THE JOURNAL OF Or ganic ChemiStr}?

© Copyright 1974 )
by the American Chemical Society

VoLuME 39, NUMBER 1

JANUARY 11, 1974

Resin Acids.

XXIV. Intramolecular Functionalizations of 11-Oxygenated

Abietanes and Podocarpanes?

Werner Herz* and David H. White
Department of Chemistry, The Florida State University, Tallahassee, Florida 32306
Received July 24, 1973

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, O-
methylpodocarpic acid, 12-acetoxy-9(11)-abietenes, and 12-acetoxy-9(11)-podocarpenes. Hypoicdite 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 series?* 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 11-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 11-Oxygenated Abietanes. Our first tar-
get was the o,8-unsaturated ketone 7 (Scheme I) which

should result from dissolving metal reduction of 12-.

methoxydehydroabietic acid (3a). Since the previously
described® route to 3a proceeded only in poor overall
yield, the following reaction sequence to 3a was adopted.
Dehydroabietonitrile (1a) underwent Friedel-Crafts acyla-
tion in 92% yield to 1b7 which gave a 76% vield of 2b on
treatment with 40% peracetic acid in chloroform. Hydrolysis
to 2a (quantitative yield, 1% HCIl-MeOH, room tempera-
ture), methylation to 2¢ (80% yield, t-BuOH, K+t-OBu-,
CHjl) 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-amy!
alcohol (high-speed stirring).® 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 (vide infra) to induce hydrolysis of 5b and

isomerization of 6 without equilibrating® 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 (10%), 3b (14%), 4c (18%), 7 and 8 (4:1 ratio, 60%
combined yield). The properties of 7 and 8 corresponded
to those reported in our earlier publications.®

Hydrolysis and rearrangement of 5b with 0.5% HCI
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 4:1; 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).° Now acid-catalyzed enolization of 3,v-
unsaturated ketones to conjugated enols of type A, which
may be followed by rearrangement to «,S-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 4:1 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 « carbon and favors axial addition of the pro-
ton to the least hindered side of the enol ether.**2 Dreid-
ing models (Figure 1) reveal that that conformation of 5b
which would yield 6a by protonation from the § side is
preferred over the conformation which would yield 6b by
protonation from the « side because 1,3 interactions be-
tween the two hydrogens at C-11 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 g-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 «,8-unsaturated ketone 7 in hand, its further
transformation to the desired alcohols 24 and 25 (Scheme
I) could be studied. NaBH, reduction of 7 gave a mixture
of alcohols, one of which (9¢) could be isolated in crystal-
line form. The configuration of the hydroxyl function was
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Figure 1. Conformations of 3b.
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apparent from the half-height width of the H-11 resonance
at 5.32 ppm (5 Hz) and the shape of the H-12 resonance
at 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 (W2
= 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 1la and alcohols 10b and 11b, in
87% yield (ratio of A®*V) to Al olefins was 5:1). Hydrobo-
ration-oxidation of this mixture followed by oxidation
with Jones reagent and methylation afforded the known
ketone 12 of established stereochemistry® (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 II, 1.09 ppm)? and is in conso-
nance with Ziircher’s rules'? which are based on the ob-
served influence of substituents on the chemical shift of
angular methyl groups in steroids. A broadened absorp-
tion at 2.16 ppm (Wi,2 = 9 Hz) was assigned to the two
C-12 protons and a broadened doublet at 2.48 ppm (J =
12 Hz) to the 8 proton at 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-18 proton having been identified by deuterium
exchange.

The CD curve of ketone 13 displayed a negative Cotton
effect ([B]204 = —1050). Ketone 14 also exhibited a nega-
tive Cotton effect, although 11-keto steroids with trans B/
C ring junctions display weak positive /Cotton effects.* The
reasons for this apparent discrepancy have been discussed
previously.® Finally, the mass spectral fragmentation of 13
was similar to that reported for 15,15 if allowance is made
for the presence of substitution at 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 ohserved previously® that attack of diborane on 16
occurred preponderantly from the § side (Scheme II) 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 8 side, but
that « attack on 10 is less obstructed than «-attack on 16.
B 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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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.
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Although the hindered ketone group of 13 was not af-
fected by NaBH, in methanol at room temperature, re-
duction with NaBHy in THF and aqueous NaOH fur-

nished the desired two epimeric alcchols 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, 9d, and 32b.

‘hol 24 (Scheme I) exhibited a chemical shift (1.16 ppm)
near the value (1.14 ppm) previously® observed for the
C-13 epimer and Wi ,5 (11 Hz) of the H-11 signal at 4.31
ppm was characteristic of an equatorial proton coupled to
two axial protons (H-9«, H-12«) and one equatorial proton
(H-128). The C-10 methyl resonance of the minor alcohol
25 at 1.03 ppm was near the value reported® for its C-13
epimer. The H-11 resonance at 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; Wy,2 (20 Hz) was
characteristic of an axial proton coupled to two axial pro-
tons (H-9a and H-12a) and one equatorial proton (H-128).
Further evidence for the assigned stereochemistry was a
broadened doublet at 2.39 ppm (J = 12 Hz) attributed to
H-18 which is deshielded by the «-oriented hydroxyl
group.

Synthesis of 11-Oxygenated Podocarpanes. The pro-
posed reaction sequence for the synthesis of these com-
pounds (Scheme III) was identical with that adopted in
the abietic acid series. O-Methylpodocarpic acid (28b)
was reduced with lithium in liquid NH3-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%),'8 methyl O-methylpodocarpate 28¢ (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 properties.i?.18
NaBH, reduction of 31 gave a single allylic alcohol 32a (or
a mixture of epimeric allylic alcohols which could not be
separated).l® 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 10b, an observation
which indicated that little if any A'' 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 (fert-amyl
alcohol) to the most stable conformation of the planar
allylic carbanion (Figure 3) from the « side is relatively un-
hindered and the A®?(11) 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 « approach of the bulky
"proton source and should therefore reduce the preference
for formation of the more stable A%11) 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%
vield. The characteristically deshielded resonances of
H-12 and H-18 (vide supra) were masked by signals of
other protons deshielded by the axial carbomethoxy
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group, but the CD curve (8205 = —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 at m/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 3 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.

NaBH,4 reduction of 38 in refluxing THF 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 Wy,2 of H-11 in 39 (8 Hz) being
considerably smaller than W;,, of H-11 in 36 (20 Hz).20

Functionalization Reactions. A. The Lead Tetraace-
tate-Iodine Reagent. Reaction of lead tetraacetate-iodine
with 24 in cyclohexane 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, Wi, = 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 « 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~—% (vy-lactone) sup-
ported the structure proposal.

oOI'{ /J\

24 —

™ C0,Me
40
H

* = )

CO,Me
41
These results are slightly at 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 reaction®-* and in fact serve to buttress it. Oxida-
tion of the 113-hydroxypregnane derivative 42a afforded?2?

o
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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 43¢ and thence of 43b, a situation which
opens the way to a competing ring closure of 42b to 43a,
“probably by an ionic mechanism.”? 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 42¢ and allows the reaction to take a normal course,
although the presence of a small amount of ether 49 (vide
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” reaction?? 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 1la-hydroxypregnane derivative 44a re-
sulted in functionalization at C-1 and formation of ether
45.28 The complexity of products in the case of 25 may

