicity rule;39 moreover, it is con- 
ceivable that 27 may be a component of the complex mix- 
ture which constitutes pine oleoresin. 

In fact, pyrolysis of 9b and 9d by the method of Girotra 
and Zalkow40 afforded a mixture of dienes 26 and 27 
which was extremely difficult to separate. Very small 
amounts of pure samples were eventually obtained by re- 
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I411 Par details concerning methods, see faoincta 32 of Ref. 1. 

QbI7.--To B solution of 26.8 8 . .  
of  dehydroabistmifrilo (Hircules Inc.) In 200 ml of tetrachloro- 

ethane cooled t o  0. (dry ermorpherel was added 10 ml of acety l  

chloride and 26.1 g of ~ l u m i m ~  chloride. 

a t  0' for 2 4  hr. pourad into water snd extiacted with CHC1.. 
The mixture vas stirred 

The 

1 2 . H v d r o x v d e h v d r o a b i e t o n l i y l g  lAa]..-A solution of 0 . 5  g of 

Ab in 20 ml of CH30H and 2 . 7  a1 of C ~ C .  HC1 " a i  *llowd t o  sfand 

for 24 hr a t  room tenperature. diluted with watar and extracted 
with ether. The washed and dried ather extract vas evsporared; 

t h 8  residua (quantitative yield of 2'1 was racryitnllirad from 

mihmol-wtei, mp of Ja 205.5-207'. l m l i 5  * 54.4' (c, 0 . 5 2 9 ,  9 5 %  

ethanol], i r  bsndr 3410 [.OH1 and 2 2 4 8  (-CNl. nmT s igna l s  s t  1.16 

(C-10 marhyll, l.2ld (p6.1 H r ,  iropropyl), 1.39 (C-4 methyl) 6.54 
washed and diiod sitraict xlli  evsparated; the residue was recryrtailiied ,and 6.82 ppm (aromatic 

from aethanol.xeier, yield 2 7 . 5  g of Ab, mp 137.5-158', [ a ] ?  * 
97.0' (c, 0 . 3 2 0 ;  9 5 1  erhanoll, i r  bands Bf 2267 (nitrila) and 1692 Cm.'; 

e. Cslcd f m  C20H27V0: C, 80.76: H, 9.16; N, 4.71. 
Found: C. 8 0 . 5 8 ;  H, 9 . 3 5 ;  N, 4 . 8 0 .  

nar Signall a t  1.18 (C-10 methyll. 1.26d (J.6.5 Hz, iroprnpyl), 

1.40 (C-4 mathyll, 2 . 5 0  lnafhyl ketone). 7.00 and 7.16 ppm (aromatic 

Fr0tQnl). 

Calcd for C22H29NO; C, 81.69; H, 9.04; R.  1.33. 

Found: C, 81.61; H. S.19; !I, 4 . 5 4 .  

12-ACetDXYdehVdrOQb iLIonltille (?b).--A mixture of 1 0  g of !b 
in 30 ml of CHC15 and 90 a1 of 50% parace t i c  acid vas rfirrad for 

48 hr in the dark. powid info ~ s t e i  and extracted with efhei. The 

wsrhad and dried ether extrac t  vas evaporated and the residue XPI 

recryrfalliied from ethanol-water, yield of ib 8 g, np 131.1-139', 

i r  bands 2 2 5 0  [nitrile) and 1770 cm.' ( ~ s t ~ r l :  nmr signals a t  I.18d 

IJ.6.5, ~SOpropyl), 1.19 (C-10 methyl], 1.42 (C-4 methyll 2 . 3 0  

l s ~ e t ~ t s l .  6.86 and 7.05 ppm ( n i o m a t i c  p m m n i l .  

"1. Calcd f o r  C22H2pN02: C ,  77.84; H, 8.61; N, r.13. 

Found: C, 77.8s; H, 8.69; N, 4.17. 

ICC-114 

C m p o Y n d ~ ;  11 Methyl vinyl  Other ab ( 4 4 1  yield], gum, i r  bands 

1720 cm.' [aster) ,  n m  signals a t  0.S7d (J- 7 H i ,  i~0pr0py11, 

1.07 (C-10 methyl). 1 . 2 5  [C-4 methyl), 3.58 [ a s f o r  rcthaxyl), 

3 . 7 2  ppn (ether methoxyl); 2)  Methyl l i-hydrorydehydroabietafE Ab 

(131 yieldl, 'P 157-158'. nml signals st 1.20 (C-10 methyl), 1.25d 

(J.6Hi. iropropyl,  1.30 (C-4 methyl), 5.64 (methoxyl), 6.60 and 

6.81 ppR. (aromatic p T 0 t o n r ) .  Identical with mBIEzIQ1 abrslnad 

by hydrolysis of i n  in tha manner described above for 2c follovsd 

by methylation. 

8 )  In 8 1 1. I.necked, round.boftom creased flirk fitted 

with s dr? ice-isopropyl alcohol condenser and a high speed (6000 

rpnl s t irrer  was placed I g  of Jr in 200 nl of d r y  ethylmine. 

Additlon of 3 5  ml of dry pamu1 alcohol w 8 1  followed by additian 

of 1.84 g (43 fold excarrl of L i  W T E  with high speed stirring. 

To prevent appearance of a dark blue color ,  8n nddrlimal 35 ml 

of +-amyl alcohol YBI added. Affsr conrumption of Iithiun. ethyl- 

amine was removed as before. *step was added To the residue and the 

l~luflon acidified hIth 10% HC1. The mqueour mixture was immediately 

extracted With ether. the wasbad and dried ether extracts were 

evaporated and the rssidus was methylated with dlaromerhane. 

mothy1 ester VBI taken up in 10 ml of l.leOH containing 0 . 2 7  m: af 

cons. HC1, allowed TO stand a t  room temperature far 2 hr (flc 

Fmtrol I o  nonltor diiappearance of ib), ?owed inlo wafer and 

CXtlPCted with ether. Ths washed and dried sthe? e z t ~ ~ c t s  were 

cvaporrfid %nd the reriduc was dissolved in B l:1 mixture of acetic 

anhydride.pyrldine. Aftar standing overnight a t  room tenpereTure, 

the mixIuIC was ?ourad into b a r e r ,  ncurraliied Nith r v l i d  NaHC03 

The 

JCC-u.7 

follovsd by 0.11 8 o f  LiAIHI in 10 ml of other. 

o f  10 m1 nf ether and m e  hr of r t i i r i n g ,  B ratd. solution of 

Naz504 was added b o p x i s ~  until s granular white prec ip i ta te  had 

formed. Solid anh. Ns2504 was sdded to abrorb excess w a t e r ,  the 

mixture xes SlirrEd for m a  hr and filrared. the p r e s i p i i a l e  

boinp washed thoroughly Mith hot THP. 

washings X E l e  evaporated: the r e s i d u e  YBI dirsalvad in 40 m1 Of 

sfhano1 containing 0.20 g of Sn0H and oxidiied with 2 ml of 30a 

H202. 
bath, tho mixture was poured into X B ~ C T  and extiactad with ather. 

The washed and driad other extract w.3 evaporated and the 

residua w a s  axidisod with Jones' reagent. methylated vrlh diazo- 
nothsno and separated by ~ T Z ~ ~ T ~ ~ I Y L  tlc info  TWO frasliml. 

After addition 

Tha combined filtrate and 

After 10 nin  st r a m  lemparalnra and 5 min on the I t O m  

Matbyl 12-~x~sbieran-IB-oste (21. mp 9 8 - 9 s ' .  was isolated in 
8) yield; i f 3  propertias weie idanflcsl with properties raparfed 

p'F"iou.ly6' 4 3 ,  4 4 ,  

(43) W .  G .  Dsvben and R. COBICS, J. Q.. s., 28. 1698 (19631. 
I 4 4 1  W .  Herr. H .  3 .  Wshiboig. W .  D. Lloyd, W .  H .  Schuller. and 

6 .  W .  Hedrick, J. 9, m.. a, 3190 ( 1 9 6 5 1 .  

