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ABSTRACT

An approach to the total synthesis of the tetracyclic
triterpene shicnone 1 is described. The key intermediate id
was prepared in 17 steps (3.0% overall yield) from 2-methyl-
1l,3-cyclohexanedione., Generation ¢of the essential trans,
disubstituted C/D ring fusion of 11 was accomplished via
the stereospecific formation and cleavage of a fused methoxy-
cyclopropane system. An additional 12 steps served to cone-
vert the ketone é} into the ketal-=ketone EE} (12.5%) which
requires only addition of the side chain to complete the

total synthesis,
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Introduction

The triterpenes consist of a diverse group of C-30
isoprencid compounds which are biologically derived from
squalene, They are, with rare exception, tetra- or penta-
cyclic molecules bearing numerous asymmetric centers. The
triterpenes are widely distributed in the plant kingdom
although a few such as lanosterol &i), have been lsolated
from animal sources (1).

Althcugh the first member of this class of compounds
betulin £i> was isolated in 1788 (2), the combinaticn of
their great size and varied sterecchemistry coupled with
thelr paucity of sultable reactive cenfers rendered the
triterpenes resistant to structural elucidation for over

160 years.
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In 1949 Ruzicka and Jeger (3) determined the gross
structure of oleancic acid gi) culminating a 20 year effort
and launching a period of rapid progress in the field.
Building on the data acquired during the previous 30 yezars
relating the various triterpenes to a few widely occuring
examples, most of the basic triterpenold skeletal types
were quickly deciphered. In a parallel development, the
combination of Barton's (4) application of conformaticnal
analysis and Klyne's (5) utilization of molecular rotaticn
data led to the determination of the relative and absolute
stereochemistry of the pentacyclic triterpenes. This work
on the structural and stereochemical elucidation has been

adequately reviewed (1, 6=9).
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This increased structural knowledge ccoupled with prelim-
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inary biogenetic studies prompted Woodward and Bloch (
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to propose that lanostercl and the steroids were hic
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sized through a specific cyclization of squalene fcllowed

by methyl and hydrcgen rearrangements., Since then their

hypothesis has been fully confirmed and extended (11, 12).

Eschenmoser et al., (13) and Stork (14) independently advanced

a detalled theoretical model for the formation of the penta-

cyclic triterpenes via a concerted cyclization of squalene

fellowed by a series of Wagner-Meerwein 1,2=shifts. Again

labeling experiments have proved to be fully in accord with

the theory at least in the cases tested (15) and this theory

is now generally accepted for all the triterpenes. Cornfoerth

(16) has proposed that the theory be modified to include

reversible enzymatic trapping of certain of the carbonium

ion intermediates. He argues that pauses are required,

particularly during formation of ring E, to allow the system

to adopt the conformation necessary for further rearrangements.
More recently 2,3-oxidosqualene has been implicated as

the substrate in the enzymatic cyclizations (17, 18) accounting

for the presence of the C=3 oxygen, which is almost catholic

amonig the triterpenes and steroids. In other develcpments

the mechanisn of the formation and incorporation of mevalonic

acid into farnesyl pyrophosphate has been throughly worked

out, largely through the efforts of J. W, Cornforth. This

work is described by Clayton in his excellent review (12).

Finally, the precise mechanism of the reductive courling of

two farnesyl pyrophosphate units to form squalene nas
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yielded to intense scrutiny, particularly by Rilliing (13-21).

In chart A sgualene oxide (A=1) 1is shown in the chair

-
N

chair=-chair-boat form, which according to the Eschenmcser
theory, can cyclize directly to the carbonium ion A-2 with
the stereochemistry shown. Other conformations o¢f sqgualene
are possible which can give intermediates with different
sterecchemistry. For instance, lanosterocl (1) arises fron

[

a chalr-boat~chalr«boat cyclization followed by &a series of

1,2-shifts and loss of a proton. Hydroxyhopanone (L) on
the other hand 1s formed by an all chalr cyclization wit

id

trapping of the resultant C-20¥% carbonium ion by water.

]

# The naturally occurring triterpenes discussed herein are
numbered according to the scheme suggested by S. Allard and
G. Ourisson, Tetrahedron, 1, 277 (1957).

The dicyciic compounds described herein are named and
numbered as derivatives of naphthalene, the tricyclics as
derivatives of phenanthrene or phenalene as appropriate, and
the tetracyclics as derlvatives of chrysene as indicated in
"The Ring Index" (A. M. Patterson, L. T. Capell, and D. F.
Walker, "The Ring Index", Americzn Chemlcal Socilety, Washing=
teon, Ds €.« 1060,

Although conly one enantiomer is depl
tural formulas, all synthetic intermediat

cted in the struc-
28 are racemic,
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The carbonium ion Q&:}) serves as the key intermediate
for a number of classes of triterpenes. It can undergo
attack by water to give elther of the dammarenedlocls (é:g)
directly or the C-=17 hydrogen can migrate initiating a
backbone rearrangement leading to euphol Qé:z) or tirucallol
{ﬁ:ﬁ) depending on the sterecchemistry at C-20, Alterna~
tively, the C=16=-=C=17 bond can shift giving the cation (i-4)
which can suffer either of two fates. Eight more 1,2~shifts
starting with the C-13 hydrogen leads to shicnone (5:5)

while attack of the side chaln double bond on the carboniunm

ion gives a new carbonium ion A=6 which can lose a protcn

3

to give lupeol (A-10) or through a shift of the C=19-«(=21
V™ s
bond give A-1l, the 1immediate precursor of germanicol (A-12).
N gy
A sequence of additional Wagner=leerwein rearrangements can
then lead ultimately to alnusenone (A=14) or friedelin

g&:&g). It shoculd be emphasized that triterpenes arising

from loss of a proton from each cof the potential carbonium
ion intermediates between é:;} and é:i? have been isclated
and characterized (6).

Rearrangements similar to those proposed in the biosyn-

thetic scheme have been observed in vitro. Both friedelene

~

Y (22) an

1

o

nusenene (6) (23) give the same mixture of
o

(18)

ey,

w

A2 and a ~olanenes (7) on treatment with acid.
oy,
P

Apparently the driving force for this rearrangement is the

strain assoclated with the ¢is D/E ring fusion (23).
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Whitlock (24) has investigated the nature of such backbone
rearrangements and hilis data indicate that there 1s a rapid
equilibrium of all the possible carbonium ions accessible

by 1,2=-shifts and that the products are formed through the
most stable of these., Thils result would ascribe to the
enzyme the ability to moderate such rearrangements through
eilther control of the conformation of the nascent triterpene
making the proper carbonium ion the most stable or by pro-

vision of a basic site at the appropriate point to interrupt
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the equilibrium by removal of a proton. These questions
regarding the microscopic mechanism of the cyclization of
squalene and the subsequent rearrangements are still under
intensive investigation in several laboratories.

Synthetic efforts in the triterpene fileld have been
scant, probably due to the same factors that hindered
structural elucidation plus the apparent general lack of
bilological activity among the trlterpenes. ‘The early
synthetic work has been ably reviewed by Evans (25). The
initial attention was directed toward the symmetrical tri-
terpene o -~ononcerin Qﬁ, R=R'=0H) since this compound could
in principle be obtailned by the coupling of two identical
subunits thereby sharply reducing the number of synthetic
steps required., The discovery made by Barton and Overton
(26) during their structural studies that 4-ononcerin
diacetate gave the unnatural pentacyclic isomer Y -ononcerin
gg) dn vigorous treatment with acid was also a key facter
since this assured an entrance into the pentacyclic triter-
penes,

During the middle 1950s both Eschenmoser (27) and Corey
(28) prepared the hydrocarbon g-ononceradiene (8, R=R'=H)
via the dimerization of different intermediates derived
from sclareol (&g}m

The first triterpene total synthésis was achieved by
Stork (29) who crepared d-ononcerin in 16 steps from 6

methoxy-f-tetralone (B-1) (Charf B). The major advance in
{



1

AcO

§ oo
o

this work was the preparation of the keto-acid g;] by oxida-
tive cleavage of the C ring of the tricyclic ketone §;§,
Decarboxylative coupling of E:f was carried out electrolyt~
ically using the procedure developed by Corey (28) for o=

ononceradiene Lo give the dione B~8, Addition of ethoxye

e e N

5

acetylene, acid cataiyzed hydration, and thermal decarbexy-

lation then led to e~ononcerin ﬁ. The key intermediate B=7
™
has subsequently been synthesized more efficiently by

Ireland (30) and Sondheimer (31). Stork's accomplishment

also provided a formal entry into the hydroxyhopanone systen
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since Schaffner and coworkers (32) had already ccnverted

N -ononcerin diacetate {2) to the ketowalcohol C-1 {Chart C)
which on heating in the presence of Fuller's Earth gave the
keto-olefin (-2 which was also obtalned by a similar

treatment of hydroxyhopanone (i),

Chart C

Unfortunately, this approach was applicable only to

symmetrical triterpenes and the limited number of triter-
peries which are derivable frem symmetrical intermediates.

A second major drawback is the low yield associated with
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the acid catalyzed cyclization forming ring C (2-20%).
Halsall and Thomas (33) were the first to suggest Jjcining
dissimilar AB and DE portions followed by cyclization to

get into the oleanane system. This approach has been
successfully applied in three different laboratories (34-36),
but in each case the inefficiency of the last step severly
linited the ylelds. Also the cyclizations were generally
non-specific leading to mixtures of double bond isomers such
as l. Barton (37) has subsequently completed a partial
synthesis of R-amyrin Qii) from olean~13(18)=ene completing
a formal total synthesis of the former compound. Unfor-
tunately, however, this synthesis albeit elegant was too
léng and inefficient to serve as a general entrance into the
series of ftriterpenes related to g»&myrin such as the penta-

cyclic compounds in chart A,
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During the last several years a significant porticn of
the synthetic endeavor in the Ireland laboratories has been
directed toward the develcpment of rniore efficient and ver-
satile routes to the triterpenes. Recently, this goal has
been realized and publications describing totally synthetic
schemes leading to germanicol (é:li) (28) and alnusenone
Qﬁ:&ﬂ) (39) have appeared,

The 1nitial problem in the route to germanicol was the
preparation of the tricyclic intermediate D-3 (Chart D)
possessing the cis axial methyl groups at C-4a and C-8a.

This was accomplished by a sequence of Robtinson annulations
of 2-methyl-l,3~cyclohexanedione and ethyl vinyl ketorie to
give first the enone Q:} and then Q;g. Reductive methylation
at C~1 of D-2 and catalytic hydrogenation gave the ketone 2:§
whose structural assignment was confilrmed by comparison of a
derivative with that obtained from a natural product.

Attention was next directed at the introduction of the
side chair bearing ring E and the angular methyl group at

C~8., The difficulties assoclated with the preparation of an

o]

array of adjacent quaternary centers bearing trans oriented
methyl groups similar to that required at C-12a and C-12b
of g:é thwarted an early foray aimed at alnusenone (40).

Attempted alkylation of the ketone 12 with iodomethane under

oy

the optimum conditions led teo only 17% of the required

intermediate 13 together with 60% of O-methylated prcduct
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OE©T OEt

MeO

and 21% of starting material, This and later work have
demonstrated that the stereospecific introduction of sucn
combinations of angular methyls constitutes a weighty syn~
thetic¢ challenge and that provisions for their generation must
ferm an integral part of the synthetic plan. While many of
the problems pertaining to triterpene synthesis have been
encountered in work on the steroids, this one has received
little attention (41).

In the present case the problem was solved by formation
of the exocyclic enone Q:ﬁ which was avallable in four steps
from 8:§. Conjugeate addition of m-methoxybenzyl Grignard
'with trapping of {hie enolate anion thus formed by acetic
anhydride thren geave the enol acetate Q:E. The enolate anion
could subsequently be repgenerated in a different solvent and
selectively alkylated with methyl iodide at C=-8 with the

mathyl group approaching from the lecs hindered face of the
= 1S I3 &
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Dot
D=3
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molecule tec give, after acid catalyzed cycllization, the penta-
cyclic ketone 9:§. Further transformations into germanicol
involved a Birch reduction to give the ketone D»7 and intro-
duction of the C~17 methyl group by the conjugate addition of
cyanide. Dimethylation and remcval of the carbonyl from C-22
gave the natural product.

For the synthesis of alnusenone (39) (Chart E) the sube
units E-1 and E:g were joined by a Robinson annulation to
give the tricyclic enone §:§~ The problem of introduction
cf the C-~10a angular methyl group was solved neatly by the
conjugate addition of cyanide using the procedures develeped
by Nagata (L42), By appropriate choice of reaction conditions
either the thermodynamic cls fused product or the xinetic,
desired trans isomer §:3 could be obtained in high yield.
The cyano group was reduced to a methyl providing E:E which
was cyclized in pclyphosphoric acid'to give the pentacyclic
E:ﬁ. Selective reduction of the aromatic rings was achieved
by tle conversion of the methyl ether tc the corresponding
phenol, Birch reduction of the ethoxy substituted ring, and
re-etherification of the phenol., The E ring was then con=-
structed and the second aromatic ring was reduced and dimethy=-
lated to give alnusenone,

Very recently Stork (U43) has communicated a total synthesis
of Lupeol Sftig)' Certain aspects of this synthesis will be
mentioned in the discussion section..

In light of these initial successes a more versatile
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approach to triterpene synthesils was desired that would be
applicable in the preparation of tétracyclic as well as penta-
cyclic triterpenes. The development of one such approach
and 1ts application to the total synthesis of shionone {é:

5) is the subject of this thesis.
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Discussion

After apraising the manifold approaches to triterpene
esynthesis we had decided to direct ocur efforts at the class
of compounds possessing trans fused, dlangularly methylated
C/D ring fusions. This decision was made first because
there are a large number of triterpenes which incorporate
this feature such as the tetracyclics lanosterol &i)f euphol
QQ:Z), tirucallol &ﬁ;?), and shionone Qﬁ:?) as well as the
pentacyclics alnusenone Qﬁ:}ﬁ) and friedelin Qﬁ:}§) £6),
Secondly, a potentially general procedure for the generaticn
of the system of anti vicinal quaternary centers character-
istlc of many other triterpenes including germanicol Qﬁ:&g)
had already been developed and applied in these laboratories
(38).

The initial goal of this work was to develop a synthefic
route to a simple compound containing the desired disubsti-
tuted C/D ring fusion which could then be elaborated into
the various triterpenes. It was evident that an indane or
decalin derivative which bere suitably differentiated func-
tionality for the selective modification of both rings was
required, since the A, B, and C rings of the different
natural products bear little resemblance. A second ambition
was to demonstrate the utllity of this intermediate through

the total synthesis of a triterpene,.
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For thils phase, the tetracyclic triterpene shionone (A-5)
N>
was deemed to be an ideal challenge since work was already
in progress toward the pentacyclic alnusenone through a

pentacyclic intermediate (vide suopra) and also because 1t

seemed probable that one of the tetracyeclic intermediates in
the shionone scheme could be elaborated into the pentacyclic
series.

Shioncne cccurs in free form together with friedelin

in the roots of Aster Tataricus and can be isolated by

extraction with benzene and chromatography of the crude
extracts on alumina followed by recrystallization (44).

The optical rotary dispersion curve of shionone was super-

¥
n

R
b

imposible with that of friedelin leading Ourisson and !

>

co-workers (U4) to propose that the A rings and A/B ring
fusions of the two compounds were the same. The validity of
this propositicn was demonstrated by oxidative degradation
of the A ring of shionone employling the procedure used by
Corey (45) in his structure elucidation of friedelin. The
above results coupled with an nmr analysis of the side chain
prompted Ourisson et al. (U44) to assign the structure lﬁ to

shionone on the acsumption that it arose bilosynthetically
via a backbone rearrangement similar to that leading to other
tetracyclic triterpenes starting with the cation A-3.

A few months later the same authors (46) published

the revised, correct structure A-5 based on their chemical
N
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degradation cof the side chain, They were able to convert
the side chain F-1 through a series of standard transfor-

mations to the allylic bromide E:ﬁ (Chart F), but were unable

Chart F
CH : CH CH
§ 3 8 | 3 _ |3 ,9
R=C~CH,~CH,=CH=G — R=C~CHy=CH,~CO_ H -—- R=C-CH,~CH=C] ~———s
. 2 ~
{ 0}13 \ | @
Rl R' Rl
Pl F=2 F-3
CH CH
L 3 ) | = 9
R=C~CH~-CH=C_  — N— R=~C=CH=CH=C_
AN @ | @
R' Br Rt
el F=5

N (S
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to dehydrobrominate E:ﬂ to the anticipated diene E:;
suggesting that the carbon bearing the methvl group was
quarternary. These data implicated the cation é:ﬂ as the
blcgenetic precursor to shicnone leading to the proposal
of the correct structure,

The structural assignment was placed on a firm chemical
ground in 1967 by an exhaustive degradation of the side chain
and mass spectroscopic studies on the tetracyclic molecule
remaining, verifying the position of attachment of the side
chain (47), In an accompanying paper Takahashi and co-wcrkers
(i8) related shionone to friedelin by the preparation of the
olefin 3? from shionone by a variation of the route that

gave E:} and from friedelin by oxidative cleavage of the E

ring.

COZCH3

15

N

In considering a synthesis of the length and complexity
requlred for a molecule such as shionone, it 1is convenient
to work backwards from the natural product toward readily
avallable starting materials. In this way one can simplify

the structure one step at a time in a "reverse synthetically
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plausible manner" to arrive at intermediates which are more
ammenable to direct attack.,

To illustrate this process in the case of shionone
consider chart G, Removal of the side chain gets rid of
cne asymmetric center and a potentially troublesome double
bond while leaving behind most of the backbone of shionone
as well as alnusenone and friedelin., At the same time, it
is reasdnable to assume that, with suitable functionality in
the D ring of g:&, the side chain could be intrcduced near
the end of the synthesis without affecting the rest of the
molecule,

A second major simplification can be achieved by the
presumption that the A ring could be derived from the anisole
derivative G-2. It 1s well knbwn that Birch reduction of
anisole ringsof this type glves the corresponding 2-keto-l-
enes which have an oxygen atom in the required position for
all the triterpenes of interest and a double bond activating
the carbons that will eventually have to carry the wvicinal
methyl groups. Thus it appears that the tetracyclic =g
would serve as an admirable key intermediate for btoth
shionone and the related pentacyclic tritervenes.

It 1s further appreciated that aromatic rings are
stable to a wide variety of chemical reacticns and that the
B ring of Q:? cculd rotentially ve closed by an intra-
molecular cyclcalkylation reaction. The utility of this

approach tc polycyllic systems 1s .evident from its extensive
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application 1in steroid synthesis (49) and has recently been
extended to systems of more immediate iInterest by the model
studies carried out by Ireland, Baldwin, and Welch (50).
These workers examined the outcome of the acld promoted
cyclizations of the bicyclic compounds l§—£§ and found that,

regardless of the starting material, the product consisted

of a 3:1 ratio of the trans, anti, trans ketone i9 and the

cis, anti, trans isomer §Q° They also presented a detailed

theoretical argument to account for the stereochemical out-
come of this reaction. This argument will be summarized later

for the case of the ketone G-2, £t (g)=0,

z=3 -OH,3 ~CH,

16
il
18

Finally, with the favorable result of the c¢yclilzation

7=3 -OH,3 -CH,

indicated, it can be assumed that the A and B rings can be

generated by the addition of ag-phenylethyl side chain to

the decalin derivative G«3, This derivative is precisely the
N oy

type of intermediate which was the first geal of this work,
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It is anticlipated that analyses similar tc that above
starting with other triterpenes would verify the versatility
of G-3 as a synthetic intermediate.
Ny
A possible approach to conpounds of this type was
suggested by Wenkert's (51) successful synthesis of valer-
anone (H-4) in which a fused methoxycyclopropane was used

as a source of an angular methyl group. Wenkert prepared

the equatorial allylic alcohol H=1 (Chart H) by lithium

Chart H
—3=
——
HO l,",( 0 . lu,( !

9)

OCH CHg s on,3 - Hel
H_2 Z: =Ull g = i

H"'l ———

H-3 Z=H,
N
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aluminum hydride reduction of the corresponding ketone. This
alcohol was fthen stereospecifically cyclopropylated with the
Simmons-Smith reagent to give the alcohol H-2,

The Simmons=Smith reagent can be most easily formulated

as icdomethylzine iodide 21 and 1s formed by the action of

dliocdomethane on zinc-copper couple (52). This reagent will

I-CHp=Zn-I

21

N,

transfer methylene to olefins under mild conditions to give
the derlved cyclopropanes (53) and is directed by allylic
(54) and homoallylic (55) alcohols tc glve the products of
¢is addition presumably through a prior coordination of the
zinc atom with the hydroxyl oxygen.

There are no known exceptions to this directing effect
in six membered rings (56) so Wenkert was assured of the
stereochemistry of the methoxycyclopropane g:g on the basis
of the known stereochemistry of the alcohol He1. Finally,
after removal of the C=-3 oxygen by oxidation and Wolff-
Kishner reduction of the resultant ketone, the methcxycyclo=-
propane system of @:3 was cleaved in acid to give valeranone
gg:ﬁ) in gcod yield,

It.appeared that 1if this method could be extended to

the axial homecallyiic aieschol H-5, it would provide a route
Sy
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to the trans fused dlangularly substituted naphthalenone g:]

with the required differing functionality in each ring.
Unfortunately, preliminary attempts to prepare the alcohol

E:?, R=CH3 ran into difficulties due to the sensitivity of
he enol ether and 1t was decided to carry cut a2 model

study on the more stable analogue I~6 tc see 1f the Simmons-

(€7}

mith reaction would 1ndeed work as hoped on this system.
Molecular models indicated that the p-face of this compound
jas significantly less hindered than the o =face and it was
feared that the adverse steric effects might overwhelm the
directing influence of the axial alcchol, particularly since
the Simmons-Smith reagent is known to be respcnsive to steric
hindrance (57).

The dione, "Miescher's ketone" Qg;i) (58) was reduced
with lithium aluminum hydride and was acetylated to give the
known dilacetate I1-2, R=0Ac (59) (Chart I). The diacetate
was carried on without isolation by treatment with lithium
in ethylamine to affect allylic cleavage of the C=3 acetate
according to the general procedure of Hallsworth and his
co-workers(60) giving the alcohol I-4 which had been previously
prepared by Marshall (61) in a similar manner, Oxidation of
the crude cleavage products with chromic acid in acetone (62)
then gave, after column chromatcgraphy, 3% of the hydrocarbon
I-3 which was identified on the basis of 1ts nmr and ir

spectra (63), and 35% (from the dione I-1) of the anticipated
e Y
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ketcne 5:2.

The olefin E:;_apparently arose by homoallylic cleavage
of the l-acetate during the dissolving metal reductlon of I-2,
R=0Ac to give the cyclopropyl radical gg. There is precedent
for such hcomoallylic reductions in the literature. EKeuscn
(64) has recently rzported that the action of lithium in
ammonriia on the dione E:} gives 80% of the cyclopropyl ketone
g] which resulte from protolysis of the enolate anion §§
during isolation. In the present case, the first formed
product 22 can react further. Acquisition of an electron by
either the acetate or the C-5 radical could lead to the cleav-
age of the second acetate to give the olefin 22- This vinyl
cyclopropane 1s isoelectronic with the «-carbonyl cyclepropyl
ketcnes which are known to undergo ready reductive cleavage
to products related to I-3 {65).