0

HO

0

o

44a, «-OH
b, 5-OH

conceivably be rationalized in terms of the reaction se-
quence proposed for substitution on secondary and terti-
ary carbon.®:% 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 ¢onformation which
relieves the strong 1,3 interaction between the C-10 meth-
vl 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
discussed.3-4
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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 Franich®* 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
46¢25 suggested that hypoiodite oxidation of 46¢ 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-
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¢, R= ClHCH
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sult of a fragmentation of the originally formed O radical
which is followed by oxidation of the fragmentation prod-
uct 46d to 46a and subsequent functionalization at C-15
as observed previously.2¢ The activation energy for intra-
molecular hydrogen abstraction reaches a minimum in
rigid systems with a C-O distance of 2.5-2.7 A.4 In 46c,
however, the C-0O 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.?:4:26 Indeed, treatment of 25 with
Pb(0OAc), 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 carbomethoxy! 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-1a) which was coupled to H-28 (J

oG A
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49
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AcO
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= 8.5 Hz) and H-2a ( = 5.5 Hz), and a doublet of trip-
lets (H-118) which was coupled to H-9« (J = 10 Hz),
H-12a (J = 10 Hz), and H-128 (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 at 0.95 (C-4 methyl) and 3.66 ppm (carbomethoxyl),
a one-proton resonance characteristic of an equatorial
H-11 proton (4.24 ppm, Wy,» = 7 Hz) similar to H-11 of
24, and an AB quartet centered at 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 alcochol (24)
has taken place. By contrast, lead tetraacetate treatment
of the equatorial alcohol 44a furnished only the 18,11«
ether 45272 without epimerization, whereas the axial 113-
hydroxy steroid 50 gave, in addition to 116,18 and 113,19
ethers, the 18,11« ether 5128 by partial epimerization of
an axial to an equatorial alcohol.

These differences can be rationalized by comparing the
steric interactions experienced by «- and §-oriented hy-
droxyl functions in steroids 44a and 44b (or 50) with those
in the abietanes 24 and 25. The equatorial 1la-hydroxyl
group in both steroids and abietanes is rigidly positioned
near the C-1 methylene group such that the C-O distance
is 2.5 A (measured on Dreiding models). The interaction
between the 11a-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 113-hydroxyl and
the C-10 angular methyl group of 44b or 50 and 24, for in
these substances the C-O 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 18,11« ether 52 in 33% yield and
113,19 ether 53 in 38% yield. Treatment of podocarpane
35a with lead tetraacetate-cyclohexane also gave 52 (40%)
and 53 (30%).

OAc
0
CoMe
53
A P
OAc O
00Me ~COMe ~C0,Me
54 55 56a,8,9db
b, 9,11 db

Oxidation of ethers 49 and 53 (CrO3z-HOAc-Acz0) 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 at C-4. Cleavage of 52
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with acetic anhydride-boron trifluoride etherate®® 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, Wi,2 = 18 Hz) corresponded to that of H-11 in 36a
and that the chemical shift and coupling constant of a
second signal (triplet at 3.56 ppm, J = 8 Hz), made visi-
ble with the shift reagent Eu(fod)s, were characteristic of
H-12.3' An analogous cleavage reaction of 48 gave 55 in
38% yield. BF3 cleavage of 49 gave a mixture of 56a and
56h.

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 the 11-hydroxyl group.

C. Photoisomerization of 11-Ketones. Irradiation of
13 (quartz apparatus, Corex filter3?) 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 Pb(OAc)3* 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 6la, which was stable in the hemiketal form.
58a and 60a were resistant toward oxidation attempts; re-
duction of 6la (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,3® 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 65.3¢ Lead tetraacetate treatment of
cyclobutanol 66 from 11-oxolanostanol, on the other hand,
vields a hemiketal 67 which can be opened with base to
the keto mesylate 68b.3% 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 diterpenocids 58a and 6la, 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 at 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 equilibrium 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.
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New Isomers of Levopimaric Acid. The availability of
the acetates 9 from the synthesis of the 1l-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 responsible3? for
the “folded” conformation of levopimaric.acid, originally
invoked?® to account for its deviation from what is now
known as the cisoid helicity rule;3® 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 Zalkow?® 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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Expexipental Section®!

(41) For detalls concerning methods, see footnote 32 of Ref, 1,

A-Asstvidehydcosbicronitride (30).

of dehydroabletonitrile (Hercules Inc,) in 200 ml of tetrachloro-

To @ solution of 26,8 g

ethane cooled to 0° (dry atmosphere) was added 10 ml of acetyl
chloride and 26,5 g of aluminum chloride. The mixture was stirred

at 0° for 24 hr, poured into water and extracted with CHC14. The

Jog=11-2

12-Hydroxvdehydyoabietonitrile (2a).--A solution of 0.5 g of
2b in 20 ml of CH(OM and 2.7 ml of conc. HCL was allowsd to stand
for 24 hr at Toom temperature, diluted with water and extracted
with ether. The washed and dried ether extract was evaporated;
the residue (quantitative yield of 2a) was recrystailized from
methanol-vater, mp of Za 205.5-207%, [(al2% + 34.4° (¢, 0.329, 958
ethanol), ir bands 3430 (-OH) and 2248 (-CN), nmr signals at 1.16

(C-10 methyl), 1,21d (J=6.5 Hz, isopropyl), 1.33 (C-4 methyl) 6.54

washed and driod extract was evaporated; the vesidue was recrystallized . and 6,82 ppm (aromatic protens).

from methanol-vater, yield 27.5 g of 1b, mp 157.5-158°, [a]25 +
$7.0° (¢, 0.320; 95% ethanol), ir bands at 2247 {nitrile) and 1€92 :m.li
nrr signals at 1,18 (C-10 methyl), 1.26d (J=6.5 Hz, isopropyl},

1.40 (C-4 methyl), 2.50 (methyl ketone), 7,00 and 7.26 ppn (aromatic

protons) .
Anal, Calcd for CypHpgNOs  C, 81,695 H, 9.04; N, 4.33,
Found: ¢, B1.61; H, 9.19; N, 4,54,
l2-Acetoxydehydrogbietonitrile (2b).--A mixture of 10 g of 1b
in 30 ml of CHCI5 and 90 ml of 50% peracetic acid was stirred for

48 ht in the dark, poured into water znd extracted with ether. The
washed and dried sther extract was evaporated and the residue was
recrystallized from ethanol-water, yield of 2b 8 g, mp 137,5-139°,
ir bands 2250 (nitrile) and 1770 ol (ester); nmr signals at 1,184
(3=6.5, isopropyl), 1.18 (C-10 methyl), 1.42 (C-4 methyl) 2.30
(acetate), 6.86 and 7,05 ppm (aromatic protons).

C, 77.84; H, 8,615 N, r.13.

Anal, Calcd for CZZH”NOZ:

Found: C, 77.83; H, 8.69; N, 4.17.

J0C13-Y

compounds; 1) Methyl vinyl ether §b {44% yield), gum, ir bands
1720 em™} fester), nmr signals at 0.97d (J= 7 Mz, isopropyl),
1.07 (C-10 methyl), 1,25 (C-4 methyl), 3.58 (ester methoxyl),
3.72 ppm (ether methoxyl); 2) Methyl 12-hydroxydehydroabistate 4b
(13% yield), mp 157-158°, nmr signals at 1,20 (C-10 methyl), 1.25d
(J6Hz, 1sopropyl, 1.30 (C-4 methyl), 3.64 (methoxyl), 6.60 and
§.81 ppm, (aromatic protons), identical with material cbtained
by hydrolysis of za in the manner described above for jc followed
by methylation.

