Bicyclo[2.2.0]- and Bicyclo[2.1.1]hexane Chemistry

aluminum hydride; tert-butyl alcohol, dimethyl sulfoxide, pyridine, and
hexamethylphosphoramide (HMPA) were distilled from calcium hydride;
dichloromethane, carbon tetrachloride, diodomethane, and methyl iodide
were distilled from phosphorus pentoxide; ammonia was distilled from
the tank and then from a blue lithium or sodium solution; acetone was
analytical reagent grade distilled from potassium permanganate; formic
acid was distilled from boric anhydride. ‘'Petroleum ether’’ refers to the
‘Analyzed Reagent” grade hydrocarbon fraction, bp 30-80°, which is
supplied by J. T. Baker Co., Phillipsburg, N.J., and was not further puri-
fied.

Reactions described as run under nitrogen or argon employed a mer-
cury bubbler arranged so that the system could be alternately evacu-
ated and filled with the inert gas and left under a positive pressure.

Microanalyses were performed by Spang Microanalytical Laboratory,
Ann Arbor, Mich.

In cases where products were isolated ‘by solvent extraction”, the pro-
cedure generally followed was to extract the aqueous layer with several
portions of the indicated solvent; then the organic layers were combined
and washed with water, foliowed by saturated brine. The organic layer
was dried over anhydrous sodium or magnesium sulfate, then filtered,
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and the solvent was evaporated from the filtrate under reduced pres-
sure (water aspirator) using a rotary evaporator. The use of the terms
“pase wash” or “‘acid wash” indicate washing the combined organic
layers with saturated agqueous sodium bicarbonate solution or with dilute
aqueous hydrochloric acid, respectively, prior to the aforementioned
washing with water.
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that the following columns were used: (a) 5% SE-30 on Chromosorb W
AW-DMCS (6 ft X 0.125 in); (b) 10% Carbowax 20M on Chromosorb W
AW-DMCS (10 ft X 0.25 in).

(35) For spectra, see R. |. Trust, Ph.D. Thesis, California Institute of Technol-
ogy, 1974.
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Unexpected rearrangements of photolevopimaric acid derivatives are described. Hydroboration-oxidation of
methyl levopimarate (3¢) gave the previously reported exo-bicyclo[2.2.0lhexanol 7a and a new tertiary alcohol
12a which was prepared independently from the epoxide 5. Treatment of 5 with Lewis acids resulted in rearrange-
ment to 6. Mercuric acetate oxidation of 3¢ resulted in conversion to 13. Contrary to an earlier report, Jones oxi-
dation of 7a proceeded with rearrangement to the bicyclo[2.1.1]hexanone 20, whose structure was established by
degradation to the cyclopentanone 30, acid cleavage to 35, base-catalyzed cleavage to 36, and degradation of the
latter to the drimane derivative 38. Treatment of the endo-bicyclo[2.1.1]hexyl tosylate 23a with tosyl chloride re-
sulted in rearrangement to a hicyclo[3.1.0]hexane derivative, the new resin acid isomer methyl isophotolevopimar-
ate (39). An unusual oxidation of the exo-bicyclo[2.2.0]hexanol 7a to the lactone 14a and 14b with Fétizon’s re-
agent was observed. Solvolytic reactions of the exo-bicyclo[2.2.0lhexyl tosylate 7c resulted in rearrangement to

the bicyclo[2.1.1]hexane derivatives 44 and 45.

The observations which are described in the present re-
port are the result of work originally aimed at the synthesis
of 14-deuteriolevopimaric acid (1b). This substance was de-
sired to help clarify the nature of the intramolecular hydro-
gen transfer which occurs on irradiation of the levopimaric
acid-cyclopentenedione adduct 2, 34a problem which was
eventually solved by X-ray analysis of one of the photolysis
products.’

The simplest path to 1b appeared to be introduction of
deuterium in some fashion at C-14 of the photolevopimaric
acid skeleton 3a, since thermal reversion of the valence
isomerization la — 3a%7 has been described.” The rear-
rangements which negated this approach and will be de-
scribed in this report constitute not only an instructive
paradigm of bicyclo[2.2.0]- and bicyclo[2.1.1]hexane chem-
istry, but illustrate several other unusual reactions which
presumably occur because these strained systems are part
of a relatively rigid diterpene skeleton. See Scheme I.

Attempts to Prepare Bicyclo[2.2.0]hexanone 8. Our
failure to effect direct introduction of deuterium into 3¢8@
forced us to investigate more circuitous routes to 3d by way
of 8, which are outlined in Scheme II. The preparation of 8
from 7a has been reported previously’; although Dauben
and Coates did not discuss the stereochemistry of 7a and 8,
it seemed likely that these substances possessed the config-
urations indicated in Scheme II, thus necessitating further
reduction of 8 to 9, which has the correct stereochemistry
for bimolecular elimination to 3d. However, as the re-
ported’ overall yield of 8 was rather low, we first explored
its preparation from the epoxide 5.

This substance, isolated in 81% yield, was assigned the
exo configuration depicted in Scheme II because of the ap-
pearance of H-14 as a narrowly split doublet (J = 2.5 Hz)
at 3.82 ppm. The W arrangement for such long-range cou-
pling of H-14 to H-12 is achieved only if H-14 is «; this is
also consonant with the deduction, from models, that the
least hindered side of 3¢ is the § face.

Treatment of 5 with acidic reagents generally produced
complex mixtures which resisted attempts at separation,
but contained no fraction corresponding to 8. On the other
hand, use of boron trifluoride etherate under carefully de-
fined conditions resulted in rearrangement (64% yield) to
an unsaturated aldehyde (sharp singlet at 9.3 ppm, broad-
ened vinylic singlet, W12 = 6.6 Hz, at 5.83 ppm). This sub-
stance was assigned structure 6, formally derivable by the
shifts depicted in Scheme III, rather than 10 for the fol-
lowing reason.

By sweeping the methylene region of the {H NMR spec-
trum, the center of the H-15 signal was found at 2.07 ppm.
Irradiation at this frequency collapsed the isopropyl meth-
yl doublets at 0.90 and 1.06 ppm to singlets and sharpened
the vinyl proton signal (W1y/s = 2.5 Hz). The existence of al-
lylic coupling between the vinyl proton and H-15 was thus
established, an observation which excludes structure 10,
The « configuration of the aldehyde is deduced on mecha-
nistic grounds; an upfield shift of the C-10 methyl reso-
nance to 0.86 ppm may be attributed to the shielding effect
of the 12,13 double bond.

As a result of this rearrangement we returned to Dauben
and Coates’ method of preparing 8. Slight modifications in
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the isolation procedure resulted in an improved yield (67%) on the appearance of the H-14 resonance (doublet, J = 7
of alcohol 7a, whose stereochemical assignment was based Hz, at 4.06 ppm in 7a and at 5.16 ppm in 7b) which indicat-
not only on the assumption that cis addition of the reagent ed that H-13 and H-14 were trans. Contrary to the litera-
takes place from the least hindered, 8 face of 3¢, but also  ture report,” however, there was also formed an appreciable
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amount (27%) of a tertiary alcohol 12a, whose structure was
confirmed by LiAlH4 reduction to 12b, the same substance
being formed by LiAlH, reduction of 5.

The surprising formation of a tertiary alcohol in appre-
ciable quantity during the normally much more regioselec-
tive hydroboration reaction may be attributed to the high
reactivity of the bicyclo[2.2.0]hexene system of 3¢ as the re-
sult of excessive strain which “decreases the activation en-
ergy of the addition process, thereby making the transition
state more reactant-like and, hence, less sensitive to steric
and polar factors” as has been claimed!® in a somewhat
similar situation, i.e., the hydroboration of bicyclo[3.3.1]no-
nene, which also furnishes a mixture of isomeric alcohols.