Methyl 11.OX.sbleTan-I8..ate (u) was ablalnad In b a t  yield, 

mp. 103.5-106.5', l a g 5  .24,6' (C, 0.480, 9 5 ,  sthanoll: i r  bands 

a i  1720 and 1766 cn.': nmr signals a t  0.846 (5'6 HI, iiopropyll, 

1.08 (C-10 methyl), 1.13 (C-4 methyl), 2.16 2 p ,  ( w h  = 9 H%, H-121.  

2.68d (J-12 Hi. H.181, 3.62 ppm (methoxyl); YY Cmnl 2 9 2  nm (6  4 1 1 ,  

Cl curve ? 2 9 4  -1050 (C. 0.00609 si?, CH30Hl, 

I2-MethoxvCahvdroabier.nitrile (Icl.--To a solution of p o r a i r i u .  
t-butoxide. PreQPred from 1 g o f  p0Tasriun. and 100 ml of ?butyl 

aisohoi [ n i t r o g e n  atmoiphere) was added 3 g of 2s. When iolution 

was Complefc. 10 nl of CH,I was added slowly with s t i r r i n g  f m  3 hr. 

Ths solvent was removed a 1  reduced p~errure, and the residue vas taken 

up in rthei. The washed and driad ether a x t i a c t  was 

evapmsted and fhe TFSidue was recryrfallirad fran afhmol-vater, 

yisld o f  2s 2 , 5 3  g, mp 95-96', la]:' + 113' (c.  0 .494.  9 5 %  ethanol), 

v,ar tOnPoI~Ti1Y m a w e d  t o  drive off watcr and raplascd. 
nixtvro wag refluxad s t  Z O O D  for 6 hr, cooled. poumd i n t o  H20 

and extracted with ether. The aquaour lnyar was acidified and 

extracted with ether. The wished and dried other e x t i a c t  vas 

evsporated md the residue recrystallized from ethmol-water, 

The 

Yield 1.82 8 of as, mp 2 0 5 - 2 0 5 * ,  [=lis * 29.0. (c, 0.517, 91% 

Fthsnoll, i r  bands 3400 br (-OH1 and 1640 cm.' (carboxyl], nmr 

sign116 a t  1.206 (5.6.5 H i .  iropropyll, 1 . 2 5  (c-lo methyl) 1.28 

(C-4 neth~ll, 3 . 8 0  lnethoxyll. 6.80 and 6.92 ppm I n o n e t i c  protonsl. 

e. Calcd for C21H3003: C. 76.33; H, 9 . 1 5 :  0 ,  1 4 . 5 2 ,  

w o n  of 3a.--A14' 

Pound: C. 76.70: H, 9.28; 0. 1 4 . 5 9 .  

To B solution af 0.J 8 of 2s 

( 4 2 1  A .  W .  Burgltshlcr and L. R. Worden, j .  &. a. m., &, 
96 (1964). 

in 3.78 n l  of dry pbufylalcohal " a i  added 300 mi of ethylamina, 

dried and condenied by having bas" parsed through II U-tuba containing 

glass w a d  and KOH end L dry ics-itoprepyl alcohol eondmwr. 0.48 g 

of L i  "Ira was sddsd in  YO eoTliOnl with r f i r r i n l :  this w 8 1  
~r bands 2247 cm.' (nitrilel, nmr signals sf 1.22d C p 6 . 5  Hi. iroprapyll. 

1 . 2 3  (C-10 meth~ll. 1.45 (C-4 methyl), 5.86 (morhoxyll, 6.82 and 
7.04 Qp' [sramatic pro tonr ) .  

e. Calcd for C21R20N0: C .  80.98; H, 9.58: N .  4 . 5 0  

Found: C, 81.05; H, 9 . 2 6 ;  h', 1.49. 

waxvdohvdrskQie<LGJcid [laI.--A r n l x i u r ~  o f  2 8 of i c ,  

20 a1 of diethylene glycol, 0 . 5  mi of H2C end 1 g of NaCH was heated 

With s t i r r i n g  (nitrogen atmorphere) for 16 hr at 170'. The cmdenrer 

JCC-U-5 

and eXtrLCted wrfh ather. The varhad and dried other extracts 

were evaporated and the rasldual mixture w a s  9BpaTaIad by praparafivi 

t l c .  Tha follovrng 3ub.ifanceo were isolated i n  1ncraasln8 order of 

p o l a r i t y :  11 Methyl hhydroableiafs. $a (101 yield], mp 62.63', 

[ n l i 5  [ E ,  0,314, 9 5 )  ethanol), identical with an authentic sample: 

21  Methyl ll-~ethDr/dehydi..biefata, zb (1411, physical properties 

identical YlTh those of an sulhenlic s m p l s ;  51  XIIhyl lt-aceforyni- 

dahydrosbietate, 

those of an authentic snmpplo; L )  Methyl 12-oro-abief-D[11)-~n-l8- 

OPle, It481 yield]. mp 1 0 6 - l i l i s ,  [@lis + 47 '  ( c ,  0 . 2 5 0 ,  CHC15). ir 

and m r  spectra iuperimporabie on thole of material obtained pra- 

u i 0 u ~ l y 9 ;  5 )  Methyl 1 2 - o x a - l 3 B - a b i e t - 9 ( 1 l ] ~ ~ " ~ l 8 ~ ~ ~ ~ ~ ,  (12% 

yi~ldl, mp 04.91 ' ,  [=ID I 165. ( c ,  0.30, CHC13), i r  and n m  ( p e c f ~ a  

ruparimparsble on those of ~ ~ T e r i s l  obtained p ~ a v i o u s l y ~ .  

(181 yield), physical properties identical with 

Wthvl i l a -  end 1;B-ab i s i -9 i l l ! - sn - lB-oafe  (pa and 9cI ,.-A 
iolution of 0.403 g of 2 in 10 ml af nethano1 w81 reduced kith 0.48 

g o i  SaBR4 and worked up in the usual mennET. Recryrtsllirstion of 

the crude alcohrrl mrtum, yield 0 . L 0  g .  f i m  hsxans afforded pc. 

[ m 1 i 5  . 5 4 . 0 "  ( c ,  0.368, 9jt ethanol): Ir bands a t  3540 and 1720 crn.'; 

nmr s igna l s  st 0.80d and 0.946 (5'6 H%, iropropyll, 1.06 (C-10 methyl), 

1.16 IC-4 methyl], 3.64 (mefhoxyll, 4.02d ( 2 0  HZ. H-12~1, 5 . 3 2  

(wc-5 " 1 ,  H.111, 

m. Calcd for C21H3103: C, 75.41; H, 1 0 . 2 5 ;  0, 14.35. 

Pound: C, 71.32; H ,  10.33; 0, 14.27. 

The presence of sa i n  rhe a l c o h o l  mixture VBI rEveal8d by the 

abrervsnan in the nmr spectrum of a broad ~ e ~ o n a n c e  a t  4.08 ( ~ ~ - 2 2  HI. 

H-1261, 

Ice-11.8 

A&. Calcd fer CilH1403: C, 7 5 . 4 1 ;  H. 10.25; 0, 16.35, 
Bound, C .  7 5 . 1 9 ;  H, 10.33; 0, 14.10. 

Methvl 1 1 m -  and 118-Hvdroxvahlc tan-18-ostg (p and z],.. 
ID 0.050 g of 2 in 1 0  mi of THP conta in ing  0.86 "1 of SI NaOH 

rolutlm was added 0.186 g of NaBH4. Tha miXtvTe was i*flvred 

fox 9 hr. poured into water and worked ~p in the usual way. 

cruds product '+si separated by p ~ e p a r a i i v e  tlc into two fractions. 

The less polar r a t e r i a l  ( 4 2 8  y~eldl *IS 5, mp 101-102', [alf 

-10.0' ( C .  0.331, 931 ethanol), i r  bands a t  1500 and 1720 cr0.l; 

nmT llgnrlr st 0.84d (2-6 HI, ~ b o p r o p y l l .  1.16 (C-10 methyll, 

1.20 (C-4 methyl), 3.64 [nethoxyl), 4.31 (wc = 10 HZ, H-lLml. 