B)
with a dry ice-isopropyl alcohol condenser and & high spesd (5000

In a 11, 3~necked, round-bottom creased flask fitted

rpm) stirrer was placed 1g of 3a in 200 ml of dry ethylamine.

Addition of 35 ml of dry t-amyl alcohol was followed by adéition
of 1.84 g (43 fold excess) of Li wire with high speed stirring.
To prevent appsarance of a dark blue color, an additional 35 ml
of t-amyl alcohol was added. After consumption of lithium, ethyl-
amine was removed as before, water was added to the residue and the
solution acidified with 108 HCl., The aqueous mixture was immediately,
extracted with ether, the washad and dried ether extracts were
evaporated and the residue was methylated with diazomethane. The
methyl ester was taken up in 20 ml of MeOH containing 0.27 ml of
cone, HC1, allowed to stand at room temperature for 2 hr (tlc

control to monitor disappearance of §b), poured into water and

extracted with ether. The washed and dried ether extracts were

evaporated and the residue was dissolved in a L:l1 mixture of acetic
anhydride-pyridine, After standing overnight at room temperature,

the mixture was poured into water, neutralized with solid KaHCOy

J0C12-7
followed by 0.16 g of LiAlH, in 10 ml of ether. After addition
of 10 ml of ether and one hr of stirring, a satd, solution of
Na,50, was added dropwise until & granular white precipitate had

formed. Solid anh. Na SO, was added to absorb excess water, the
mixture was stirred for one hr and filtered, the precipitate
and

of

being washed thoroughly with hot THF. The combined filtrate
washings were evaporated; the residue was dissolved in 40 ml
sthanol containing 0.20 g of NaOH and oxidized with 2 ml of 304
Hy0,. After 10 min at room temperature and 5 min on the steam
bath, the mixture was poured into water and extracted with ether.
The washed snd dried ether extract was evaporated and the
residue was oxidized with Jones' reagent, methylated with diazo-
methane snd separated by preparative tlc into two fractiens,
Methyl 12-oxoabietan-18-oate (32), mp 98-99°, was isolated in
8% yield; its properties were identicsl with properties reported

previousiy®s 43. 44,

(43) W. G. Dauben =nd R. Coates, J. Org. Chem., 28, 1698 (1963).
(44) W, Herz, K. J. Wehlborg, W. D, Lloyd, W. H, Schuller, end
G. W, Hedrick, J. Org. Chem., 30, 3150 (1965).

Methyl Ll-oxoabietan-18-oate (L3) was obtained in 643 yield,
mp. 105.5-106.5°, [a]2® -24.6° (C, 0.480, 95% sthanol); ir bands

at 1720 and 1706 cn”l;

nmr signals at 0.84d (J=6 Hz, isopropyl),
1.08 (C-10 methyl), 1.15 (C-4 methyl], 2.16 2p, (w, = 9 Hz, He12),
2.48d (J*12 Wz, H-18), 3.62 ppm (methoxyl); uv & .. 292 nn (& 43);

~1050 (C, 0.00608 g/, CH:OH).

x
€D curve Sy,

Anal, C, 80.76; H, 9.15; N, 4.71.
C, 80.58; H, 9.35; N, 4.80.

L2:Methosvdehydroabietonitrile (2¢).--To a solution of potassium

t-butoxide, prepared from 1 g of potassium, and 100 ml of t-butyl

Caled for CagHy,NOE

Found:

alcohol (nitrogen atmosphere) Was added 3 g of 24, When solution
was complete, 10 mi of iyl was added slowly with stirring for 3 hr.
The solvent was removed at reduced pressure, and the residue was taken
up in ether. The washed and dried ether extract was
evaporated and the residue was recrystallized from ethanol-water,
yield of g 2.83 g, mp 95-96°, [a]2% ¢ 115° (c, 0.494, 95% ethanol),
ir bands 2247 cn”} (nitrile), nmr signals at 1,224 (J6.5 Hz, isopropyl),
1.23 (C-10 methyl), 1.43 (G-4 methyl), 3.86 (methoxyl), 6.82 and
7.04 ppm (aromatic protons).

Anal. Caled for CpHyoNO: €, 80.98; H, 9.38; N, 4.50
C, 81.05; H, 9.25; N, 4.49,

L2-Methoxydohydroabigtic Acid (3a).--A mixture of 2 g of e,

20 nl of diethylene glycol, 0.5 ml of Hy0 end 1 g of NaCH was heated
2

Found:

with stirring {nitrogen atmosphere) for 16 hr at 17¢°, The condenser

J0C-1145
and extracted with ether. The washed and dried ether extracts
were evaporated and the residual mixture was separatad by preparative
tlc. The following substances were isolatad in increasing order of
polarity:
{13 (e,
2) Methyl

1) Methyl dehydrosbiotats, fa (103 yield), mp 62-63°,
0,314, 954 ethanol), identicsl with an suthentic sample:
12-methoxydehydroabistate, 3b (14%), physical properties
identical With those of an authentic sample; 3) Methyl 12-acetoxy~
dehydroabietate, gc (184 yield), physical properties identical with
those of an authentic sample; ¢) Methyl 12-oxo-abiet-9(11)-en-18~
oate, 1(48% yield), mp 104-105°, [al3% + 47° (e, 0.250, GHaly), ir
and nmr spectra superimposable on those of material obtained pre-
viously®; 5) Methyl 12-oxo-138-abiet-3(11)-en-l8-oate, § (124
yield), mp 94-85%, [alp + 163° (c, 0.30, CHCLy), ir and wmr spectrs
superimposable on thosa of material obtainmed previously®,

Methyl Zla- and 1i8-al

¢t-9(113-an-18-0ate (g2 and ge).--A

solution of 0,403 g of 7 in 10 ml of methanol was reduced with 0.48

g of NaBH, and worked up in the usual mamner. Recrystallization of
the crude alcohol mixture, yield 0.40 g, from hexane afforded 9c,
[a12% =54.0° (c, 0.368, 95% ethanol); ir bands st 3540 and 1720 en™l;
amr signals at 0,804 and 0.84 (Jw6 Hz, isopropyl), 1.06 (C-10 methyl),
1,16 (C-4 methyl), 3.64 (methoxyl), ¢.02d (J=9 Hz, H-12a), §.32
(wy=5 Be, H-11),

Anal.

Caled for C21H“03: C, 75.41; K, 10.25; O, 14.35,

Found: C, 75.32; H, 10.33; 0, 14.27.
The presence of a in the alcohol mixture was revealed by the
abservation in the nmr spectrum of a broad resonance at 4,08 (w,=22 Kz,

B-128) .,

JOCe11u8

Anal, Caled for CpHy,0gi C, 75.41; K, 10.25; 0, 14,35,
€, 75.18; H, 10.33; 0, 14.50.