An attempt to prepare 12a independently from 3¢ by the
oxymercuration—-demercuration reaction did not result in
the formation of the expected alcohol, but gave a mixture
of 13 (62%)! and methyl levopimarate (le, 22%). Since
omission of NaBHy or treatment of methyl levopimarate
with mercuric acetate gave the same mixture of 1c¢ and 13,
the reaction probably proceeds as outlined in Scheme IV.
Such a scheme was proposed earlier!? to account for the
products obtained on treatment of cholesta-6,8(9)-dien-3-
ol p-nitrobenzoate with mercuric acetate.

Repetition of the literature oxidation of 7 to 8 with Jones
reagent gave a single substance 'in 90% yield which had
properties identical with those described by Dauben and
Coates” and whose previously unreported 'H NMR spec-
trum was, on the whole, consonant with structure 8 as-
signed by them (Scheme II) except for an inexplicable up-
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field shift of the C-10 methyl resonance (from 1.02 ppm in
7 to 0.78 ppm in 8). Hydride reduction of the ketone led to
a new alcohol which was initially presumed to be alcohol 9.
Subsequent transformations of these two substances,
however, did not yield products to be expected on the basis
of the postulated structures. Of special importance was the
observation that the lactone obtained by Baeyer-Villiger
oxidation of the ketone was not identical with either of the
authentic lactones 14a and 14b (vide infra) nor was the 'H
NMR spectrum of this lactone compatible with formula 15.
Moreover, conversion of the ketone to a thioketal followed
by nickel desulfurization gave a gummy but homogeneous
saturated ester different in all respects from authentic
crystalline methyl dihydrophotolevopimarate (4a). It was
clear, therefore, that the structures of 8 and 9 required re-
vision and that an entirely unexpected rearrangement had
taken place during the oxidation of 7. _
A clue to the situation was provided by a recent observa-
tion!3 that exo-bicyclo[2.2.0]hexan-2-0l (16) undergoes oxi-
dative rearrangement under Oppenauer conditions, albeit
in low yield, to a mixture of 17, 18, and 19, the driving force

OH , 0

0

17 (20%) 18 (1%) 19 (1%)

of the rearrangement being attributed to the greater strain
in the bicyclo[2.2.0] system as compared with the strain in
the bicyclo[2.1.1] system. If 7 undergoes a similar oxidative
rearrangement under the influence of the Jones reagent,
the structure of the resulting ketone reagent should be 20.
The thioketal desulfurization product would be 21, the
Baeyer-Villiger product would be 22, and the alcohol pro-
duced by hydride reduction of the ketone would be 23 be-
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cause approach of the reagent from the side of the C-10
methyl group would be severely hindered.

A possible mechanism for the formation of 20 (Scheme
V) involves transfer of hydride ion to reagent accompanied,
for stereoelectronic reasons, by migration of the 812, not
the 8,9, bond, the driving force for this being the formation
of the more stable bicyclo[3.1.0}hexyl cation D.14 Concomi-
tant or subsequent migration of the 13,14 bond, necessarily
from the bottom face of the molecule, would give 20. Alter-
natively, initial transfer of hydride ion without 8,12-bond
migration might first lead to the bicyclo[2.2.0]hexyl cation
E, which could undergo a series of Wagner-Meerwein
shifts; however, even here some degree of participation by
the 8,12 ¢ bond to maintain maximum overlap with the de-
veloping p orbital on C-8 will probably have to be in-
voked.1?

Formula 20 also provides a ready explanation for the up-
field shift of the C-10 methyl group to which allusion has
been made earlier, since it is now shielded by a one-carbon
bridge.2? Oxidation to 22 produces a downfield shift to 0.90
ppm and reduction to 23 a downfield shift to 1.08 ppm,
both understandable if lactone and hydroxyl groups were
situated on the 8 face as required by the formulas.

Structure Proof of Bicyclo[2.1.1]hexanone 20. To
confirm the presence of a bicyclo[2.1.1]hexanone system in
20, degradation of lactone 22 to a product exhibiting the
spectral characteristics of a cyclopentanone was undertak-
en as outlined in Scheme VI. Reduction of 24a with BoHg-
THF complex?! gave diol 25 in 72% yield, but treatment of
the latter with various oxidizing agents merely resulted in
regeneration of 22 instead of formation of the hoped-for 26,
possibly by way of a transitory hemiacetal (but see discus-
sion in the next paragraph).
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In exploration of an alternative route to 28b, reaction of
22 with 1.5 equiv of methyllithium gave the methyl ketone
27 (56%).222 However, exposure of the latter to m-chloro-
perbenzoic acid resulted, very surprisingly, again in isola-
tion of lactone 22, This might conceivably be rationalized
by assuming that 27 is in equilibrium with the hemiketal F
{Scheme VII) and that esterification of the latter by per-
acid to G and decomposition by way of a cyclic transition
state leads to the observed product. However, the ir spec-
trum shows that 27 is entirely in the ketone form as might
be expected, since molecular models indicate that in the
preferred conformation of 24b and 27 the hydroxyl group
at C-8 and the substituent at C-12 are oriented away from
each other. “Flipping” of the five-membered ring to a less
stable conformation which brings the substituents at C-8
and C-12 closer would not be expected to occur except at
higher temperatures or in a situation where the equilibrium
27 = F, normally unfavorable to F, is displaced toward the
right by further reaction.22b

A situation somewhat more favorable to participation by
the hydroxyl group is pictured in the second row of Scheme
VIIL. Approach of the bulky peracid molecule to the carbon-
vl group from the least hindered side of 27 would give rise
to intermediate H. The tertiary hydroxyl group may now
participate in decomposition of H to give species I. Molecu-
lar models of I indicate that the bond linking the methy!
group to C-14 is trans-antiparallel to the ~O-0O- bond; thus
collapse of I with preferential methyl migration, rather
than 12,14 ¢ bond migration, could occur to give 24b. The
latter might undergo transesterification to give lactone 22,
although this would again require prior “flipping” to an un-
favorable conformation. That this is a possibility is shown
by the formation of 22 from 24b at elevated temperatures.

Finally, oxidative decarboxylation of 24a with lead te-
traacetate in benzene afforded a mixture of 22 (27%), 29
(10%), and 28b (3%), the acetate group in 28b being as-
signed the 8 orientation because of the coupling constants
exhibited by the H-12 signal at 5.01 ppm.22 Repeated recy-
cling of lactone 22 permitted accumulation of a sufficient
quantity of 28b for hydrolysis to 28a (H-12 signal at 4.21
ppm) and subsequent oxidation (CrOs - 2Py) to hydroxycy-
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clopentanone 30, which had ir bands at 3615 (hydroxyl),
1739 (cyclopentanone), and 1728 cm™! (carbomethoxy
group). Thus, the structure of ketone 20 was securely es-
tablished.

To avoid the rearrangement encountered during the
chromic acid oxidation of 7a, the dction on 7a of dirmethyl
sulfoxide in combination with various other reagents® was
also investigated; however, this invariably led to recovery
of starting miaterial. Treatment of 7a with silver carbonate
on Celite2 again did not yield the desired 8 but resulted i in
formation of a lactone 14a (Scheme I, 78% yield, new ir
band at 1772 ¢cm™?), which was converted to an epimer 14b
on treatment with base. This is in accord with stability re-
lationships deduced from Dreiding models. These indicate
that 14a contains an interaction between H-11a and one. of
the methyls of the isopropyl group which is relieved in 14b,
The isomeric lactones were reduced to the triols 31a and
31c, which were characterized as the isomeric diacetates
31b and 31d.