Successive reaction of the major oxidation product, the
ketone I-5, with dimethyloxosulfonium methylide and lithium
aluminum hydride provided a 6:1 ratio (nmr) of the axial and
equatorial alcohols £:§ and E:j respectively. The stereo-
chemlstry of the addition was predicated on the results of
Corey and Chaykoveky (€6) and Cook, Corley, and Wall (67)
regarding the stereochemistry of the attack of sulfonium
ylides on various cyclohexanones znd steroidal ketones.
Specifically, they found that dimecthyloxosulfonium methylide
gave almost exclusively the oxirane resulting from equatorial

approach ol the reagent while with the less bulky ncroXxygenated
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analogue, dimethylsulfonium methylicde; the product of
axlal attack was obtained.

The atereochemistry of the alcohols was further estab-
lished on the basis of the followlng data. The major isomer
exhibited 2 hilgher »,f. on silica gel tlc indicating that 1t

was the more hindered axial isomer. On dehydration with



34

phosphorous oxychloride in pyricdine, the major iscmer gave
an endocycllic clefin with one vinyl prcton in the nmr, a
result characteristic of axial alcohols. On the other hand,
the minor isomer gave a 2:1 mixture of exo- and endocyclic
olefins (nmr) since the most favorable transition state for
the dehydration involves a trans, diaxlal elimination of
water and therc 1s no proton in the ring which is axially
disposed with respect to the equatorial oxygen. The valid-
ity of this procedure for the distinction of axial and
equatorial alcohols was established by Barton (63) during
his conformational studies of steroids. A compound which
was idéntical with the minor isomer I-7 was prepared by the
additlon of methyl lithium to the ketcne E:?, a process which
according to the Felkin principle (£9) should cccur by axial
entry of the reagent to give the equatorial alcohol.
Treatment of the isolated axial alcohol I=-6 with a ten
fold excess of the Simmons-Smith reagent resulted in a very
facll reaction. It was complete in less than an hour at
room temperature and gave a single cyclopropyl alcohol in
63% yield. This was assumed to be the desired «~isomer I-8
because of the rate and stereospecificity of the reaction.
The reactlons of the Simmons-Smlth reagent with unactivated
double tonds such as that availeble for g-attack in g:é is
known to require several hours at reflux (53) so that it is

reasonable Lo suppose that the reaction in thls case was
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facilitated by coordination of the reagent with the axial
oxygen demanding that attack occur from the o(-side of the
molecule,

With the successful conclusion of the model study,
attention was once agailn directed at the synthesls of the
alechol H-5. 1,h-Dimethoxybutanone (J=1) is available from
butyne-1,4~-diol in two steps in 55% yield (70). 1t was
necessary to eliminate methanol from this compound to give
the corresponding vinyl ketone g§ which was to be used in
an Robinson annulation with the dione i;ﬁ' This process was
attended with some difficulty, however, and various methods
vere explored inclpding pyrolysis in silicon oil, flow
pyroclysis through a packed tube, acid catalyzed elimination,
and pyrolysis in a slurry of scdium benzoate. The packed
tube method appeared to give the best yleld, but was too
eslow using the avallable equipment. The method zdopted
involved the rapid heating to 180-200° of a rcund bottom
flask containing about equal welghts of sodium benzoate
and g:i with vigorous stirring and continuous distillatiocon

o}

4

of the products (71). This procedure provided a 35% vie

of the vinyl ketone gﬁ as determined by nmr analysis of th

(8Y)

distillate which also contained the liberated methanol and
a small amount of the starting materlal J-1,.
Ny
The vinyl ketone was condensed directly with Z-methyl-
1,3~cyclohexanedione (J-2) (Chart J) in the presence of
P

potassium hydroxide (58). The addition product 29 was
% ooy



36

ragistant to cyclodehydration under the usual conditiocns of
pyrrolidine catalyst in refluxing benzene (58) giving oﬁly
the alcohol §Q which slowly decomposed under the reaction
conditicns, This alcohol could be dehydrated with thionyl

chloride in pyridine (72), out this two step process was

0 0
=
0 0
0 0 OH
OCH OCH
28 29 £

inferior to the method employed by H. Smith and co-workers
(73), who carried out similar cyclodehydrations as part of
their synthetic endeavors on estrone. Exposure of the crude
addition product 29 to triethylammonium benzoate in refluxing
Xylene resulted in a smooth cyclization and a 16% yield of
the dione J-3 (from the butanone g:}) was obtained after an
aqueous workup and recrystallization.

As the demands for the naphthalenedione g:§ grew, a
procedure which was shorter and more amenable to large
scale preparations was sought. It was gratifying to discover
that the pyrolysis of g:l could be carried out in refluxing
xylene contalning an excess of the dihydroresorcinel J-2 and
a catalytic amount of triethyvlamine tc give the condensation

A L S . at T Va3 o oo v v omA FaP en A
products directly., Distillatlion of thz2 methanol fermed,
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addition of the triethylammonium benzoate catalyst, and over-
night reflux followed vy an aqueous workup then gave a crude
solild from which 52-«59% of the dione J~3 could be obtained

on trituration with ether., In addition to the superior yield,
this process required only one rather than three days and
could be adapted to almost any scale,

The reduction, acetylation, and allylic cleavage of Q:é
proceeded as in the model compound except that the cleavage
gave extensive side mroducts unless the lithium wire was
freshly cut into smell pleces and added rapidly to the solu~
ticen of the diacetate in ethylamine. It was also necessary
to havé tert-butyl alcohol present to prevent the formation
of lithium ethylamide which could displace the methyl group
cf the enol ether giving an enolate anion which would provide
the corresponding ketone on protolysis. The ylelds were
variable, but under optimum conditions 65% of a crystalline
alcchol was avallable after chromatograpny.

Oxidation with chromium trioxide dipyridine complex
(Collins reagent) (T4) gave 83% cf the ketone J-~4 which was
generally treated with dimethyloxosulfonium methylide with-
out further purification. The resulting mixture of epoxides

-

was reduced immediately with lithium aluminum hydride in pyri-

I R

dine to give 77% of the desired axial alcohol J-5 together

with a small amount of the equatorial epimer J-6 which was

alzo avallable in quantitative yield by addition of methyl

lithkium to the ketone J-4, VWhen the reducticn was conducted
NPy P
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in ether, formation of the cyclic ketal J-7 occurréd as a
side reactioni. This ketal was formed in 80% yield when a
slightly acidic sclution of the crude alcohol g:é in chloro-~
form was allowed to stand for several days at rocm tempera-
ture., Formation of this ketal, although troublesome at first,
~was providential in providing an unequivocal proof of the
stereochemistry of the axial alcohol g;é since such a cycliza-
ticn would be sterically impossible for the equatorial
isomer g;é. Use of the pyridine solvent in the hydride
reduction served to complex the aluminum thus preventirng
lewls acid promoted processes,

The Simmons-Smith reaction of the axial alcohol J-5
was carried out in the presence of one equivalent of dimeth-
oxyethane to precipitate zinc iodide as it formed (75) in
an effort to avoid the problems encountered above, The
reaction was complete in less than 30 minutes and gave a
single methoxycyleopropane in 83% yield., In order to cleave
the cyclopropane ring, it was necessary to treat it with 7%
hydrochioric acid in refluxing methanocl for two hours. These
conditions resuited in extensive dehydration of the tertlary
.alcohol and it was most convenlent to allcw the dehydration
te go to completion to give 74% of the keto-olefin g:g.

Although the stereochemictry of this compound scemnad
assured on the basls of the above results, 1t was desirable
to have a positive proof of the assigned structure. A

sultable compound for comparison had been prepared previously
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by Ireland and Dawson {(76) in connection with their polyene
cyclization ezperimeﬂts. As part of a program to prepar=
ccmpounds 1like the key intermediate 8;3: they needed to
determine whether a concerted polyene cyclization could
proceed through a tetrasubstituted double bond to give a
trans fused decalln or i1f the cyclization would be inter-
rupted at the initially formed tertiary carbonium ion. Bromi--
nation of 2,3-dimethylbutadiene (g:i) and coupling with ailyl
grignard preceeded well to the symmetrical triene é:é (Chart
K). Hydroboration with one equlivalent cof disiamylborane
and oxidation gave a statistical mixture of starting material,
mono~alcohol and diol which was readlly separated on florisil.
Collins oxidation of the isoclated mono~zlcchol then gave the
cyclization substrate K-4 in 26% yield (from the butadiens
5:}), The best conditions for the cyclization were found to
be stannic chloride in ice cold nitromethane followed by
catalytic hydrogenation of the resultant olefin mixture to
provide, after preparative tlc, U4C% of the equatorial alcchol
K=5 and 5% of axial alcohol K-6. The stereochemistry of the
major isomer was proven by x-ray crystallographic analysis of
the p-bromobenzoate derivative K-7,

In order to relate the sterecchemistry of K-5 with that
cf the product of the c¢yclopropane cleavage, the alcdhol Was

oxidized to the corresponding ketone K-8 which was treatecd

)

(V]
e
<t
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with methyl 1ithium, Enolization ccmpetad el ively with
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addition in this case, and it was necessary to repeat the
treatment to obtain a 79% yield of the tertiary alcohol X-9.
It was anticipated that the steric hinderance offered by the
C-l4a methyl group would reguire the reagent to approach equa-
torially to give the axial alcohol (69). In suppcrt of this
expectation, the nmr spectrum of the product 5:2 revezaled
that the C~4da angular methyl was deshielded by 20 Hz from its
position in the egquatorial alcohol é:?, presumably due to its
proximity to the axial oxygen. Thionyl chloride dehydration
of' the alcohol went smoothly to give 42% of the volatile
hydrocarbon 5:;9. A hydroccarbon which was identical in all
respects (ir, nmr, mp, mmp) was obtained via Wolff=~Kishner
réduction of the keto-o0lefin g;g'thus confirming the structural
assignment.

The initial plan for the conversion of the dicyclic
keto-olefin J-9 to the tetracyclic ketone (-2, f(g)= =0
called for preparatlion of the exocyclic q,p-unsaturated
ketone L=-3 (Chart L). For this synthesis we proposed the
photooxygenation of the clefin E:} which was available in
nearly quantitative yield by careful kestalization of g:g.

The photodxygenation reaction has been widely studied
and it has been established that cyclic olefins bearing a
methyl group such as é& (77) give mainly the product of
hydregen abstraction from the meéhyl grouy, 32 which provides

e

the corresponding allylic aleochol 33 on reduction, The data
~ey
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available at the time favored an "ene" type mechanism
invelving a concerted attack of one of the oxygen atoms
along a p orbital of the double bond simultaneously with

hydrogen abstraction by the other oxygen atom. The argument

(I g — (L
—_— ==

_ 0-0H 0-~0H OH
9 : 1
\3/3; 32 23

accounted for the selectivity of the reaction on the basis
that oﬁly the methyl hydrogens could rotate so as to maintain
continuous overlap of the breaking C-H bond with the yw system.
The more recent results of Fenical, Kearns and Radlick (78)
have implicated the intermediacy of perepoxides such as ég

in this reaction; however, it appears that the reasoning
invoked above to explain the selectivity would also be valid
fer the dscompesition of éﬂ to products,

Unfortunately, the olefin &:} proved to be extremely
resistant to photooxygenation under a varlety of ccenditions.
Using eilther rose bengeal sensitizer in iéopropanol (79) or
the ozone~triphenylphosphite complex (80) to generate singiet
oxygen, only starting material and tar were recovered. The
Nickon and Bagli (8L} conditions of hematophoryn sensi-
tizer In pyridine at room temperature gave better results and

) %2
R X

(W]

alter hours, gas liquid chromatography indicated that
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H

about 2/3 of the starting material had been consumed. The
crude hydroperoxide was recuced with lithium aluminum hydride
to give 31% of a single allylic alcohol which was assigned
the structure L-2 on the assumption that the singiet oxygen
would approach the molecule from the side opposite the C-ia
angular methyl., Apparently the steric hindrance presented
by the two angular methyl groups is sufficient to slow the
reaction drastically permitting side reactions to ccmpete,
Such a conclusion is in accerd with Nicken's results (81 which
indicate that the attack of singlet oxygen 1s quite sensitive
to steric effects.

While the resuits obtalned by Ireland, Baldwin, and
Welch (50) on a related allylic alcohol indicated that the
proposed oxidation and 1,4-addition of memethoxybenzyl grige-
nard would proceed as desired to glive the ketone &:ﬂ, the
inefficiency of the photodxygenation step made other routes
appear more attractive. One potentially promising apprcach

to the allylic alcohol L=2 which avoided the photoozygenation
e
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step, the strong base induced cleavage of the epoxlde é? (82),
was considered onliy briefly before moving on. Later work by
D. Dawson (83) has demonstrated the feasibility of this
proccedure in the presence of a more stable protggting group

for the ketone.

™
0O o

12777

/1117
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One inviting method for the introduction of the side
chain possessing the A ring was cleavége cf the epoxide E:i
(Chart M) with a dialkyl magnesium. Some preliminary experi-
ments showed that ether solutions of dibenzyl- or di-memethoxy-
benzylmagnesium could be prepared from solutions of the
corresponding Grignard reagents by precipitation of the
magnesiums halides with one equivalent of dioxane in a
modification of the Christensen (84) procedure, When stirring
was halted, tne precipitate settled rapidly and the supernatant
could be withdrawn with a syringe and added to a solution of
the epoxide in dioxane., Using dibenzyl magnesium, the cleavage
went smoothly to give the axial alcohol }M=2, R=H in 80% yield.
The alcohol was generally treated directly with the Simmons-
Smith reagent to give U45% of the desired methoxycyclopropane

13, R=H together with 12% of the characterlstic cyclic

\
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Chart M
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ketal M-4, R=H,

AN

When di-m-methoxybenzylmagnesium was employed in the
same reaction, the very first attempt resulted in an 86%
yield of the alcohol M-2, R=0CH, which was carried on to

3

give 66% of the cyclopropane ¥=-3, R=0CH, and 8% of the
A

3
ketal E:ﬁf R=OCH3 as expected, Cleavage of the metheoxy-
cvclopropane in acidic methanol as before gave only UEZ of
the contemplated product, the keto-olefin gt;e probably due
to competing attack of the anisole ring on the carbonium
ion formed during the dehydration of the tertiary alcohol.
The initial favorable result in the epoxide cleavage
with di-m-methoxybenzylmagnesium was not reproducible.
Subsequent reactions proved to be highly capricious giving
from 24-57% of the required alcohol M-2, R=0CH; together
with 2 host of side products. A great deal of effort was
expended in trying to ascertain the cause of this variability
without success. The di-m-methoxybenzyl magnesium was
always titrated (85) prior to use and the amount of reagent
formed did not vary appreciably from rur to run., Also the
relative amcunts of solvents and the reaction times were
varied tc no avail, After this work had been abandonzsd,
a report by Morrison, Atkins, and Tamaszewski (86) suggested
that suspended magnesium chloride dioxinate can be a source
of varilability in these reactions. A reinvestigation of
this epoxide cleavage should take this possibility into

account.,
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While the abeve experiments were in progress, a paper
by Brown and Dickason (87) appeared describing a new reduc-
ing agent for the preparation of axial alcohols from cyclo-
hexarnicnes opening new avenues to the synthesls of the tetra-
cyclic intermediate G-2, Several reduction experiments were
carried out on the ketone g:é to investigate the utility of
the new reagent, lithium 9b-boraperhydrophenalyl hydride (5:&),
in systems of immediate interest. A typical yield was 64%

2

J=c

of a 56:U44 ratio of the axial and equitorial alcohols
and £:ﬁ respectively (Chart N). The ratio of isomers was
insensitive to temperature between =~78° and 25° so the reac-
" tions were usually run at 0°, Fortunately, it was soon dis-
covered that the pcor yields could be improved by modifying
the preparation of the reagent. Brown reported that the
reagent could be obtained by heating a solution of 9b=bora-
perhydrophenalene (88) in tetrahydrofuran at reflux in the
presence of "a moderate excess c¢f lithium hydride" for three
hours. Experience has shown that 1t 1is necessary to use a
large excess ( > than 20 fold) of lithium hydride and to
extend the reflux period to six hours to obtain a reliable
reagent itbis alsc advisable to run this reaction uncer an
argon atmosphere since the trialkylborane 1is sensitive to
even traces of oxygen. |

Wlth the borohydride prepared in the above manner, 1t
was possible to routinely achleve a quantitative yield of a

70:30 nixture of the alcohols N=3 and N-4 gn reduction of the
Nosracote e



Chart

N
0
X
SRS

rree?

on

rreee

K-6

N

50

H=

Li

OH

11errd

OH



51

ketone g:ﬁ. The maJor 1somer readily cyclized to the ketal
g:i on standing cvernight 1in cdeuterochloroform in an nmr tube
while the mincr isomer had been prepared previously so that
the stereochemical outcome of the reduction was clearly
defined.

When the crude mixture of alcohols was treated with an
excess of the Simmons-Smith reagent, once again a facille

reaction ensued providing 59% of the methoxycyclopropane

(e}

ﬁ:ﬁ (from the ketone J-4) after chromatography. 7The cyclo-
propane ring cleaved as expected on treatment with acid to
give B0% of the keto-alcohol N=7. With the more stable
seconﬁéry alcohol at C-1, it was posslble to achieve ring
opening without concomitant dzhydration by following the
reaction and stopping it when the desired transformation

was complete, This represents a more versatile synthesis of

n

the trans-fused, diangularly substituted naphthalene cof the
type G-3 than that accomplished before (Chart J). The keto-
olefin E:l should be an admirable synthetic intermediate
since it 1s potentilally a masked, symmetrical diketone.

In order to provide unequivocal proof of the stereo=
chemistry of the ring fusion of N-7 1t was necessary to
relate 1t to the alcohol of known configuration 5:2. Wolff-
Kishner reduction of 5:2 preceeded poorly, presumably due tc
the sterlc hindrance to hydrazone formation associated with

the angular methyl groups and the axial alcohol, but cld
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previde 23% of the alcohol g:é which was spectrally identical
(nmr, ir) to the minor isomer obttained by Ireland and Dawson
from the cyclization of the aldehyde 5:5, Chromic acid cxi-
dation gave the ketone K-8 which was identical in all res-
pects {(ir, nmr, mp, mmp) to that prepared by a similar oxi-
dation of the equitorial alcohol K-~5. With the successful
culmination of this phase of the work, it was appropriate to
consider methods for adding the A and B rings to the keto-
alcohol N-7.

The most direct approach would be to add a f-phenylethyl
side chain to the carbonyl and then to manipulate the ring
functionality tc provide a suitable substrate for the acid
catalyzed closure to the tetracyclic G«2. 1In order to Impli=-
ment this plan, it was first necessary to convert the alcchol
toc a more stable group. Teking advantage of the symmetry of
N-T7, the ketone was protected as the ketal,.a reaction which
was accompanied by extensive dehydration of the secondary
alcohol. Thus ketalization of N-7 gave only a 68% yield of
the ketal 0-1 which was oxldized quantitatively to the ketone
O=2 with chromic acld (Chart 0).

The dehydration procducts proved to be a complicated mix-
ture in contrast to the situation encountered before wlth the
alcohol g:ﬁ (Chart J). ©One possible explanation for this
result is that the initially formed carbcnium ion §§ could
loose a proton from $«~6 or suffer rearrangement to the more

stable tertlary carbonium ion 37 which could locse a

A



vl
w

proton in either cf two directions or rearrange further. There

is no a priorl reason tou expect a single process to predominate,

]
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Arni attempt to add the side chain by treatment of the ketal
0=2 with 2-m-methoxyphenyletnylmzgnesium bromide led only to
reduction of the ketcone. Such a result had heen encountered
previously by Barltrop and Rogers (89) in their attempt to
add the Grignard reagent to the cyclohexanone §§, These
workers turned to the less hindered potassium memethoxy-
phenylacetylide (9:3) which they formed by addition of the
corresponding acetylene in ether to a sclution of potassium
amide in liquid ammonia. Addition of an ether solution of
the ketone §§ gave, after catalytic hydrogenation over
palladium on carbon and distillation, 80% of the alcohol 39.

In the present case, 1t was more convenient to form the
acetylide by the dropwise addition of cone equivalent of the
acetylene to an ethereal sclution of n«butyl 1lithium. The
substrate could then be added and the ensuing reaction could

be followed by vpe, After four hours no Turther change was
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39

discernable and the product was obtained as a €0:40 ratio of
the addition compound and starting material after chromato-
graphy. The mixture was hydrogenated gnder the publlished
conditicns to give a similar mixture of the alcohol g:ﬂ and
the starting ketone 9:}. This crude product was dehydrated

with thionyl chloride in pyridine to give an overall yield

of only 38% of the olefin 9:§ that was readily separable

ct

from the starting ketone 0O-1. Once agalin it appeared tha

4
-~

the steric hindrance attendant with the disubstituted

"3

on

.

o

fn
-d

fusion, in this case butressed by the axial oxygen of the ketal,
reared its ugly head to render a promising route mediocre. 1In
spite of this seftback it was decided to press on in hopes
of obtaining a sample cf the tetracyclic S:E for ccmparison
with the product from other more efficient routes.

Hydroboration of the olefin 9:2 proceeded slowly and

af'ter two hours at room temperature 37% ©f the secondary alco-

l,_h

ed on coxidat

i

. r i . .
on along with 16% of reccversd

<

hol O-6 was obtail
N~
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starting material, whille longer reaction times led to lower
yiélds. Chromic acid oxidation of the alcohol did go well

to give a quantitative yileld of the ketone é:ﬂ, This ketone,
unfortunately, wés resistant to attempts to add a methyl
group and form the alcohol Q:Z' When 1t was treated with
methylmagnesium iodide, dimethylmagnesium, or methyl lithium
at temperatures ranging between =78° and 25°, only recovered
starting material was 1solated. At the time it was concluded
that enolizatlion of the ketone was occuring, again due to the
bulk at the ring fuslon, and this route was abandoned.

In light of the reasoning that most of the problems with
the above scheme were assoclated with the steric bulk of the
ketal and angular substituents, i1t appeared that the route
could be resurrected if this factor could be controlled.

One simple method to achieve this would be to delay the
cleavage of the methoxycyclopropane system of N=5 uﬁtil the
other transformations were complete. The intact cyclecoropane
ring should have the effect of flattening the ring system
while at the same time tying back the carbon atom that would
later become the C-lUa anpgular methyl. An additional advantage
of this innovation is that 1¢ would avold the inexpedient
ketalization of the keto~alcohol HN=7.