Methyl 1la- and 11g-Hydroxvabiotan-18-oste (35 and 24).--

To 0.050 g of 13 in 10 ml of THF containing 0.86 ml of 5% NaOH

Found:

solution was added 0.186 g of NaBH,. The mixture was refluxed

for 9 hr, poured inte water and worked up in the usual way. The
crude product was separated by preparative tlc into two fractions.
The less polar material (42 yield) was 24, mp 101-102¢, [a]Z°
-10,9° (C, 0.331, 95% ethanol); ir bands at 3500 and 1720 cn™%;
nmr signals at 0,84d (J=6 He, isopropyll, 1.16 (C-10 methyl),
1.20 (G-4 methyl), 3.64 (methoxyl), 4.51 (w, = 10 Hz, H-1la).
5050 G, 74.95; H, 10.78; 0, 13,26,

€, 75.05; H, 10.86; 0, 14,19,

al. Calcd for CypH
Found:
The more polar materisl (348 yield) was 28, mp 88-88°, [al2°

ir bands at 3400 and 1718 cn’;

+8.1° (C, 0,510, 955 ethanol);
nmr signals at 0,86d (J=6 Ha, isopropyl), 1.02 (C-10 methyl),
1.20 (C-4 methyl), 2.39d (J=12 Hz, H-18), 3,64 (methoxyl), 3.64
20 Hz, made visible by using Su(fed)y, H-118).

Ansl, 21H3603 O 74,951 H, 10.78; 0, 14.26,
€, 75.10; H, 10.85; 0, 13.87.

[C
Caled for C

Found:

Byrolysi

of Agetates ob and 9d.--A solution of the mixture
of allylic acetates, wt. 0.483 g, in 5 ml of benzens was added
dropwise to & column filled with glass helices ané kept at 300°,
while a nitrogen stresm was passed upward through the column.
When additicn was complete the nitrogen stream was stopped. After
30 min, the column was allcwed to cool and washed with ether.

Removal of solvent and chromatography furnished 0,091 g of starting

Herz and White

J00-33-3
was temporarily removed to drive off water and replaced. The
mixture was refluxed st 200° for 6 hr, cooled, poured jnto Hy0
and extracted with other. The aqueous layer was scidified and
extracted with ether. The washed and dried ether extract was
evaporated and the residue recrystallized from ethanol-water,
yield 1.82 § of 3a, mp 208-205°, [a]2® + 20.0° (0, 0.517, 5%
ethanol), ir bands 3400 by (-OH) snd 1640 cm™ (carboxyl), amr
signals at 1.20d (J=6.5 Hz, isopropyl), 1.25 (C-10 methyl) 1.28

(C-4 methyl), 3.80 (methoxyl), 6.80 and 6.92 ppm (aromatic protoms).

Anal. Caled for C,HyOgi C, 76.33; H, §.15; 0, 14,52,
Found: €, 76.70; H, §.28; 0, 14.59.

BAxeh TeSustion of 3a.--A)*? To s solution of 0.3 g of 3a

(42) A, W, Burgstahler and L. R. Worden, J. An. Chem. Soc., 86,
96 (1964).
in 3.78 ml of dry g-butylalcohol was zdded 300 ml of ethylamine,

dried and condensed by having bsen passed through a U-tube containing

glass wool and KOH and a dry ice-isopropyl alcohol condemser. 0.48 g

of L1 wire was added in two portions with stirring; this was

followsd by 4.4 ml of t-butyl alcohel. The reaction mixture was

stirred at reflux until the lithium was consumed and sthylamine

wes driven off with the aid of a stream of nitrogen. The residue
was dissolved in water, acidified with NH,Cl followed by 10% HCR
and extracted with ether, The washed and dried ether layer was
evaporated and methylated with diazomethane. Tlc showsd the presence

of 7 spots. Preparative tic permitted the isolation of two pure

JOC11mS

Acetylation of the crude alcohol mixture with acatic anhydride-
pyriding followed by the usual work-up gave a mixture from which
gd vas isolated by recrystallization from hexane, mp 106-107°,
1a12% -82.8° (c, 0.389, 95% ethanol); ir band at 1727 cn’l (double
intensity); nmr signals at 0.79d snd 0.814 (J=7Hz, bsopropyl),
1.07 (C-10 methyl), 1.18 (C-4 mothyl), 2.05 (acetate, 3,62 (methoxyl),
5,15 (w)’ =5 Hz, H-11), 5,27d (J=9 Hz, H-12a}.

Anal. Caled for C,gHy0,: €, 73.37; H, 9.64; 0, 17.00,
C, 73.30; H, 9.65; H, 16,90,

Yothyl 11:0xg: and 12-Oxeabietan:lioate (L3 and j2).--To 10 ml
of purificd dry ethylamine in s lask fitted with a dry ice-isopropyl

Found:

slcohol condemser was added 0.550 g of Li wire followed immediately
by 0.456 g of tha mixture of gb and 3d dissalved in the minimum
amcunt of THF. The dark blue mixture was stirred for 1.5 hr; this
was followed by addition of 20 ml of dry t-amyl alcohol to destray
the excess metal, The usual work-up describsd in part A of the

Birch reduction of 3a gave a residue which could be separated by
prapavative tlc into twe fractions. The less polar material (21%
yield) was 2 mixture of 10 ond L& in 8 5:1 ratio, which had nmr
signals at 0.80d (J=5.5, isopropyl), 1.08 (6 H, C-4 snd C-10 methyls),
§.57 Cand 5.62 br (v, = 11 and 3 Hz, H-11 and H-12), 9.20 ppn
(-CHO). The more polar fraction (66%) was a mixture of 10b and J1b
in a 5:1 ratio, nmr sigrals at 0.80 (C-4 methyl), 0.884 (J=7 Hz,
isopropyl), 1.04 (C-10 methyl), 3.25 (2 H, center of A} quartet

of H-18], 5.40 c and 5,65 br (w, » 10 and 3 Kz, H-11 and H-12),

[ro  solution of 0.176 ¢ of the nixture of alcohols and sldehydes

in 4 ml of ether was added {nitrogen atmosphere} 0,74 g of BFs'ethBrﬂtﬂ

300=1145

material and 0.206 g (84%) of a dieme mixture which proved
difficult to separate. Chromatogrphay over silica gel impregnated
with silver nitrate ylelded methyl dehydrosbietate due to dis~
proportionation. Eventually, repeated continuous solvent flow
preparative tlc permitted separation of the dienes 26 and 27
(135 ratio).

oate (26) was noNerystalline and had [al® +65.5° (C, 0.578, 958

The less polar substance, methyl 8,1l-abjetadien~18+

ethanol); nmr signals at 0.96d (J#6.5 Hz, isopropyl), 1.08 (C-10
methyl), 1.27 (C-4 mothyl), 3.72 (methoxyl), 5.83 (2p, center of
AB quartet of H-11 and H-l2, J=10 Hz); uv Ay,.246, 253, 267sh mm

(e 3230, 3170, 2620, A 250 nm (e 3160), Ord curve (C, 7.8 x

min
1075 g/ml) ayy, 42630, 6,5 *5780, 9y60 O, 0pyq -3800,

Anal, Calcd for Gy g, 0,¢ C, 79.90; H, 10.18; ©, 10.11.
Found: C, 79.94; H, 10,13; 0, 9.68.