The unusual oxidation of a secondary alcohol to a y-lac-
tone with silver carbonate-Celite has one precedent.?s Oxi-
dation of the exo- and ehdo-tricyclo[3.2.1.0%octan-4-ols
32 with this reagent, under anhydrous conditions afforded a
mixture of ketone 33 and lactone 34 in yields of 69 and 31%,

OH o
32 33

respectively. It was proposed that lactone 25 was formed
via the hydrated form' of ketone 33, since treatment of the
ketone with moist reagent gave an 11% vield of the lactone.
Presumably, the water required for the hydration of 33
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undervanhydrous conditions was that liberated in the over-
all equation?® below.

S< +Ag2003_»Y+H¢o+coz+2Ag
H OH 5

I the present instance, the complete conversion of 7a to
lactone 14a may perhaps be due to the high reactivity of
the intermediate bicyclo[2.2.0}hexanone 8, which is in equi-
librium with it hydrated form and undergoes further oxi-
dation as illustrated.?6

Rearrangement of Bicyclo[2.1,1Thexahone 20. Addi-
tional reactions of ketone 20 which dre in agreement with
its formulation as a bieyclo[2.1.1]hexan-5-one will now be
déscribed. Solution of 20 in chloroform saturated with HC]
resulted in formation of an g, ;8-unsaturated ketone which
was identified as 35, a substance previously prepared in our
laboratory.?” Its formation from 20 can be rationalized in
terms of a seriés of Wagner-Meerwein shifts (Scheme VIII)
similar to those postulated for the acid-induced rearrange-
ment of some simpler cyclobutanones.?® The cyclopropyl
carbinyl cation J, formed by initial migration of thé 8,13
bond, could be convertéd to homoallyhc ion K, and thence
to 85, either directly (path a) ot by way of the protonated
bicyclof2.2.0]hexanone L which, because of its high reactiv-
ity (vide supra), undergoes further rearrangement (path b).

Scheme VIII
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Treatment of the nonenolizable ketone 20 with sodium
methoxide resulted in cleavage to a mixture of epimeric un-
saturated esters 36a and 36b which could be separated by
preparative TLC. Hydrogenation of the mixture afforded a
mixture of two saturated esters, an observation which dem-
onstrated that the two products were not cis-trans or dou-
ble-bond isomers. Equilibration with base converted 36a
(carbomethoxy group axial) quantitatively to 36b (carbo-
methoxy group equatorial).

Haller-Bauer cleavage of a nonenolizable ketone normal-
ly results in cleavage of one of the bonds adjacent to the
carbonyl group, the resultant carbanion being discharged
by reaction with a proton donor.2® In the present instance,
the driving force leading to formation of 36 may be attrib-
uted to stabilization of the final anion by the carbomethoxy
group after additional cleavage of the five-membered ring,
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the composition of the final product being due at least par-
tially to kinetic control.®0

Proof for the nature of the unsaturated side chain was
obtained by further degradation. Ozonolysis of 36b gave a
saturated aldehyde 37 containing the partial structure
—CH3CHO (aldehyde triplet at 9.4 ppm). Decarbonylation
of this substance with trjs(triphenylphosphine)rhodium
chloride yielded the drimane derivative 38 whose IH NMR
spectrum, in addition to the C-4 and C-10 methyl reso-
nances, exhibited a doublet at 1.21 ppm (J = 6 Hz) for the
methyl group attached to C-9.3° Thus, the double bond of
36b is two carbon atoms removed from ring B, a situation
which requires attachment of a five-membered ring to C-8
and C-9 of the precursor ketone 20.

Solvolytic Rearrangement of Bieyclo[2.1.1]hexanol
23. The endo configuration of alcohol 23a was deduced on
steric grounds and is supported by analysis of the 1H NMR
spectrum of 23a and its derived acetate. The appearance of
the H-14 signal (sharp doublet, J = 3 Hz) is in accordance
with the H-12, H-14 dihedral angle measured on models
(45-50°) as is the absence of long-range coupling to H-13
which would be expected in an endo alcohol. Additional
chemical evidence was provided by its solvolysis.

Treatment of 23a with p-toluenesulfonyl chloride~pyri-
dine did not result in formation of a tosylate; instead, there
was isolated a new isomer 39 of methyl photolevopimarate
which was named methy! isophotolevopimarate. The pres-
ence of a double bond in 39 was evident from the !H NMR
spectrum, which exhibited a broadened singlet at 5.3 ppm,
different from that of H-14 in the 'H NMR spectrum of 3b
and similar in appearance and chemical shift to the H-7
signal of 7-abietenes, hence obviously coupled to two other
protons. The isopropyl signals had remained unaffected by
this transformation; thus, an obvious possibility for the
new compound was the cyclopropane derivative 39, a more
complex relative of the bicyclo[3.1.0]hexane derivatives
which are found among the solvolysis products of endo-bi-
cyclo[2.1.1]hexyl 5-tosylate.3!

Further spectroscopic evidence for formula 39 was diffi-
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cult to adduce, since signals of the cyclopropyl protons
were obscured by the methylene envelope and the uv spec-
trum displayed only end absorption. However, the trans-
formations outlined in Scheme IX provided adequate
proof.

Osmylation of 39 furnished a diol which was assigned
stereochemistry 40. Earlier work on osmylation of abiet-
enes32-34 resulted in osmylation from the « or the 8 face de-
pending on the conformation of starting material; models
of 39 suggested that a-osmylation would be preferred. This
was borne out by the 'H NMR spectrum, which displayed
the H-7 signal as a triplet (J = 8 Hz), compatible only with
‘o orientation of the 7-hydroxyl, and the C-10 methyl signal
at 0.86 ppm, appropriate for an a-oriented 8-hydroxyl
group.3¢ Periodate cleavage of 40 gave 41 (aldehyde triplet
at 9.6 ppm); unfortunately, no firm conclusions could be
drawn from the uv spectrum, which exhibited little evi-
dence of conjugation.

Acid-catalyzed cleavage, however, provided conclusive
proof for the presence of a cyclopropane ring. Treatment
with HCl gave a substance Cg1Hs302Cl (43) (mass spec-
trum) which displayed a one-proton peak in the vinyl re-
gion similar to that of 39 itself and a broadened one-proton
singlet at 4.46 ppm (W1/2 = 6 Hz) assignable to H-14. This
is the result of cyclopropane ring cleavage in such a manner
so as to form the most stable carbonium ion, in this in-
stance an allylic carbonium ion. Inversion at the point of
attack of the nucleophile should result in « orientation of
the halogen, a supposition confirmed by the half-height
width of the H-14 signal characteristic of an equatorial pro-
ton. Lastly, the negative Cotton effect exhibited by 43 is
typical of 7-abietenes.35

Experimental Section*'

Methyl Photolevopimarate (3c).--Modification of the procedure
of Dauben and Coates ' resuited in improvement of the yield to 70%.
A solution of 10 g of levopimaric acid in 200 ml of methanol was
irradiated in a quartz cell with unfiltered light from a Hanovia @1gh
pressure mercury vapor arc lamp for 7 hr under a slow stream of ni-
trogen. Part of the solvent was evaporated; the crystals of 3a whlcb
separated were recrystallized from methanol, yield 7.0 g, wp 115-116°,
[o]g® + 79.2°, pmr signals at 5.50br (H-14), 1.25 gC—4.methy1), 1.08
(C-?O methyl), 1.00d (J=7, C-15 methyls). Esterification with dla;o-
methane and purification of the product by passage through an alumina
column (activity III) gave the gummy ester 3c, [a]ﬁs + 579,

Anal. Calcd., for C21Hs20.: C, 79.70; H, 10.19; O, 10.11.
Found: C, 79.71; H, 10.01; O, 9.84. .