The 

m. Calcd f o ?  C21H,603: C, 74.95; H, 10.78: 0, 14.26. 

The mora polar mater181 (34l yield) was 2. mp 88-89', [=lis 
Fwnd: C, 75.05; H, 10.86: 0, 14.19. 

18.1' (C, 0.510, 95% clhanoll, 

m I  s igna l3  B T  0.86d ( 2 6  H a ,  %rapropyll. 1.02 IC-10 merhyll, 

1 . 2 0  ( C - 4  methyl). 2.JOd (5-12 Hi, H-1Bl. 3.64 (metho~yl), 3,64 
(wc = 20 H i ,  made visible by using Iu(fcdI3, H-IlB). 

i r  bandl a t  3400 and 1718 m-'; 

"1. CalSd for C2,H363,: :, 74.95: 3 .  10.78; 0. 14.26. 

Found: C, 75.10, H, 1 O . B i ;  0 .  13,97. 

P v ~ o l Y s ~ I  of kcetstes 9 b  and 9d.--A s01uTlon of The mixture 

of allylic BCeTafes, ,ut, 0 . 4 8 1  g ,  in 5 ml of benzene was added 

dropxiie t o  B C O l u m  filled w ~ t i  glass hrlices and kepr a t  300', 

while B n i t roge r i  ~ T r e ~ m  was p ~ ~ a e o  uphard through the column. 

hhen addition vas conpiere :he n i T i o q e n s l i e m  was s l o p p e d .  After 

30 mi". The colUmn X.BI allcwed t o  cool nad washed with ether. 

Rsmousl af Iolven: and chromatography Curnished 0.091 8 of Sfdrting 

fallowed by 4 . 4  ml of ?butyl alcohol. 

stirrad a t  leflw until the l i t h i u m  X a I  Cbnwned end elthylamino 

vas drivan off with the Bid of B stlean of nitrogen. 
was dissolved i n  water, acidified with SH4Cl fallowed by 10% HCI 

snd extracted with ether. 

maporatad and methylated with d2simefhane. 
of 7 r p o t i .  Prepsiat~vc tic permitted tho isolation of two sure 

The reaction mixturv YBI 

The residua 

The uarhed and driad ether layer vas 

Tic ihovod the prcaancc 

JCC-114 

Acetylnrion of the crude alcohol mixture with acet ic  nniiydrsde- 

pyridine follawad by tha urus1 work-up gave B miXIYra from which 

pd WBI isolated by recryrfslliiaflm fran hexana. mp 106-107'. 

bIi5 -82.8' : c ,  0.38P, P S I  ethanol); 11( band e t  I727 m.' (double 

intan3ify); nmr sxgnals st 0.79d snd 0.91d (J.7Hz, Isapropyl), 

1.07 (C-10 methyl), 1.18 ( C - 4  methyl), 2 . 0 1  [acafafo,  3.62 (methoxyl). 

5 . 1 5  I w h  5 H I ,  l i ~ l l l ,  5.27d l p 9  HI, H.12mI. 

- Anal. Calcd for C23H;601: C. 75.37; H, 9.64; 0. 17.00. 
Found: C, 73.30; H, 9.65; H. 16.00. 

&CW 11-Oxo- a W e r s n - 1 8 - o a t F  lg and &).--To 10 mi 

of punflod dry ethylamins ~n a flsrk fitted with B dry ice-isopropyl 

slcahol condsnrer WBI added 0 . 5 5 0  g of Li wire followed immediafEly 

by 0.456 g of ths mixture of  pa and pd disiolusd in the minimum 
aaCYnt of THF. The dark blue mixture UBI  stirred for 1 . 5  hr; this 

" a i  followed by addition of 2 0  ml of dry r-smyl alcohol to dorirvy 

the ~ X C B I S  metal. Ths usual work-up dascribad ~n p B I t  A n f  the 

Birch reduction of l a  gave B residue which could be asparafed by 

p r 8 p 8 ~ 8 t i s s  tlc info tl.0 fraciions. The l e i s  P o l a r  mafrrirl  (211 

yield) has 8 mlxture of 

s i g n a l s  a t  O.8Od (J -5 .5 .  i s o p r o p y l ) ,  1.08 (6 H, C-4 and C-10 msthylil, 

5.37 c and 5.62 br (wh * 11 snd 3 HI, H-11 and H - 1 2 1 ,  9.20 ppm 

( - C 9 ) .  The more polar fraction (66%) was 8 m i x t Y T ~  of lob and a b  

in a 5 : l  r a t i o ,  n m  i i g i a l i  a t  0.80 (C-4 methyll. 0.86d (J.7 lli, 

i r n p r o p y l ) ,  1.04 (C-10 merhyi). 3 . 2 5  ( 2  H .  canter of A8 quartet 

of H-181, 5.40 c and 5.63 b r  (vi. 10 and 3 Hi, H-11 and H . : 2 ) .  

& a solution of 0.176 p oi :]IC mixture o f  slcohols and aldehydcr 

~n 4 ml of ether has sddad :nitrogen atnoipherol 0 . 7 4  8 of BF3.etherstr 

snd &a i n  B 5;l ratlo, WhlCh had nmr 

JCC.U.9 
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,664 m-', n m  s i g n a l s  s t  0.97 (C.10 m e t h y l l ,  1.20 (C-4  a e t h y l l ,  

1.66 (msthoxyl) and 5.66d CJ-2.8 H i ,  H.111 ,  uv Anax 238 m (s l 7 0 0 0 1 ~  

ihe  my of t h i r  compound pvepared by a more CIICYItoUs ToUte, i r  

r epor t ed  as 116-118'16. 

A&, Cslcd f o r  C18H26D1: C ,  7 4 . 4 5 ;  H ,  9.03; 0 .  1 6 . 1 3 .  

Found: C, 74.36; H, 8 . 9 8 ;  0 ,  16 .90 .  

M-I111 -en-19-081e ( z a l  . - -NaBi lp  

i nduc t ion  of i g a i  2 In t h e  manner d a s c r i b e d  f o r  

a l c o h o l ,  p o 3 r i b l y  a nix tu io  o f  epimers, v h i s h  Was hmsgeneav i  on 

t i c .  

0.87 (C-10 r e f h y l ] .  1 . 1 5  (C-4 me thy l ) .  3 .63  (mefhory l l ,  4 . l b  !wi * 

18 H2. H-12) and 5.42 b r  [wr . 5 t lz ,  H - i l l ,  

gave s gumnr 

I t  had i r  bands a? 3380, 1 7 2 0  and 1650 m.', nmT s i g n a l s  s t  

Acsiylation w i t h  a c e t i c  anhydr ide -pyr id ine  enPe B $am-y 

produc t  Z b  whish was homogcnceua on t l c .  i r  bsndr a t  1785 (double 

s t r e n g t h )  and 1680 m.'; nmr 5ign81s z t  0 . 8 9  (C-10 miethyl), 1.15 

(C.4 m e t h y l ) ,  2 . 0 1  ( a m t a t e l ,  3.63 [ n e t h m y l ) ,  1 . 2 4  c (H-12) and 

5 . 3 4  b r  (H-17.1, 

D d r o n e n o l v r i r  v f  32p.--Reducrive cleavage o f  0 .622  g of 

ub i n  200 m l  o f  e thy laminc  and i( l i t t l e  THF x'ith 0.180 g o f  Li 

wire in t h e  msnnei de3c r ibed  f o r  t h e  mixture of z b  and pd followed 

by p r e p a r a l i v a  t l c  of t he  c rude  p roduc t  gave p0doca rp -9 ( l l l -nn -  

? P - a i c  ac rd  J3a (211 y ie ld1  by parfiil h y d r o l y s i s  of thC i n i t i a l l y .  

formed a b  under B i rch  c o n d i f i a n r :  whish was r eme thy la red  t o  g u m s  

u b .  
0 . 8 3  (C-10 n e t h y l l .  1 . 1 4  (C-4 ms thy l l  and S.62 ppm [ rnefhaxyl] .  Tlic 

major produc t  WLI padoca rp -9 (11 l - cn - lo .o l  &, mp 97-99",  [ a i j 5 4 S . 8 '  

( C ,  0.595, 9 i l  c t h a n a l ) ,  i r  band st 3370 em-', nnr signals a t  0.93 

The i s t t e l  had an ii  hand SI 1720 cn.' and nmr S i g n a l l  a t  

JW-1142 

(C-10 mafhy l ) ,  1 .00  (C-4 me thy l ) .  5 .60  (Zp, center Of- quartet 

o f  H-19, j . 10  HI), and 5.56 ppn . 9 HI, H-111. 