In accord with the abtcve vplan, the methoxycyclopropane
§:§ vas oxidized with chromic acld to glve 73% of the ketone
2:} {Chart P)., On treatment with 2mm~methoxyphenylethy1«'

3

. N —0 ) —
nagnesium bromide there was obtained 58% of a 1:1 mixture
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of the reduction product, the alcchol E:ﬁ, and the addition
product‘gcz, R=0Me, VWhen lithium m-methoxyphenvlacetyliide
was emplcyed under the same conditions used before and the
crude propargyl alcohols were hydrogenated, 44% of the axial
alcohol M-3, R=0Me and 46% of the equatcrilal isomer P-2 were
reccvered., The stereochemical assignment of these products
was based on the higher tlc mobility of the axial isomer and
was confirmed by the dehydration experiments described below,
It is possible that a higher portion of the desired axial
alcohol could be obtained by running the reaction at a lower
temperature than 25°, This point was not pursued in the
present work because a shorter and preparatively more useful
route tc the tetracyclic ketone G-2, f(g)=0 had just been
complete by C, Kowalski (90) in the Ireland laboratories
changing the purpcse of this work to that of providing a
sample of the same compound whose stereochemistry about the
C/D ring fusion was rigorously defined for ccmparison.,

Both the axlaX alcohol M-3, R=OMe and the equatorial
isoner g:g were dehydrated with thionyl chloride in pyridine
to give 91% and 43%7 of the olefins P~3 and P-4 respectively.
The assignment of E:; as the endocyclic clefin was based on
the relative widths of the vinyl proton peaks in the nar
spectra, 12 vs 20 Hz for the exocyclic olefin P-4, as well
as the further reactions of P-3. The exccyclic olefin 1is
expected te exhibit a broader vinyl resonance since the n-

mzthoxybenzyl substituent can rotate freely allowing efficient
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coupling between the benzyl and vinyl protons, while in the
relatively rigid ring, the various protons exist at fixed
dihedral angles., The result of the dehydration experiments
verifies the stereochemical assignment of the alcohecls on
the strength of BRarton's criteria (68).

Hydrcboration and subsequent oxidation of the olefin g:;
rroceeded without incident to the ketone g:é in 62% yield.
Treatment of E:é with ten equivalents c¢f methyl lithium at
room temperature provided 90% of a single tertiary alcohol
assigned the structure g:] on the assumption that the methyl
anion would approach equatorially to aveld a 1,3-diaxial
interaction with the C-4a angular methyl. The facility of
these transfcrmations provides support for the hypothesis
that the prohlems assoclated with the previous efforts
(Charts L and 0) were indeed steric in nature.

The alcohol E:z was treated under the conditions used
previously to cleave the methoxycyclopropane ring system and
the'réaction was followed by analytical tlc. The tertliary
alcohol dehydrated first giving rise to a very mobile spot
which slowly gave way to a slightly less mobile spot corre-
sponding to the mixture of olefinic ketones E:ﬁ. Prepsrative
tic of the crude product gave 91% of a colcorless oil which
consisted of a 70:30 mixture of the tetrasubstituted and
trisubstituted douhle bond iscmers by nmr integration of the
angular methyl region.

yeral

v

The olefin mixture wag malnitzined at eaflux for s

¢!
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Chart P (continued)




61

hours in a 20% solution of p-tolulenesuifonic acid in teclu-
lene to effect cyclization., Chromatography gave 78% of an

80:20 ratio of two compounds which were assigned as the trans,

anti, trans and cis, anti, trans ketones P-9 and P-10 res-
R )
pectively., Later, for preparative purposes it was found that

ycid

¢

the cyclization went better in refluxing trifluorocacetic
and that 1t wac possible tc achieve a 94% yield of a 85:15

mixture of the two ketones from which 65=70% cf the desired

»

ketone‘g:g could be obtalned by direct crystallization from
ethariocl, The components of the mother liquors were extremesly
resistant to separation, but could be partially purified by
careful chromatography on grade I alumina (91). The overall
yiqld of the ketone P-9 from the dione J-3 was 3.3% in 15
gsteps.,

That bcth the ketone isomers were the products of cycliza=
tion para to the methoxyl group was evident from their ir
spectra which exhibited aromatic bands at 1600 and 1500 cm=i.
A smal) sample of the lU-methoxy-isomer of g;g-resulting from
ortho cyclization was cbtained by C. Lipinskil (92) from a
concerted cyclization (vide infraz) and this material had
aromatic bands in the ir at 1595 and 1575 em .,

Of the four possible tetracyclic 2-methoxy-isomers; the
two syn isomers could be dropped from consideraticn tecause

.

their formation would reguire equitorial protonation at C=5

of 40 and require that the € ring adopt an unfavorable twict

[y
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boat conformation or suffer a secere 1l,3-diaxial interaction
between the C-=8a angular methyl grcup and the axial side chzain.

Both of these processes are expected to be of significantly

CH_O
3

40

the conformers 41 and 42 both of which have ring C in the
more stable chair form. Of the two, cyclization 1s predizted
te occur mainly through the conformer g} to give the trans,
antl, trans tetracyclic P-9 because the developing 1,3-

diaxlal interactlion between the incoming aromatic ring and
o [

the C-la argular methyl group in gg should make c¢yclization

3
0

through this conformer a less favorable process (53).

()

That the regqulred trans, anti, trans isomer d4id predomin-

ate was readlly apparent from the nmr spectra of the two 1lso-

ated ketones. £As can be ascertained from the conformational

I}
6]

drawings, the c¢is 1somer F-1l0 is folded such that there is



a l,3~interaction between the aromatic ring and the C-~10a
angular methyl group so the methyl should be strongly shielded
in the nmr. No special effects on the methyls of the flat
trans isomer are expected so that the two should be clearly
differentiated by their spectra. This presumption was born
out fully as shewn in table 1. The chemical shifts of the
various methyl groups are reasonably similazr except for the
C~10a methyl which appears 29 Hz upfielC in the minor, cis
isomer 2:&9. In support of thils analysis a similar result
has been observed in the cyclization of the tertiary alcohol
derived from the alcohol E:é (Chart E) during ths svnthesis

of alnusenone {39).
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TABLE 1
60 MHz NMR trans B/C (P-9) cis B/C (¥P-10)
C~2 OCH3 224 Hz 224 Hz
C~bb CH3 71 Hz 70 Hz
C-b6a CHg 73 Hz 78 Hz
C-10a CHg | kg Hz 20 Kz

Almost simultaneously with the synthesis cf the ketone
2-9 in thls work, the same compcund was prepared by two
alternant routes by C. J. Kowalski (90) and C. A. Lipinski
(92) in the Ireland laboratories. The products from all
three syntheses were identical in all respects (ir, nmr,
mp, mmp) and neatly correlated the individual efforts,

The scheme developed by Kowalski (Chart Q) involved
generation of the crucial C/D ring fusion by a stereoselective
hydrocyanation of the enone @:§ and reduction of the cyanide
to a methyl group. It provides a 10% overall yield of the
tetracyclic ketone E:? starting from m-nethoxyecinnamic acid
in 15 steps.

The third synthesis cof P-9 was achileved by Lipinski

S~

through the triene R-6 (Chart R) in a continuation of the
pclyene cyclization studies initiated by Ireland and Dawson
(76). This scheme provided an overall yield cf 2.0% from

the dibromide R-1 in 12 sterps.

S~
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The hydreccyanation route is the method of choice for
preparative scale synthesis cf E:g both from the point of
view of overall yield and ease of isolation of the inter-
mediates, Assurance of the stereochemistry of the C/D ring
fusion of E:g rested on the experiments conducted in the
present work relating the dicyclic keto-=-zlconol 5:] to the
alcohol of known stereochemistry XK-5. In the hydrocyanation
scheme the C/D cis and trans isomers of 8:2 were distinguished
cnly on the basis of the relative intensities of the nitrile
stretching band in the ir (93), and in the polyene cyciiza-
tion route the C/D trans configuration'was assigned on the
precedence established during the earlier cyclization experi-
ments (76).

In view of the importance of the'tetracyclic ketone P=9
as the common product of three synthetic schemes and as the
potential key intermediate in the total synthesis of the
triterpenes shionone, alnusenone, and friedelin, an unequiv-
ocal proof of its structure was sought, This was cobtained
through a single c¢rystal X-ray structure analysis performed
by Benes L. Trus, Gary Frankel, and Richard H. Stanford on
a sample of the ketone (mp 153«154°) wnhicn was prerared by
the Simmons-Smith rcute (figure 1). The Ketone crystallized
(ether) in space group Pnas, with cell constants a=29.922 5,

b=7.757 R, anc ¢=7.63 &; D =1,23 g/cm3;

3
obs=1.225 g/cm™ Dcalc
four molecules cccur in the unit cell. The structure analysis

was baszd on 1370 nonzero reflections of which 130 were
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cmitted from the least squares refinement,
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Figure 1 STEREODRAWING OF THE TETRACYCLIC KETONE P-9

With a satisfactory supply of the tetracyclic ketone
E:g assured by the foregoing work, attention was directed
at the construction of the A ring of shionone 3}. It appeared
that the most direct approach would bhe first to monoalkylate

the C~1 position of the enone 44 resulting from Birch reduction '

of the aromatic ring of P-9 followed by introducticn of th

(0]

C~12a angular methyl group via a hydrocyanation or a cyclopropane
cleavage. Since the potential efficaecy of this procedure

could be simply tested by the attempted preparation cof the
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monoalkylated product 55, consideration of alternative path-

ways was deferred pending the cutcome of the initial experi-

ments.,
H
0
R
3 44 ReH
1 =(CH
lg R CH3

The problem of moncalkylation of «,p-unsaturated ketones
similar to Hﬂ has been investigated at length in the steroids,
Until recently the only successful solutions involved cleavage
of the A ring and recyclization (94) or careful alkylation
with methyl iodide~-potassium tert-butoxide (95) and neither
of these procedures'were applicable for small scale prepara-
tions due to the poor ylelds generally realized., However,
hopes for the sucessful conclusion of this endeavor were
heightened by Wendler's (96) communication that a transfor-

n

eved starting with the

[

mation such as that desired was ach
ﬁ,%-unsaturated ketone Eé using one equivalent of a strong
base (lithium trivhenylmethlde). A second method was also
available from the work of Kirk and Petrow (97). who prepared
steroidial C<4 thio~Marnnich derivatives such as 5] by
treatment of the corresponding enone with formaldehyde and

thiopnenol in the presence of a basic catalyst, Desulfurizatl
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then gave the desired monoalkylated products in up to 80%

yield,
(CH2)6CO2CH3 \\\\\
6]
]
0 0
ﬁg sf/g
3

Before the A ring synthesis could be tackled, it was
necessary to consider means of modifying the ketone in the
D ring of 2:2 so that: 1) it would not interfere with the
anticipated manipulations, 2) it would be differentiated from
the C-2 ketone wnich was to be generated in the A ring, and
3) a sultable substitution pattern for the introduction of
the side chain would remain. Conversion of the ketone to
the'47—olefin S-3 appeared to be an ideal solution to the
problem, It was anticipated that the steric bulk of the
neighboring angular methyl groups would serve to help protect
the double bond and, when reguired, to assist efforts to
functionalize it selectively at C-8.

Initially, it was planned to prepare the clefin §:§
through dehydrosulfonzticon cof the mesylate é:ﬁs The ketone
g:g was recovered quantitativel& from treatment with an
excess of sodium borohydride 1n ethanol at room temperature

ethancing our confidence in the steric shielding afforded the
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C~7 carbon atom by the ring fusion substituents. When the
ketone was reduced with lithium aluminum nydride in tetra-
hydrofuran, a 97% yield of the axial alcohol é:} was obtalned
without incident., The stereochemical assignment of the
alcohol was based on the steric hindrance to axial attack

of the reagent (69) and was supported by the nmr spectrum

of the reduction product which revealed that the C-10a
angular methyl group was deshielded by 14 Hz from its pcsi-
tion in the starting material, Unfortunately, efforts toward
preparation of the mesylate S-2 led only to formation of a
dark oil that consisted of a variety of decomposition products
accerding to its nmr spectrum., Rather than pursue this
unelegant approach, it was decided to turn to a new procedure
for the conversion of ketones to olefins which was developed
by D. Muchmore (98) in the Ireland laboratories.

This method consisted of the alkali metal induced reduction
of alkyl c¢r enol phosphorodiamidate esters to the correspcnding
saturated or olefinic compounds. 1In order to anply the new
procedure, the phcsphonate ester E;i (Chart T) was prepared
in 88% yield by the addition of N,N,N',N'wtetramethyldiamido-
phosphorochloridate (99) to an ethereal solution of the enolate
anion generated from 2:2 by the action of lithium diisopropyl
amide. When this ester was reduced with a large excess of
the 1ithium bilphenyl adduct in tetrahydrofuran under the

conditions prescrived by Muchmore (100), the product obtained

<

in 02% yield was the phenol T=-2 rather than the correspondaing
e 9
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methyl sther §:§. Such a result is precedented by the results
of Eisch (101) who has found that anisole is cleaved to phenol
cy the action of the 1lithium biphenyl adduct in refluxing
tetrahydrofuran over the course of four and one half hours,

It was hoped that this cleavage would not compete with the
desired transformation in this case since the reaction con-
citions were more mild (1 hour, room temperature)., The use

of the lithium biphenyl cleavage was not precluded by the
atove result since the phenol E:g.could be remethylated to
give the desired anisole derivative E:g, and it 1is possible
that the selectivity of the reduction could be improved by
limiting the amount of reagent or the reaction time. How=
ever, in order to avoid an extra step, it was decided tc
explocre the attractive prospect of carrying out the phos-
pheonate cleavage and Birch reduction simultaneously.

While Muchmcre (102) reported that the phospherodiamidate
esters £§ and ﬁg were inert to lithium in ammonia, the pre-
liminary reduction experiments on g:l were carried out in
ammonia since most Blrch reduction procedures employ this
solvent. In an early experiment using an excess of lithium
and tert-butyl alcohol as the proton source to promote reduce-
tion of the aromatic ring, the Intermediate dihydroaniscle
obtained was hydrolyzed with aqueous oxalic acid te provide
42% of the R st~-unsaturated ketorne T=3 verifyling that the
cleavage of enol phosphodiamidates waas feasible with 1lithium

in ammonlia. Attempted alkylatlon of T=3 under the Wendler
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conditions led only to the dialkylated product E:E in 61%
yield, pocssibly due in part to the small scale on which the
reaction was conducted. The outcome of thesé experiments
prompted a more extensive investigation of the reduction
steps and a search for a more efficient monoalkylation
procedure, |

Muchmore (103) found that for the lithium in ethylamine
phosphonate cleavage reactions, added tert-butyl alcohol
was necessary to supress the formation of side products.
Thus during the initial experiments on the reduction of g:}
this proton source was included {rom the start of the reac-
tion., From an intermediate scale reduction (110 mg) 40% of
the anticipated product U-1 was isolated together with 35%
of the diketone EQ which arose from P--0 cleavage of the
vhosphonate ester E:}. It was quickly ascertalned that
formation of this diketone was dependent on the presence of
the proton source, When the cleavage was allowed to proceed
for five hours 1n the presence of a moderate excess of

ilthium and the remaining Lithium was decomposed by addition
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of sodium benzoate (104), an 82% yield of the olefin 3 wWas

S-3
realized. This could be further reduced in a normal Birch
reaction to give 78Y of the unsaturated ketone U-1, or more
conveniently, the two steps could be telescoped together by
allcowing the reductlon o proceed five hours under anhydrous
conditions and then for two hours more after additicn of
tert-~butyl alconol. This procedure netted 78% of the enone
&kj;after chromatography implyling that very little of the
phosphodiamidate could have suffered P==-0 c¢leavarzge,

Products of P~--OR bond cleavage have been observed by
-other workers, Kenner and Williams (105) obtained small
amounts of vhenolic and water scluble materials in addition
to aromatic hydrocarbons from their ploneering reductilon
experiments on phenclic diethylphosphate esters. Muchmore
(106), in his attempt to reduce the Agmcholestenyl phosphate
j; with either the lithium biphenyl cor iithium naphthalene

adducts in dimethoxyethane, obtalned essentially only
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(Et0) ,PO
&

51 he

[

cholestan~3=0ne ég which he demonstrated did not arise by
hydrolysis of the ester during workup.

Thé dramatic shift in reduction products in the presence
of a proton source has no precedent in the previous work
and indeed, runs contrary to the results obtained by Muchmore
from reductions carried out in ethylamine sclvent. The cause
of the anomalous cleavage 1s obscure and was not pursued in
the present work since an excellent reduction procedure was
developed to get around the problem.

With a good route to the «,p-unsaturated ketone U=l in
hand, it was decided to carry out a model study on the more
plentiful analogue X:i, particularly since preliminary
experiments applying the XKirk and Petrow {(97) alkylation
prccedure to the unsaturated ketone 2:; gave poor ylelds,

The tricyelic ketone V-4 had been prepared previously by

N~

Church, Ireland, and Marshall (107) and appeared to be an
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ideal model as it possessed A, B, and C rings which were
identical to those of the tetracyclic ketone g:i.

Rather than prepare the model compound by the original
route, a more efficient alternative seemed to be available
based on the reductive alkylation results achieved by D.
Evans (108) in the Ireland laboratories. The tricyclic
enone V-1 (Chart V) was prepared according to the procedure
described by Evans and was added together with one equivalent
of water to a solution of lithium in ammonia and tetrahydro-~
furan., Addition of methyl iodide to the still blue solution
then led to formation of the ketone V=2 in 8C% yield. The
Wolff-Kishner modification developed by Nagata (109) in which
hydrazcne formation 1s carried out under buffered conditions
was employed to obtain 88% of the anisole derivative V-3,
and Birch reduction as described by Ireland (107) provided
78% of the desired «,g-unsaturated ketone V-4. The overall
yield for the three steps was 55%.

Attention was first directed toward monoalkylation at
C-1 of the «,g-unsaturated ketone X:ﬂ using the Kirk and
Petrow (97) procedure discussed above, Of the two variations
they developed, the one employing formaldehyde and thiophenol
with ethanol as the solvent and triethylamine as the basic
catalyst proved té be superior to the one using triethanolamine
as both the catalyst and solvent, possibly due to the diffi-
culties associated with handling the small amounts of

triethanclamine required (0.5 ml). The thicether V-5 was
, i



80

Chart V




81

freed of polymeric materials by chromatography and was de-
sulfurized with raney nickel in ethanocl at 0°. The desul-
furization conditions used were those described by Ccates
(110), because the Kirk and Petrow conditions, raney nickel
in acetone at reflux, did not give as reprcducible results.
Even under the optimum conditions, the overall yield of L:é
vas only 36% for the two steps. The low yield may be due to
concomitant aromatization of the A ring of E:ﬂ during the
condensation even though oxygen was rigorously excluded from
the reaction mixture; such a side reaction was not likely in
the cases tested by Kirk and Petrow since the compounds all
possessed stabilizing C-19 methyl groups.

In spite of this disappointing result, 1t was decided
to continue with the ketone Y:é in order to provide a sample
of the tricyclic with a completed A ring and to ascertain the
desirability of developing new methods for monoalkylating the
C~-1 positions of the unsaturated ketones U=l and V-4, The
mecst direct approach appeared to be preparation c¢f an C=-2
axlal alcohol from X:é by reduction with the trialkylborc-
hydride reagent 5:}. It was anticipated that this alcohol
would direct attack of the Simmons-Smith reagent to the
desired B~face of the al-double bond to give the A/B trans
fused product, Oxidation would then give a cyciopropyl ketcne,
which according to the results of Dauten (65) should be sus=-
ceptible to reductive cleavage to provide a tricyclic deriva-

tive possessing the required A ring.
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When the «,p-unsaturated ketone V=6 was reduced witﬁ
lithium perhydro-9b=-borophenalyl hydride iﬁ:l)’ the isolated
yields of allylic alcohols was an unfoertunate 637 of the
equatorial isomer E:Z and only 20% of the axial isomer Y:ﬁ.
The stereochemical assignment was based on the higher tlc
mobility of the minor isomer and the relative widths of the
nmr absorbtions of the C-2 hydrogens, 18 and 10 Hz for the
major and minor precducts respectively. That the larger
coupling is associated with the equatorial alcochol is a well
established result in six membered rings (111) since vicinal
axlal protons ccouple more efficiently than equatorial protons.
A final assurance of the stereochemical assignment was pro-
vided by the lithium aluminum hydride reduction of the ketone
X:g which led to a 93:7 ratio of the equatorial and zxial
alcohols as anticivated (69). The equatorial alcohol V-7
could be oxldized with the Collins reagent back to X:é in
97% yield making the total yield of the axial isomer 40%
when the eguatorial alcohcl is recycled twice.

Both the allylic alcohols were carried on in order to
provide samples of both the cls and trans fused analcgues
of the natural A ring 53. The equatorial alcohol E:Z was
treated with the Simmons-Smith reagent in a reaction that
was complete in two hours to gilve 90% of the derived ctyclo=-
propane H:} (Chart W), This alcohel was readily oxidized
with the Jones reagent to give 93% of the cyclcepropyl ketone

W2, Dauben and Deviny (65) have .studied the reductive

e
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cleavage of cyclopropyl ketones and have shown that the
cyélopropane bond that best overlaps the carbonyl 7 bond
is preferentially cleaved. Both the U4«,5- and M&,Su
methanccholestanones E} and 25 are reduced to the corres-
ponding methyl compounds 25 and §§ in good yileld. Thus i%
was somewhat surprising to find that the cyclopropyl ketone
HZE was cleaved only with difficulty by lithium in ammonia
and gave only 37% of the ketone W-3 and 18% of a second impure
ketone which may have been the alternate cleavage product with
‘a seven membered A ring. The majJor rproduct was recovered
unchanged from an attempted isomerlzation with ethanolic
potassium hydroxide Indicating that essentially only one C=1
isomer of W-3 exists at equilibrium,

The Simmons-Smith reagent reacted more slowly with the

axial alcohol V=8, requiring four hcurs to give €12 of the
N
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cyclopropyl alcohol H:ﬁ. The greater difficulty in carrying
out the Simmons-Smith reaction with the axial allvlic alcohol
i1s in accord with the results obtained by Chan and Rickborn
(55) who found that the allylic alcohol é] reacted at about
1/3 the rate of the isomeric alcohol 2§ in competition
experiments.

Jones oxidation of the alcohol W-4 gave 89% of the
corresponding ketone which was reduced smoothly to the ketone
E:é in 78% yield using the same conditions as abcve for the
isomer W-2, Assignment of the C-1 methyl group of E:é as @
was predicated on the results of Tsuyuki and co-workers(112)
who prepared 4d«-shionone and friesdelin by photoisomerization
and showved that these were converted guantitatively to the
natural Hp—isomers by base treatment. The conformational
forces requiring the seccndary methyl group of the natural
products to be in the f~-position a2t eguilibrium should be
very simlilar in the synthetic intermediates §:§7and i=T (vide
infra) since the A, B, and C rings are identical. With the

syntheses of the required isomers W~-3 and W-5 successfully
R e T
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negotiated, a new route to E:Q was sought which would avoid
the inexpeditious thiomannich condensaticn anc boronydride
reductions,

One attractive approach would be to prepare the cyclo-
propyl ketone z;ﬁ and to reductively methylate it by trap-
ping the enolate anion formed from the Rirch cleavage of the
cyclopropane ring with methyl iodide. Some preliminary
experiments carried cut by D. R. Marshall in the Ireland
labtoratories indicated that the borohydride reduction of the
enone E:ﬁ gave a more favorable ratio of isomers than was
obtained from K:é, s0 that a reasonable synthesis of X-4
appeared feasible., Although the only repcrted attempt to
trap the enolate anicn formed from a reductive cleavage of
a cyclopropane ring gave poor results (113), the potential
efficiency of this route made the point worth reinvestlga-
tion,

Reduction of the enone X:ﬂ with the borohydride reagent
N-1 gave 419 of the desired axial alcohol X=2 (Chart X)
together with 54% of the equitorial isomer X-1 which could
te recycled by Collins oxidation (96%) back to the enons
X:B and reduction teo give a total of 63% of the isolated
axial alcohol ézgc The two alcohols had previocusly been
prepared by Ireiand and co-workers (107) wno established
their stereochemistry.