One g of 3c was pyrolyzed by heating in a nitrogen atmosphere
at 120° for 6 hr. The crude product was recrystallized from methanol,
yield 0.78 g (78%) of lc, identical in 21l respects with an authentic
sample. .

Preparation of 4a and 4b.--Methyl dihydrophotolevopimarate (4a)

was prepared by the literature method.’ The previously unreported
pmr spectrum exhibited signals at 1,22 (C-4 methyl), 1.05 (C-10
methyl), 0.74d and 0.63d (J=7, C-15 methyls).

To a stirred suspension of 0.1 g of LiAlH« in 15 ml of tetrahy-
drofuran was added a solution of 0.1 g of 4a in 6 ml of tetrahydro-
furan. Stirring was continued for 4 hr, at which time excess reagent
was decomposed by wet ether. Dilution with water, filtration and
evaporation of the ether layer gave (4b) which was recrystallized
from methanol and then melted at 64-65°, yield quantitative, pmr sig-
nals at 3,23 (center of AB system of -CH OH), 1.11 (C-4 methyl),

0.87 (C-10 methyl), 0.81d and 0.70d (J=7, C-15 methyls).

angl. Calcd. for CzoHss0: C, 82.69; H, 11.80; O, 5.51.
Found: C, 82.29; H, 11.90; O, 5.30,

Epoxidation of Methyl Photolevopimarate.--To a solution of 2.0 g
of m-chloroperbenzoic acid in 25 ml of CHCI: was added dropwise 2.0 g
of 3c in 10 ml of CHCls. The reaction was followed by tlc and was
complete after 2 hr. The mixture was evaporated at reduced pressure
and taken up in ether. Washing with aqueous Na.CO:, KI and sodium
thicsulfate solution and evaporation furnished 2 g of gum which crys-
tallized on addition of methanol, Recrystallization from hexane gave
1.7 g (87%) of 5, mp 111-112°, pmr signals at 3.72d (J=3, H-14), 1,20
(C~4 methyl), 1.02 (C-10 methyl), 1.01d and 0.78d (J=7, C-15 methyls).

Anal. Calcd. for C,;H;»0 @ C, 75.86; H, 9.70; 0, 14.44.
Found? C, 75.61; H, 9.92; 0, 14.70.

The substance was not affected by treatment with silver perchlo-
rate or lithium diethylamide.

Rearrangement of Methyl 13B,148-epoxydihydrophotolevopimarate
to 6.--To a solution of 1 g of 5 in I0 mI of ether was added 0.5 ml
of BFs- etherate, the progress of the reaction which was complete
after 15 min being monitored by tlc. Addition of water, separation
of the organic layer, washing, drying and evaporation gave a gum
which was recrystallized from hexane, yield of § 0.64 g, mp 62-63°,
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Dehydration of 23 with KHSOy in refluxing dioxane re-
sulted in conversion to methy! abietate (42). It is probable
that methyl isophotolevopimarate is an intermediate, since
it is also transformed into 42 under these conditions.

Solvolytic Rearrangements of Bicyeclo[2.2.0]hexanol
7c. The observation that hydride abstraction during the
chromic acid oxidation of 7a resulted in rearrangement due
to migration of the 8,12 ¢ bond made it of interest to study
the solvolysis of 7¢ since, in analogy with earlier work36 on
the solvolysis of simpler bicyclo[2.2.0lhexan-2-ol tosylates,

H

. <

RO H
CO,Me
44a, R = Ac
b, R=H
H

CO,Me

45

2

ir bands at 2780 (aldehyde C-H), 1735 (aldehyde C=0), 1721 cm™!
(ester), pmr signals at 5.83br (Wi/2=6.5 Hz, H-14}, 3.73 (methoxyl),
1.20 (C-4 methyl), 1.10d and 0.95d (J=7 Hz, C-15 methyls), 0.81
(C-10 methyl).

Anal. Caled. for C2:Hs20s: C, 75.86; H, 9.70; 0. 14.44,
Found: C, 75.70; H, 9.40; 0. 14.14.

The dinitrophenylhydrazone was prepared in the usual fashion,
mp 132-133° after recrystallization from methanol.
L4

Anal. Calcd. for CasHseOeNs: C, 63.26; H, 7.08; 0, 18.73,
Found: C, 63.56; H, 7.00; O, 19.12,

Hydroboration-Oxidation of Methyl Photolevopimarate.--To a sol-
ution of 4.3 g of 3c in 45 ml of dimethoxyetliane was added 1 g of
NaBH, at 0° with stirring, followed by dropwise addition of 3.75 g of
freshly distilled BFj-etherate, The solution was allowed to warm up
to room temperature, stirring being continued for 4.5 hr. Two drops
of water were added followed by cautious addition of 25 ml of 10%
NaOH solution and 30 ml of 30% H202. The mixture was stirred over-
night and thoroughly extracted with ether. The ether extracts were
washed, dried and evaporated to give 4.0 g of gum from which alcohol
7a crystallized on addition of methanol, yield 3.0 g (70%), mp 126-
T30°, 1itT 129-131°, par signals at 4.06d (J=7, H-14), 3.70 (methoxyl)
1.20 (C-4 methyl), 1.02 (C-10 methyl), 0.96d and 0.78d (J=7, C-15
methyls).

The mother liquor was evaporated and the residue chromatographed
over alumina (activity IIT). Elution with benzene gave 0.8 g (26%)
of L2a, mp 171°, ir bands at 3610 (-OH), 1723 cn-!(ester), pmr signals
1.21 (C-4 methyl), 1.10 (C-10 methyl), 0.92d and 0.80d (J=7.0, C-15
methyls). This substance was prepared independently as described in
the next section.

Anal. Calcd. for CpHs,0,: C, 75.41; H, 10.25; 0, 14.35,
Found® C, 75.40, H, 9.89; O, 14.69,

Acetylation of 0.1 g of 7Za with pyridine-acetic anhydride and
recrystallization from hexane gave 0.09 g of 7b, mp 118-119°, ir bands
at l;SO (acetate) and 1723 (ester), pmr signals identical to those of
7a except for a shift of the H-14 signal to 5.16d (J=7) and an acetate
resonance at 2.00 ppm.

Anal. Calcd. for C21HseOu: C, 73.37; H, 9.64; o, 17.00.
Found? T, 73.19; H, 9.44; 0, 16.86,

LiAlH, Reduction of Methyl 138,14 8-epoxydihydrolevopimarate.--
Reduction of 1.0 g of § in 6 ml of THF with 0.6 g of LikIR, Tn 2o
ml of THF at reflux temperature followed by the usual work-up
and recrystallization from methanol gave 0.8 g of 12b, mp 140-142°,
prr signals at 3.7 (center of AB system of -CH,OH), 1.06 {C-4 methyl),
0.81 (C-10 methyl), 0.78d and 0.70d (J=7, C-15 methyls).

Anal. Calcd. for C2oH3e02: C, 77.87; H, 11.76; 0, 10.37.
Foundt C, 77.59; H, 11.45; 0, 10.27.