E. Calcd f o r  C17H280: C, 82.20; H, 1 1 . S G ;  0. 6 . 4 4 .  

Found: C, 82.22; 8 ,  11 .6s ;  0 ,  6 . 3 0 .  

p r h v l  I l - O x o r o d o c a r . m - l 9 - ~ ~ ~ ~  1381 and Methyl 98.11. 

OXo..doca..in-l~-.*~e rl') .- .Hydrob.ration-oxidari.n of O.Sl5 g 

of a mixture of a b  and y c  with 0.961 8 of  B f 3 - e i h e r a t e  and 

0.190 p of  LiA1H4, 8s d c i c r i b e d  i n  t h e  a b i e f a n s  ~ e r I F ~ , f i O l l o Y e d  

by a x i d r t i e n  o f  t h e  c rude  a l coho l  infxtvie w i t h  5 m l  Of B S o l u t i o n  

o f  8 g of CrOj i n  10 m l  of H20 and 90 nl of a c e t i c  s c i d  f o r  3 h r .  

me thy la t ion  of t ho  k e f o s c i d  mixture with CH2N2 and prepsr*tIvL 

t l c  g w e ,  in t h e  l ess  p o l a r  iractLan,pumy ke tone  3 ( t a l  y i e l d 1  

which s w l d  be  I s a n e i i z e d  t o  on treatment wi th  B S I  S O l u f I o n  

of NaOH in CHJOH, i r  band e t  1720 Cn.', nml signals P t  0.80 

(C-lo methyl].  1 .16  (C.4 methyl) and 1 . 6 s  ppm (ne thoxy l l .  The 

more polar  ke tone  2 (35) y i e l d )  had np 104-105 ' ,  [ulE8 *22.2' 

(C. 0.577, 9 5 t  e t h a n o l )  i r  bands a t  1720 and 1705 Lm.'. nlnr s i g n a l s  

s t  0.95 (C-10 methy l ) ,  1 .16  (C-4 msfhy l l  and S.63 ppm ( n e t h 0 ~ ~ 1 1 ;  

YV impx 195 m ( a  31.61; CD curve (C 0.00885 g i m l ,  CHjOHl. 101295 

*4360. 

$&. Csl sd  f o r  Cl8Hl8oS: C ,  79.93; t:, 9 .68 ;  0. 16 .41 .  

Found: C. 73 .88 ;  H, 9 .74 ;  0, 16.82. 

Methyl 11s- HYdroXY- and I I B - H Y d T . I Y D ~ d o C a l ~ l n n - 1 9 - . s t L  (36a 

~ l . - - R c d u c t i o n  o f  0.3 g o f  I w i t h  liodiun bo rahydr lde  gave a 

1 ' 1  a i i l i u r e  of C - l i  epineriil a lcoho l s  which *IS d i f f i c u l t  t~ 

repnrate .  O a r t i s l  ieparrtmn was ach ieved  by ~ o n f i n u ~ ~ s  solvent 

f l aw  p m p o ~ s t i v e  t l c  urine benzene 81 r o l u e n i .  The a l s a h a i  band 

JW-11-10 

120 a1 of  THF f o l l o v e d  by 128 n l  of ~ s v l  a l c o h o l  and then  8 g 

of L i  wire. The m I X I U r F  w*I s t i r r e d  vnlil t ha  L i  XBI c o n s w e d ,  

100 a i  .f neon was addsd and t h e  nmmonir was s l i o w i d  to evdporatl 

on L water b a t h .  The rma l .n ing  mstcrial Yes d i l u t e d  w i t h  Y B t F I ,  

a c i d i f i e d  w i t h  101 HCl and OXtrLcIed w i t h  e t h e r .  Evaporation of  

t h e  washed end d r i e d  e t h e r  oxtrbcis gave a g m  which was n s t h y i a t a d  

w i t h  d i a ioae fhane ,  l t i r r s d  ove rn igh t  With 5)  HC1 i n  n e t h n n a l  t o  

h y d m l y i e  the  vinyl e t h e r  ilnd t o  ~ ~ I r r a n g E  t h e  8,Y-YnSatUTated 

kc tone ,  poured info water #and a x r r a c f e d  wi th  e t h e r ,  The warhsd 

and d r i e d  e l h e I  L I X t l B C t O  Y , ? m  w a p o r e f e d ;  chronafography l ave  t h e  

fo l lowing  f r s c l i m s :  

y i a l d ) .  mp 8 1 - 8 3 ' ;  [df *190 '  ( c .  0,400;  9 5 1  e t h a n o l ;  i r  band 

1710 cm.'; mr signals st 0.18 (C-10 me thy l ) ,  1.19 (C-4 methyl) 

and 5 .60  ppm (me thoxy l l .  

podoca ip ino l ,  he r  been i r a l a r e d  as a minor produc t  fmm t h e  Li- 

NH - t - b u l y l  a l c o h o l  r educ t ion  of O-nefhylpadacarpin.116, 

1) Methyl p o d o c ~ r p - 8 ( 9 ] - e n - 1 9 - ~ ~ ~ ~  3 (26% 

A nimilar s~bsfance. deroxyfe t r ahydro -  

3 -  e. Calcd f o r  C1gH2802: C .  78.31: H ,  10.21. 0, 11.58. 

Pound; C, 78 .91 ;  H, 10.42; 0. 11.75. 

2) Methyl O~methylpodoCarpsTB 2~ ( 3 %  y i e l d ] ,  mp 1 2 8 - 3 1 9 ' ,  

[.]is rl32' (C, 0 . 8 1 1 ,  9 5 8  e t h s n o l ] ,  i d e n t i c a l  w i th  sn a u t h e n t i c  

SOmple. 

3 )  Methyl l2-oxapodocarp-8(91-en-19-aate,  [ l . S l ! ,  8 gum, 

ii band at  1710 cm.i, nmr i i g n a l x  s t  0 . 7 8  (C-10 m e t h y l ) ,  1 . 2 1  (C-4 

methyl) and 3 . 6 2  ppm (mefhoxy l ) .  Treatlnenf r i t h  8 %  H C i  I n  msthanol 

caused  reurrangemmt t o  2. 
41 Methyl l 2 - a r o p a d o c l r p - 9 ( l l l - e n - i 9 ~ r s i ~  JJ 112% y l a l d l ,  rnp 

1 0 1 - 1 0 8 ' ,  ! a l i a  .12.4' (C, 0.100, 95% e t h r n o l ) ,  i r  bands 1710 end 

JoE. l l .4  

whish brordoncd Ls i f  moved upward, was d i v i d e d  lntc 4 parts. 

Pure IllCOholf wela ob te ined  from t he  f i r s t  and four th  part.  The 

less po la r  a-hydroxy IlOmer ar had mp 103-104', [ 4 E 5  *7.0'  (C, 

0 . 3 1 S .  911 a t h a n o l ) ,  i r  bands a t  3470 and 1710 m.', m y  s i g n a l s  

et 0.82 ( c - 1 0  methy l ) .  1 .17  (C-4 s e f h y l l ,  3.62 (me thoxy l l ,  and 

S . 6 2 ~  - 10 HI, r e w a l e d  by c n n v ~ r i i o n  t o  t he  e c ~ t a l e ,  H-1181. 

- Anal. 

The m r e  p n l P r  8-hydroxy 1S0ner 19 had mp 17-78' ,  1 m l ~ 8  

Calcd f o r  C18HJO03. c .  1 3 . 4 3 ;  H, 10.27; 0 ,  16.50. 

Found; c ,  7s .28 ;  H, 10.18;  0, 16.18. 