The Simmons«Sinith reactlion proceeded better on the

-

allylic alcohol X-2 than 1t did on the correspending axial

Nrmane
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alcohol Y:ﬁ, perhaps due to the reduced steric hindrance
about the double bend in the former case, giving 83% of

the alcohol 523 which was oxidized directly to the ketone
z;ﬂ in 93% yield. When the ketone was reduced with lithium
in ammonia and the blue solution was quenched directliy with
methyl iodide, only starting material and the unalkylated

product 59 were recovered,

N~

Very recently, Stork (U43) reported a successful reduc—
tive alkylation of the cyclopropyl ketone ég. When the
reduction was carried out in the presence of tert-butyl
alcohol, 60% of the methylated product 61 could be obtained
if the reaction mixture was warmed to 0° as most of the
ammonia evapcrated and the methylation was conducted with
added hexamethylphosphoramide (HMPA).

Before tne Stork paper appeared, it was decided to
attempt to trap the enclate anlion formed by cleavage of &:3
as the enol acetate in order to verify that the required
anion was indeed present and tc provide a source from which
the enolate anion could be regencerated under rigorcusly

delined conditions. ‘e reduction was carried out as hefgre
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except that the ammonia was evaporated.in a stream of argon
and the tetrahydrofuran was heated to reflux to drive out ¢he
last traces of ammonia before the reaction mixture was
guenched with acetic anhydride., Thick layer chromatography
of the crude products then gave 72% of the enol acetate X-5.
When the enolate anion was regenerated and alkylated in di-
methoxyethane under the House (114) conditions, by treat-
ment of 5:? with two equivalents of methyl lithium folliowed
by an excess of methyl lodide, only 20% of the desired pro-
duct y:g was obtained after preparative thick layer chroma-
tography together with 107 of the unalkylated materizl é?
and 40% of polyalkylated products.

While it seemed probable that a more favorable portion
of the monocalkyvlated product Eié could be attained by a care-
ful contrel of the reaction conditicns, a report by Whitlock

and Overman (115) describing the alkylation of the enolate
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anion ég by treatment with the Simmons-Smith reagent attracted
us to the possibility of using a variation of this procedure
for the alkylaticon of the enolate derived from X-5. VWhitlock
and Overman obtained directly 65-75% ylelds of the mono-
alkylated product §§ as a 3:1 mixture of the cls and trans
fused isomers., The enolate anion was regenerated frcm £:§

as before in dimethoxyethane and the scolution was treated
with a large excess of the Simmons-Smith reagent in ether,
The crude product was dried briefly over magnesium sulfate
and the residue; followlng concentration, was chromatographed
on grade III alumina to give T73% of thé cyclopropyl alcohel
X6,

o~

v

Whitlock was unable to isolate the corresponding alcchel
which must have been an intermediate between the enolate
anion é? and the ketone é§ and could not account fer this
result, When he used dliocdomethane-~d,; to ferm the Simmonse
Smith reagent, exactly two deuteriums were incorvorated into

the ketone 63, Also, when the reaction mixtures were quenched
S,
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with deuterated aclds, no deuterium was incorporated. A
possitble explanation for these results is that the rearrange-
ment of the intermediate alcohol to the methylated ketcne
é} was promoted by 1lodine formed by decomposition of the
unreacted diiodomethane while the solution was drying. In
support of this argument, when an ethereal solution of the
cyclopropanol §:§ was treated with a catalytic amount of
iodine, 55% of the ketone W-6 was obtained after base cata-
lyzed equilibration. This rearrangement may be caused by
hydrogen indide formed from the attack of iodine on the
cyclopropane ring. Dauben (116) has observed a relafted
result, When the crude product from the Simmons=Smith reac-
tion of the allylic alcohol §3 was allcwed to stand over
sodium sulfate, it dimerized to the ether ég. The same
ether was formed in 64% yield when a solution of the puri-
fied alconol ég was treated with a catalytic amcunt of
iodine in methylene chloride for 12 hours at 0°, In the
present work such problems were avoided by routinely drying
the Simmons-Smith products 1l=5 min and immediately chroma-
tographying the concentrated residues.

The ecyclopropyi alcchol E:§ gave, on brief treatment
with ethanolic hydrochloric acid, 86% of the desired ketone
@:ﬁ which was identical to that prepared earlier., It was
further discovered that the cyclopropyl alcohel could be
formed directly In 57% yield from the ketone 5:3 by quenche

ing the Blrch product, follewing removal of the ammonia, with
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the Simmons-Smith reagent. Using this prccedure, the overall
vield from the encne z:ﬂ to the ketone W-6 pcssessing the
intact A ring of the natural product was 24% in five steps,
With the successful conclusion of the model study, we
again turned to consideration of the tetracyciic unsaturated
ketone U-1. The allylic alcohols resulting from reduction
of H:i were more difficult to separate than their tricyclic
analcogues. 1t was only possible to isolate 38% of the
ilmpure axial alcohol Y-2 and 50% of the equatorial isomer
X:} which could bte oxidlized back to the enone in 91% yield
-80 that it is necessary to recycle the equatorial alcohol
twice in order to achieve g 63% yleld of the axial alconol
X:g (Chart Y)., The stercochemical assignment of the two
alcohols rests on the same criteria emploved for the
alcohols Y:Z and X:§. The minor isomer was the more nmobile

*

on sllica gel tlc and exhibilted a C~2 peak width of 12 Hz
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in the nmr as opposed to 21 Hz for the equatorilial alcohol
1-1 (111,

The Simmons-Smith reaction of the axial alcohecl z;g
proceeded as before, but it was found that the Collins
oxidation procedure gave a better overall yield (77%) of the
ketone EZE than Jones oxidation. Birch reduction of the
ketone and trapping of the enolate anion formed with acetice
anhydride gave 72% of the enol acetate Y-5 together with 5%
of the ketone 66 and 8% of the cyclopropyl enol acetate éz.
The structural assignment of EZ was based on its ir spectrum
which indicated it was an enol acetate.(l755, 1685 cm=l} and
the nmr which showed only three angular methyl groups.
Treatment cf a portion with ethanolic potassium hydroxide
overnight gave a 617 yield of the starting cyclopropyl ketone
YU,

—

The enol acetate z:i was converted to 71% of the cyclo=-
pronanol X:§ by addition of two equivalents of methyl lithium
to a dimethoxyethane solution followed by an excess of the
Simmons-Smith reagent as before in the model system. The
alcohol was also available in 69% yield by the direct reduc-
tive cleavage-~-cyclopropylation procedure, but the product
was less clean than that obtained from the enol acetate,

Acid catalyzed cleavage of the cvclopropyl aicchol Y=6 pre-

Ny
pared from the enol acetate gave %27 c¢f the cdesirsd ketone

Y~7 while a 72% yleld was obtaired starting with the alcchol
™
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Chart Y continued
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prepared by the direct method., The overall yield from the
cycloprepyl ketone X:ﬂ to the methylated ketone E:Z was
49% by either procedure.

In order to carry out the addition of the side chain the
C~-2 ketone of X:Z was protected as the ketal derivative
i (quantitative). The synthetic plan called for functionali-
zation of the A7-double bond by hydroboration, taking
advantage of the steric hinderance offered the C-7 cartcon
by the angular substituents to direct the boron atom to the
C-8 carbon., While only starting material was recovered from
reaction of the ketal g:ﬁ with disiamylborane, it d4id react
slowly with borane in tetrahydrofuran at 0° and after 5 hours
the starting material was consumed. The alcohol obtained frocm
oxidation of the borane was treated directly with the Collins
reagent to give an overall yield of 84% of a single ketone
which was presumed to be the deslred product §:2¢ The pro-

duct gave a single spot on analytical tlc and was represented
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by a single peak on glpc. The nmr spectrum and sharp melt-
ing point (271-273°) also indicated that a single product
was formed. It was assigned as the 8~keto isomer since the
7 position 1s clearly the more hindered so that one would
expect either a mixture of ketone isomers or only the desired
C-8 ketone from the hydroboration oxidation (117). The over-
all yleld of X:? from the ketone P-9 was 12,5% in 12 steps.
It yet remains to add the side chain, Plans for this
transformation involve preparartion of the aldenyde E:} by
elther an epoxide cleavage or a suitable Wittig reacticn.
Alkylation with methyl iodide should proceed with attack of
the reagent from the equatorlal side to avoid a 1,3~diaxial
interaction with the C=-6a angular methyl group to give the
required f-methylated product E:g. It should then be a
routine matter to add the remainder of the side chain to

form shionone ketal Z-3 by one of a variety of possible

means, Deketalization would then give the natural product.
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Experimental Section

Melting points labeled (vacuum) were taken in evacuated
capillaries on a Hoover Capillary Melting point apparatus;
all others were determined on a2 Kofler Micro Hot Stage
melting point apparatus., All melting points and boiling
points are uncorrected., Infrared spectra (ir) were run
on a Perkin Elmer 237B grating infrared spectrometer and
are reported in cm=l. Nuclear magnetic resonance spectra
(nmr) were recorded using either a Varian A-~604 or T-60
spectrometer and are referenced to tetramethylsilane as an
internal standard. Gas chromatographic analyses (glve)
were conducted on a Perkin Elmer 881 gas chromatograph
using 4% SE-30, 6'x1/8" columns with a helium flow rate of
60 ml/min.

Preparative thin layer chromatography (ptlc) was
carried out on 20x20 cm glass plates coated with a -1 mm
layer of silica gel PF25u+366 as supplied by Brinkman
Instruments Co. Analytical thin laver chreomatogranrhy (tlec)
was conducted on 1"x3" microscope slides coated with the
game silica gel. Alumina refers to the grade I, neutral
varlety manufactured by M. Woelm, Eschwege, Germany made
up to grade II cor I1I as indicated by addition of 3% or
5% water prior to use, Silica gel coclumns used the 0,05-
0.2 mm siiica gel "for column chromatography® manufactured

by E. Merck, Darmstadt, Cermany.
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Where anhydrous solvents are indicatesd they were dried
by the lelowing methods. Benzens, toluene, pyridine, tert-
butylalcohol, and xylene were distilled from calclum hydride.
Ether and tetrahydrofuran were refluxed several hsurs cver
l1ithium aluminum hydride (LAH) and distilled, Dimethoxy-
ethane was distiiled twice from LAH under an argon atmosphere,
Dioxane was refluxed for 4 days over scdium metal and was
distilled from sodium immediately before use. Dichlorc-
methane was distilled from phosphorous pentoxide. Petroleum
ether refers to the fraction bp 30-60° as supplied by J. T.
Baker Chemical Company and required no special drying.

Reactions described as run under nitrogen or argon
emplcyed a mercury bubbler arranged so that the system
could be alternately evacuated and filled with the inert gas
and left under a positive pressure,

Microanalyses were performed by Spang Microanalytical
Laboratories, Ann Arbor, Michigan.

Since all compounds reported herein are racemic, the
prefix d,1 has been omitted for convenience.

The brine used in the workups refers to a saturated

agqueous solution of sodium chloride.
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§§Ezﬂgggzi:£ig,3,ﬂ,6,7,8,8a—Octahydro-lg-Naphthol (I-4) (61).

Fellowing the general procedure of Hallsworth and

coworkers (60) 1 1, of monoethylamine was distilled throuch
pctassium hydroxide into a dry 2 1, flask fitted with a
mechanical stirrer and a dry ice condenser and containing
34,5 g (0,126 mole) of 8aB-methylfl,2,3,u,6,7,8,8aeqctahydr§-
18 ,6~naphthalenediol diacetate (I-2, R=0Ac) (59). Over the
course of five minutes 11.0 g (1.56 moles) lithium wire

was added with vigorous stirring. After 20 min the dark
blue color was discharged with solid ammcnium chloride and
most of the solvent was removed in a stream of nitrogen.
The gray residue was dissolved in 300 ml of water and was
extracted with ether (5x100 ml). The ether solution was
dried (MgSOu) and evaporated to dryness to give 17.5 g of

a yellow oil, Re-extraction of the aqueous phase ylelded
an additional 1.5 g. The combined products contained 90%
of cne major wvolatile component by glpc and were used in

-the next step without further purification.

éiﬂ,G,7,8,85~Hexahydro—8aQ-Methy1-1(ZH)uNanhthalenone EE:E}.
To a solution of 19,0 g 0.114 mole) of the crude

alcohol I~-U from above in 450 ml of ice cold acetone

(previously distilled from potassium permanganate) was

added 31.6 ml (0,126 meqv) of 8§»chromic acid sclution (62)

cver a pericd of 30 min. The reaction mixture was stirred

5 min and diluted with 160 ml of saturated agueous sodium
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bicarbonate and sufficient water to dissolve the chromium salts.
The agueous solution was extracted wilth ether (4x100 ml) and
the combined ether layers were dried (Mgsou) and evépcrated.
The residue was chromatographed on 450 g of grade II alumina,
Petroleum ether eluted 8.71 g of a fragrant, cclorless oil
which was further purified by chromatography on 250 g of grade
IT alumina. Elution with petroleum ether gave successively
0.56 g (3% from the diol I-2, R=H) of 8a-methyl-1,2,3,4,6,7,8,
8a~octahydronaphthalene (I-3): ir (CHC13) 1000, 980, 810 [1it
(63) 1665, 1010, 980, 810]; nmr (CDC13) 1.03§ (s, 3, C=8a CH3),
5.25-5.42§ (m, 1, vinyl) and 6.73 g (35% from the diol I-2,
R=H) of the ketone I-5. Ptlec (10% ether-petroleum ether) and
evaporatlive distillation (46°, 0.03 mm) gave a sample for
analysié: ir (CHCIB) 1700 (C=0); nmr (CDC13) 1.32§ (85 35 C=3a
CH3), 5.25=5,42§ (m, 1, vinyl).
| Anal, Caled for CqjH160: C, 80.44; H, 9.82., Found:
c, 80.47; H, 9.89.
1¢,8ap-Dimethyl-1,2,3,4,6,7,8,8a~0ctahydro-l«="aphthol (I-7)
o 0 g i s S o I B (N S R N el s ol il N8

The procedure described by Corey and Chaykocvsky (&6}
was employed for the epoxidation. A dry 100 ml flask contzine-
ing 1.80 g (43 mmoles) of 57% sodium hydride dispersion was
flushed with argen. The hydride was washed by decantation with
Tour 5 ml portions of petroleum ether and the remaining sol-
vent was remcved in vacuo., With an emerging stream of argon,
3.91 g (45 mmoles) of trimethyloxcsuifonium iodide (118) was
added followed by 60 ml of dimethylisulfoxide (previously

éistilled from caleium hydride).
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The resulting mixture was stirred 2 hours at 25° until
hydrogen evolution had ceased. A solution of 3.42 g (21,5
mmoles) of the ketone E:E in 10 ml of dry dimethylsulfoxide
was introduced all at once and the course of the reaction
was monitored by glpc. After 5 hours the peak representing
starting material had disappeared, and the reaction mixture
was diluted with 100 ml of ice and water and was extracted
with ether (4x30 ml). The ether layer was washed with
water and brine and was dried (MgSOy). Evaporation to
dryness afforded 3.43 g (89%) of a pale yellow oil which
was used directly in the next step: ir (CHC13) 1655 (C=C);
nme (CDCl3) 1.228 (s, 3, C-8a methyl), 2.30§ (d, 1, J=4,
oxirane), 2.65§ (4, 1, J=4, oxirane), 5.37§ (m, 1, vinyl).

The crude oxirane from above in 15 ml of dry ether was
added over a period of 15 min to a solution of 850 mg
(22.4 mmoles) of lithium aluminum hydride in 90 ml of dry
ether., After an additiocnal 20 min, the excess hydride was
decomposed with 3.0 ml of ethyl acetate followed by the
sequential additicn of 0.9 ml of water, 0.9 ml of 10%
aquecus potassium hydrcxide, and 2.7 ml pf water,. The
mixture was filtered and concentrated to give 2.70 g (80%)
cf a water white oil consisting of a 6:1 ratio of axial to
equatcerial alcohols by nmr integration of the {-8a and C-1
angular methyl pesaks. The pure axial alcchel was cbtained

as needed by ptle (15% ether-benzene): ir (CHClg} 3550
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(0=H); 1655 (C=0); nmr (CDC1,) 1.18§(s,3,C=1~CH_ ), 1.,13§

3
(s,3,C~8a-CH3), 5.47=5.70§ (m,1,vinyl). A sample was
evaporatively distilled (40°, 0,025 mm) for the analytical
sample,

Anal, Calcd for C12H200: C, 79.94; H, 11,18, Found: C,
79.84; H, 11.19,

1« ,8af~Dimethyl-1,2,3,4,6,7,8,8a~0ctahydro-1@~Naphthol (I-7).
V\MWWW

AN An, N A S A e A “AANAAN

A solution of 56 mg (0.34 mmole) of the ketone ;:2 in
2 ml of dry ether was added dropwise with stirring to 1.5
ml (3 mmoles) of a 2 M soluticn of meth&l lithium in ether
(&1lpha Inorganic, Inc.) in 6.5 ml of dry ether under a
nitrogen atmosphere., After 5 min the reactlon mixture was
cocled in an ice bath, and the excess reagent was destroyed
wlth 0.5 ml of water., The solution was diluted with 70 ml
of ether, washed with brine (1x10 ml) and dried (Mg30y).
Evaporation to dryness and ptlec ¢f the residue (20% ether-
petroleum ether) afforded 24 mg (43%) of the analytically
pure alcohol I-7. Evaporative distillation (60°, 0.05 mm)
give the analytical sample: ir (CHClg) 3610, 3450(0H), 815
(C=C); nmr (CDClS) 1.16§ (s, 3, C=1 methyl), 1.22§ (s, 3,
8a methyl), 5.32-5.50§ (m, 1, vinyl).

Anal. Caled for C,, H_ O: C, 79.94; H, 11,18, Found:

k' 20
C, 80502; II, 11401:

LA £t e 9 IR N

General Procedure for Simmons-3mith Cyvclaprooylations (53)

The zinc-copper couple was prepared by a variation of
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the LeGoff method (52). In a typical experiment 15,0 g (0.23
mole) of zinc dust was added to a stirred solution of

2.2 g (0,011 mole) of cupric acetate monohydrate in 50 ml

of glacial acetic acid which had been preheated to 80-90°9,
After two min the gray suspension was filtered and the powder
was washed with two 100 ml portions of glacial acetic acid
and six 100 ml portions of ether. The washings should be
colorless; light blue washings indicate that the couple

was not heated long enough. The last traces of solvent

were removed under high vacuum to give a fluffy, gray powder
which was used immediately.

In'a dry 3=-neck, 500 ml flask was placed 12.8 g (0.183
mole) of the couple and a small crystal of iodine. The
atmosphere was replaced with nitrogen and 250 ml of dry
ether was introduced, followed by 14,7 ml (0.181 mole) of
diiodomethane, Spontzneous refluxing comrenced upcen gentle
heating and continued about 10 min., Reflux was maintained
an additional 30«25 min by heating with an ir lamp.

Upon cooling the solutlion could be transferred via
syringe to a second flask containing the olefin in ether,
or aun cthereal solutlon of the olefin could be added to
the initial flask. The choice of method dcoces not seem to

affect the yields,
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1,2,3,4,4a,5,6,7,8,8a,Decahydro-1@3,8aQ-Dimethyl=5«,4a=
\W‘. ~~ NS L NS N N Nt AN N

Methano-lx =Naphthol (I~8).
Mﬂwm

e e

To the Simmons=Smith reagent (53) prepared from 980
mg (14,1 mmoles) of zinc-copper couple (52) and 0,80 ml
(10,0 mmoles) of diiodomethane in 5 ml of dry ether was
added a soluticn of é22 mg (1.23 mmoles) of the alcohol
g;é in 2 ml of dry ether over the course of 1 min. After
1 hour at room temperature the excess reagent was destroyed
with 1.0 ml of 107 ammonium chloride and the resulting
mixture was filtered through a glass wool plug which was
then washed with 30 ml of ether., The ethereal solution
was washed with saturated aqueous potassium carbonate
{(2%10 ml) and with saturated sodium chloride (3x10 ml) and
was driled over MgSCy. Evaporation to dryness and ptle
(benzene) afforded 151 mg (63%) of a colorless oil: ir
(CHC13) 3575 (0=H); nmr.(CDCl3) 0.25=0.66 (m; 3, cyclopro-
pane), 1.045 (s, 3, C=8a methyl), 1.17§ (s, 3, C=1 methyl),
2.38% (s, 1, 0-H). A portion was purified by preparative
glpc (5% SE=30, 150°) and evaporatively distilled (42°,
0.025 mm) for analysis,

Anal. Calcd for C;3H,,0: C, 806.35; H, 11,41, Found:

C, 80.43; H, 11.50.

S5-Methoxy=-8e@-~Methyl=3,U,8,8a~Tetrahydro=1,6,(2H,7H)=

V\N'\'W\IMW\.M N A NNA A,
INIINAS,

Naphthalenedicne (J-3).

’vv‘-\/\-ﬂwwvw/\" N o, Sy

Mt T T e W N e

A, Three=Stey Procedurc

A0 AR 7 L B G s 4 VA S
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The pyrolysis was carried out using the general method
of Archer (71)., In a 200 ml flask fitted with az short-path
still head and a Hershberg mechanical stirrer was placed
200 mg of hydroquinone, 30.5 g (0.231 mole) of 1,4-dimethoxy-
2-butanone &{:1) (70) and 40 g of sodium benzoate, The
receiver ccontained 200 mg of hydroguinone and 2 g cf
anhydrous magnesium sulfate. The apparatus was plunged into
a hot o1l bath, and the temperature was brought to 180~
185° and held there 1 hour with vigorous stirring as the
products distilled. When the pot was dry, the reaction
was stopped; the receiver contained 17.8 g of a mixture
consisting mainly of methancl and l=methocxy=2<ketobutene
along with a small amount of starting material by ir.

An adaptation of the method of Ramachandran and Newman
(58) was employed for the Micheal addition. The material
from above was dissolved in 75 ml of methanol and added to
a flask containing 17.0 g (0.135 mole) of 2-methyldihydro-
resorcinol Si:i) and 50 mg of potassium hydroxide. The
mixture was refluxed 1.5 hours while most of the 2emethylie
dihydroresorcinol went into solution. The methanol was

ml

\n
@

removed in vacuo, the product was taksn up in

of chlcorcform and filtered, and the filter cake was washed,

£

The concentration filtration procedure was repeated to
give a total of 8.97 g (53%) of recovered 2-methyidihydro-

resorcinol (mp 204=206 d.).
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The cyclization-dehydration step was ccnducted in
buffered xylene as ocutlined by H. Smith (73). Concentration
of the above chloroform solution gave 19.65 g cf an oil
which was dissolved in 300 ml of =xylene in a 500 ml flask
fitted with a Dean Stark water separator, and 20 ml of
xylene was distilled., The solution was cooled, 11,5 ml
(0.083 mole) of triethylamine and 11.8 g (0,097 mole) of
benzoic acid were added, and the mixture was refluxed with
separation of the water fermed. After 15 hours, the
solution was cooled, washed with saturated agueous sodium
bicarbonate (2x50 mi) and water (1x50 ml) and was dried
(MgSOqj. Distillation of the xylene under vacuum afforded
13.5 g of a dark, partly crystalline oll; trituration with
ether gave 9.2 g (19% based on l,4=dimethoxybutancne) of
buff colored crystals mp 66=74° that were sufficiently pure
for use in the next step. Two cfystallizations cf a portiocn
from ether<hexane gave analytically pure material mp
78-80°: ir (CHCl3) 1715 (C=0), 1680 (C=C), 1615 (C=C);
nmr (CDC1y) 1.435 (s, 3, C-8a-CH;), 3.67§ (s, 3, 0-CH3).