Acetylation of 0,100 g of acétic anhydride-pyridine at room
temperature for 16 hr followed by the usual work-up gave 0.098 g of
l2c, mp 132-133° (from hexane), ir bands at 3615 and 1723 cm- !, pmr
signals similar to those of 12b except for a shift of -CH,0- to
4.7 and an acetate resonance at 2.00 ppm.
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Anal. Calcd. for Cz2H3sQs: C, 75.38; H, 10.93; G, 13.69.

Found: -C, 75.45; H, 10.43; 0, 14.00.

To a solution of 0.2 g of ] in 10 ml of acetone at 0° was
added 3 ml of Jones reagent dropwise with stirring. After 1 hr,
acetone was removed at reduced pressure. The remaining mixture was
diluted with water and extracted with éther. The washed and dried
ether extracts were evaporated and the residue was esterfied with
diazomethane.. After recrystallization from hexane, the product
melted at 170-171° and was identicdl "in all respects with 32z from
the hydroboration reaction. ) '

Rgaction of Methyl Levopimarate and Methyl Photolevopimarate
with Hercuric Acetate,--A sclution of 1.06 g of mercuric acetate
atn g of 3c in 30 ml of 50% aqueous THF was stirred overnight,
filtered ‘and evaporated.at reduced pressure. The residue was taken
up in ether. Evaporation of the washed and dried ether extract gave
a gum which was chromatographed over alumina (acitivty III). Elu-
ticn with hexane gave 0.22 g (22%) of methyl levopimarate {lc).
Further. elution with beniene gave 0,66 g (66%) of 13a, mp 88-89°
{from hexane), [ulﬁﬁ -117°% pmr signals at. 5.58br Tﬁ-14)) 5.50¢ (H-7),
4,28c (HM-12), 3.76 (methoxyl), 1.24 (C-4 methyl), 1.16d and 1.07d
(J=7, C-15 methyls), 0.77 (C-10 methyl).

Anal, Calcd. for CsziHs:0,: €, 75.85; H, 9.71; O, 14.44,
Found? ¢, 75.71; H, 9.59; 0, 14.18,

Acetylation of 0.1 g of 13a with pyridine-acetic anhydride in
the usual fashion and recrystallization of the crude product from
hexane gave 0,08 g of 13b, mp 77-78°, ir bands at 1728 (acetate) and
1720 cm"(methyl ester), pmr signals at 5.58c (H-14, H-12 superim-
osed), 5.50¢ (H-7},-3.76 {(methoxyl), 2.0 (acetate), 1.20 (C-4 methyl),
g.D?d and 1.00d (J=7, G-15 methyls), 0.79¢ {C-10 methyl).

" Anal. Caled, for CasHswOu: C, 73.36; H, 9.15; 0, 17,09,
Found? C, 73.19; H,. 9.01; O, 15.85.

Reaction of 1.06 g of l¢ with sercuric acetate in the manner
described above gave the same ratio of 13a and recovered lc.

Silver Carbonate-Celite Oxidation of Methyl 14B8-hydroxydihydro-
hotoTevopimarate.--A mixture 6f | g of J/a and 7 g Of fresnly pre-
pared silver carbonate-Celite redgent was refluxed for 18 hr, filtered
and evaporated. The solid residue (;53% was recrystallized from
hexane, yield 0.74 g, mp 205-206°, Iu]§ -2,5%; ir bands at 1772
(y-lactone), ‘1723 cm”' [ester)} pmr sifnels at 3.72 [methoxyl), 1.23 -
{C-4 methyl), 1,10 (C-10 methyl), 1.16d and 0.85d (J=7, C-15 methyls).

Anal, Calcd. for Cz1H3204: C, 72.38; H, 9.26; 0, 18,36; MW, 348.
Found: C, 72,80; K, 9.29; 0, 17.94; MW (MS), 348,

A solution of 0.075 g of l4a in 10 ml methanol was mixed with
10 ml of 5% methanolic sodium hydroxide solution, allowed to stand
with stirring at room teimperature for 16 hr, acidified and evaporated,
The residue was taken up in ether, washed, dried and evaporated,
The residual solid (14b) was recrystallized from hexane, yield 0.064
g, mp 131-132°, [a] H +32.5%; ir'bands-at 1770 and 1723 cn™'; pmr
signals at 3,74 (methoxyl), 1,20 (C-4 methyl), 0.98 (C-10 methyl),
0.92d and 0.81d (J=7, C-15 methyls).
Anal. Calcd, for CziH320.: C, 72.38; H, 9.26; 0, 18.36; MW, 348.
Found: C, 72.32; H, 9.55; 0, 18.43; MW (MS), 348,
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tered and evaporated. The residual gtum (21) was purified by chroma-
tography, but could not be induced to crystallize; pmr signals at

3.76 (methoxyl), '1.11 (C:4 methyl), 0.94d and 0.73d (J=6, C-15 methyls),
0.74 (C-10 methyl). '

Anal, Caléd, for CziHawQ2: C, 79.19; H, 10.76; 0, 10.05.
found® T, 78.98; H, 10.66; 0, 9.89.°

Baeyer-Villiger Oxidation of 20.--A mixture of 1 g of 20 and
400 mg of 30% Hz0. and 2 mL of 9 M sodium hydroxide solutivn in
10 m1 of methanol was stirred at room temperature for 2 hr, acidi-
fied with 25 ml of 10% HC1 and extratted with ether. The washed
and ‘dried ether solution was evaporated and the residue recr g%al-
lized from hexane, yield of 0.65'g (65%), mp 177-178?, [m iy
-3.1°, ir bands at 1785 cm”'({Strained y-lactone), 1723 &m’ (eé:er),
pnr signals at 2,73c (H-13), 1.20.(C-4 fethyl),"0.97d and 0.90d
{(J=7, C-15 methyls), 0.90 (C-10 methyl).

Anal. Calcd. for C21ﬁ520u: C, 72.38; H, 9,26; O, 18.36; MW, 348,
Found? " C, 72.61; H, §.,17; O, 18.18; MW (MS), 348.

Oxidation of 20 to 22 with m-chloroperbenzoic acid was very
slow at roonm temperature, but coUld be accomplished satisfactorily in
about the same yield as above by refluxing the CHCl: solution.

NaBH, Reduction of 20 to 23a.--A mixture of 1 g of 20, 0.8 g of
NaBHw and 15 ml of ethanol was stirred at room temperature for 3
days, evaporated at reduced pressure, diluted with water, heated on
the steam bath for one half gour, cooled ahd extracted with ether.
Evaporation of the washed and dried ether ldyer gave solid 23a which
was recrystallized from methanol, yield 0.8 g, mp 161°, ir bands at
3615br (-OH) and 1721 cm”™' (ester); pmr signals at 3.71 (methoxyl},
3.0d4 (J=2.8, H-14), 1.21 (C-4 methyl), 1.08 (C-10 methyl), 0.88d and
0.78d (C-15 methyls).

Anal. Calcd. for Cp;Hsu0s: C, 75.41; H, 10.25; O, 14,35,
Found: C, 75.19; H, 10.21; 0, 14.50.

The acetate 23b was recrystallized from methanol and melted at
118°; the pmr spectrum which contained an acetate singlet at 2,00
pm was similar to that of 23b except for & downfield shift of the

ﬁ-l4 resonance to 4.2 ppm.

Anal. Calcd. for C23HseOw: C, 73.37; H, 9.64; 0, 17.00
Found®T C, 72.98; H, 9.90; O, 16.88.