+40.S (C. 0.201; 951 e t h s n o l l ;  i r  bands B f  3500 and 1710 m.'; 

nmr l i g n e l $  sf  0 .92  ( C - 1 0  n a t h y l l ,  1.17 (C-4 me thy l ) ,  3 . 6 4  

( n e t h o x y l l ,  and 1 . 8 9  ppm (wim8 H Z ,  H-llol. 

e. Caicd f o r  Cl8Hl0O3: C, 75.45; I!, 10 .27 ;  0 ,  16 .30 .  

Found' C, 71.23; H, 1 0 . 4 1 ;  0 ,  15.92. 

w o i o d i t e  Reactions on Z { , - - A  s o l u t i o n  of 0 . 0 8 8  g of 

i n  130 n l  of cyclohexans c o n t a i n i n g  0 . 5 3  8 of P b ( 0 A c l a ,  0.360 g 

a f  Csco, and 0.0725 g of I2  YIS i r r a d i a t e d  w i t h  a i o  waft rncan- 
descen t  lamp and r e f l u x e d  (due to t he  h e a t  of t h s  lamp1 f o r  90 

lnin w i t h  stirr~ng. A f t e r  cooling. tho m i x t w e  was f i l t s r e d  and 

t h e  r e s i d u e  washed tho rough ly  w ~ f h  hexane. The combined organic 

layers wale Washld k l f h  S i  r a d i m  f h l a r u l f a t e ,  t h e  r a s h  s o l u t i o n  

WSJ a x t r a c t e d  wi th  e t h e r  and the e x t i n c t  combined w i t h  t h e  o rgan ic  

l u y e r r  which wrie than washed b r t h  H20, d r i e d  and evapora t ed .  The 

r e s i d u e  W B S  Dxfd i i ed  r i t h  Jones' raagen: and worked up i n  t he  usual 

manner. P r e p a i i l l Y e  tli a f  :he c rude  p roduc t  fu rn iahcd  l a c t o n e  

a ( 4 9 P  y i e l d )  r h i c h  had mp 1 2 7 - 1 2 8 ' .  l u l i 5  -l5.5' 

P S L  e t h a n o l ) ,  li_ bands a t  1760 mnd 1722 csn-', nmr r i g n s l r  s t  0.86d 

:: 0 . 5 S 4 ,  

6110-1146 

J . 8 .  10 and 10 H!., H-118).  

i\nL. Cnlcd f o r  C21H340j: C. 7 5 . 4 1 ;  H ,  10.23; 0, 1 4 . 1 5 .  

EJund: C .  78.40: H. 1 0 . 2 1 ;  0 ,  14 .51 .  

The 1cIs p v l l r  PrndUCt 49 ( 4 0 %  y i e l d )  had mp 127-128'. 

t n l r  *17.6*  ( c  0.971, P S I  e t h a n o l ) ;  17 band st 1 7 2 8  m-'; n6r 

r i a n a l r  a t  0.86d ( j . 6  Hi .  i s o p r o p y l ) ,  0 . 9 i  (c-a methy l ) ,  s . 66  

~ m e t h o x y l l ,  3 . 8 0  C2H, AB quartet of H-20, F9 Hzl ,  m d  4 . 2 4  ppm 

(Yi - 7  HI. n-llo). 

5. Calcd f a r  C21Hj403: C ,  75.41; H, 1 0 . 2 5 ;  0, 14.31. 

Fowd: C. 75.38; H .  1 0 . 3 9 ,  0. 14.26. 

k solution of  0.035 g of 9 I n  2 ml of a c e t i c  anhydr ide  XBI 

o l i d l r a d  wi th  6  nl of  5 %  Cr03 a c e t i c  s c i d  s o l u t i o n  by h e a l i n g  00 

P rtrem ba th  f w  1 2  h r .  

r l l h  KnHC03 and eXtIYCted With ~ t h e i .  The washed and d r i e d  sther 

e r t m t  X B I  evapora t ed ;  t ho  r a s r d u e ,  I complex nix fur^, f u r n i t h e d  

Thc soluimn ~ 8 %  poured into H ~ O ,  n e u t r a l i z e d  

lac*- 4p *iter p'8pPTati"e *IC. 

r e a d  ~ $ ~ I B B C O I B ~ B  trsatnent 05 M give ,  a i t e r  p ~ o p s l a ( i i v ~  t i c ,  

rtbm 49 i n  13% and e t h e r  AB. i n  5 4 1  y i o l d .  

U t r a n s e t s t s  TTadlmenf a f  36P and S9.--Pb(oAc),  ux ids -  

fim o f  0.103 8 of 

tlc P? the c rude  p roduc t ,  the less polar  e t h e r  J3 ( 1 8 %  y i e l d )  

w h v a  had mp 71.5-72.8'. l r  band sf I720 m.', mr s i g n a l $  at 

1.11 IC-4 n e t h y l l .  3.60 ( r a i h a x y l ) ,  3 . 6 1  (AB qusriei of H-18, 

J" LZ). and 1 . 1 9  ppm (wr - 7  H i .  H - l l a ) ,  

in The usus1 manner gave, a f t e r  preparsiiue 

$&. Cslcd  f o r  C18H2S03: C .  7 3 . 9 1 :  H. L 6 5 ;  0. 16.41.  

Fnnni: C .  74.02; A, 9.71; 0. 16.03. 
m T O  POlar PTddUCt ( 3 3 8  y i e l d )  was U, mp 71.1-71.8' ,  i r  

Jm-U-YI 

(J-5.5, iraprapyll, 1.54 ( d e r h i a l d a d  C.4 methyl), 3 . 6 6  (mcfhoxyll ,  

and 6 . 1 7  ppv b r  ( w r  ~ 1 Ha, H.110). 

A n d .  Calcd f o r  C21H3204: c ,  72.s8; H ,  9 .26 ;  0, 18 .36 .  

Found: C, 7 2 . 1 0 ;  H, 9 .26 ;  0, 18.60. 

Oxida t ion  of 0.020 g of E i n  t h e  same inlnner fo l lowed  by P 

aimilrr o x i d a t i v e  work UP gave B c m p l s x  mix tv ro  from whish  no 

purl cmpounddr cou ld  be i r e l a T e d .  

. . - I r r a d i a t i o n  O f  0.126 g o f  2 
In 126 m l  a f  cyclohaxanc w i t h  0.770 I o f  Fb(OAc14 and 0.103 of 

iDdine fo l lowed  by oxidarion m d  work-up B I  d e s c r i b e d  f o r 2  gBVe 

B COmpieX mixture. Prepa ra i f ive  t l c  of the crude PmdYCI y i e l d e d  

licCane a 
( c  0,511, 911 e t h m o l ) ;  ~r bands a t  1162 snd 1720 m-': nm? s i g n a l s  

a1 1.22 (C-4 merhy l l ,  3 . 7 0  (methaxyll  and 4 . 7 s  ppm irr = 8 HI, 

(40\ y i a l d )  whlch had mp 143.1-144.5'. [ali5 +46.1 '  

H.llS!. 

@&. CalCd f o r  C18!ii601: C ,  10 ,86 ;  H .  8 . 8 8 ;  0. 20.89, 

Found: C, 70.42; H, 8 . 6 6 .  0 ,  2 0 . 8 8 .  