The rmore polar methyl 9(11),12-sbistadien-18-oate (27) was
also non-crystalline and had [a]2® <25.8° (C, 0.538, 954 ethanol),
nnr signals at 1.02d (J=7 He, isopropyl), 1.08 (C-10 methyl),
1.22 (G-4 methyl), 5,62 (methaxyl}, 3.60 br (2, w, = 2 Kz,
almost coinciding center lines of AR system, K-1l and H-12); uv
Mgy 200sh, 268, 280, 287.5 sh nm (e 3300, 3840, 3580, 1950), A,
275.5 (e 3500]; Ord curve (G, 1.04 x 107% g/m), ¢y, -1220,

0

0296 - 2600, GZBZ 0, 9175 +3050, $st c, QZZZ -1010.
c, 79.70; H, 10.18; 0, 10,11,
C, 79.84; H, 10.07; 0, 9.29.

Anal. Caled for Coilg,0,:
Found:

Bizch Reduction of O-Meshyieodosarnic Acid*®.--To 600 mi of

purified anmonia was added a soiution of 10 g of 28v{prepared by
methylation of the sodium salt of 28e with a limited amount of

dinsthylsulfate and separation of 28¢ in the usual manney) in



11-Oxygenated Abietanes and Podocarpanes

JOC~11220

120 ml of THF followed by 125 ml of t-amyl alcohol and then § g
of Li wire, The mixture wss stirred until the Li was consumed,
100 ml of MeOH was added and the snmonia was sllowed to evaporats
on & water bath, The remaining material was diluted with water,
scidified vith 10% HCL and extracted with ether. Evaporation of
the washed and dried ether extracts gave a gum which was methylated
with diszomethane, stirred overnight with 5% HCL in methanol to
hydrolyze the vinyl ether und to rearrange the 6,y-unsaturated
Xetone, poured into water and oxtracted with ether. The washed
and dried ether extracts wete ovaporated; chromatography gave the
following fractions: 1) Methyl podocarp-8(9)-en-19-oate 28 (26%
yield), mp 82-83%; {al® +190° (G, 0.400; 958 sthanol; ir band
1710 en™}; nmr signals at 0.78 (C-10 methyl), 1,19 (C-4 methyl)
and 3,60 ppm (methoxyl). A similar substance, descxytetrahydro-
podocarpinol, has been isolated as a mimor product from the Li=

Mig-£-butyl alcohol reduction of O-methylpodocarpinoll®.

Anal, Calcd for ClBHZBDZ: C, 78.31; H, 10.21; 0, 11.38.
Found: ¢, 78.81; H, 10,42; 0, 11.75.

2) Methyl O-methylpodocarpate 28c (3% yield), mp 128-129°,
{a)2% +152° (C, 0.511, 95% ethanol), identical with an authentic
sample,

3) Methyl 12-oxopodocarp-8(9)-en-19-oate, 30 (1.3%), & gum,

1

ir band at 1710 en’®, nmr signals at 0.78 (C-10 methyl), 1.21 (C-4

methyl) and 3,62 ppm (methexyl). Treatment with §% HCI in methanol
caused rearrangement to 31.

4) Methyl 12-oxopodocarp-9(11)-en-18-cate 31 (52% yisld), mp
107-108°, {a}Z® -12.4° (€, 0.500, 93¢ ethanol), ir bends 1710 and

3001113

which broademed as it moved upward, was divided inte & parts.
Pure alcohols were obtained from the £irst and fourth part, The
less polar a-hydroxy isomer 38a had mp 103-104°, [u]és +7.0° (C,
0.343, 95% sthanol), ir bands et 3470 and 1710 ca”t
et 0.82 (C-10 methyl), 1.17 (C-4 methyl), 3.62 (methoxyl), and

, nmr signals

3.62¢c (wk = 20 Hz, Tevealed by conversion to the acetate, H-118).
Anal, C, 73.43; H, 10.27; ©, 16.30.

C, 73.23; H, 10.48; 0, 16.18.

Caled for CjgHy(0:
Found:
The more polar pehydroxy isomer 38 hed mp 77.78%, [a]ES
+80.3 (C, 0.201; 95% ethanol); ir bands at 3500 snd 1710 oa™%;
fmr signals at 0.92 (C-10 methyl), 1.17 (C-4 methyl), 3.64

{methoxyl), and 4.8% ppm (w)‘-ﬁ Hz, H-1la).

Anal. Caled for CigH3e%: C» 75.43; H, 10.27; O, 16.30.
Found: C, 73.23; H, 10.44; 0, 15.92.
Hypoiodite Reactions on 24.--A solution of 0.088 g of 24

in 130 ml of cyclohexane containing 0.53 g of Pb(0Ac),, 0.360 g
Of CaCOy and 0,0725 g of I, was irradiated with a 70 watt incan-
descent lamp and refluxed (due to the heat of the lamp) for 90

min with stirring. After cooling, the mixture was filtered and
the residue washed thoroughly with hexane. The combined organic
layers were washed with 5% sodium thicsulfate, the wash solution

was oxtracted with ether and the extract combined with the organic
luyers which were then washed with H;0, dried and evaporated. The
residuc was oxidized with Jones' reagent and worked up in the usual
manner, Preparative tlc of the crude product furnished lactone

40 (43% yield) vhich had mp 127-128%, [w)3® -15.5°
1

2 0,554,

554 ethanal), ir bands st 1760 and 1722 cn”!, nmr signals at 0.86d

3001116

Jr5, 10 and 10 Hz, H-118).

ansl. Caled for Gy g0 C, 75.415 H, 10,255 0, 14.35,

Eaund: C, 75.40; H, 10.21; 0, 14,51,

The less polar product 43 (40% yield) had mp 127-124°,
1015% +417.6° (c 0.975, 551 ethanol); ir band at 1728 on”d; amr
signals at 0.86d (6 Hz, isopropyl), 0.95 (C-§ methyl), 5.66
(methoxyl), 3.80 (2H, AB quartet of H-20, Je9 Hz), and 4,24 ppm
(wy = 7 Bz, H-12a).

Anal, Calcd for CypHy405¢ G, 75,413 H, 10.25; 0, 14.35.
Foumd: C, 75.38; H, 10.30; O, 14,25,

* solution of 0,035 g of 43 in 2 ml of acetic anhydride was
oxidized with § ml of § CrOy acetic acid solution by heating on
a stcan both for 12 hr. The solution was poursed into Hy0, neutralized
with KaHCO; and extracted with ether. The washed and dried ether
extrsst was evaporated; tho residue, s complex mixture, furnished
lactame 40 after preparative tlc.

Lead tetraacotate treatment of 34 gave, sfter preparative tic,
ether 48 in 13% and ether 48 in 54% yiold.

Lead Tetryaacetate Treatment of 36 and 39.-Pb(0Ac), oxida-

tiom of 0.103 g of 36a in the usual manmer gave, after preparative
tle of the crude product, the less polar ether 53 (38% yield)
whigh had mp 71,5-72,5°, ir band at 1720 cm’’
1.13 (C-4 methyl}, 3.68 (methoxyl), 3,61 (AB quartet of H-18,
J=8 #z), and 4,19 ppm (W, = 7 Hz, H-1la),

Caled for CigHygDy: €, 75.93; H, 0.65; 0, 16,41,
C, 74,02; H, 2.71; 0, 16.03.