De§radation of %Q to 30.--A mixture of 0.2 g of 22 in 5 ml of
methanol an ml o sodium hydroxide solution was refluxed for

2 hr, cooled, negutralized with 10% HC1l and extracted with ether.

The washed and dried ether extract was evaporated., The residue (24a)
was recrystallized from methahol, yield 0.19 g, mp 164-165°, pmr
signals at 7,21br (-COOH), 3.76 (methoxyl), 1.20 (C-4 methyl), 1.06
(C-10 methyl), 0.96d and 0.83d (J=7, .C-15 methyls).

Anal. Caled. for CiiHs,Os: C, 68.82; H, 9.35; 0, 20.81.
Found® C, 68.87; H, 9.48; 0. 21.12.

Treatment of 242 with acetic anhydride-pyridine resulted in
quantitative reconversion 'to 22. The imethyl ester 24b was obtained

in quantitative yield bz treatment with diazomethane.and recrystallized
from hexane, mp 169-170°, pmr signals similar to that of 24a except
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Reduction of 0.2 g of l4a with 0.18 g of LiAlHs in refluxing
THF solution followed by the usual work up gave the triol 3la, yield
0.17 g, mp 146-148° (from hexane).

Anal. Calcd. for CzoH:sQs: C, 74.03; H, 11,18; O, 14.79.
Found:. C, 74.03; H, 11,10; O, 14.89.

The gummy acetate 31b exhibited pmr signals at 4.1ldbr (2 protons,
center of AB part of ABX system, H-14), 3.70 (center of AB system,
~CHaOAc), 2.00 (two acetates), 0.99 (C-4 methyl), 0.94 (C-10 methyl);
0.854 (J=7, C-15"methyls). :

Anal. Calcd. for CasHso0s: C, 70.55; H, 9.87; 0, 19.58.
Found™ C, 70.37; H, 9.90; 0, 19.52,

LiAlHy reduction of 0.2 g of 14b in refluxing THF and recrystal-
lization of the crude product from methanol gave 0.164 g of triol
3lc, mp 177-178°,

i Anal. Calcd. for CaoHseOs: C, 74.03; H, 11.18; O, 14.79.
Foundi C, 73.76; H, 10.89; 0, 15.01.

The diascetate 3id was recrystallized from hexane, mp 106-107°,
pmr signals 4,0 (2 protons, center of AB system, -CH0Ac), 2.00
(two acetates), 1,00 (C-4 methyl), 0.90 (C-10 methyl), 0.80d (J=
6.0, C-15 methyls).

Anal. Calcd. for CaeHuo0s: C, 70.55; H, 9.87; 0, 19.58.
Found? C, 70.70; H, 10.00; 0, 18:02.

Oxidative rearrangement of Methyl 148-Hydroxydihydrophotolevo-
pimardte,--T0 a sOlUtion of 5 g§ Of ja in 15 ml Of acetone cooied to
U>"Was added dropwise with stirring 8 ml of Jones veagent. The reac-
tion was monitored By tlc and was complete in 20 min.- The solvent
was evaporated and the fesidue taken up in ether, washed and dried.
Removal of solvent gave 4.9 g of gum which crystallized on addition
of hexane, Récrystallization from aquecus methanol gave 4.7 g 597%)
of 20, mp 102-104° (lit, 103,5-104.5°)7, [a]Ad -1.2° (lit. [q]
-2,69)7, ir bands as reported’, pmr signals af 3,70 (methyl ester),
2.7¢ (H-13), 1,16 (C-4 methyl), 0.98d and 0.90d (J=7, C-15 methyls),
%.?B)(C*lﬂ methyl), CD curve (methanol, C 3 mg/5 ml) [8]z27s -23.40

min). - .

Anal. Caled. for C21Has0s: C, 75.86; H, 9.70; 0. 14.44,
Found:™ C, 75.71; H, §.60; 0, 11.19.

Oxidation of Ja with excess chromic acid-pyridine reagent for
two -days and chromatography of the crude product resulted in a 15%
yield of 20 and 82% recdvery of unreacted starting material,

Conversion of gﬁ‘to AL+ --Treatment of 0.5 g of 20 with 2 ml
ethanedithiol and 0.4 ml of BFs-etherdte for 18 hr at room tempera-
ture, precipitation of the crude product by addition of methanol,
and chromatography over Florosil after thorough washing with methanol
and drying in vatuo afforded, after elution with benzene-chloroform
(1:1),a solId Thicketal which was recrystallized from methanol,
yield 0,24 g (49%), mp 192-193°, pmr signals at 3.70 (methoxyl),
3.20br (Wis=3 Hz, thioketal methylenes), 1.10 (C-4 methyl), 0.98d4 and
0.90d (J=7, C-15 methyls), 0,82 (C-10 methyl).

A mixture'of 0.1 g of the preceding compound, 2 g of Raney
nickel and 25 ml of absclute methancl was refluxed for 18 hr, fil-
[
for replacement of the carboxylic OH resonance by an additional
methoxyl signal; H-13 alsc became visible as 2.74 dt (J=8.0, 2.4).

Anal. Calcd, for C»zH:e0s: C, 69.44; H, 9.54; 0, 21.02.
Found: C, 69.50; M, 9.77; 0, 20.97.

To & solution of 0.2 g of 24a in 40 ml of dry benzene was added
0.16 g of lead tetraacetate. The solution turned brown immediately
and was refluxed under a slow stream of nitrogen, the exit gas being
bubbléd through a Ca(OH): solution. After evolution of CO, had
ceased " (6 hr), the mixture was refluxed for an additional 30 min,
cooled, filtered and the precipitate washed with hot benzene. The
coribined filtrate and washings were washed (1 M NaOH, water, and
brine), dried and evaporated; recrystallization of the residue from
hexane gave 54 mg (27%) of lactone 22, The mother liquor was chro-
matographed over Florosil. Elution with hexane-benzene (1:1) gave
20-ng of olefin 29 as a gum, pmr signals at 5.2Llc (H-12), 3.70
(methoxyl), 1.207(C-10 methyl), 1.06 {C-4 methyl), 0.90d (J=7, C-15
methyls)., TFurther elution with benzene gave 5 mg (2.5% yield) of
acetate 28b, ‘mp 156-158° (from hexane), pmr signals at 5.0ldt (J=
7.5, 2.4, H-12), 2.70 (methoxyl), 2.01 (acetate); 1.15 (C-4 methyl),
1.03 (C-10 methyl), 0.90d and 0.87d (J=7, C-15 methyls).

Anal. Caled. for C22H3s0s: C, 69.16; H, 9.25; 0, 21.38.
Found: C, 69.44; H, 9.54; 0, 21.02.

A solution of 0.1 g of 28b in 15 ml of 2% methanolic sodium
hydroxide was refluxed for ond hr, concentrated at reduced pressure,
diluted with ‘water and extracted with ether. The washed and dried
ether extract was evaporated; recrystallization of the residue from
hexane furnished 0.08 g of 28a, mp 136-137°, pmr signals at 4,21c
(H«12), 3.70 (methoxyl), 1.20 {C-10 methyl), 1.07 (C-4 methyl),
1.00d and 0.87d (J=7, C-15 methyls).

Anal. Calcd., for C20lis404: C, 71.48; H, 9.57; O, 19.20.
Found® C, 71.27; H, 8.31; 0. 18.21.