W u o i a d i t e  axidstion of 4 6 c . - - R e d ~ c c i o n ~ ~  of 3 g of methyl 

12-Bcetyi:dehydr.isbiefaro i n  100 m l  a f  mnefhsnol w i th  0.5 g o f  

NeBH4 gave a l ; l  nlxture of The s p i m e r i c  s l c o h o l r  "c which could 

bo s e p a r a t s d  by p ~ e p a r a r i v e  t i c .  The l e r i  polar  a l coho l .  mp 120- 

121', bli5 * 9 2 . 6  ( c  0.102, 9 5 %  e t h a n o l )  had nnr r i g n s l r  i t  1.08d 

and l . l 2 d  (:=I l ia .  i r o p i a p y l l ,  1.11 ( c -10  m e t h y l ) ,  1 . 1 8  (c-4 m e t h y l ) ,  

l . 3 6 d  (J.6.S Hr, C - 2 2  methy l ) ,  1 . 3 0  (AB q u d i i ~ r  of  H-7), 3 . 1 1  'cpt 

("'7, 11-18), 3.58 ( n e i h o x y l l ,  5.169 l l . a . 8  H Z .  H.211, 6.90 and 

7 . d l  ppm ( a r o m a t i c  p m t o n l l .  The nore p o l a r  a l c o h a l .  mp 133.5- 

i34.5' ,  !SI:' i 4 4 . 6 '  (s 0 . 1 0 2 ,  95% e t h a n o l ) ,  had nnr signals 8 f  

JCC-11-17 

b i n d  I t  i724 nnr ~ i i g o a l s  nt 0 . 8 8  (c-10 m t h y l ) ,  1.18 (c.4 

m t h y l l .  1.66 (mnethoxyl), 3.66r ( r e l a l v e d  wi th  Eu( fodI3  i n f o  B 

doub io t  of d o u b l e t s ,  J.11 and 5 H i ,  H - l = ,  s nd  B doub le t  of 

t r i p l e t s ,  j.10. 10 and 4 Hz, H-118).  

e. Caicd f o r  C18Hi803: C, 7 3 . 9 3 ;  H ,  9 .65 ;  0, 16.41. 

Pound: C ,  7 4 . 4 6 :  H, 9 . 7 6 ;  0. 1 5 . 8 3 .  

Oxida t ion  lf 0 . 0 3 0  g of  In t he  mannei d e s c r i b e d  f o r  9 
88"s a canplcx mix tu re  from which lactone Y S ~  i r D l s t o d  i n  241 

y i o l d .  

Lead f e f i i a ~ e l s t ~  o x i d s t i o n  c f  0 , 0 8 0  g o f  f u r n i r h a d ,  s f r c r  

p repara t ive  715, p l h e r  i n  IO L and e t h e r  J3 i n  4 0 8  y i e l d .  

BF3- C l c a r l ~ e  o f  4 8  s n d & & . - - T a  an I c e - c a l d  a o l u l i o n  of 

0 . 0 2 3  g e f  a i n  1 n l  o f  a c e t i c  Inhydr ide  W ~ J  addsd 6  d rops  of 

BFj . e the r s i e .  The z i x t w e  "8% irnmedistely removed from t h e  i ce  

b a t h .  allowed to i f a n d  f a r  5 mi", poured inra  Y S ~ C I .  n e u f r s l i i e d  

With s o l i d  Na9C03, CBIS bc?ng taken t o  keep t he  systoia e t  01 

below loom fm?pera iuve ,md  e x t r a c t e d  wi th  e t h e r .  

d r i e d  e t h e r  FXTTBSI w e s  evapora t ed .  t h e  r m i d u e  xlsi p u r i f i e d  by 

p r e p a r a t i v e  tls and fu rn i shed  n o n - c r y r t s i l i n e  methyl 18, 11s- 

drscefaxydbietsn-lP-Oay. 

9 5 %  e t h a n o l ) ;  i r  band 1728 ( t r i p l e  infsnrify); nnr s i g n a l s  sf 

0.84d (2-6 H I ,  iroprapyl). 0 . 8 7  (C-10 r e t h y l l ,  1.20 (C-4 me thy l ) ,  

2.06 (2 ~ c e t ~ i e s l ,  8.66 b ~ i h o x y l l ,  4,72 i2H. hb = 2 7  Hi. H-io and 

H . 1 1 8 .  

Tha washed and 

i n  38ll yxe ld .  [GI:' - 2 4 . 7 '  ( E  0 . 1 2 5 .  

e. Calcd f o r  C28114036: i n 0 1  w t  436.2824, l ound  (MS) 

4 3 6 , 2 8 2 4 .  

CleLvBgc of 0.049 g of  a u i t h  BFI.etlarafc XBI carried out 

J rn -11-I$ 

1.116 (6 H, i ropropy l ) ,  1.11 (C.10 me thy l ) ,  1.17 (C-4 me thy l ) ,  

1.56d ( j . 6 . 5 ,  C.22 methy l ] ,  2 . 3 0  (AB quartet of H - 7 1 ,  3 . 1 2  SaPt 

p 7 ,  H-111, 3.88 i a s r h o r y ? ) .  5.179 ( i - 6 , s  H I ,  IH~211, 6.90 and 

7.10 ppm (aromatic plotens). 

A solution of 0.1 g of the  I I I I X ~ Y T F  Of epinerr i n  100 m i  of  

cyclohexane was i r r a d i a t s d  i n  f l i t  presence of Vb(OAc! 4-12 and 

worked up BI Ul(la1 withouf t h e  ch ron ic  a c i d  o x i d a t i o n  s tep .  

Prepar8iive Tlc of the  Crude p roduc t  gave lactone U z 4 ,  m p  198- 

199'.  [E];' r83.O' (c  0 . 6 J 6 ,  95* e f h a n o l l i  Ir  bands a t  1751 and 

1121: nnr s i g n a l s  I t  1 .21  (C-10 m e t h y i l ,  1.30 (C-4 ma thy l l .  1.61 

(C.16 and C.17-neihylsl .  3.67 [mefhaxy l l ,  7 . 1 0  and 7.18 Ppm 

(aromatic pratms1 , 

Ana'. Cnlcd fo?  C21H2804: C ,  74.18; H .  7 . 8 1 ;  0 ,  17.Q5, 

Pound' C, 73.82; H ,  7.81; 0, 17 .86 .  

&,& T e f r l s c e t P t e  TIsatlnenr o f  24 and iS.-.A mixture of 

0.098 g of  a. 0.510 B of CaCOj, 0 . 8 9 5  g of  dry Yb(@Ac14 and 

180 nl of cyclohexano was r e f l u x e d  f o r  5 h r .  c o a l e d ,  f i l f a r o d  and 

tha  r e s i d u e  *$shod v i t h  hLxIne. The ranbinad filtrate an6 

r a ih ing .  were washadwi th  5 %  radium f h i o a u i f n t e  s a l u f l o n ,  t h e  

t h i o s u l f a t e  solution w a s  e x t r a c t e d  wi th  a t h e r  nnd the  conbined 

o rgan ic  layers were r a r h e d  wi th  li10 and d r i e d .  

g e m  B mix tu re  o f  b o  Eompwndr w h i c h d e p a r r t c d  by preparative f l c .  

Tha more p o l a r  p roduc t  fi ( 3 3 1  y i e l d )  *.SI 8 gum. [ e l i s  - 4 5 . 0 '  ( c  

0 . 4 5 0 ,  91% e r h s n o l ) .  i r  band st 1710 cm.', n m  iigmnalr a t  0.86 

(C.10 m c t h y l l ,  O.69d (1.7 H i ,  iiaprapyll, 1 . 2 8  (C.4 m e t h y l ) ,  3 . 1 1  

(mtthoxyl), 3.651- I r a r a l v e d  with r h i f r  reaserr Lo show a doub le t  

of d o u b l e t s ,  2iB.i and 8 . 5  H i ,  >;.la,  and a doub le t  01 t r i p l c t r ,  

Removal of solvent 
" a s  

J U W l Q 8  

in t h e  same manner; h u r e v e r ,  s f t e r . f h e  r e ~ c i l o n  YSS canp le re  and 

the  D ~ X ~ Y I D  had been d i l u t e d  wi th  water, i f  was vrrmcd m t ho  ilesm 

b a t h  to d r i v e  o f f  t h e  e t h e r .  PrapLrrtiue tlc Of the  c rude  p roduc t  

a f fo ided  B 3 4 i  y i e l d  of g u m y  which had i r  bands a t  3 4 1 0 .  1740 

and 1710 cm-'; nmr s i g n a i r  a t  1 .08  (C-IO methy l ) ,  1.25 (C.4 n e f h y l ) ,  

1 . Q 4  (acetate!,  3 . 3 b  (me thoxy l ) ,  1 .561  Q-8 H i ,  r e so lved  b p  Eu(fod13. 