, nnr signaly at

Anal,

Forn:
The more polar product (33% yield) was §2, mp 76.3-77.5%, ir

Jog=31=11

1

1664 cn™}, nmr signals at 0.97 (C~10 methyl), 1.20 (C-4 methyl),

3,66 (mothoxyl) and 5,864 (J=2.5 Hz, H-11), wv Ay, 238 am (e 17000).

The mp of this compound prepared by a more circuitous route, is

reported as 116-118°15,

Anal, Caled for CpgHeDg: C, 74.45; H, 9.03; 0, 16,53,
Found: C, 74.36; H, 8.98; 0, 16.80,

Methy) 12-Hydraxvood 29(11) senz19-0ate (32a) . ~-NaBl,

reduction of 1 g of 31 in the manner described for 7 gave 2 gummy
alcehol, possibly a mixture of epimers, which was homegencous on
tlc. It had ir bands at 3580, 1720 and 1650 cn’}, nmr signals et
0,87 (C-10 methyl), 1.5 (C-4 methyl), 3,63 (methoxyl), 4.16 (w, =
18 Hz, H-12) and 5.42 br (w, » § ¥z, H-11),

Acstylation with acetic snhydride-pyridine gate & gumny
product 32b which was homogeneous on tic, ir bands at 1735 (double
strength) and 1630 cn}; nmr signals at 0.89 (C-10 methyl), 1,15
(C-4 methyl), 2.01 (acetate), 3.63 (methoxyl), 5,24 ¢ (H-12) and
5,34 br (H-12).

iydrogenclysis uf 325.--Reductive cleavage of 0,622 g of
32b in 200 m of ethylamine and a tittle THF with 0.730 g of Li
wire in the manner descTibed for the mixture of gb and §d follawed
by preparative tlc of the crude product gave podocarp-9(11)-an-
19-01t scid 33s (21% yield) by partial hydrolysls of the initially-
formed 33b under Birch conditions; which was remethylated to gurmy
335. The latter had anm ir band at 1720 ¢n”* and nmr signals at
0.83 (C-10 methyl), 1,14 (C-4 mothyl) snd 3.62 ppm (methoxyl}. The
major product was podocarp-8(11)-en-18-0l 33z, mp 97-99°, la}Z5-35.5°
(¢, 0.395, 54 cthanol), ir band at 3370 cn”’, nmr signals at 0,93

(4=5.5, isopropyl), 1.54 (deshislded C-4 methyl), 3,66 (methoxyl),
and 6,77 ppn bT (w, = 7 Ha, Helle).
Anal. Calcd for CyyHy04i C, 72.38; H, 9.26; 0, 18,36,
Found: €, 72.10; H, 9,26; O, 18.60.
Oxidation of 0,020 g of 25 in the same manner followed by a
siniler oxidative work up gave  complex mixture €rom which me
pure compounds could be isolated.
Hvpolodite veaction n 39.--Irradiation of 0.126 g of 38
in 126 ml of cyclohexane with 0,770 g of Pb(0Ac), and 0.103 of
jodine followed by oxidation and work-up as described fcrg gave
a complex mixture,
lactone AL (404 yield) which had mp 143.5-144.5°, [a12% 446,20

(c 0,511, 95% ethanol); ir bends at 1762 and 1720 e’ b3 nmr signals

Preparative tlc of the crude product ylelded

a1 1.22 (C-4 methyl), 3.70 (methoxyl) and 4,73 ppm (wy = 8 Hz,
#1108},

Anal. C, 70,565 H, 8.55; 0, 20,85,
Found: C, 70.42; H, 8.66; 0, 20.85.

Hyngiodite oxidation of 46g,--Reduction?® of 3 g of methyl
1z-nce(ylcdehydroabietate in 100 ml of methanol with 0.5 g of

Caled for CIBHZGO :

NEBH4 gave a 1:1 mixture of the epimeric slcohols 46c which could
be separated by preparative tlc, The less polar alcchol, mp 120-
121°, [a13% 92,6 (c 0,102, 954 cthanol) had nmr signals at 1.0
and 1.124 (J=7 Hz, isopropyl], 1.11 (C~10 methyl), 1,15 (C-4 methyl),
1.3%64d (i'ﬁ.S Hz, C~22 methyll, 1,30 (AR gquastet of H-7}, 3.12 sept
{J=7, H-18), 3.58 (methoxyl), 3.16¢ (J=6.5 Hz, H-21), 6.90 and

7.41 ppm (aramatic protons).

134.5°, [0125 +44,6° (c 0.102, 95 ethanol), had nmr signals st
D

The more polar alcohol, mp 133.5-

J0C-11-17

band 2t 1724 co”}; por sigaals st 0.88 (C-10 methyl}, 1.18 (Ced
Rothyl), 5,68 (methoxyl), 3.66m (resalved with Bu(fod)y into
doublet of doublets, J«11 and § Hz, H-la, and 2 doudblet of
triplets, J=10, 10 and 4 Hz, H-118).

Anal, Calcd for CIEHZBOS: C, 73.93; H, 9.65; 0, 16,41,
Found: C, 74.46; H, 9.76; 0, 15.83.,

Oxidation of 0.030 g of §3 in the msnner described for 48
gave & complex mixture from which tactone 41 was isolated in 243
yield,

Lead tetraacetate oxidatien of 0.050 g of 33 furnished, after
preparative tlc, ether 52 in 30 5 and ether 33 in 40% yisld.

BEyz.Cleavage of 48 and §2.--To an ice-cold solution of
2,025 g of 43 in § ml of acetic ankydride was added 5 drops of
BE-otherate, The mixture was immediately removed from the ice
bath, allowed to stand for 5 min, poured into weter, neutralized
with 5011d NaHiCOy, care being taken to keep the system at or
below room temperature,and extracted with ether, The washed and
dried ether extract was evaporated; the residue was purifisd by
preparative tic and furnished non-crystalline methyl 18, Ila-
discetoxyabietan-18-cate §§ in 38% yield, [alZ® -24.7° (c 0.425,
95% othanol); ir band 1728 en” (triple intemsity); mnv signals at
0.84d (J=6 Hz, isopropyl), 0.87 (C-10 methyl), 1.20 (C-4 methyl),
2.06 (2 scetates), 3.66 (mothoxyl), 4.72 (2H, wy = 27 Hz, H-lz end
H-118,

Anai.

4362824,

Caled for CZS“OUQS: mol wt 436,2824, Found (MS)

Cleavege of 0.045 g of 52 with BFy-ethorate was carried out
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{C-10 methyl), 1.00 (C~4 methyl), 3.60 (2p, center ofAB quartet
of He15, =10 Ha), and 5.36 ppm (w, = 9 He, H-11).