A suspension of 0.4 g of freshly prepared chromium trioxide-
pyridine complex in 10 ml of CH.Cl, was mixed with 0.028 g of 28a
in 10 ml of CH,Cl, and stirred at room temperature for 25 min.- The
entire mixture was added to the top of a silica gel column and eluted
with benzens-CHCls (1:1). Evaporation of solvent and recrystalliza-
tion from hexane gave 18 mg-of 30, mp 130-131°, [a]ff +78.3°, ir
bands at 3615 (3° hydroxyl), 1739 (cyclopentanone) and 1728 cm™!
(ester); pmr signals at 3.70 (methoxyl), 1.21 (C-10 methyl), 1.06
(C-4 methyl), 1.03d and 0.85d (C-15 methyls).

Found: C, 70.39; H, 9.39; 0, 19.02

Diborane Reduction of 2%3.~—Tc a solution of 0.15 g of Z4a in
3 ml THF Kept at -16°C was added 8 drops of a 0.9 M solution of di-
borane over a period of 5 miit. The solution was allowed to warm up
to room temperature and allowed to stand until tlc indicated com-
plete disappearance of starting material (§ hr). The mixture was
cooled to 0° and hydrolyzed with 15 ml of water. After addition of
4 g of K2€0s the aqusous layer was extracted thoroughly with ether.
Bvaporation of the washed and dried ether extracts and recrystalliza-
tion of the residue from methancl furnished 0.085 g (70%) of 28,
mp 141-142°; pmr signals at 3.70 (methoxyl), 3.0c (center of AFE part
of ABX system, H-14), 1.20 {C-4 methyl), 1.03 (C-10 methyl}, 0.88d
and 0.83d (J=7, C-15 methyls).

Anal. Calcd for C,oHa,0u: C, 70.645 K, 9.35; 0, 10.38.
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Anal. Calcd, for CziHssOu: C, 71.55; H, 10.29; 0, 18.15
Found: C, 71.80; H, 10.11; O, 18.50

Cxidation of the above with chromic trioxide-pyridine in meth-
ylene chloride solution gave a 90% yield of 22.

Reaction of 22 with Methyl Lithium.--Addition of 1 ml of a 1.5
M soluUtion of methyl Iithium in ether to an ice cold solution of
0.5 g of 22 in 30 ml of anhydrous ether, stirring for 4 hr was fol-
lowed by addition of a saturated solution of NH«(1°, The washed
and dried ether layer was evaporated and the residue g;l) was recrys-
tallized from hexane, yield 0.57 g, mp 144-145°, [a]f2 -2.08°; ir
bands at 3615, 1723 and 1707 cm™ , pmr signals at 3.?% (methoxyl),
2.81dt (J=8.8, 2.8, H-13), 2.27 (methyl ketone), 1.20 (C-4 methyl),
1.05 (C-T0 methyl), 0.89d and 0.§74 (J=7, C-15 methylsk.

Anal, Calcd, for Cz2HssOw: C, 72.89; H, 9.45; 0, 17.65.
Found? C, 72.61; H, 9.80; O, 17.27

Oxidation of 0.08 g of 27 with 0.1 g of m-chloroperbenzoic acid
in refluxing CHCls gave 54 mg (68%) of . Under identical
conditions, 24b was converted to 22 in 55% yield.

Acid-Catalyzed Cleavage of 20.--A solution of 0.2 g of 2
20 ml of CHCI: saturated with hydrogen chloride was stirred a
temperature for 4 hr and evaporated at reduced pressure. The residue
was taken up in ether; evaporation of the washed and dried ether
solution and recrystallization from hexane at -76° gave 0.174 g of
35, mp 62-63°, ir bands at 1730 (ester), 1680 and 1660 (a,B-unsaturated
ketone); ipay 237 nm (e=7160); pmr signals at 6.72t (J=4, H-12}, 3.66
(methoxyl), Z.83m (H-15), 1.20 (C-4 methyl), 0.98 (C-T0 methyl), and
1.00d (J=7, C-15 methyls).

Anal. Calcd. for Cz1Hs20s: C, 75.86; H, 9.70; O, 14.44,
Found: C, 75.70; H, 9.41; 0, 14,30

Base-Catalyzed Cleavage of 20.--A solution of 1 g of 20 in 4%
methanolic sodium methoxide was refluxed for 12 hr, cooled, evapor-
ated at reduced pressure, diluted with water and extracted with ether.
Evaporation of the washed and dried extract gave a gum which was
subject to preparative tlc (CHCl3;-2% methanol). The less polar frac-
tion was 36a (0.37 g) which could not be induced to crystallize, pmr
signals at 5.25¢ (H-11 and H-12), 3.74 and 3.72 (methoxyls), 1.05
(C-4 methyl), 1.00 (C-10 methyl), 0.83d (J=6.5, C-15 methyls).

Anal. Calcd. for CazpHasOw: €, 72.49; H, 9.95; 0, 17.56.
Found; C, 72.88; H, 9.85; O, 16.96.

The more polar product 36b (0.37 g) was also a gum and had pmr
signals at 5.10c (#-11 and H-12), 3.74 and 3.72 (methoxyls), 1.0§
(C-4 methyl), 0.90d (J=7, C-15 methyls), and 0.86 (C-10 methyl).

Anal. Calcd. for CzoHseOu: C, 72.49; H, 9.95; 0, 17.56.
Found: C, 72.79; H, 10.09; O, 17.18.

A solution of 0,1 g of 38a in 3% methanolic sedium hydroxide
was refluxed for 12 hr and acidified. The usual work-up gave 36b
in almost quantitative yield. -

Catalytic hydrogenation of the mixture of 36a and 36b obtained

prior to separation by tlc (Pd-(, ethyl acetate solution) and work-
up in the usual fashion gave a gummy residue which was a mixture of
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Anal. Calcd. for CpiHay0w: C, 71,965 H, 9.78; 0, 18.26.
Found: C, 71.57; H, 9.92; O, 18.60.

A solution of 0.2 g of 40 in 10 ml of methanol and 10 drops of
water was oxidized with 0.5 g of NaIOs by stirring at room tempera-
ture for 2 hr at the end of which periocd all starting material had
been replaced by a less polar product (tlc). The solution was di-
Juted with ether, filtered and the precipitate washed with ether.
The combined solvents were washed, dried and evaporated; the res1duezz5
(41) was recrystallized from hexane, yield 0.09 g, mp 136-137°, [alf
4E5.1°, ir bands at 2710 and 1735 sh (aldehyde), 1720 (ester) and
1700 cm™ ! (ketone); uv Apygx 281 nm, pmr signals at 9.6t (J=2.5, CHO),
3.74 (methoxyl), 1.22 (8-4 methyl), 1.21 (C-10 methyl) and 1.03d
(J=7, C-15 methyls).

Anal. Calcd. for CoiHs204: C, 72.38; H, 9.26; 0, 18.36.

Found: €, 72.19; H, 9.42; O, 18.66.

Conversion of 39 to 43.~-A solution of 0.25 g of 39 in 10 ml
of CHC1: saturated with hydrogen chloride was allowed to stand at
room temperature for 6 hr, evaporated and the residue was taken up
in ether. The washed and dried ether extract was evaporated and the
residual red gum was chromatographed over Florosil. Elution with
benzene furnished 43 which was recrystallized from hexane, yield
0.187 g, mp 99°, pmr signals at 5.36br (H-7), 4.46br (H-14), 3.73
(methoxyl), 1.2 (C-4 methyl), 1.00d and 0.98d (J=6.5, C-15 methyls),

and 0.81 (C-10 methyl), ord curve (hexane, C 5.5 mg/ml) %223 =
-2500 (min).

anal. €aled. for Cn1Ms:0.C1: C, 71.39; H, 9.36; O, §.09; CI,
9.94; WN 354, 352.
Found: €, 71.19; H, 9.49; O, 8.86; C1, 9.99; MW(MS), 354 (32%), 352.