Anal. Calcd for 012H1603’ Cy, 69,213 Hy T+75. Found:
¢, 69.105 H, T.81. |

B, Two=Step Prccedure

To a 2 1. flask containing 70.0 g (0.555 mole) of 2~
methyldihydroresorcinol (J-2) was added a solution of 69.2
e AmA.

g (0.522 meie) of l,4=dimeihoxy~2~butanone (J=1) and 16.0

N Ay

7]

ml of triethylamine in 100 ml of xylene. The atmcsphers wa
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replaced with nitrogen and the mixture was heated to reflux.
After 1.5 hours, 50 ml of solvent was removed by distillation,
and 23.6 g of benzoic acid and 23 ml of triethylamine (73)
were added. Reflux was continued for 15 hours while the
water formed was removed with a Dean Stark apparatus. Upon
cooling, the solutlon was washed with three 250 ml portions
of 5% aqueous potassium hydroxide and was dried (NaZSOQ).
Vacuum distillation of the solvent afforded 51.3 g (47.2%)
of yellow crystals mp 66=71°, Extraction of the aqueous
washings with chloroform yielded an additional 5.30 g
(4:.8%)s The overall yield from 1l,4=dimethcxy=-2=butanone

was 52%;in another experiment a 59% yield was realized.

SNMethoxynSaa-Methyl-l,2,3,M,6,7,8,8a-0ctahydro—l@,§:

PN S A TN S, > —

Eaphthalenediqi:

A solution of 37.70 g (0.181 mole) of dione J=3 in
250 ml of ether was added to a stirred solution éf 15,70 g
(0,413 mole) of lithium aluminum hydride in 2 1. of ether
over the course of 1 hour. The solution was stirred over-
night, cooled to 0°, and the excess reagent was decomposed
with 50 ml of ethyl acetate. The aluminate esters were
hydrolyzed by the consecutive addition of 16 ml of water,
16 ml of 10% aqueous potassium hydroxide, and 45 ml of water.
The mixture was filtered, dried (MgSOy) and evaporated to
dryness to give 35.8 gz (95%) of a white crystalline solid,

mp 88-92° (partly melt) and 134«140% that consisted of a
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2:1 mixture of 6P and 64 lsomers by nmr integration of the
C-8a angular methyl peaks. Two crystallizations from ethyl
acetate provided a pure sample of the 68 isomer mp 147-150°:
ir (CHCl3) 3600 (OH), 1665 (C=C); nmr (CDCl3) 1225 (s, 33
C-8amCH3), 3,708 (s, 3, O-CH3)a

Anal. Caled for C,,H,q03: C, 67.89; H, 9.50. Found:
C, 67.98; H, 9.59.

5~Methoxy-8aB ~-Methyl-1,2,3,4,6,7,8,8a~0ctahydro-18,6~

Naphthalenediol Diacetate.

A solution of 35.8 g (0.169 mole) of the crude diol
from above in 600 ml of dry pyridine was treated with 62.5
mi (0.85 mole) of acetic anhydride. The reaction mixture
was stirred 17 hours at room temperature and was diluted
with 500 ml of saturated aqueous sodium bicarbonate. The
aqucous solution was extracted with ether (4x200 ml) and
the combined organic layers were washed with water (2x200
ml) and brine (1x50 ml) and were dried (MgSOu). Concentra=-
tion gave 50.1 g, (quantitative), of the diacetate as an
oil., Ptle of a portion (40% ether-petroleum ether, dcuble
elution) and evaporative distillation (100°, 0.025 mm)
gave the analytical sample of the mizture of C=6 isomers:
ir (CHC1l3) 1725 (C=0), 1655 (C=C); nmr (CDCiz) 1.08§ (s,

1, C-8a=Cliz, 6« isomer), 1.15§ (s, 2, C-82-CHy, 68 isomer),
2.03 and 2.05§ (pair of s, 6, acetate CH3), 3.483 (s, 3,

G~CH3).
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Anal, Calcd for C 6l c, 64,84; H, 8.16. Found:

c, 64,885 H, 8,24,

249°*

1B -Hydroxy~5=Methoxy-8af-Methyl-1,2,3,4,6,7,8,8a~0ctahydro~

naphthalene (N=U),

A modification of the Hallsworth procedure (60) was
utilized for the cleavage. In a dry, 2 1, flask fitted
with a mechanical stirrer and a dry ice condenser and
containing 23.7 g (0.08C mole) of the diacetate from above
was distilled 1 1. of monoethylamine through potassium
hydroxide. The solution was cooled in an efficient ice=
salt bath after injecting 60 ml (0.63 mole) of dry tebutyl
alcchol through a septuin.

Freshly cut lithium wire, 5.5 g (0.80 mole) was added

cver 5 minutes with rapid stirring, After 20 min the
characteristic blue color developed and the excess metal
was decomposed with solid ammonium chloride, Most of the
solvent was removed overnight in a stream of nitrogen and
the residue was dissolved in 600 ml of ether. The ethereal
solution was washed with water (2x100 ml) and brine (1x10C
ml) and was dried (Mg30y,). The product, following concerne
tration, was chromatographed on 920 g alumina. Elution
with 3 1. of 10% ether=petroleum ether gave 703 mg (5%)

cf an oil which was an enol ether possessing neither alcohol
nor xetone functicenality. Further elution with 17 1, of

etlier afforded 15.78 g (58%) cof the alcohol (N=i) mp

N e
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83.5-86.5. A portion was recrystallized 3 times from
ether-hexane tc provide analytically pure material mp £5.5-
86.5°: 1ir (CHC13) 3610 (OH), 1645 (C=C); nmr (CDC13)
1,02§ (s, 3, C-8a-CH3), 3.47§ (s, 3, 0-CH3).

Anal, Caled for Cy,H,505: C, 73.43; H, 10.27. Found:

C, 73.50; Hy; 10.23.

5-Methyoxy«8ap -Methyl=-3,4,5,6,8,8a~Hexahydro-1(2H)=-
L 2 o P S-Sl S . =

Y

Naphthalenone (J=-4),

To a rapidly stirring solution of 6.10 g (31.1 mmoles)
of the alcohol gg:i) in 50 ml of dry methylene chloride
under 'a nitrogen atmosphere was added all at once 900 ml
(0.175 mole) of a 5% solution of chromium trioxide dipyri-
dine complex (74) in dry methylene chloride. After 10 min
at room temperature the black reaction mixture was filtered
through a 600 mi Buchner funnel filled three=fourths with
grade II alumina with suction, washing the élumina with
1000 ml of ether. Drying (MgSOu) and concentration afforded
5.86 g of a red oil which was chromatographed on 150 g of
grade II alumina eluting with 700 ml 107 ether-petroleum
ether to give 5.02 g (83%) of a water-white o0il which
contained a single volatile component by glpc. Ptlec (5%
ether-petroleum ether) and evaporative distillation (50°,
0.025 mm) provided the analytical sample: ir (CHCl3) 1706
(C=0}, 1670 (C=C); nmr (CDC13) 1.35§ (s, 3, C-8a=-CH3),

3.408 (s, 3, C~CH

)
.:) 2
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Anal., Calecd for ClelBOE: C, 74.19; H, 9.34, Found:

C, 74.01; H, 9.49,

Spiro-l -Oxironyl=5~Methoxy-~8aB-Methyl~1,2,3,4,6,7,8,8a~
N N e o M e e et et e e P PPt o~

2

N

Octahydronaphtﬁiiiﬁf.
Following the procedure of Corey and Chaykovsky (66} a

dry 100 ml flask containing 798 mg (19.0 mmoles} of 57%
sodium hydfide dispersion was flushed with nitrogen and the
sodium hydride was washed with three 10 ml portions of
petroleum ether. The excess solvent was removed in vacuo
and 4,25 g (19.3 mmoles) of dry trimethyloxosulfonium icdide
(118) was added followed by 40 ml of dimethylsulfoxide
(previously distilled under vacuum from calcium hydride).
The reaction mixture was stirred 40 min at 23° until
hydrogen evolution was complete and the solids were allowed
to settle 1 hour. The supernatant was transferred via
syringe to a 50 ml flask containing a solution of 361 ug
(1.86 mmoles) of ketcne g;ﬁ\in 4 ml of dry dimethylsulfoxide
under nitrogen. The course of the reaction was monitored

by glpc and it was stopped after 7 hours at 23° when the
- peak representing starting material had disappeared.

Longer reaction times lead to lower yields. The excess
reagent was carefully decomposed with 1.0 ml of water, 15

ml of water was added and tne aqueocus solution was extracted
with ether (6x15 mi). The combined organic layers were

washed with brine (1lxzl5 ml), dried (MgSCy), and evaporated
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to dryness, Ptlc (20% ether-petroleum ether, doudble elution)
afforded 315 mg (81%) of the o ~oxirane r,f. 0.7, which
crystallized on standing at -10°: ir (CHC13) 1670 (Cc=C),

1130 (C=0), 1055 (C=0); nmr (CDCl3) 1,208 (s, 3, C-8aCH3),
2.33§(a, 1, J=5.5 Hz, oxirane), 2.70§ (d, 1, J=5.5 Hz,
oxirane), 3.424 (s, 3, 0-CH3).

lp,8d§ -Dimethyl-5-Methoxy-1,2,3, 4,6,7,8,8a=0ctanydro=-k -

WM\MW T AT A

Naphthol(J=5).
B iahni A
To a solution of 740 mg (3.55 mmoles) of oxirane from
above in 25 ml of dry pyridine at 0° (ice bath) was added

440 mg (11.6 mmoles) of lithium aluminum hydride. The
mixture was stirred 10 min at 0°, then 1 hour at roon
temperature. The muddy=green solution was diluted with 25
ml of ether, the excess hydride was destroyed by the
consecutive addition of 0.45 ml water, 0.45 ml of 10% aqueous
potassium hydroxide solution and 1.35 ml water and the
solution was filtered, The filtrate was washed with water
(2x20 ml), saturated aqueous copper sulfate (2x20 ml),

and brine (2x20 ml) and was dried (MgSOQ). Filtration
through 30 g of grade II alumina (50% ether-getrcleum
ether) afforded 660 rg (94%) of the alcohol 332 as an cil.
which was contaminated with less than 5% of the esgustorial
isomer ﬂjﬁ by nmr integration of the C-«1 and C-2a angular
methyls. The alcohol is gquite labile and was used without

further purificaticn: ir (CHCl3) 3500 (broad, weak) (OH),
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1665 (C=C)3; nmr (¢ ¢DC1l3 + 1 drop pyridine) 1.11§ (s, 3,
C~8a-CH3), 1.13§ (s, 3, C-1-CH3J, 3.47§ (s, 3, 0-CH3).

1x , 88 - Dimethyl -5-Methoxy-1 253,48, ? 7,8,8a-0ctahydro-1p -
Naphthol (i;é)a o

To a solution of 2 ml (4 mmoles) of a 2M solution of
methyl lithium in ether (Alpha Inorganics, Inc.) in 5 ml
of dry ether was added drcpwise 109 mg (0.53 mmole) of
the ketone J=4 in 1.0 ml of dry ether under a nitrogen
atmosphere., After 1 min the mixture was cocled in an
ice bath and the remaining reagent was decomposed with
0.50 ml.of water, The solution was diluted with 60 ml
of ether and was washed with water (1x5 ml) and brine
(1x10 ml) and was dried (MgSOu). Evaporation to dryness
afforded 118 mg, 100% of a colorless oil which was
represented by a single volatile component by glpce; ptlc
(20% ether-petroleum ether) and evaporative distillation
(60°, 0.005 mm) gave a sample for analysis; ir (CHCl3)
3600 (CH), 1665 (C=C); nmr (013013) 1«15k €8, 3, C-8a~Clig),
1.20§ (s, 3, C~1-CH3), 3.45§ (s, 3, OCH3).

Anal. Caled for C,3H,,05: C, T4.24; Hy; 10.54, Found:
C, T#.33; H, 10.51.

1,2,3,4,a85,€6,7,8,8a-Decahydro-18,8a2~ D*thrv‘~5p ~Methoxy-

\Nwmu. S, gy W»«-wv’w el Sy R mwamm o A SN N nay "

lx-Naphthol Ketal (J=7).

R T e a5 NN

In an nmr tube was dissolved 79 mg (0.38 mmole of the

alcchol J=-5 in 1 ml of chlorcform-~d. After 5 days at room

o
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temperature nmr spectra indicated starting material had
dizappeared forming a single major product. Evaporation to
dryness gave 63 mg (80%) of an oil; ptle (15% ether-benzene)
afforded 43 mg (55%) of the analytically pure ketal which
was evaporatively distilled (55°, 0.05 mm) for the analytical
sample: ir (CHClB) 1085 (C=0); nmr (CDC1y) 0.92% (s, 3,
C~8a-CH3), 3378 (&8, 3, O-CH 1s

Anal. Caled for ClBH 0 C, 7T4.24; H, 10.54, Found:

339"
¢, 74.26; H, 10,56,

1,2,3,4,43,5,6,7,8,8a=Decahydro-1g, 8a$ ~Dimethvl=5«¢ ,l4a~
\Mr'w\ MM%WWM

I Sl b MRS Sl
Methano—SQ—WetEssi:iizﬁigéﬁgg} (J=8).

To a soluticn of the Simmons-Smith reagent (53) prepared
from 12.8 g (0.183 mole) of zinc-copper couple (52) and
14,7 ml (0.183 meole) of diiodomethane in 250 ml of ether

was added a sclution of 4,04 ¢ (0,019 mole) of the tert-

alcohol J=5 in 20 ml of dry ether and 15 ml (0.17 mole) of
dry l,2-dimethoxyethane over a period of 10 min. After 4o
min at room temperature the flask was cooled in an ice bath
and the excess reagent was decomposed with 3.0 ml of 10%
aqueous ammonium chlericde. The solution was diluted with
600 ml of ether and washed with saturated aqueous potassium
carbonate (3x150 ml) and brine (2x1%0 ml). The organic
phase was dried {ﬂgSOu), concentrated, and chromatographed
cn 300 g of grade II alumina, Petroieum ether eluted 5 g

diicdomethene; further elution of the column with 1200 ml
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of 50% ether-petroleum ether gave 3.54 g (83%) of crystalline
cyclepropane mp 58-60°, Crystallization of a sample from
ether~heptane, then from ethanol-water, yielded the analvt-
ical sample mp 60-61.5°: ir (CHC13) 3600 (OH), 1075, 1060
(C=0); nmr (CDCl3) 0.528 (a, 1, J=5.5 Hz, eyclcpropane),
0.82§ (4, 1, J=5,5 Hz, cyclopropane), 1.03§ (s, 3, C-8a-
CH3), 1.15§ (s, 3, C-1-CH3), 3.23§ (s, 3, C=-CH3).

Anel. Caled for C, H;;0,: C, T4.95; H, 10.78. Found:

¢, 75.01; H, 10,78,

3,4,b4a,7,8 8a~Hexahyor0el Ma«,Bap Trimethyl-5(6H)-Naphthal-
me

aM Nt "o —MWWW.,s

enone i{¢2)

A solution of 595 mg (2.65 mmoles) of cyclopropane‘£;§
in 20 ml of methancl and 2.0 ml of 37-38% hydrochloric
acid was refluxed 4 hours, cooled; and neutralized with
saturated sodium bicarbonate. After most of the metharol
was removed in vacuo, the residue was taken up in 200 ml
of ether and was washed wilth saturated aqueous sodium
bicarbonate (1x25 ml), and dried (MgSOy). Concentraticn
gave 510 mgz of a yellow oil that was chromatographed on
20 g of alumina. Petroleum ether eluted 376 mg (74%) of
the desired ketone, mp £7-58°., Recrystallization from
ethanol-~water and sublimation (50°, C.025 mm) provided the

) 1700 (C=0

N
3

analytizal sample mp 68-69°: ir (CHC1. nimr
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Anal., Calcd for Cl3H200: c, 81.203; H, 10.48, PFound:
c, 81.21; H, 10.57.

In one experiment which was stopped after 3 hours, a
small amount of the highly crystalline alcohol, ld~hydroxy-
1,2,3,4,4a,7,8,8a-octahydro-1g, 4ak ,8ap~trimethyl-5(6H) -
naphthalenone was ottalned as a by-product. Glpc indicates
that this compound forms first from cyclopropane cleavage
followed by a slow dehydration to the keto=olefin &;ﬁ. One
crystallization from ether-=petroleum ether gave analytically
pur material mp 92-.96°: ir (CHClB) 3610 (C—H), 1700 (C=C);
nmr (CDClg) 0.85f (s, 3, C-8a-CH3), 1.13§ (s, 3, C-1-CH,J,
1.48% {2, 3, c-ua-cn3).

Hs a0

Anal. Caled for C C, 74,243 H, 10.55, Found:

.

C, 74.15; H, 10.53.

1,2,3,4,4%,5,6,7,8,8a-Decahydro-1@,4ay,8ap-Trimethyl-1d-~
N A2t s eI NI S W PRSP NI R AGALINIS, PN DI S s SN S PN 5

Y s

Naphthol (K-9).
MmN e
To a solution of U4 mmoles of methyl lithium (2 ml of a
2M solution in ether (Alpha Inorganics, Inc.) in 20 ml of
dry ether was added 59 mg (0.33 mmole) of 4ak,B8aR~dimethyli=-
'3,H,Ma,5,6,7,8,83~octahydr0ml(2H)»naphthalenone &éxg) (76)
in 2 ml of dry ether with a syringe under a nitrogen atmo=
sphere. After 10 min at room te@perature the remaining
methyl lithium was carefully destroyed with 0.6 ml of
saturated ammonium chloride, The solution was ¢illuted wi

75 ml of ether, washed with water (1x5 ml) and brire {125
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ml), and was dried (MgSOQ). Evaporation to dryness and
evaporative distillation afforded 59 mg (942) of an oil
which consisted of 25% starting material and 75% of a
single higher boiling product by glpc. Repetition of the
methyl lithium treatment provided 49 mg (79%) of a partly
crystalline product that was greater than 95% one volatile
component by glpc. Ptlec (tenzene) and evaporative distil=~
lation (60-70°, 0.25 mm) gave analytically pure crystals
mp 40-41°: ir (CHCl3) 3600 (OH); nmr (CDCly) 1.03§ (s,
3, C-8a-CH3), 1.08§ (s, 3, C-1-CH3), 1.308 (s, 3, c-la-
CH3).

Anal. Caled for C,.H,yC: C, 79.53; H, 12.33. Found:

13
C, 79.41; H, 12.33.

3,4,42,5,6,7,8,8a-0ctahydro-1,4ag,8ap~Trimethylnaphthalene

e o ™ e S S e e P Pttt P o et o s NI S G o S B N T It NG TN o P NP NSNS NP

A, Wolff=Kischner of J=9

The Haung Minlon modification (119) of the Wolff-
Kischner reductlion was used., A 10 ml flask was fitted with
a short path microstill, and a nitrogen inlet arranged sc
that nltrogen would flow from the pot, through the still,
into the receiver and out to the atmesphere., The flask
was charged with 141 mg (0.735 mmole) of ketone &:2, 500

mg of crushed potassium hydroxide, 0.40 ml or 85% hvdra-

bt

zine hydrate; and 5 ml of diethyleneglycol, With the

N

1052 for

S
tad
(@}
=
o

nitrogen flowirg it was heated to 10

6
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and then to 200-205° for 120 min while the volatile products
distilled, The apparatus was coouled, and the contents of
the pot and receiver were combined and extracted with ether,
The ether solutiocon was dried (MgSOu) and the solvent wsas
distilled at atmospheric pressure; the crude product was
sublimed (40°, 0.025 mm) to afford 60 mg (L6%) of white
crystals mp 45-50°, Ptle (petroleum ether) and sublima-
tion gave the analytical sample mp 52=-55°: ir (CHCl3)
1640 (weak) (C=C); nmr (CDCl3) 0.90f (s, 3, C-lda=CHy),
1,035 (s, 3, Ca8a-CH3), 1.58§ (4, 3, J=1.5 Hz, C-1-CH3),
5.03=5,23} (m, 1, vinyl).

Anal, Caled for CyjHy,: C, B7.56; H, 12,4k, Found:

C; 87.363 H, 12,48,

B. Dehydration of K-=9

To a solution of 50 mg (0.25 mmole) of the alcohol X-9
in 5 ml of dry pyridine was added 0.30 ml (4.1 mmoles) of
thicnyl chloride at =10° (ice-salt bath). The solution
vas stirred at -=10° for 45 min and warmed to room temper-
ature over 15 min. It was pcured into 25 ml of saturatecd
aqueous sodium bilcarbonate and extracted with ether (4xZ5
ml), The combined organic layers were washed with water
(1x15 ml), saturated aquecus cepper sulfate (1x15 ml),
and brine (1ixl% ml), Drying (MgSOy), removal of the sclvent
by distillation at atmospheric pressure, and chrematography

on 5 g of alumina gave with 15 ml of pentane 19 mg (42%)
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of a white crystalline solid mp 50=-54° that was spectrally
identical to that obtained in Part A, above, A mixed
sample of material from Part A, mp U5-50° and Part B, mp

50=-54°, gave mp 45-50°,

5,5 ~Ethylenedioxo-3,4,4a,5,6,7,8,8a-0ctahydro-1,4a4 ,8ap~
-fw\-'v\-vvw

N s A I N o NS S S NGNS
~ MAW e T e

Trimctthnaphthalene (L=1).

VA~ e NAAATAN

A solution of 502 mg (2.62 mmoles) of the ketone J=T

and 10 ml of ethylene glycol in 110 ml of benzene was
placed in a flask fitted with a Dean Stark water separatcr
and 10 ml of benzene was distilled. The solution was
refluxed 20 hours after adding 40 mg of p-tolulenesulfonic
acid. It was then washed with water, saturated aqueous
sodium bicarbonate, and brine. Drying (Mgsou) and
evaporation to dryness yielded 0.64 g of an oil which was
chroratographed on 30 g of grade II alumina. Petroleum
ether eluted 510 mg (83%) of the ketal -1 (mp 37-40°),
Further elution with 10% ether-petroleum ether afforded 55
mg (11%) of starting material. The ketal was recrystallized
three times from hexane to precvide an analytically pure
sample mp 45=U46°: ir (CH613) 1660 (C=C); nmr (CDCl3) 1.09}
(s, 3, C-l4a~-CH3), 1.228 (s, 3, C=8a=CH3), 1.653 (s, 3,
C-l—CH3), 3.885 (m, 4, ketal), 5,108 (m, 1, vinyl).