Anal. Calcd for Cp,H, 0 €, §2.20; M, 11.36; O, 6,44,
Found: ¢, 82.22; H, 11.63; 0, 6.30.
Yerhyl Al pap-19-oste (38) and Methvl 88-1l-
19-0ate (37).- idation of 0,315 g

of a mixture of Z3b end 3ic with 0,961 g of BFy-etherate and
0,190 g of LiAlH,, as described in the abietans series, followed
by oxidation of the crude alcohol mixture with § ml of a solution
of 5 g of Croy in 10 ml of H,0 and 90 m of acetic scid for 9 hr,
methylation of the ketoacid mixture with CH,N, and preparative
tlc gave, in the less polar Eraction,gummy ketone 38 (20% yield)
which could be isomerTized to 37 on treatment with s 5% solution
of NaOH in CHyOH, ir band at 1720 en™l, nmr signals at 0.80
(C-10 methyl), 1.16 (G4 methyl) and 3.63 ppm (methoxyl). The
nore polar ketone 37 (554 yield) had mp 104-105°, (a]2% v22.20
(C, 0.577, 95¢ ethanol) ir bands at 1720 and 1705 en”>, nmr signals
at 0,95 (C-10 methyl), 1,16 (C~4 methyl) and 3,63 ppm (methoxyl);
W Ay 295 A (5 31,835 CD curve (C 0.00585 g/ml, CHiOM), [9],;
4360,

Anal, €, 79.83; W, $.65; 0, 16,41,
C, 73.88; H, 9.74; 0, 16,52
Methyl 1lq- Hydroxy- and 118-Hvd,

Caled for CHH”O i

Found!

xypodocarpan=19-oate (36a

and_39).--Reduction of 0.3 g of 37 with sodium borchydride gave a
1:1 mixture of C-11 epimeric alcohols which was difficult to
separate, Partial separation was achieved by continuous solvent

flow preparative tlc using benzeme as solvent. The alcohol band

Joc-11-1¢

1.11d (6 H, isopropyl), 1,11 (C-10 methyl), 1.17 (C-4 methyl),
1,364 (Je6.5, C-22 mothyl), 2.30 (AB guartet of H-7), 3,12 sept
(3=7, H-15), 3.58 (methoxyl), 5.178 (J=6.5 Hz, H-21), 6.90 and
7.40 ppm (asomatic protons).

A solution of 0.1 g of the mixture of epimers in 100 ml of
cyclohexane was {rvadiated in the presence of Ph{BAc)-1; and
worked up as usual without the chromic acid oxidation step,
Preparative tlc of the crude product gave lactone 472°, mp 198-
199°, [a)3% +85.0° (c 0.636, 95% ethanol); ir bands at 1751 and
1721; nor signals st 1.21 (C-10 methyl), 1.30 (C-4 methyl), 1.61
(C-16 and C~17-mathyls), 3,67 (methoxyl), 7.10 and 7.78 ppm
(eromatic protens).

Anal, C, 74.18; H, 7.81; 0, 17,95,
Found: €, 73.82; H, 7.81; 0, 17,86,

Caled for CZZH2€°4:

L acetate T of 24 d_25.--A mixture of
0.098 g of 25, 0.510 § of CaCy, 0.595 g of dry Pb(DAC), and

150 ml of cyclohexane was refluxed for § hr, cooled, filtered and
the residue washed with hexsne, The combined f£iltrate and
washings were washed with 5% sodiun thiosulfste solution, the
thiosulfate solution was extracted with ather and the combined
organic layers were washed with H,0 and dried. Removal of solvent
gave & mixture of two compounds whichajeparated by preparative tlc.
The more polar product 4§ (334 yield) wes a gum, [a}2® -45.0° (c
8,450, 95% ethanol), ir band at 1720 on”l, umr signals at 0.84
(C~10 methyl), 0.89d (J«7 Hz, isopropyl), 1.28 (C-4 methyl), 3.65
(methoxyl), 3.65r (resolved with shift reagent to show a doublet

of doublets, J=B,5 and 5.5 Hz, H-la, and a doublet of triplets,

J0C-21.16
in the same manner; however, after-the reaction was complete and
the mixture had been diluted with water, it was warmed on the steam
bath to drive off the ether. Preparative tlc of the crude preduct
afforded a 34 yield of guamy §4 which had ir bands at 3450, 1740
and 1730 en”l; nmr signals at 1.08 (C-10 methyl), 1,25 (C-4 methyl),
2.04 (acerate), 3.56 (methoxyl), 3.56t (J=8 Hz, resolved by. Eu(fod)y,
H-13), and 5.00 ppn (v, =18 Ha, H-11g),

BEg:Gleavage nf 49.--Treatment of an ice-cold solution of
0.030 g of 43 in § ml of acetic anhydride with § drops of BFg-etherate
and work-up 2s described for 48 gave, after chromatography, a 60%
yleld of a 1:1 mixture of §6a and $gb. Continuous solvent flow
preparative tlc produced partial separation of the mixture inmto
fractions which contained predominantly $6a or 3gb. The less polar
olefin acetate 56b had nmr signals et 0.37d (isopropyl}, 1.19 (C-4
methyl), 1,95 (acetate}, 3.64 (methoxyl), 4,35 (2H, center of AB
quartet, H-20), and 3.44 ppn (w, * 9 Hz, H-11). The more polar
olefin acetate 36a had nmr signals at 0.87d (Ix6 Wz, isopropyl),
1.22 {C-4 methyl), 2.02 (acetate), 3.56 (methoxyl), snd 4,27 ppm
(2H, center of AB quartet, Jell Hz, H-20). The olefin acetate

mixture was analyzed.

Anal, Caled for Ca3tzg047 C, 73,37 H, 9.64; 0, 17.00,

Found: C, 73.61; K, 9.63; 0, 16,84,

Photolsamerization of 13.--A solution of 0,235 g of 13 and
45 ml of 95% ethanol in a quartz apparatus was purged of oxygen
by means of a nitrogen strean and subsequently irradiated with oy
1ight from a 450 watt Hanovia mercury vapor lamp passed through a
Corex 9700 filtor, Removal of solvent gave a quantitative yleld
of cyclobutancl 51, mp 182-184%, [al3® +73,0 (c 0,305, 954 ethanol);

1

it bands et 3500 and 1720 em”*; nmr signals at 0.92d and 0,932
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(J=5 Hz, isopropyl), 1.00 {C-4 methyl), 3,64 (methoxyl); no uv
or CD sbsorption charscteristic of a ketone.

Anal. Caled for CpHy,0p €, 75.41; M, 10,25; 0, 14,35,
Found: €, 75.38; H, 10.30; 0, 14.56.

Cleavage of 57.-- A solution of 0.104 g of §I in 50 ml of

dry benzene containing 0,430 g of CaCOy and 0,635 g of dry

Pb(0Ac), was refluxed for 16 hr, allowed to cool and worked up
as described for the oxidative cyclization of 25. Preparative
tlc of the crude product gave 38b (50% yield), mp 88.5-89°,
band 172% cn”l, anr signals st 0.90d (J=6 Hz, isopropyl), 1.09
(C-4 methyl), 2.07 (acetate), 3.66 (methoxyl); no uv or CD
maximum characteristic of a ketone,

Anal. Caled for CygHy 0.t C, 70.38 H, 9.24; 0, 20.38.
Found: €, 70.46; H, 9.34; 0, 20.27,

A solution of 0,020 g of $8b in 20 mi of MeOH containing

Jocs11-20

in the usual way gave, after chromatography 0,043 g of §c which
hed mp 117-119°, {al2® +75.6° (c 0,210, 95% ethanol); ir band at
3420 on”l; nmr signals at 0,70 (C~4 methyl), 0.89d and 0.90d
(4=6 Hz, isopropyl), and 3,27 ppm (2H, AB quartet of H-9, J=11 Hz).
Anal. Calcd for CZUHSAOS: €, 74.99; H, 10.63; 0, 14,88,
Fourd: €, 74,18; H, 10.82; 0, 15.01.
Bhotoisomerization of 38.--Irradiation of 0.1 g of 3§ as
described for L3 gave s quantitative yield of the non-crystalline
eyclobutanol 60 which bad [a]2® +149° (c 0.255, 95% ethanol); ir

1

bands at 3400 and 1715 cm™; nmr signals at 1.14 (C-4 methyl) and

3.64 ppm (methoxyl); no uv or CD maximum characteristic of a ketone.