H . l @ I ,  and 5 . 0 0  ppn Ivi-18 HI, H - i l 8 ) .  

-.-.Traatm*nt of an i ce -co ld  solution ai 

0.030 g o f  s in 5 m l  o f  a c e t i c  anhydride wi th  5 drrrpr o f  B f j - e t h e r a f e  

. nd  work-up 81 described f o r  2 gave, a f t e r  Chromatography, a 60 t  

y i e l d  of L 1 : 1  ~ X ~ Y I E  o f  ys and a b .  Continuavn P O I V ~ I  flow 

p n p a r l l i v c  t l C  produced p a r t i a l  ' irparatton of t h e  mix tu re  i n f o  

fractions which sonra inad  p redon inan i ly  1. or u b .  

o l a f l n  B C e t a t C  Ub had " m i  s i g n a l s  at 0.87d ( i a o p r o p y l l .  1.19 (C-4 

merhy l l ,  1.91 ( a c c t a t * ) ,  1 .64  (ms thoxy l l ,  4 . 3 5  (2H. (entor of AB 

The 101Li p o l a r  

q u a r t e t ,  H-291, and 5,44 ppm ( w 4  . 9 H Z .  H - i l l .  The mole p a l a p  

o l e f i n  zcaf r fs  198 had nmr s ~ g n a l s  a t  O.8ld Q-6 Hi, i ~ o p r o p y l l ,  

1.11 ( C - 4  nerhyi l ,  2 . 0 2  laceisre!, 3.66 (mc lhory l ) ,  m d  d.27 ppm 

(2H. center o f  AB quartet, J.11 H i .  H-201. 

mixfura was analyzed. 

The o l r f l n  P C C ~ ~ ~ L  

Ana'. Caicd f a r  C23H3604: C ,  l S . 3 7 ;  H ,  9 . 6 4 ;  0. 1 7 . 0 0 .  

sound: C ,  7 3 . 6 1 ,  H, 9 . 6 3 :  0.  1 6 . 8 4 .  

v ~ f & , , . . A  s o l u l i o n  of 0 . 2 3 8  g of g and 

4 3  n l  of  9 3 1  e l h s n a l  i n  a quartz lpparatur w a s  purgad a f  oxygen 

by means o f  P n i r r o w n  stream and rub requen t ly  i r r a d i a t e d  w i t h  uv 

l i g h t  fro? B 4 5 0  r e i t  Hanavia mercury vspor lamp pa r red  through B 

Core r  9700 f i l t e r ,  Removal of salient 6 a v e  I quanf i fa t ive  y i e l d  

o f  cyc lobufano l  u, mp 18 i . lS4s ,  * 7 3 . 0  ( c  C . 3 0 8 .  9 5 k  s t h s n o l l ;  

~r bands d f  3 8 0 0  snd  1120 c,:.'; nm? signals a t  0.92d and 0.9Jd 
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(J.5 H i ,  i roprapy l l ,  1.00 (C-4 methyl ) ,  3.64 [ m i l h o i y l l i  no UY 

or CD i b r o r p t i m  c h a r a c t e r i s t i c  of a ksrona. 

fi. Cnlcd  f o r  C21H3403: C ,  75.41; H, 10.11;  0. 1 4 . 3 1 .  

Found: C ,  7 1 . 3 8 :  H. 1 0 . 3 0 ;  0. 1 4 . 5 6 ,  

ClervaBe of 5 7 . - -  A roilution of 0.104 g o f  x i n  10 ml o f  -- 
d r y  benzene c o n t a i n i n g  0.430 g a f  CaCO, and 0.635 g of  d r y  

Pb(OAcI4 was r e f l u x e d  f o r  16 h r ,  a l lowed t o  cool and varXad up 

PI d e s c r i b e d  fqr  t h e  o x i d a t i v e  c y c l i s a t i o n  of & Prepa ra t ive  

f l c  of t h e  c rude  PmdUCt gaue i s >  ( 5 0 %  y i e l d l .  mp 88.5-8PD, 

band 1721 m-', nrnr signals st 0.90d ( F 6  Hs, i r o p r o p y l ] ,  1.99 

(C-4 m e t h y l ) ,  2 . 0 1  ( a ~ s f a f e l .  3.66 (mefhoxyl ) :  no Y V  OT CD 

naiinum c h a r a c t e r i s t i c  of  a katona. 

e. Calcd f a r  C2JH36Ql: C ,  70.JB: H, 9 . 2 4 ;  0,  2 0 . 3 8 .  

Found: C .  10.46; H. 9 . 5 4 ;  0 .  2 0 . 2 7 .  

A iolvfion of 0 . 0 2 0  g a i  58b in 20 m l  of McOH con ta in ing  

1 g of NaOH I ~ I  s t i r r e d  a i  room temperature f o r  2 5  h r .  poured 

into HiO snd  eXtTsCted Y i t h  e t h e r .  

extracts w e ~ e  e v a p o r a t e d ;  *hc r e n d u e  which WBI r e c r y s t a l l i z e d  fram 

hexane r a v e  B q u m t 2 : t ~ t i v e  y'eld o f  i$a. mp i 7 9 . 5 - 1 8 0 . i D ,  

[ m ] t 5  t 2 6 . 6 "  (c 0 . 4 7 8 ,  951 e t h a n o l ) :  i r  bands 3380 and 1720 w- ' ,  

nmi r i g n s l r  a t  0.89d and 0 . 9 3 d  l i -6  H 1 ,  i r o p r o p y l l ,  1 . 0 8  (C-4 

methyl )  and 3.64 ppm ( i s f h o x y l l ,  no uv or CD a h i o i p t i o n  EharaC. 

t e r i s r i c  o f  a katonc. 

a c s f i c  a c i d  a o l u f i o n .  

The washed and d r i e d  e t h e r  

The i v b i t a n c c  w a s  n o t  a f f e c t f d  by Cr03- 

.\rial. Cnlcd far  C21H3404: C ,  71.96: H ,  9 . 7 8 ;  0, 16.26 .  

Found: C ,  71 .72;  H. 1 . 9 8 ;  0 .  1 B . 0 7 .  

Redus t ion  o f  0.04: B o f  g b  k i t h  LiA1P4 In  e t h e r  and i o l k  Y? 

I n  t h e  u3uai Yay gave,  8fr.r chromatogrsphg 0 , 0 1 1  g of sac which 

had  np 117-11g'. ! m l i 3  * 7 6 . 6 '  (c 0 . 2 1 0 ,  9 5 1  e t h a n o l ) ;  17 bsnd at  

5450 Cm.': rmr r l g n s l i  a t  0 . 1 0  ( C - l  " ,e thyl ) ,  O.85d and 0 .90d  

(JJ'6 H r .  L l a p r a p y l ) .  and 3 . 2 7  ppm ( Z H ,  AB quartet o f  H - 9 ,  c11 H i )  

e. Calcd f o r  C 2 0 H 3 4 0 3 '  C ,  1 4 . 9 9 ;  H ,  10.63; 0 ,  1 4 . 8 8 .  

Foulid. C ,  7 4 . 1 8 ;  H, 10.82; 0 ,  15.01. 

m a s t i  on of  38.--lrradiatim o f  0.1 g of 

d e s c r i b e d  for  gava B quantifsflve y i e l d  of  t h e  n m - c r y s t a l l i n e  

cyclobutanal Sa which had  *149' I C  0.255. 9 5 1  e t h a n o l ) ,  i r  

bands at 3400 and 1 7 1 6  cm.'; mr r i g n a i l  st 1.14 (C-4 methyl )  and 

3 ,64  ppm (methoxyl ) ;  no uv OT CD maximum c h a r a c t e r i s t i c  o f  8 ketone. 

A&. Calsd  for  C l 8 H Z 8 O 3 i  mol w t  2 9 2 .  Faund [MS) 2Q2. 