Anal, Caled for CigH,;0,: C, 76.223 H, 10.24, Found:

c, 76.07; H, 10.18.
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1,2,3,4,42,5,6,7,8,8a=Decahydro=-l4ax ,8abd-Dimethyl~5,5 -
NP A AP AP,

S s AN N

Ethylenedioxo-l-Methylidene-28 =Naphthol (L-2).

baa o a0

S

The photcoxidation procedure descrived by Nickon and
Bagli (81) was employed using a merry-go-round apparatus
consisting of 11 parallel 15 watt fluorescent bulbs
arranged in a circle each 5-6 cm from the center. A fan
was set to blow air between the bulbs for cecoling and a
thermometer was suspended in the middle along side the
reaction vessel,

A solution of 510 mg (2.16 mmoles). of the olefin &;i
and 80 mg hematoporphyrin dihydrochloride (Calbiochem)
in 50 ml of dry pyridine was placed in a 2x15 cn pyrex
tube fitted with a gas dispersion tube extending to with-
in 0.5 cm of the bottom., Oxygen was passed through and
the solution was irradiated 132 hours at the center of the
apparatus, During the reaction two 50 mg portions of
hematoporphyrin dihydrochloride were added and the oyri-
dine lost by evaporation was replaced. The temperature
varied from 20 to 35° during the reaction period.

The pyridine was removed 1n vacuo at room temperature
and the bhlack c¢il was taken up in 100 ml of dry ether;
iithium aluminum hydrids, 241 mg (6.3 mmcles) was added
and the solution was stirred 4 hours. The excess hydride
was destroyed by successive additions of 0.24% ml water,

0.24 ml of 10% potassium hydroxide and 0.72 ml water». The
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mixture was filtered and concentrated to give 340 mg of a
erude oil which was applied to 30 g of Florisil. Petroleum
ether, 300 ml, gave 83 mg (16%) of recocvered starting
material; further elution with 400 mi of 60% ether-
petroleum ether afforded 173 mg (31%) of the crystalline
alcohol E:&J Two crystallizaticns from ether~heptane
provided analytically pure material mp 148-149.5°: ir
(CHClB) 3600 (OH), 1645 (C=C), 895 (C=CH,); nmr (CDClj)
1.004 (s, 3, c-8a-cn3), 1.25¢ (s, 3, C-la=CH,), 3.90%
{(m, 4, ketal), 4.67§f (m, 1, vinyl), 5.02f (m, 1, vinyl).
Anal. Caled for C,.H_ ,0,: C, 71,39; H, 9.59. Found:

1572473°
C, Tl.U41; H, 9.48,

Perhydro-9b-B3£§2§enalene

The bcrane was prepared by a modification of the method
employed by Rotermund and Koster (88). A 1000 ml flask
fitted with a distillation head equipped with a stopcock
to permit total reflux and a 500 ml dropping funnel was
flushed with argon and was charged with 100 ml of dry
xylene. The xylene was heated to reflux and a sclution
of 40 g (0.34 mole) of triethylamine borane (Penisular
Chemresearch, Inc.) 2nd 51.9 g (0.32 mole) of 1,5,9=~

trans, trans, trans-cyclododecatriene (Columbia Organic

Chemical Co., Inc.) in 20C ml of dry xylene was added
over the course of 3 hours. On completion of the addition,

imest of the sclvent was distilled and ths reactlon mix-
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ture was allcwed to cool and stand overnight under argon.
The mixture was quickly poured into a dry 300 ml flask

and the remaining xylene was remocved uncer reduced pressure

(bath temp 40-80°, 1.5~2.0 mm)., The borane was distilled

bp 72-76°, 0.3 mm [1it (88) 55°, 0.1 mm] and the vacuum

vwas broken with argon to give 44,7 g (81%) of & viscous

oll,

Lithium Perhydro=-9b-Boraphenalyl Hydride (N=1),.

R e B e e o L VO B e W et e ]

A solution of 15.1 g (0.086 mole) of the borane from

above in S0 ml of dry tetrahydrofuran was treated with

5.2 g (0,66 mmoles) of lithium hydride (Alpha Inorganics)
and the resulting suspernsion was heated to reflux for 6
hours under an argon atmosphere. On cooling, most of the
unreacted lithium hydride rose to the surface and the cloudy
solution belcw could be withdrawn with a syringe and stored
in 2 100 ml flask under argon. The concentration of the
reagent was calculated to be 0.85M based on 100% reaction

of the starting borane; it was generally used in 50 100%

eXxXcess.,

'éﬂa Meth&;wl 2,3.,4,6,7,8,8a~0ctahydro~lg~Naphthol (N=2).

T .,u_».w-‘cw- ‘.-Mwaw oot RN i i NI

A stirred, ice cold soluticn of 128 mg (0.73 mmole)
of the keto=olefin I=-5 in 2 ml of dry tetrahbydrofuran was
R Ram

treated with 2.0 ml of a 0.77M soluticn of lithium verhydro-

gb-horaphenalylhydride (N-1) in dry tetrahydrofuran under

AN N

nitrcgen, After 30 min the excess borohydride wWas Jes~
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troyed by the consecutive addition of 0.5 ml of 3N sodium
nydroxlde and 0.75 mi of 30% hydrogen peroxide. The mix-
ture was poured immediately onto 15 ml of 20% aqueous
potassium carbonate and the agueous solution was extracted
with 75 ml of ether. The ethereal layer was washed with
brine (1x10 ml) and was dried (MgSOy). Concentration
afforded 189 mg of an oil which was filtered through 15 g
of alumina {(ether) to give 85 mg (65%) of partly crystalline
material. Ptlec (15% ether-petroleum ether) gave two
products: r.f. 0.2, 35 mg (28%) of the equitorial alcohol
I-4 a2nd r.f, 0.5, 45 mg (36%) of the pure axial alcohcl
N-2, mp 65=66.5° which was suitable for analysis: ir (CHCI3)
3600 (OH); nmr (CDCl3) 1.074 (s, 3, C=8a-CH3), 3.27-3.47§
(my, 1, CHOH), 5.38-5.,62§ (m, 1, vinyl).

Anal. Caled for Cy3H;g0: C, 79.46; H, 10.91. Found:

c, 79.58; H, 10.92.

5-Methoxy~8aR~Methyl=1,2,3,4,6,7,8,8a-0ctahydro-1¢~=Naphthol.
O AN A S 'y -, I " . AN DI NSRS s SNt N NI T

i e S SN

To a solution of U448 mg (2.30 mmoles) of the ketone
g;ﬁ in 5 ml of dry tetrahydrofuran was added 4.20 ml (3.20
mmoles) of a 0,77M solution cf the borohydride ﬁ:} at ~10°
(Lce~salt bath) under a nitrecgen aztmosphere, After 30 min,
the eXcess resazgsnt was destroyed by the careful, dropwise
additiion of 2.0 ml of 3N sodium hydroxide followed by 1.0
ml of 307 hydrogen peroxide., The mixture was nour=2d onto

36 ml of 20% agueous potassium carbonate and was extracted
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with ether (6x25 ml). The combined organic layers were
washed with water (1x20 ml) and brine (ix20 ml) and were
dried (Mgsou). Evaporation yielded 483 mg (quantitative)
of a colorless oil consisting of a 70:30 mixture of‘the
axial alcohol §:§ and the equatorial alcohol g;ﬁ as deter-
mined by nmr integration of the angular metnyl peaks. The
axial alcohol was gquite labile so the mixture was used
without further purification: ir (CHC13) 3600 (OH), 1670
(C=C); nmr (CCly) 0.95§ (s, 0.9, C-8a-CH3, equatorial
alcohol), 1.05§ (s, 2.1, C-8a, axial alcohol), 3.40§ (s,
08, 0-CH3, equatorial alcohol), 3.43f (s, 2.1, 0-CHg,

axial alcohol).

1 243,4,4ap,5,6,7,8,8a-Decahydro=53-Methoxy= SaQ—Methyl o Jef -

WWWNWV L it e et Y

Naphthol Ketal (N=5),
NN R N SR N A [P,

A solution of 154 mg (0.785 mmole) of the crude mixturs
of alcohols N=3 and N-4 in 3 ml of chloroform-d containing

[V S VS

1-2 mg of p-tolulenesulfonic acld was allowed to stand 12
hours at room temperature., Ptlc (30% ether-petroleum
ether) gave two bands, The first, r.f. 0.1, contained
o4 mg, (42%) of a mixture of four major components as
determined by nmr: the starting zlcohols §:§ and N~4,
the hydrolysis product ¢f the equatorial alcohol (vide
infra) and an unidentified compound presumably the
hydrolysis product of the axial alcohol. The faster moving

band r.f, C,3 contained 43 mg (2&% frem the kKeotone J=4) of

e
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the anzalytically pure ketal ﬁ:?. Evaporative distillation
(45°, 0,15 mm) afforded the analytical sample: ir (CHCI3)
1055 (C=0); nmr (CDClj) 0.978 (s, 3, c-8a-cn3), 3.303 (s,
3 O-CH3), 3.77-3.90% (m, 1, CH-0).

Anal. Caled for Cy,H,,0o: C, 73.43; H, 10.27. Found:

2720
€, 73543 H, 10,23

1,2,3,4,4a,5,6,7,8,8a=Decahydro~5g, da-Methanc~58 «Methoxy-
Nt NS vy

B T T e i e L T P B S

Bap -Methyl-lx-Naphthol (N-6).
NS YA R T RSP NS LT 1 g AT NS

AT =

The Simmons-Smith reagent (53) prepared from 2.10 g

{(30.0 mmoles) of zinc-copper couple (52) and 2.40 ml (30.C
mmoles) cf diicdomethane in 30 ml of dry ether was added

to a solution of 483 mg (2.30 mmoles) of the®70:30 mixture
of alcohols N-3 and‘ﬁzﬁ from above in 3.2 ml (30 mmoles)

of dry 1,2-dimethoxyethane under a nitrogen atmosphere.
Over the course of 1 hour, the characteristic gray precip-
itate formed; the mixture was cooled in an ice bath and the
excess reagent was decomposed with 1.0 ml of 1C% aaueous
ammonium chloride. The solution was diluted with 200 ml

of ether, washed with saturated agueous rotassium carbonate
(1x50 ml) and brine (2x50 ml) and was dried (Mgsou).
Following concentration,ptlec of the crude product on three
20x20 cm plates (30% =2ther-peitrcleum ether, 2 elutions)
gaVe.a band r.f. 0.5 containing 278 mg (59% frcm the ketone

J=4} of the cyclopropane Nni, Rechromatcgraphy and evapor=

AP

B\l

ative distillaticn (120°, 0.&5 mm} gave the

- ik =
nalytieal
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sample: ir (CHC1;) 3600 (CH); nmr {CDC1j) 0.38§ (d, 1,
J=5 Hz, cyclopropane), 0.78§ (4, 1, J=5 Hz, cyclopropane),
1.11% (s, 3, C~Ba=CHj), 3.178 (s, 3, 0-CH,), 3.17-3.378
(m, 1, CHOH).
Anal, Caled fro C,.H,,0 c, 74.243; H, 10.54, Found:

13722%"
c, 74.32; H, 10.63.

qax 8¢ -Dimethyl-l« -Hydroxy-1,2,3,4,4%a,7,8,8a-0ctahydro~5

M\W«W PR NV\W PN MW\WNWWV‘

(6H)=Naphthalenone (N=7).
VI e\

A solution of 114,2 mgz (0.545 mmole) of the cyclopropyl
ether N-6 0.5 ml water, and 2.0 ml of 38-39% hydrochloric
acid in 8 ml of methanol was refluxed 1.5 hours. The cooled
mixture was poured into 20 ml of ice and 5% aqueous sodium
hydroxide, and the aqueous solution was extracted with
ether (6x25 ml). The ethereal layer was washed with saturated
agucous sodium bicarbonate {(1x15 ml) and brine (1x15 ml)
and was dried (MgSOu). Evaporation to dryness and tituration
of the crude crystals with ether afforded 78 mg (80%) of 2
white crystaliine solid mp 125-130°, Crystallization from
ether=heptane gave cubes mp 158~159° which were sublimed
to give the analytical sample: ir (CHCIS) 3615 (OH), 1665
(¢=0); nmr (CDCl3) 0.83§ (s, 3, C~8a-CHj), 1.465 (s, 3,
C-la=CHj), 3.50-3.65§ (m, 1, HC-OH).

Anal. Caled for C,,H,,0,: €, 73.43; H, 10.27. Found:

AS}

c, 73.29; H, 10,17.
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In one experiment starting with 1.79 g (8.50 mmoles) of
the crude (70% pure) product from the Simmons-Smith reaction
thiere was obtained in addition fto 0.820 g (54%) of the keto
aleohol N=7 0.175 g (12%) of a second Xeto-alcohecl as zn
oil: 1@-hydéroxy-8af-methyl-1,2,3,4,4a,7,8,8a~cctahydro~5
(6H)-naphthalenone which was produced by hydrolysis of the
equitorial alcohol ﬁ:ﬁ that occurred as an impurity in the
starting material, Ptlc (75% ether-petroleum ether) and
evaporative distillation (130°, 0.004 mm) afforded the
analytical sample: ir (CHCl3) 3600 (OH), 1702 (C=0); nmr
(cDC13) 0.77§ (s, 3, C-Ba=CH;), 3.28-3.67§ (m, 1, CH-OH).

Anal, Calcd for C dlbo" C, 72.49; H, 9.95. Found:

C, 72.,42; H, 9.91,

1,2,3,4,4a,5,6,7,8,8a-Decahydro-~liaa,B8ap~Dimethy 1-1«~
W’M"M

vwmvww NI NN

Naphthol (K=6).
S

The Wolff Kischner reduction was carried out as above.
A 10 ml flask fitted with a short path microstill and a
nitrogen inlet was charged with 73 mg (0.38 mmole) of keto-
aléohol ﬁ:z, 1.0 ml of ethanol, 2.5 ml of diethylene glycol,
0.20 ml of 85% hydrazine hydrate, and 250 mg of crushed
potassium hydroxide. With the nitrogen flowlng, the flask
was heated to 100~105° fer 0.5 hours, then to 200-205° for

two hours. Upon cooling, the contents of the pot and

3

receiver were combined and extracted with ether (6x15 ml).

The combined organic layers were washed with water (2x10 ml)
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and brine (1x10 ml) and were dried (MgsO,). Distillation
of the solvent at atmospheric pressure and ptlec {305 ether-
§etroleum ether) gave 15 mg (23%) of the desired alcchol
which crystallized on standing, mp 46=56°, Ptle (30%
ether-petroleum ether) afforded white crystals mp 70.5=72°,
which were spectrally identical to a sample prepared by
Ireland and Dawson (76): ir (CHCl3) 3615 (OH), 1260 (C=0);
nmr (CDC13) 0.98§ (s, 3, C~8a-CH3), 1.235 {8, 3, C-4a-CH3),
3.33-3.50§ (m, 1, CH=-OH).

Anal, (76) Caled for CjpH,,0: C, 79.06; H, 12.16.

Found: C, 78.93; H, 12.05.

baw,820=-Dimethyl=3,4,4a,5,6,7,8,82a=0ctanydro~-1(2H)~-
e, Y i TN AONANIENS NI TN NI 8N M

T S

Naphthalenone (K=8).
Nmnmimeasi e~ S

To an ice cold solution of 39 mg (0.21 mmole) of the
alcohol §:é in 5 ml of acetone that had been freshly
distilled from potassium perménganate was added 0.10 ml
(0.40 meq) of chremic acid sclution (62). After 5 min
the solution was poured ontoc 5 ml of saturated agquecus
sodium bicarbonate, sufficient water was added to dissolve
the chremium salts and the aqueous solution was extracted
with ether (Ux15 mi), The ccmbined ether layers were
washed with brine (1x10 ml) and were dried (MgS0y).
Atmospheric pressure distillation of the solvent and ptle
(50% ether-=venzene) gave 21 mg (54%) of white crystals,

mp 65=72°. Crystallizatiocn from heptane, then from
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petroleum ether, afforded a sample mp 108-110° (sealed
capillary) which on admixture with an authentic sample, (76)
mp 108~110° (sealed capillary), gave mp 108-110° (sealed
capillary). The spectra (nmr and ir) were also in total

agreement with those of authentic ketone (76).

&)2,3,M,Ua,5,6,7,8,8&—Decahydro-ua«,8ap-Dimethyl-5,5-
Ethylenedoxo=ld=-Naphthol Qg:}).

A 50 ml flask fitted with é Dean Stark water separator
was charged with a solution of 117 mg (0.595 mmole) of the
ketone §:§ and 2.5 ml of ethylene glycol in 35 ml of benzene,
Ten m) of benzene were distllled, 11 mg of p-tolulenesulfonic
acid were added, and reflux was continued for 7.5 hours., The
cooled solution was poured onto 30 ml of water and was
extracted with ether (4x35 ml). The combined organilc
layers were washed with saturated sodium bicarbonate solution
(2x15 ml) and brine (1x20 ml), dried (MgSOu), and concen-
trated, Ptlc (50% ether-petroleum ether) afforded 66 mg
(64%) of the ketal mp 89-~91°., Two recrystallizations from
ether-heptane provided an analytically pure sample mp 92-
94° which was sublimed (75°, 0.005 mm) for analysis: ir
(CHClB) 3615 (OH); nmr(CDClB) 1.12§ (s, 3, 078a CH3), 1.40§
(s, 3, C-da CH_), 3.37-3.505 (m, 1, CHOH), 3.67-4,154
(m, 4, ketal).d

Anal. Calcd for CIQHQQO3: ¢, 69.963 H, 10,07, Found:

C; 69.99; Hy 9.99.



132

Nax,Ba@-Dimnthyl-v 5 -Ethylenedioxo-3, 4,4a,5,6,7,8,8a~
NP Nt st

Octahydro=-1(ZH)=Naphthalenone (0=2).,
A A s o P P O P ™ e S s g o S P sy

NP

To an ice cold solution of 133 mg {0.554 mmole) of ketal
9:} in 20 ml of acetone, (previously distilled from potas-
sium permanganate), was added 0.25 ml (1.0 meqv) of 8N
chromic acid solution (62)., After 1 min, 0,10 ml of iso=-
propyl alcohol was added, the mixture was diluted with
20 ml cf saturated aqueous sodium bicarbonate and was
extracted with ether (4x50 ml). The ethereal soliution was
washed with brine (2x30 ml), dried (MgSOy) and evaporated
to dryness to yield 32 mg (100%) of yellow crystals, mp
78-82°, Two recrystallizations from ether-hexane and
sublimation (80°, 0.05 mm) provided the analytical sample
mp 88-89°: ir (CHCl3) 1695 (C=0); nmr (CDCl3) 1.00§ (s,
3, C-la-CH3), 1.35§ (s, 3, C-Ba=CH3), 3.70-4.17§ (m, 4,
ketal),

Anal. Calecd for CjuH,,05: C, 70.56; H, 9.30. Found:
C, T0.613; H, 9.44,

Attempted addition of 2-m=Methoxyphenvlethylmagnesium

bromide to the ketone 0=2,

A dry 25 ml flask containing 170 mg (7 mmoles) of
magnesium shavings was flushed with niltrcgen and charged
with 3 ml of dry ether. A solution of 1,44 g (6.05 mmoles)
of 2-m-methoxyphenylethyl bromide (120) in 7 ml of dry

ether was added dropwise so as to malintain a steady reflux
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(10 min), and the resulting solution was stirred 15 min at
reflux. A 3 ml («2 mmole) portion was transferred to a dry
25 ml flask under a nitrogen atmosphere and a sclution of
56 mg (0.24 mmoles) of the ketone 0=2 in 5 ml of dry ether
was added over the course of 5 min.

After 1 hour at room temperature, the resulting mix-
ture was poured onto 50 ml of water. The aqueous solution
was extracted with ether (4x50 ml) and the combined ethereal
layers were washed with saturated aqueous sodium bicarbonate
(1x25 ml) and brine (1x25 ml) and were dried (MgSOy).
Evaporation to dryness and ptle (50% ether-petroleum ether)
gave: r.f. 0,2, 24 mg of aromatic material which displayed
nolangular methyl signals in the nmr and r.f. 0.4, 46 mg

(82%) of recovered starting material,

ManSa§~Dimethy1-5,5—Eﬁhylenedioxo-l—(2'—m-Methoxyphenylethyl)—
- - S g A N T AT I N Nt A e A SN N PN i e Py

e e e e T e g

3,4,4a,5,6,7,8,8a-0ctahydronaphthalene (0-5).

B e N

A dry 25 ml flask fitted with a condenser, dropping

funnel, and a serum cap was flushed with nitrogen and
charged with a solution cf 5.0 mmoles of n-butyl lithium
(2.0 ml of a 2.,5M solution in hexane as supplied by Alpha
Inorganics, Inc.) in 8.0 ml of dry ether., A solution of
931 mg (7.05 mmeoles) of memethoxyphenylacetylene (121)

in 2 ml of dry ether was added over the course of 5 min

while a vigorous, exothermic reaction transpired. The



solution initially turned yellow, but became a milky color
near the end of the addition., After an additional 5 min, a
solution of 76 mg (0.32 mmole) of the ketone 0-2 in 3 ml

of dry ether was introduced through the serum cap with a
syringe. After 4 hours, no further change in the peak
representing starting material was discernible by glpe so
0.5 ml of 10%Z aqueous ammonium chloride solution was added
carefully followed by 15 ml of water. The aqueous layer
was extracted with ether and the organic layer was washed
with water and brine. Drying (MgSOu) and evaporation to
dryness afforded 828 mg of a yellow oll, Ptlec (L40% ether-
petroleum ether) gave 102 mg of an oil which consisted of
60% of the addition product and 40% of the starting ketocne
by nmr integration of the methoxyl region. In another exper-
iment, carried out at -78°, a 50-50 mixture of products was
obtailned.

The hydrogenation was conducted according to the
procedure of Barltrop and Rogers (89). The crude mixture
from above was dissolved in 5 ml of reagent ethyl acetate
and was hydrogenated 1 hour in the presence of 30 mg of 10%
ﬁalladium on carbon at one atmophere, Filtration through
celite and concentration yielded 78 mg of a mixture of the
tert~alcohol O-4 and the starting ketone which was not
conveniently separable by ptic.