Anal. Calcd for CpgH,,05: mol we 292, Found (MS): 202.
Cleavage of 60.--A solution of 0,050 g of 60 in 26 ml of dry
benzens was refluxed with 0.218 g of CaCOy and 0.323% g of dry

Pb(OAC)“ for 12 hr and worked up as described for oxidative

Herz and White
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Attenpted mesylations af §la were unsuccessful. In an
attempt to prepare & ditosylate, 0.100 g of NaH was added to
0.051 g of gla in 50 ml of cyclohexane (nitrogen atmosphere).
After gas evolution had ceased, 0,100 g of tosyl chloride was
added. The mixture was stirred at room temperature for 19 hr,
decomposed with 1 ml of methencl, diluted with water, acidified
and extracted with ether, The washed and dried ether extracts
were evaporated, Tic of the residue yielded 0.026 g of start{ng
material and 0,024 g of glc, mp 65-66°, ir bands at 1724 cn”};
nmr signals at 1.19 {C-4 methyl), 3.20 {nethyl ether), and 3.66
ppn (methoxyl}; no uv absorption characteristic of & ketone.

Anal, Calcd for C1gHze05: Cy 7¢.77, H, 9.38; 0, 19.85.
Fourd: C, 70.49; H, 9.48; 0, 19,23,

LiAlH, reduction of 0,024 g of fls in vefluxing THF gave the

non-crystalline triol §3a which had ir bands at 3380 cn™d (itrong);

1 g of NaOH was stirred at room tempsrature for 25 hr, poured
into HZO and extracted with ether, The washed and dried ether
extracts were evaporated; the residue which was recrystallized from and 1725 on’l;
hexane gave a quantitative yield of §8a, mp 179,5-180.5°,

[u]gs +26.6° (c 0.478, 95% ethanol); ir bands 3380 and 1720 cm

and 3.68 ppm (methoxyl).

Ansl. Caled for CpgHyn0.:
nmr signals at 0.89d and 0.93d (J=6 Hz, isopropyl), L.08 (G-¢
methyl) and 3.64 ppm (mathoxyl); no uy or CD absorption charac-
teristic of a ketone, The substance was not affected by CrOg-
acotic acid solution,

Anal. Calcd for CgyH3404% €, 71.96% H, 9.78; 0, 18,26,

Found: C, 71.,72; H, 9.98; 0, 18,07, Anal. Caled for CpgHyg0,:
Reduction of 0.042 g of $8b with LiAlH, in ether and work up Found: C, 70.33; H, 9,83; 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 w—7* 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.%®

Diene 26 exhibited a positive Cotton effect, [$l2gs 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.

I

Me00C -~ Me00C””

\\// H "H

26 27

Figure 4. Conformations of 26 and 27. ;

Diene 27 displayed a somewhat weaker negative Cotton
effect, [®]a9s —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-
duction in the eclipsing interaction between the isopropyl
group and the H-14 protons.

Registry No. la, 31148-95-5; 1b, 5335-58-0; 2a, 42400-87-3; 2b,
42400-88-4; 2¢, 42400-89-5; 3a, 42400-90-8; 4b, 13742-23-9; 5b,
42400-91-9; 7, 20104-31-8; 9a, 42400-93-1; 9b, 42400-94-2; Ye,
42400-95-3; 9d, 42400-96-4; 10a, 42400-97-5; 10b, 42400-98-6; 1l1a,
42400-99-7; 1lb, 42401-00-3; 13, 42401-01-4; 24, 42401-02-5; 25,
42401-03-6; 26, 42401-04-7; 27, 42401-05-8; 28b, 10037-26-0; 29,
42401-07-0;
42401-10-5; 32a (B-hydroxy), 42401-11-6; 32b («-acetoxy), 42401-
12-7; 32b (8-acetoxy), 42401-13-8; 33b, 42401-14-9; 33c, 42401-15-0;
36a, 42401-16-1; 37, 42401-17-2; 38, 42401-18-3; 39, 42401-19-4; 40,
42401-20-7; 41, 42401-21-8; 46¢ (R epimer), 20149-13-7; 46c (S
epimer), 20149-11-5; 47, 30906-02-6; 48, 42401-25-2; 49, 42401-26-3;
52, 42401-27-4; 53, 42401-28-5; 54, 42401-29-6; 55, 42401-30-9; 56a,

cyclization of 25. Preparative tlc gave 0.040 g of non-crystalline

£1b which had [8]2° +231° (c 0,118, 95k ethanol); ir bands at 1735

mol wt 350, Found (MS): 350,

of gla which had mp 153-154°, ir"bands at 3400 and 1730 en”

absorption characteristic of a ketone.

30, 24402-18-4; 31, 24402-17-3; 32a (a-hydroxy),

whr signals (dg-pyridine) at 1,07 (C-4 methyl), 3.82 (4H, AB

quartets of H-18 and H-19, J=11 Hz) and 4.39 ppm (w,5 = 16 Hz, H-11}.

nmr signals at 1,19 (C-4 methyl), 2,02 (acetate) Anal. Caled for CyHz00g: mol we 282. Found (MS): 282,

Mesylation of this substance resulted in complex mixtures

which decomposed during attempts at chromatography.

Hydrolysis of 0,022 g of §lb in the nanner described for 58b

gave, after recrystallization from hexane, a quantitative yield

1

nme signals at 1.21 (C-4 methyl) and 3,68 ppm (methoxyl); no uv

€, 70.10; H, 9.15; 0, 20.75.

42401-31-0; 56b, 42401-32-1; 57, 42401-33-2; 58a, 42401-34-3; 58b,
42401-35-4; 58c, 42401-36-5; 60, 42401-37-6; 61a, 42401-38-7; 61b,
42401-39-8; 61c, 42401-40-1; 63a, 42401-41-2.
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The substances formed by ‘chromic acid oxidation of methyl pimar-8(9)-en-18-oates and isopimar-8(9)-en-18-
oates have been identified as 8,9-epoxy 7-ketones. Long-range shielding effects in 8,9-epoxides of abietanes,

pimaranes, and isopimaranes are discussed.

In the course of work on the synthesis of (—)-hibaene, it
was noted? that chromium trioxide-glacial acetic acid oxi-
dation of the pimaric acid derivatives 1la and 1b did not
yield the hoped-for «,8-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 7bh.% A fourth substance X seemed
abnormal and bore a close resemblance to the ‘“diketones”
from la and 1b. 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 to 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 seemed 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 «-attack.? Subsequent
cleavage of the diols with lead tetraacetate or periodic
acid produced the three authentic diketones 5a, 12a, and
12b, two of which, 5a and 12a, were markedly different
from the substances obtained by chromic acid oxidation of
la and 7a.

b, R =0Ac b, R = OAc

4a, R=H
b, R =0Ac b, R, = CH,CH,OAc;
R, = Me
¢, R, =Me; R, =Et
d R =iPr; R,=H