-.--A so1ution of 0,OIO 8 01 60 in 2 4  m l  o f  dry 

benrane 11s r e f l u x c d  w i t h  0.218 g of CsC03 and 0.323 g o f  dry  

Pb(OAcI4 f o r  12 h; and worked up 8 %  d e s c r i b e d  f a r  o x i d a t i v e  

CyrlLLatlon Of p. P r r p a r s r i r e  r l c  gave 0.040 g O f  " o n - c r y r t s l l i n e  

U b  which had  [a]: '  1231' ( c  0,118, 9 5 )  a t h a n a l ) ;  I T  bands a t  1735 

and 1 7 1 5  m.'; nir i i g n a l r  sf 1.19 IC-4 - e t h y l ) .  2 . 0 2  ( 8 ~ s t a t e l  

and 1.68 pp7 l m c t h o i y l ) .  

A&. Calcd for  C 2 0 H 3 0 0 j  0101 WT 350. Faund (M!' 113. 

HyCrolyr i r  oi 0,022 g o f  a b  i n  t h e  ~ m n e ~  d e r c n b e d  f o r  S b  

gave,  a f t e r  recrystallizatron from hexane .  B quantitafius y i e l i  

o f  E a  b h i s h  had mp 1 5 3 - 1 5 4 ' ,  i r 'bands  a t  3400 and 1130 cn.'; 

n m r  s i g n s 1 3  a t  1 . 2 1  i t - 4  methyl ]  and 3 . 6 8  ppm ( m c t h e x y l i ,  no LV 

s b r o r p t i a n  t h a i a i t e i i i t i c  o f  L k e t o n e .  

w. Calcd f o r  C,BHZ804'  C ,  7 0 . 1 0 ;  H, 9 . 1 5 ;  0. 2 0 . 7 1 .  

Pound C, 70.31. H, 9.81: 0 ,  21.03. 

peated continuous solvent flow thin layer chromatogra- 
phy; their spectroscopic properties (see Experimental Sec- 
tion) support the structure assignment. 

The helicity rule for skewed dienes states that a strong 
positive Cotton effect associated with the lowest frequency 
cisoid diene H-T* absorption band near 260-280 nm indi- 
cates that the diene is twisted in the form of a right-hand- 
ed helix. Conversely, a strong negative Cotton effect is in- 
dicative of a left-handed twist.s9 

Diene 26 exhibited a positive Cotton effect, [Q]285  5780. 
Hence ring C must be in a quasi-boat conformation with 
the isopropyl group quasi-axial. Examination of Dreiding 
models (Figure 4) indicates that this Conformation avoids 
an eclipsing interaction between the isopropyl group and 
H-12 and should be preferred over the half-chair form. 

26 27 

Figure 4. Conformations of26 and  27. 

Diene 27 displayed a somewhat weaker negative Cotton 
effect, -2600. In the Dreiding model of 27 the diene 
system of ring C is nearly planar, but flexible. The prefer- 
ence for a conformation at  room temperature which con- 
tains a left-handed helix (Figure 4) could result from a re- 
d u c t i o n  in the e c l i p s i n g  interaction between the isopropyl 
group and the H-14 protons. 
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Attempted  meiy la t iomof  u a  were unrus;eriiul. i n  an 

a t t e m p t  t o  prepare B d i r a i y l a f a ,  0.100 g o f  NaH w @ s  addcd to 

0.051 g a i  a a  in 50 111 a f  cyclohexane (nitrogen ofmnrphcre). 

After gar e i a l u t i o n  had  c e a s e d ,  0.100 8 of fBSyl ch ln r ide  N e 5  

addcd. The rixture was s t i r r e d  e t  room f a m p e ~ s r u r e  f a r  19 h r ,  

decaspaied w i t h  1 m l  o f  methmal ,  d i l u t e d  w i t h  water. a c i d L f i e d  

a i d  e x t r a c t e d  w i t h  e t h e r .  The washed and d r i e d  e t h e r  extrac t s  

were evapora ted .  Ils a i  t h e  reiLdue y i e l d e d  0 . 0 2 6  g o f  ~ r s r f i n g  

m t e r i a l  and 0.024 g a: s c ,  mp 6 5 - 6 6 " ,  ~r bands a t  1 7 2 4  CUI-'; 

nmr s i g n a l s  sf 1.19 (C-4 m e t h y l ) ,  3.20 C a t h y 1  e t h e r ) ,  and 5 6 6  

ppm ( m e r h a q l ) :  no uv absorption ChsraCtEr i r f iC of 8 kcfane. 

G. Calsd  ilrr CISHJOOj: C ,  7 0 . 1 7 .  H, 9 . 3 8 ;  0, 1 9 . 8 5 .  

Four.d' C ,  7 0 . 4 9 ;  H, 9 . 4 8 :  0 ,  1 9 . 2 1 .  

LiAlH4 reduction a f  0 . 0 2 4  g o f  Uda i n  re f lux ing  THF 8 8 ~ ~  t h r  

" a n - c r y s t a l l i n e  f r i o l  

n m  s i g n a l s  (d5 .pyr id ine l  a t  1.07  (C-4 merhyl l ,  3.82 (411. liB 

quarfeis of H - 1 B  and H-19, J;ll H i )  and 4.39 ppm (wLI - 16 H i ,  H-Ill. 

W. Calcd f o r  C17H3003: mol w t  2 8 2 .  Found ( M S I :  2 8 2 .  

M e s y l s t ~ o n  o f  t h i s  substance i s r u l f e d  i n  complex mixture5 

which had 1~ bands st 3380 Cim-' ( ; t r a n g l ,  

whlch decomposed *dring ~t.empfs a t  chromatography. 
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T h e  substances formed by ‘chromic acid oxidat ion of methy l  pimar-8(9)-en-18-oates and isopimar-8(9)-en-18- 
oates have been ident i f ied as 8,g-epoxy 7-ketones. Long-range shielding effects in 8,g-epoxides of  abietanes, 
pimaranes, and isopimaranes are discussed. 

In the course of work on the synthesis of (-)-hibaene, it 
was noted2 thlat chromium trioxide-glacial acetic acid oxi- 
dation of the pimaric acid derivatives la and lb  did not 
yield the hoped-for a,p-unsaturated ketones 2a and 2b, 
but gave products which contained an extra oxygen atom 
and did not exhibit unsaturation. These were tentatively 
formulated as the diketones 4, possibly as the result of re- 
troaldol reaction of 3 formed from 2, or as 5 .  We now re- 
port that  these oxidation products actually possess the 
epoxy ketone structures 6a and 6b. 

In connection with other studies, we undertook the 
chromic acid oxidation of methyl isopimar-8(9)-en-18- 
oate (7a). Three of the products were assigned structures 
8, 9, and 10 on the basis of their spectroscopic properties 
(see Experimental Section) and corresponded to a similar 
set of ketones obtained by tert-butyl chromate oxidation 
of the abietane analog 7bS3 A fourth substance X seemed 
abnormal and bore a close resemblance to the “diketones” 
from la and lb. However, further treatment of 10 and a 
still extant small sample of 2b with acid under conditions 
approximating the reaction conditions under which the 
presumed diketones were formed resulted in recovery of 
starting material. Hence the theory of a retroaldol cleav- 
age leading t o  4 and 11 was abandoned. Since attempts to 
induce substance X and the “diketone” from la to under- 
go an aldol condensation were also fruitless, formulas 5 
and 12 seemeld similarly doubtful. 

To resolve the doubt, synthesis of authentic 5a, 12a, 
and the corresponding compound 12b of the abietane se- 

ries was undertaken. Osmylation of la, 7a, and 7b afford- 
ed in each case only one ditertiary glycol 13 in high yield, 
presumably the result of preferred a - a t t a ~ k . ~  Subsequent 
cleavage of the diols with lead tetraacetate or periodic 
acid produced the three authentic diketones sa, 12a, and 
12b, two of which, 5a and 12a, were markedly different 
from the substances obtained by chromic acid oxidation of 
la and 7a. 

la, R-H &R=H 3a, R = H 
b, R = O A c  b, R = OAc b, R = OAc 

4a, R = H  5, R = H 6a, R, = Et; R, = Me 
b, R, = CH2CHiOAc; 

c, R, = Me; R2 = Et 
d, R, = i-Pr; RL = H 

b, R = OAc b, R = OAc 
R? = M e  