To a solution of 150 mg (0.52 mmcle) of the crude

reduction product from above (combined product from two
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experiments), in 5 ml of dry pyridine cooled in an ice bath,
was added 0,20 ml (2,8 mmoles) of thionyl chloride. The
yelliow solution was stirred 50 min at 0° and poured ontc
25 ml of ice and water. The aqueous layer was extracted
with ether and the ethereal phase was washed with water,
thien brine and was dried (MgSOu). Evaporatiocn tc dryness
and ptlec (30% ether-petroleum ether) gave two bands, r.f.
0.5, 45 mg (28%) of starting ketone 0-2, and r.f, 0.7, 68
mg {38% based on starting ketone) of the desired olefin
9:2. Ptle (30% ether-petroleum ether) of a portion and
flash d;stillation at 0.005 mm afforded the analytical
sample: ir (CHC13) 1600, 1585 {(Ph); nmr (CDCl3) 1.10§
(s, 3, C-Ma-CH3), 1.258 (8, 3, C-8a=CH3), 3.78=-4,08§ (m,
7, ketal and O»CH3), 5.15=5.358 (m, 1, vinyl), 6.62~7.37§
(m, 4, Ph),

Anal. Calcd for 023H3203: C, TT«49; Hy 5.05, TFound:
Cy 774353 Hy, 9.15.

hay ,8a8 ~Dimethyl=5, )-anyleﬂediuxonlp (2'-m-Methoxypheny1«
WWMVW

\N\.,e.,w T e

ethyl)=1« ,4,42,5,6,7,8,8a=0Octahydro=2(3H)~ Napntha;encno (L--4),

M ~ AM\ ,.,,ﬁw S e g R SNy

The hydroboration was carried out according to the
general proccedure of Brown and Zweifel (122). To & solution
of 165 mg (0.4614 mmole).af olefin 0=5 in 4 hl of dry tetra-
hydrofuran was added 3.0 ml {3 mmoles; of & 1M solution of
borane in tetrahydrcfuran under a nitrogen atm. The reaction

mixture was stirred 5C min, cooled to 0°, and the remaining

borane was destroyed by the careful addition of 0.20 ml of



136

water, follcowed by 2.0 ml 3N sodium hydroxide and 2.0 ml

of 30% hydrogen peroxide. After an additional 45 min, the
resultant mixture was diluted with 25 ml of 10% aquecus
potassium carbonate and extracted with ether. The etheral
"sclution was washed with water and brine, dried (Mgsoa), and
evaporated to dryness to give 107 mg of an oil, Ptlc (40%
ether-petroleum ether) gave three bands: r.f. 0.2, 63 mg
(37%) of the desired alcohol Q;§5 r.f. 0.3, 49 mg (28%) cf

a complicated mixture; and r.f. 0.5, 43 mg (16%) of recovered
starting material. Longer reaction times lead to lower
vields: ir (CHCl3) 3600 (OH), 1600, 1585 (Ph): nmr (CDClgz)
107§ e, 3 C-la-CHj), 1.42§ (s, 3, CBa=CH3), 3.67-4.07(
(m, 8, ketal, O-CHg, CH-OH), 6.60-7.37f (m, 4, Ph).

To an ice cold solution of 63 mg (0.168 mmole) of the
alcohol g;ﬁ from above in 5 ml of acetone, (freshly distilled
from potassium permanganate), was added 0,06 ml (0.24 meqv)
of 8N chromic acid soluticn (62). After 2 min, the mixture
was diluted with 20 ml of water, and was extracted with
ether. The ethereal solution was washed with saturated
aqueous sodium bicarbonate and brine and was dried (MgSOu).
Evaporation to dryness alfforded 62 mg (37% from the olefin
8:?) of the ketone é:ﬂ. Ptle (50% ether-petroleum ether)
and flash distillation (0.15 mm) gave the analytical sample:
ir (CHCl3) 1665 (C¢=0), 1600, 1585 (Ph); nmr (CDCl3) 1,054

(Sg 3, C"I{Ia“'CHg)s 16238 (S’ 3’ C"‘ga"‘CHQ)g 3’60“’3‘(}75 (m’
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7, ketal and O»CHB), 6.60-7.,40§ (m, U4, Ph).

"~ Anal., Calcd for Oyt C, T4,16; B, 8,66, Found:

Cy3H3,
c, 74.,17; H, 8.79.

Attempted Methylation of Ketone L-4

To a suspension of 50 mg (2.06 mmoles) of magnesium
shavings in 2.0 ml of dry ether under nitrogen was added
dropwise a solution of 0,11 ml (1.75 mmoles) of iodomethane
(freshly distilled from anhydrous calcium sulfate) in 4 ml
of dry ether so0 as to maintain spontaneous refluxing. The
mixture was stirred an additional 15 min at room temperature,
cooled in an ice bath, and a solution of 63,3 mg (0.170
mmole) of the ketone é:3 in 4 ml of dry ether was added
over the course of 10 min., After 0.5 hours at 0° and 2
hours at rocm temperature, the excess Grigrand was decom-
pesed with 0.2 ml of 10% aqueous ammonium chlecride, the
sclution was diluted with 100 ml of ether, and the ethereal
phase was washed with water and brine.

Drying (MgSOu) and concentration yielded 65 mg of a
slightly yellow oil whose nmr revealed no discernible product
besides starting material.

Other attempts involved the use of methyl magnesium
iodide and methyl lithium at room temperature and -78°,
Dimethyl magneslium, generated by addltion of a stoichio=-
metric amount of dry dicxane to an ethereal solution of

methyl magnesium iodide(84),was also employed at 0° and
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-78°, all with similarly negative results.

5*,Ua-Methano-Sg-Methoxz:éfﬁcyethyl-3,U,43,5,§ili§4§3:
Octahydro-l(ZH)-QEEthalenone QE;;).

To an ice cold solution of 240 mg (1.22 mmoles) of the
axial alcohol N-5 in 45 ml of acetone (freshly distilled
frem petassium permanganate) was added 0.40 ml (1.60 meqv)
cf 8N chromic acid solution (62) over a period of 3 min.
After 3 min, 0.20 ml of isopropyl alcohol and 5 ml of
saturated aqueous sodium bicarbonate solutlon were added
and most of the acetone was removed in vacuo. The residual
green mass was dissolved in 30 ml of water and was extracted
with ether (4x50 ml). The combined organic layers were
washed with brine (2x50 ml) and were dried (MgSOu).
Evaporation to drvness and ptlc (30% ether-petroleum ether)
afforded 174 mg (73%) of a white crystalline solid mp
€0.5~62°, Crystallization from hexane and sublimation
(55°, 0.005 mm) provided the analytical sample mp 61=-629:
ir (CHC13) 3075 (cycloprepane), 1705 (C=0), 1055 (C=0);
nmr (CDCl3) 0.38§ (a, 1, J=5.5 Hz, cyclopropane), 0.60§

(dy 1, J=5.5 Hz, cyclopropane), 1.38i (s, 3, C~8a-CH3),
3:27§ (s, 3, OWCH3).
Anal. <aled for C, H_ .0 ¢, 76.70; H, 9.36. Found:

13720 2
C, 7606!‘1; I{, 90!}'79

1,2,3,5,4%2,5,6,7,5,8a=-Decahycro=5q,da«Methanc—58-Nethoxy-8ap -

MV.,W%W&WWV‘&'\ R L TP R Y S e S e T e e ] S W PRt et e DR e

Methylel8 -(2'~phenylathyl)=14 = thol (M-3, R=H),

\'Wmfu— S T T R SR €A, M...MWMWWN PRI I "‘W\



139

Benzyl Grignard was prepared using the general method
of Prout (123), Freshly distilled benzyl chloride 0,50 ml
(7.8 mmoles) in 9 ml of dry tetrahydrofuran was added over
10 min to a suspension of 191 mg (7.97 mmoles) of magnesium
shavings in 6 ml of dry ether under an atmosphere of
nitrcgen., The Grignard solution was refluxed 15 min and
cooled; 9.0 ml of dry tetrahydrofuran and 0,70 ml (8.2
mmoles) of dry dioxane were injected and the resulting
precipitate was allowed to settle 20 min (84). The
supernatant was removed with a syringe and introduced into
a flask containing 207 mg (1.00 mmole) of the oxirane ﬂ:} in
2 ml of dioxane under nitrogen. The reaction mixture was
refluxed 1.5 hours, cooled, and poured into 20 ml of water,
The agueous sclution was extracted with ether, and the
ethereal layer was washed with water and brine, and was
dried (MgSOu). Evaporation to dryness afforded 385 mg of
an oil which was chromatographed on 20 g of alumina: 100
ml of petroleum ether gave 56 mg of bibenzyl. Elution with
100 ml of 10% ether-petroleum ether afforded 39 mg (18%)
of starting oxirane, and 50 ml of ether eluted 250 mg (82%)
of the desired enol ether alcchol @:g, R=H contaminated with
two minor impurities according to glpe:s ir (CHC13) 3550
(broad, weak) (OH), 1660 (C=C), 1595 (Ph); nmr (CDC1g + 1
drop pyrine) 1.13f (s, 3, c-8a~CH3), 3.528 (s, 3, 0=~CH3),

7.238 (s, 5, Ph). The alcohol is cuite senzitive and was

[#1]
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used directly in the next step.

Cyclopropylation

To a solution of the Simmons-Smith reagent (53) pre-~
pared from 600 mg (8.5 mmoles) of zinc-copper couple (52)
and 0.64 ml (7.9 mmoles) of diiodomethane in 10 ml of dry
ether was added all at once a solution of 237 mg (0.79 mmoles)
of the alcohol M-=2, R=H in 3 ml of dry ether and 0.7 ml
(6,7 mmoles) of dry 1l,2-dimethoxyethane. After 40 min at
room femperatur;, ﬁhe reaction mixture was cooled inian lce
bath and was quenched with 1.0 ml of water. The solution
was poured into 20 ml of water, extracted with ether and the
organic phase was washed with saturated aqueous potassium
cafbonate and brine and was dried (MgSOu). Evaporation to
dryness and ptlc (20% ether-petroleum ether) gave two
products., The slower moving band, r.f. 0.3 contained 131
mg (45% from the oxirane g:}) of the desired cyclopropane.
Glpc indicated a minor impurity that could not be removed
conveniently by ptlc under a variey of conditions sc a 90
mg (0.30 mmole) portion was dissolved in 20 ml of cold
acetone and treated with 0.1 ml (0.4 meqv) of 8N chromic
acid solution (62). The mixture was poured into saturated
aqueous sodium bicarbonate, and was extracted with ether.
The ethereal layer was washed with water and brine and
was dried (Mgsou). Evanoration tc dryness and ptle (20%

ether~petrcleum ether, 2 elutions)atforded 59 mg {(66%) of
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the pure alcohol, Evaporative distillation (155°, 0.01 mm)
gave the analytical sample: ir (CHCl3) 3590 (OH), 1605 (Ph);
nmr (CDCl3) 0.52§ (d, 1, J=5 Hz, cyclopropane), 0.83J (4,

1, J=5 Hz, cyclopropane), 1.15§ (s, 3, C-Sa-CH3), 3270 (s,
: ] o-cn3), 7.20§ (s, 5, Ph).

Anal, Calcd for Cz_H

1 3002¢ ©C» 80.21; B, 9.62. Founds:

c, 80,143 H, 9,45,

1,2,3,4,4a,5,6,7,8,8a~Decahydro=5«, la=Methano=-5p-Methoxv-1p -
R s W e Bt

i o e

(2'=m=methoxyphenylethyl)=-8ap~Methyl-lg=-Naphthol (M~3, R=0Ome).

- tran, A s A= S ey NI A PN WA

A, Oxirane Cleavage

Grignard
A dry, 50 ml flask fitted with a serum cap, reflux

condenser, and dropping funnel was flushed with nitrogen and
charged with a suspension of 313 mg (12.9 mmoles) of

magnesium shavings in 5 ml of dry ether. A soclution of

1.867 g (11.9 mmoles) of me-methoxybenzyl chloride (124)

in 5 ml of dry ether was run in over the course of 15 min
while the mixture refluxed spontaneously. After an additional
30 min reflux, 10 ml of dry tetrahydrofuran was introducead
followed by 10 ml (11.7 mmoles) cf dry dioxane (84), After

2 min, stirring was halted and the precipitate was permitted

to settle 10 min. Titration of an aliquot with s=-butyl

~

<

alcohel in xylene using 1,10-phenanthrolene as indicator as
described by Watson and Fastham (85) indicated the sgolution

~ 5 . s 5
was 0,26M in dlalkymagnesium, The supernatant, 13 mnl (3.4
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mmoles), was transferred with a syringe to a flask con-
taining a solution of 200 mg (0.96 mmole) of the oxirane
3t£.in 1 ml of dry dioxane under nitrogen. The reaction
mixture was refluxed €5 min, cooled, quenched with 1 ml

of water, and poured into 50 ml of water. The aqueous
scolution was extracted with ether and the ethereasl layer
was washed with water and brine and was dried (Mgsou).
Evaporation to dryness afforded 411 mg of an o0il which

was chromatographed on 20 g of alumina: 60 ml of petroleum
ether eluted 119 mg of 3,3'-dimethoxybibenzyl; 60 ml of
10% ether-petroleum ether gave 74 mg (37%) of recovered
starting material, and further elution with 80 ml of ether
afforded 181 mg (57%) of thg desired alcohol M-2, R=Ome
which was 65% pure by nmr integration of the methoxyl
regions: ir (CHCl3) 3550-3500 (broad, w) (OH), 1665 (C=C),
1600, 1585 (Ph); nmr (CDCly + 1 drop-pyridine), 1.13§ (s,
3, C-8a=CH3), 3.50§ (s, 3, O~CH3), 3.824 (s, 3, PhOCH3).
The product is extremely labile and was used directly in
the cyclopropylation. The yield from the grignard was
highly variable ranging from 29-86% based on consumed
starting material, In one experiment the alcohol 3&3;,
R=Cimme was obtained free of impurities; in this case the
cyclopropylation prozeeded well., In other instances poor
vyields were realilzed. “

Cyc¢lopropylation

To a solution of the Simmons«Smith reagent
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from 1,168 g (16.7 mmoles) of zincw-copper couple (52) in 17
ml of dry ether and 1.30 ml {16.2 mmoles) of diiodomethane
was added a solution of 520 mg (1.57 mmoles) of the alcohol
E:g, R=0Me (obtained free cf impurities from one grignard
experiment) in 1.75 ml (16.7 mmoles) of dry 1l,2-dimethoxy-
ethane in 5 mi of dry ether under a nitrogen atmosphere.
After 50 min at room temperature the excess reagent was
quenched with 0.5 ml of water and the mixture was poured
onto 35 ml of saturated aqueous potassium carbonate. The
aqueocus layer was extracted with ether and the combined
organic layers were washed with brine before drying (Mgsou).
Evaporafion to dryness and ptle (20% ether~petroleum ether)
gave twe products. The first, r.f. 0.2, 352 mg (66%), was
the desired cyclopropane ﬂ:;} R=0Me., A portion was further
purified by ptlc (20% ether-petroleum ether) and the oil
was flash distilled (0.01 mm) to give the analytical sample:
ir (CHCl3) 3600 (OH), 1600, 1585 (Ph); nmr (CDCl3) 0.50§ (d,
l, J=5, cyclopropane), 0,808 (4, 1, J=5 Hz, cyclopropane),
1.138% (s, 3, ~C8a~CH3), 3.228 (s, 3, OCH3), 3.77§ (s, 3,
Phoc§3), 6.57=7.378 (m, 4, Ph).

Anal, Caled for CpoHg03: C, 76.70; H, 9.36. Found:
c, 76.62; H, 9.22.

The second vand, r,f. 0.7, 42 mg (8%), contained 1,2,3,
b,%a%,5,6,7.%,8a~decahydro-5§ «methoxy~1§ -(2'-m-methoxyphenyl-

2 1

ethyl)-8uff =methylein=naphthol ketal (M~4, R=0OMe), which was
Ny
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purified by ptle (20% ether-petrcleum ether) and flash
distillation (0.01 mm) to afford the analytical sample:

ir (CHCl3) 1600, 1585 (Ph), 1155, 1085 (€-0); nmr (CDC1y)

3
0.958 (s, 3, C-8a-CH3), 3.37{ (s, 3, 0-CHj}, 3.77§ (s,
3, PhOCH;), 6.53=7.25§ (m, b4, Ph).

Anal, Calecd for 021H3003: C, 76.33; H, 9.15. Found:
C, 76.363 H, 9.20.

B, From Ketone P=] with 2-m-Methoxyphenylethyl Grignard

A dry 25 ml flask was flushed with nitrogen and charged
with a suspension of 34 mg (l.4 mmoles) of magnesium shavings
in 1.0 ml of dry ether., A solution of 220 mg (1.02 mmoles)
of 2-m-methoxyphenylethyl bromide (120) in 2.0 ml of ether
was added dropwise so as to maintain a steady reflux.

Reflux was continued 5 min following the addition, the
solution was cooled to 25°, and 47.3 mg (0.228 mmole) of
cyclopropyl ketone B;} in 2.0 ml of ether was added all at
once., After 1 hour the reaction was quenched with 0.3 ml
¢f saturated aguecus ammonium chloride and the product was
poured into 25 ml of water. The aqueous soliution was
extracted with ether., The ethereal solution was washed
with water and brine and was dried (Mgsou). Concentration
and ptle (40% ether~petroleum ether) gave two bands. The
slower moving band, r.f. 0,2, consisted of 18,4 mg (24%)
of a mixture of at least twc components and was not further

examined., The faster bpand, r.f. 0.4, 45.5 my (58%) contaired
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a l:1 mixture of the desire addition compound E;é: R=CMe

and the axial alcohol N=5.
) Nty

C. From Ketone P-1 with m=Methoxvovhenylacetylene

A soluticn of 3.0 ml of a 2.5M solution of n-butyl
lithium in hexane (Alpha Inorganics, Inc.) in 20 ml cf dry
ether was placed in a édry 50 ml flask fitted with a serum
cap, abreflux condenser, and a dropping funnel under a
nitrogen atmosphere. A solution of 3.2 g (10 mmcles) of
m-methoxyphenylacetylene (121) in 7 ml eof dry ether was
added dropwise resulting in a vigorous exothermic reaction.
The initially yellow solution became a characteristic milky
white near the end of the addition. After 5 min, 287 mg
(1.38 mmoles) of the cyclopropyl ketone P-1 in L ml of dry
ether was introduced with a syringe and the resulting mixture
was stirred 1 hour. The excess acetylide was decomposed with
0.5 ml 10% aqueous ammonium chloride, and the mixture weas
pecured into 50 ml of water and was extracted with 200 ml
of ether, The ethereal solution was washed with saturated
sodium chloride (1x25 ml), and dried (MgSOa). Evapecration
tc dryness and Ptle (50% ether-petroleum ether) ylelcded
bs5 mg (96%) of a yellow oil., The crude product was taken
up in 10 ml of ethyl acetate and was hydrogenated (89) over
200 mg of 10% palladium on carbon under 1 atmosphere of
hydrcgen for 1 hour., Filtration through Celite, evaporation

to dryness , and ptlc (507 ether-vetroleum ether) revealed
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two components. The more polar band r.f. 0.3, 204 mg (46%)
contained the equatorial alcohol P=2 mp 95~98°, Crystale
lization from ether-n-heptane gave the analytically pure

sample mp 100,5=101,5: ir (CHCL 3610 (OH), 1600, 1585

3)
(PFh); nmr (CDCl3) 0.53§ (m, 2, cyclopropane), 1,254 (s, 3,
C-82~CH,), 3.23§ (s, 3, 0-CH3), 3.80§ (s, 3, PhOCH,), 6.57-
7.37§ (m, 4, Ph).

Anal, Calecd for C

22H3203: C; T6.703% Hf 9.36. Found:

c, 76.64; H, 9.17.
The second band, r.f., 0.4, 192 mg (4l4%) contained the
desired axial alcohol @:5, R=0OMe which was the same as that

obtained in Part A above.

lge ,8ap-Dimethyl-3,4,4a,7,8,8a-Hexahydro=1=(2'-m-Methoxy=-
A A A AP IS -, n o

—

R agma g, o

phenylethyl)-5(6H)~Naphthalenone (M=5).
NI RN "\ i TIPS AT RN PN I PN gt NP NI R0 TS B e Rty TNy

A solution of 181 mg (0.525 mmoles) of the cyclopropyl
alcohol M-3, R=OMe in 1.5 ml of 37-38% hydrochloric acic
and 15 ml of methanol was refluxed 4 hours. The solution
was poured into 25 ml of saturated aqueous sodium bicar-

bonate and was extracted with ether (5x25 ml). The come

bined organic layers were washed with water (1x25 ml),

n

aturated aqueous sodium bicarbonate (1x25 ml), and brine

(1x25 ml), and were dried (MgSCy). Evapcration tc dryness
vielded 159 mg; ptlc (20% ether-petroleum ether) gave a band

r.f. 0.3 containing 89 mg (46%) of M=5 as a colorless oil

contaminated with about 20% of the exoccyelic olefin., A
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portion was further purified by ptlc (20% ether-petroleum
ether) and flash distilled (0.01 mm) for the analytical
sample: ir (CHCl3) 1695 (C=0), 1600, 1585 (Ph); nmr (CDCl3)
1.028 (s, 3, C-8a=-CH3), 1.20% (s, 3, C-ka-CH3), 3.80§ (s,
3, PhOCH;), 5.22-5.37§(m, 1, vinyl), 6.58-7.42§ (m, 4,
Ph). |

knal. Cealed for C,yH,c 0,5 C, 80.73; H, 2.03. Found:
C, 80.65; H, S.1i.

1,2,3,4,%,5,6,7,8,8a=-Decahydro=-1-(2'-m-Methoxyphenvlethyli=-
AT, _ P o

PR e, oI

dene)=5& , la~Methano=5p-Methoxy~8ap -Methylnaphthalens (P=4),

B i TP B it A e S T S

To a solution of 204 mg (0.594 mmole) of the eguaterial
a2lcohol P=2 in 5 ml of dry pyridine at -10° (ice~salt bath)
was added 0,25 ml (3.44 mmoles) thionyl chloride. The reac-
tion mixture was stirred in the cold 45 min and was poured
into 200 ml of ether. The ethereal solution was washed
with water, saturated agueous sodium bicarbonate, and brine,
and was dried (MgSOq). Concentration and ptlc (20% ether=-
petroleum ether) gave r.f. 0.6, 82 mg (43%) of an olefin
different from that obtained below from the axial alcohol.
Rechromaztography and flash distillation (0.01 mm) gave the
analytical sample: ir (CHCIB) 1665 (C=0), 1600, 1585 (Phj.
1055 (C~0); nmr (CDClg) 0.37§ (m, 2, cyclopropane), 1.28}
(s; 3, C=8a=CH.,), 3238 (85 3 O-CH3)’ 3.778 (s, 3, PhOCﬁgﬁ,

3
5.0’3“’5.33 (m‘,, l, Viny1), 6.57-71338 (m, ‘!4’ Ph)c

o

Anal, Calcd for C c, 80,94; 4, 9,26, Found:

22H3002:
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c, 80.823 H, 9.20.