Solvolytic Rearrangements of 7c.-- a) Tosylation of 1 g of 7a
with p-tollienesulfonyl chioride Tn pyridine in the usual fashion and

at least partial migration of the 8,9 bond which is trans-
antiparallel to the departing tosylate was to be expected. In
fact, acetolysis of 7¢ yielded a single acetate in 90% yield
whose 'H NMR spectrum did not exhibit a signal charac-
teristic of hydrogen geminal to an acetoxy group. Hydroly-
sis yielded an alcohol which resisted oxidation and acetyla-
tion under ordinary conditions. Consequently, the acetate
and the alcohol derived from it were formulated as 44a and
44b. Similarly, LiAlH4 reduction of 7¢ gave an alcohol

whose physical properties differentiated it from alcohol 4b, ‘

obviously as the result of solvolytic rearrangement to 45.
These rearrangements are similar in type to the biosyn-
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two saturated diesters (tlc, pmr spectrum). No attempt was made to
resolve the mixture.

A solution of 0.5 g of 36b in 25 ml of CH,Cl, was ozonized at
-70° until excess ozone was detected in the KI trap., The solution
was flushed with dry nitrogen and decomposed by being stirred with
one ml of dimethyl sulfide overnight. The solvent was removed at
reduced pressure and the residue taken up in ether. Evaporation of
the washed and dried ether extract, chromatography of the residue
over silica gel and elution with CHCl, gave 0.25 g of 37 as a gum
which could not be induced to crystallize, ir bands at 2735, 1730
(sh) and 1725 cm™', pmr signals at 9.4¢ (J=3, ~CHO), 3.74 and 3.72
(methoxyls), 1.13 (C-4 methyl) and 0.85 (C-10 meThyl).

Anal. Calcd. for C,sH;s0s: C, 66.64; H, 8.70; O, 24.66.
Found: C, 67.04; H, 8.79; O, 24.14,

A solution of 0.1 g of 37 in 30 ml of benzene was refluxed with
1 g of tris-triphenylphosphine rhodium chloride until the orange
color of the solution had changed to yellow. Addition of 15 ml of
ethanol to the cooled solution to precipitate the complex, filtration
and evaporation of the filtrate gave a gum which was chromatographed
over Floroesil. Elution with CHCls gave 38 (0.032 g) as a gum which
could not be induced to crystallize, pmr signals at 3,74, 3,72
(methoxyls), 1.21d (J=6, C-9 methyl), 1.21 (C-4 methyl), 0.88 (C-10
methyl).

Anal. Calcd. for Ci17H2604: C, 68.89; H, 8.52; 0, 21.59.
Found: C, 68.60; H, 9.61; 0. 21.40

Methyl Isophotolevopimarate (39).--A mixture of 0.500 g of
23a and 0.512 g of %-toluenesulfunyl chloride in 6 ml of pyridine
was kept at 0° for 20 hr, poured over crushed ice and extracted with
ether. The washed and dried ether layer was evaporated at reduced
pressure to give a gum which showed a major spot on tlc. Chroma-
tography over Florosil and elution with benzene furnighed 0.365 g
of 39 which could not be induced to crystallize, [a]§’ +9°, ir band
at 1721 cm™*(ester), pmr signals at 4.3br (H-7), 3,73 (methoxyl),
1.25 (C-4 methyl), 1.01d and 0.98d (J=7, C-15 methyls), 0.76 (C-10
methyl). -

Anal. Caled. for Cp Hs20.: C, 79.70; H, 10.19; 0, 10.11.
Found: C, 79.84; H, 10.11; 0, 10.07.

A mixture of 0,08 g of 39 in 15 ml of dioxane and 1.5 g of
KHSOy was refluxed for 10 hr\” The solvent was removed at reduced
pressure, the residue extracted with ether and the washed and dried
extract was evaporated, The residue was methyl abietate (42), yield
essentially quantitative. The same result was obtained when 23a
was refluxed with KHSO, in dioxane. -

Cleavage of 39 to 41.--A solution of 1 g of 39 in 30 ml of ben-
zene Was oxidized wit g of 0sOy in 10 ml of pyridine by stirring
at room temperature for 72 hr. The osmate ester was decomposed by
bubbling H:S through the solution of 1,5 hr, The mixture was allowed
to stand at room temperature for an additional 5 hr, filtered and

the precipitate washed with hot CHCls. The combined filtrate and
washings were washed, dried and evaporated. Chromatography of the
residue over silicic acid and elution with CHCl: furnished 40 which
was recrystallized from hexane, yield 0.35 g (36%), mp 105-106°,

pmr signals 4.21t (Jx6, H-7), 3.71 (methoxyl), 1.26 (C-4 methyl),
1.13d and 1.00d (J=7, C-15 methyls) and 0.88" (C-10 methyl).
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recrystallization of the crude product from hexane gave 0.86 g of
Zc, mp 111-112°, pmr signals at 7.2-7.6¢c (4 aromatic protons), 4.7d
(4=6.5, H-14), 3.74 (methoxyl), 3.1 (aromatic methyl), 1.16 (C-4
methyl), 0.98 (C-10 methyl), 0.81d and 0.66d (J=7, C-15 methyls).

A solution of 0.5 g of 7c and 0.3 g of sodium acetate in 25 ml
of acetic acid was rTefluxed Ffor 12 hr, evaporated at reduced pressure,
diluted with water and extracted with ether. Evaporation of the
washed and dried ether extract, chromatography of the residue over
alumina (activity III) gave 44a which was recrystalllzed_from hexane,
yield 0.418 g, mp 118-119°, Ir bands at 1728 and 1720 cm”*, pmr
signals at 3.76 (methoxyl), 2.00 (acetate), 1.13 (C-4 methyl), 0.98
(C-10 methyl), 0.79d and 0.72d (J=7, C-15 methyls).

Anal. Caled. for Cz3HseOu4: C, 73.37; H, 9.64; 0, 17.00.
Found: C, 73.58; H, 9.70; 0, 16.90.

Hydrolysis of 0.1 g of 44a with refluxing 2% methanolic sodium

hydroxide, concentration to small volume, extraction with ether and
evaporation of the washed and dried ether extract gave a bomogeneous
product (44b) which could not be induced to crystallize, ir bands at
3615 and 1720 cm”!, pmr signals at 3.74 (methoxyl), 1.22 (C-4 methyl),
1.05 {C-10 methyl), 0.85d and 0.65d (J=7, C-15 methyls).

1. Calcd. for C,Hs4O03: C, 75.413; H, 10.25; 0, 14.35.

Found: G, 75.50; H, 10.19; O, 14.47

b) Reduction of 0.1 g of 7c with 0.1 g of LiAlHs in THF at
room temperature for 4 hr followed by the usual work-up gave 45 in
quantitative yield as a gum which could not be induced to crystallize

and had pmr signals at 3.21 (center of AB system of -CH,0H), 1.02
(C-4 methy1), 0.73 (C-10 methyl), 0.73d and 0.70d (J=7, C-15 methyls).

Anal. Calcd. for C,.Ms.0: C, 82.69; H, 11.80; 0, 5.51.
Found: C, 82.21; H, 11.57; O, 5.31.

thetic pathway postulated for the atisane-aconane conver-
sion®” which has been duplicated in several diterpenoid bi-
cyclo[2.2.2]octane model systems?8:39 and utilized in the re-
cengosynthesis of the delphinine-type alkaloid talatisam-
ine.
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