Sg,ua«ﬂethanoc5y«Apthoyy-1-(2'-m~ueuhoxyphenyle*hyl) aap«

N A ey s o s o) W Tt g e et e g e

" st

Methyl=3,4,42,5,6,7,8 8&-Octahvdronaphthalene (P=3).,
Www gy

e e
WM B e s e

To a solution of 317 mg (0.92 mmole) of the axial

alcohol E;}: R=0Me in 7 ml of dry pyridine cocled to =10°
(ice-salt bath) was added 0,35 ml (4.5 mmoles) of thiocnvl
chloride, After 45 min, the reaction mixture was diluted
with 300 ml of ether and was washed with water, saturated
agqueous scdium bicarbonate; and brine. Drying (Mgsoq),
evaporation and ptlc (20% ether-petroleum ether) afforded
241 mg (91%) of the endocyclic olefin P-3. Further puri-
fication of 31 mg by ptlc (20% ether-petroleum ether) and
flash distillation gave the analytical sample: ir (CHCI3)
1600, 1585 (Ph), 1155 (C-0); nmr (CDCl3) 0.35% (d, 1, J=5 Hz,
cyclopropane) 0.62§ (d, 1, J=5 Hz, cyclopropane), 1.27% (s,
3 C~8a—CH3), 3:235 (8, 3, OCH3), 3:77% (s, 3, PhOC§3),
5.30-5,50% (m, 1, vinyl), 6.57=7.37§ (m, 4, Ph),

Anal. Calcd for C,oH3,0p: C, 80.94; H, 9.26. Found:
Cy, 81,173 H; 913,

la,2p ,3,4,42,5,6,7,8, 8a Dccahvo;o«;« ba~Methano=-50 -Meth

vwvwwww«\, 1, BT TN TS T B eI N A g e A VS L g NI Sy 5P g R S M-v--—-

lpw(Z'mmmMethoxyphenylethyi)awdgmnethy;«uﬂwhdphtncl (P-~2),

o Ay A SIS 3 ST o NN S N AT NN NI WA SN A N R S et g I e

Employing the hydrovoration prccedure orf Brown and

Zweifel (122), a 50 ml flask was flushed with nitrogen

Y
o3
o

charged with a solution of 210 mg (0,645 mmole) of the

endocyclic olefin P=-3 in 6 m)l of dry tetrahydrofuran,
Py
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fcllowed by 2.0 ml of a 1M solution of borane in tetrahydro-
furan, The reaction mixture was cooled to 0° after 1 hour
and the borane was decomposed carefully with 0.5 ml of water,
3 ml of 3N sodium hydroxide, and 3 ml of 30% hydrogen
peroxide. After an additional 45 min, the mixture was
poured into 30 ml of 10% aqueous potassium carbonate and

was extracted with ether (MxSO_ml). The combined organic
layers were washed with water (2x20 ml) and brine (1ix20 ml)
and were dried (MgSOy). Ptle (50% ether-petroleum ether)
gave two bands. The first, r.f. 0.2, contained 185 mg (84%)
of the secondary alcohol, g:g which crystallized on stand-

ing mp 90-97°, Crystallization from ether-hexane &and

further purification by ptlc»(SO% ether-petroleum ether) gave
analytically pure material mp 100-102° (amorphous solid):
ir (CHCl3) 3600 (CH), 1602, 1585 (Ph), 1155 (C=C); nmr (CDCl3)
0.35§ (d, 1, J=5, cyclopropane), 0,585 (d, 1, J=5, cyclopro~
pane), 0,985 (s, 3, C-8a-CH3), 3208 (8, 3, O-CH3), 3+ T5¢§
(s, 3, PhOCﬁB), 6.57-7.18§ (m, 4, Ph).
Anal. Calcd for 022H3203: C, 76.70; H, 9.36. Found:
C, 76.87; H, 9.37. |
The second band, ».f, 0.3, consisted of 21 mg (10%) of
approximately equimolar protions of the starting olefin §:§,
the equatorial alcohol P-2, and a third, unidentified com-

pound.,
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Sa,Ma«Methano-Sp-Methoxvmlg-(2'~m—Methoxypheny1ethy1)=Sqi_
Nt U g s e 3t o N N

N N IS i o Ny

Methyl-1x,2,3,4,4a,7,8,8a~5(6H)=Napthalenone (P-6).

e U g TN, gy

To an ice celd solution of 164 mg (0.476 mmole) of
secohdary alcohol P=5 in 15 ml of acetone (freshly distilled
from potassium permanganate) was added C.15 ml (0.60C meqv)
of 8N chromic acid solution (62), After 5 min, 0.10 ml of
iscpropyl alcohol was added and most of the acetone was
remcved Iin vacuo. The green residue was dissolved in 25 ml
of saturated aqueous sodium bicarbonate and was extracted
with ether (5x30 ml). The combined ether layers were washed
with water and brine (1x20 ml). Drying (MgSOu) and evapora-
tion to dryness afforded 164 mg (100%) of a pale yellow oil,
Ptlc (50% ether-petroleum ether) gave two bands; the more
polar r.f. 0.2, contained 21 mg (13%) of the equatorial
alcchol E:g which occurred as an impurity in the starting
material., The faster moving band r.f. 0.3 contained 130 mg
(74%) of the ketone E:? which gave waxy crystals on stande
ing; two crystallizations from ether-~heptane gave the
analytical sample mp 108-110°: ir (CHCl3) 1700 (C=0), 1600,
1585 (Ph), 1155 (C«0D); nmr (CDCl3) 0.67§ (m, 2, cyclopropane),

0.905 (s, 3, C-8a=Cil), 3.23§ (s, 3, O=CH3), 3.77§ (s, 3,

3
PhOCH,), 6.57~7.27§ (m, 4, Ph).
Anzl., . Calcd for Copllzn03: Gy T1:16; H, 8,83, XFound;

¢, 77.23; H, 8.87.
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1“,2,3,4,4a,5,6,7,8,8a—Decahydro-2<,8a§-Dimethy1n5x,ﬂan

Methano «unWebeKy 13- (a'nm-Methoxvphenylethyl) -2 ~-Navhthol

NP 7 e e e o ]

(P"'?) ®

To 1.4 ml (3.3 mmoles) of a 2,.4M solution of methyl

iithium in ether (Alpha Inorganics, Inc.) in 10 ml of dry
ether at 05 (ice bath) and under a nitrogen atmosphere was
added a solution of 109 mg (0,318 mmoles) of the ketone
E:é in 4 ml dry ether, After 10 min, 0.5 ml of water was
introduced carefully and the reaction mixture was diluted
to 200 ml with ether. The ethereal solution was washed
with water (1x20 ml) and brine (1x20 ml) and was dried (MgSOy).
Evaporaﬁion to dryness and ptle (50% ether-petroleum ether}
gave 102 mg (90%) of white crystals mp 87-101°, Two
crystallizations from ether-hexane gave a pure sample mp

106,5-107.5: 1ir (CHCl,) 3605 (OH), 1600, 1585 (Ph), 1155

3/
(C~0); nmr (CDCl3) 0.30§ (d, 1, J=5 Hz, cyclopropane),
0.63§ (d, 1, J=5 Hz, cyclopropane), 1.40§ (s, 6, C~la and
C-8a methyls), 3.25§ (s, 3, 0-CH3). 3.78f (s, 3, PhOCH3),
6.57=7.378§ (m, 4, Ph).

Anal. Caled for 023H3403: Cs 77.053 Hy 9.56. Pound:

C, 77.19; H, 9.63.

8af =Cyano~1,2 3,1,Ma 530,728, SauDeﬂahvd“o-L« lox ~Dimethy 1~

s” T TN AR TSN, At g, MW\ T P, Nar g
1§ (/‘—m-Mefhoxyolenyiethvljm?p -Naphthalenediol
- P NI P R ST M e SR R e B

A dry 2 1. fiask fitted with a mechanical stirrer, a

500 ml addition funnel, and an efficient reflux condenser
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topped with an argon inlet was charged with 15.7 g (G.645
mcle) of magnesium turnings and was flushed with argen. The
magnesium was suspended in 50 ml of dry ether and a sclutiocn
of 34 ml (0.55 mmole) of methyl iodide (previously distilled
from phosphorous pentoxide) in 300 ml of dry ether was

added over 1 hour so as to maintain a vigorcus reflux. The
dark Grignard solution was cocled in an ice bath, and a

solution of 19.80 g (58 mmoles) of 8ag-cyano=S«-hydroxy=-

33-(2'—m-methoxyphenylethyl)~uaxfmethylu3,M,4a,5,6,7,8,83-

octahydro-2(1H)-naphthalenone (Q-7) [prepared according to

the procedure of Kowalski (90)] in 300 ml of dry benzene
was added over the course of 45 min, After an additional
45 min the excess reagent was destroyed by the careful addi-
tion of 15 ml of saturated aqueous ammonium chloride solu-
tion, and the reaction mixture was partitioned between 600
ml of methylene chloride and 1000 ml of water. The lavers
were separated and the aqueous layer was extracted with
methylene chloride (4x600 ml). The combined organic layers
were washed with 1% aqueous ammonium chloride scluticn
(2x500 ml) and water (2x500 ml) and were dried (MgSOu).
Evaporation to dryness afforded 20.80 g (quantitative)
of a white crystalline solid, mp 171~175° (1lit {(90) 175-~178°).
The ir spectrum of the product shewed nc carbonyl siretch

and was ldentical to that of the authentic dicl.



153

8sd ~Cyano~1,2,3,4,4a,5«,6,7,8,8a~Decahydro-2«,42<-Dimethyl~-

‘%E-(Z'-m~Methoxypheny1)-2p,5&-Naphthalenediol S-Acetate,

Employlng the procedure developed by C, Kowalski (90),
a solution of 20,80 g (58 mmoles) of the diol frcm above in
ko0 ml of dry pyridine was placed in a 1 1. flask under an
argon atmosphere and 150 ml (1.59 moles) of acetic anhydride
were Introduced all at once, After 22 hours at room tem-
perature the reacticn mixture was diluted with 2 1. of ethyl

cetate and 1 1. of ether and was washed with water (2x500

[\

ml), saturated aqueous sodium bicarbonate (3x500 ml) and
brine (1x500 ml) and was dried over MgS0y.

Evéporation to dryness afforded 23.17 g (quantitative)
of white crystals mp 162-165° [1it (90) 163-165°] whose ir

spectrum was identical to that of authentic material.

8ap-Cyano~2, law-Dimethyl-1f -(2'=m-Methoxyphenyvlethyl)=-3,4,4a,

5e,0,7,8,8a~0ctahydro-5«=Naphthol Acetate (0-8).

Loucr

Following the procedure of Kowalski (90), a solution

of 23.17 ¢ (58 mmoles) of the cyanoacetate from above in

450 ml of dry pyvridine was placed in a 1 1, flask under
argon. The solution was cooled in an efficient ice bath

and 25 ml (344 mmoles) of thionyl chloride were added drop-
wise over 30 min. The reaction mixture was held at 0° for
75 win and then was allowed to warn to’room temperature over
45 min, The resulting brown solution was poured onto 2 1,

of ethyl acetate, 1 1. of ether, and 500 ml of ice and
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water, The layers were separated and the organic layer was
washed with saturated aqueous sodium bicarbonate (2x500 ml)},
water (1x500 ml) and brine,

The soluticn was dried (MgSOu) and evaporated to dry~
ness to give 22,77 ¢ of brown sticky crystals. Crvstaliiza-
tion from ethanol gave 14,03 g (63.5%) mp 95-108° (vacuum)
[1it (S0) 89<108°] of white crystals consisting mainly of
the Al isomer. The mother liquors were chromatographed on
800 g of silica gel; 1500 ml of ethyl acetate eluted 109 mg
of an o0il which did not have any high bolling components by
glpe. Further elution with 3.5 1. of ethyl acetate gave
7.48 g (3“%) of a colorless oil consisting of a mixture of
double bond isomers which was identical by ir to the product
prepared by Kowalski (90).

The overall yield of Q-2 for the three steps was 97.5%.

1p(2'~m=-Methoxyphenylethyl)=-3,4,4a,5«,6,7,8,8a~0ctahyvdro=2,

~ e

4au,Bap-Trimethyl-5<-Naohthol (Q-9).
A gl S o

S ey

Following a modification of the procedure developed by
Kowalski (90), a soluticn of 3,65 g (9.58 mmoles) of the
cyancacetate P=8, mp 95-~108°, In 140 ml of dry ether was
placed in a 1 1. flask., The atmosphere was replaced with
argon and 25 ml {37.%5 mmecles) of a 1.5CM sclution of

diiscbutyl aluminum hydride in bernizene { used as supplied

0

by Texas Alkyls, Inc.) was Iintroduced all at once; the

reaction mixture became slightly warm iInitially. After
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2.5 hours at room temperature the reaction mixture was poured
onto 500 ml cf 10% agueous pctassium hydroxide and ice and
the aqueous solution was extracted with ether (4x400 ml),
The combined organic layvers were washed with 2% agueous
potassium hydrcxilde (1x400 ml) and were dried (Mgscu).

The solutlon was concentrated and the residue was
issolved in 140 ml of triethyvlene glycol (previously
distilled under vacuum) and the soluticn was placed in a
3CG0 ml three neck flask which was fitted with a clailsen
adaptor containing an argon inlet and a thermometer, =z
magnetic stir bar, a ground glass stopper, and a 14/20
short path £till leading to a 65 ml flask. The vacuum adap-
tor on the still was plugged with the system under argon, 15.5
ml of 99% hydrazine hydrate and 4.6 g of hydrazine dihydro-
chleride were added, and the internal temperature was
raised to 130-135°, After 5 hours the solution was cocled
slightly, the plug was removed, and with a vigorous stream
of argon flowing through the system, 30 g of 85% potassium
hydroxide was added in portions over 15 min., The internal
temperature was then raised to 150-155°, and after 1 hour
ﬁhe plug in the still was replaced. Heating was continued
an additional 5 hours under argon and the reacticon mixture

was allowed to cool overnight,
The resulting white mush was dissolved in 700 ml of
water and the aqueous solution was extiracted with ether

(4x4C0 ml). The combined organic layers were washed with
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water (7x300 ml) and brine (1x%300 ml) and were dried (MgSO“).
The solution was concentrated and the residue was
chroﬁatographed on 160 g of silica gel; 600 ml of 507 ether-
petroleum ether eluted 39 mg of volatile material. Further
elution with 1000 mi of the same solvent gave 2,23 g (71%)
of the desired product whose ir spectra was identical to
that of authentic material (S0).
The rest of the cyanoacetate prepared above was con-

verted to Q-9 in several runs of 1-6 g giving 66-70% yields.

3,4,4,7,8,8a~-Hexahydro=1=(2'-m=Methoxyphenylethyl)=2,4ad,
$ 2 sl s ’A

8ap~Trimethyl-~5(6H)=~Naphthalenone {P-=8),
N R g T g o

N, s A o g

A solution of 60.5 mg (0,169 mmole) of the alcohol E=7
in 8 ml of methanol and 2,0 ml of 37-38° hydrochloric acid
was refluxed under an argon atmosphere 2 hours. The course
of the reaction was followed by tlc (30% ether-petroleum
ether); the spot for the alcohol r.f. 0,3 was quickly
replaced by one r.f, 0,7 corresponding to an intermediate
olefin which formed the product olefin r.f. 0,6 over 2
hours., The reaction mixture was diluted to 150 ml with
ether and was washed successively with water (1x30 ml),
saturated aqueous sodium bicarbonate (2x30 ml) and brine (1x
30 ml). Drying (MgSOu), evaporation to dryness, and ptlc (30%
ether-petroleum ether) afforded 50-mg (91%) of a colorless
2

- . 5 -~ ~ 1 4
oil, consisting of a 71:29 mixture of A" and ao“ isomeric

clefins by nmr integratlon of the angular methyl reglion,



157
which crystallized on seeding, mp 6C-87° [1it(90) 63-98°): ir
(CHC1;) 1700 (C=0), 1600, 1585 (Ph), 1155 (C-0); nmr (CDC1,)
c.68% (s, 0.85, C-8a~CH3,Agisomer), 0.97§ (s, 2.15, C-Ba-Ci,
aAl-isomer), 1.08§ (s, 0.85, C-la, x2-iscmer), 1.17 (s, 2.15,
C-la~CH, Al-isomer), 1.65§ (s, 3, C-2 CHj), 3.80§ (s, 3,
-PhOCH3), 6.60-7.405 (m, U, Ph),
%Ep,6&«,lOap—Trimethylchrysene (2:2).

e

A, From P=-8 with p-~Tolulenesulfeonic Acid in Tolulene

A 25 ml flask fitted with a Dean-Stark water separator
prefilled with anhydrous calcium sulfaté and dry tolulene was
flushed with argon and charged with 67.0 mg (0.205 mmole) of
the mixture of olefins from above and 100 mg of p-tclulene-
svlfonic acid in 5 ml of dry tolulene. The solution was
refluxed 1 hour, 100 mg of the acid were added, and reflux was
continued for 1 hour. The reaction mixture was cooled, di-

iuted with 200 ml of ether, and washed with water (1x20ml)
saturated aqueous scdium bicarbonate (1x20 ml) and brine (1x
20 ml). Drying (MgSOu) and evaporation to dryness gave a

dark brown o0il; ptlc {(30% ether-petroleum ether) afforded 52,3

mg (78%) of a white solid consisting of a 80:20 mixture of

isomer P-9 and the cls, anti, trans isomer P-10 respectively,
as determined by nmr integration of the angular methyl region.

Recrystallization from ether yielded white crystals mp 141~

148° (vacuum). Two further recrystallizations fram ether

provided the trans, antl, trans isomer mp 150=-152° (vacuum),
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which on admixture with a sample made by the hydrcecyanation
route (90} mp 150-152° (vacuum) gave mp 150-152° (vacuum)
and on admixture of a sample made by the cation cycliza~
tion route (92), mp 150-152° (vacuum) gave mp 1SO~152°
(vacuum): ir (CHCl3) 1700 (C=0), 1605, 1500 (Ph); nmr
(cDC1;) 0.82f (s, 3, C-hb-CH3), 1.18§ (s, 3, C-10a-CHj),
1.22§ (s, 3, C-6a-CH3), 3.58§ (s, 3, PhOCH3), 6.57~7.23§
{my 3, Ph).

A sample of the trans-anti-trans isomer was recrystallized

from ether-heptane, twice from 95% ethanol and finally from
ether to give needles mp 153~154° (vacuum) which were sub-
~mitted for x~ray analysis.

The mother liquors from a later experiment were purim
fied by preparative vpe on a 1/4"x10' 20% SE=30 column
heated to 290° with a helium flow of 70 ml/min. The com-
pounds with retention times of 16 and 20 min were collected
by passing %theeifluent gases through glass tubes packed
with alumina. The product with retention time 20 min had
a nmr spectrum which was identical with that of the trans-

anti-trans obtailned above,

The compound with a retention time of 16 min was freed
from SE~30 by ptlc (50% ether-petrcleum ether) and crystal-
lized on scratching mp 125=-134° (vacuum). Recrystallization
from ethanol and flash sublimation at 0,1 mm gave the

analytical sample of the cis-antiwtrans isomer P-10, mp 136~
S Nrnesn
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’ t
138° (vacuum): ir (CHClg) 1700 (C=0), 1605, 1500 (Ph);
nmr (CDC1g) 0.35% (=, 3, C~10b-CHg) , 1.17§ (s, 3, C-4b-CH,)
)
1.308 (s, 3, C-l2a CHB), 3:758 (8, 3, 0-CH3), 6.50-7.,40§

(m, 3, Ph).

B,  Frcm alcohol Q=9 with trifluorocacetic acid.
To an ice ccld solution of 3.86 g (10.4 mmoles) of the
alcoholQ:g obtained from two of the above runs in 250 ml

of acetone which had been freshly distiiled from potassium

-

permanganate was added 5.0 ml of 83 chromic acid solution
(62) over 5 min., After an additional 1C min, 5 ml of iso=-
propyl alcohol were added and the reaction mixture was
poursd onto 500 ml of water. The organic solution was
extracted with ether {(4x300 ml) and the combined organic
layers were washed with saturated aqueous sodium bicar-
bonate (2x300 mi) and brine (1x300 ml) and were dried (MgSOy).
Concentration afrforded 3.93 g of a crude oil whese ir
spectrum was identical with that of authentic material (90).
The crude ketone was dissolved in 45 ml of triflucro-
acetic acid from a freshly opened bottle and the resulting
dark solution was refluxed under an argen atmosvhere for U4
hours., On cooling, the black reaction mixture was diluted
with 500 ml of benuene and 500 ml of ether and the solution
was washed with water (22250 ml) and saturated aqueous sodium
bicarbonate (3x250 ml) and was dried (MgSOy).

-

Concentration gave 3.87 g (100%) of a brown solid which
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was recrystallized from ethanol to give 2.29 g (602) of the
desired ketcne mp 145-150° (vacuum). The crystals were

better than 99% free of contamination by the cis, antil, trans

isomer by glpc. The mother liquors consisted of an approxi-

mately equimolar mixture of the cis-anti-trans isomer P-10

and the trans-anti-trans isomer P-9 according to glpc analy-

sis. Two other runs on the rest of the alcohol Q=9 prepared

above gave 64 and 67% yields.

Attempted Reduction of the ketone P-9 with sodium borohydride.

A dry 25 ml flask fitted with an addition funnel was
flushed with nitrogen and charged with a solution of 194
g (0,594 mmole) of the ketone P-9 in 5 ml of abs ethanol.
A soclution of 39 mg (1,03 mmoles) of sodium borohydride
in 7 ml of ethanol was added rapidly and the reaction mix-
ture was stirred at room temperature for 3 hours. The
excess reagent was decomposed by the careful addition of
0.5 ml of glacial acetic acid (gas evolved), and the mix-
ture was concentrated 1n vacuo., The residue was taken up
in 300 ml of benzene and was washed with water (3x50 ml)
and brine (2x50 ml), and was dried (MgSOy).

Evaporation to dryness affcrded 186 mg (96%) of recov-

ered starting materizl,

Y%,5,6,68,7,8,9,10,310a,10b«,11,12-Dodecahydro=78 ~Hydroxy-2-
N

. S e P b A W S u T ——

Methoxy-UbB,5aa,10ap~Trimethylchrysene (8-1),

e e e S i S b2

To a solution of 101.6 mg (0.311 mmole) of the ketone P=9
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in 5 ml of 5ry'tetrahydrofuran under a nitrogen atmosphere was
added 53 mg (1.4 mmoles) of lithium aluminum hydride., After
3'hours at room temperature the re%ction mixture was diluted
with 10 mi of ether and thes excess hydride was deccmposed by
the careful addltion of €.2 ml of water, The reaction mix-
ture was poured onto 5 ml of water and 3 ml of 5% aguecus
hydrochloric acid and the aqueous phase was extracted with
ethyl acetate(3x30 ml). The combined organic layers were
washed with brine (2x30 ml) and were dried (MgSOy).

Evaporation and trituration with ether gave 97.0 mg (97%)
of a white crystalline solid mp 121-12§° (vacuum)., Three
crrystallizations from ethyl acetate-heptane provided the
analytical sample mp 128-130° (vacuum): ir (CHCl3) 3615 (0=Hj,
1605, 1500 (Pn); nmr (CDC1l3) 0.93f (s, 3, C-12a CH3), 1.4528
(s, 6, C=4a and C-~10b CH3), 3.43-3,58§ (m,1,CHOH), 3.75j§
(s, 3, oncg3), 6,50-7.28y (m, 3, Ph).

Anal. Calcd for C,,H3,0,: C, 80.44; H, 9,82, Found:

c, 80.31; H, 9.89.

Attempted conversion of the alcohol S-1 to bu,p,b,6a,7,8,9,
e T I

10,10a8,10ba ,11,12~Dodecahydro=7as-Hydroxy-2=ethcxy-4bp ,6ax ,
A S NP, e PG e

TR Y NI AT N I AN T T P~ s, .

lOa@ -Trimethylchrys sene Methane Sulfonate (8«2},

P W SN, S T SN L s

To an ice cold soluticn of 36.C mg (0,109 mmole) of the
alcohol §m1 in 3 ml of dry pyridine under an argon atmosphere
o
was added 0,20 ml of methanesulfonyl chloride. After 1 hour

at 0% the reaction mixture was allowed to warm tc roon
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temperature for 22 hours and was poured onto 15 ml of ethyl
acetate, The resulting solution was washed with water {(3x10
ml) and the combined aqueous layers were extracted witk
ethyl acetate (1x20 ml). The combined organic layers were
washed with brine and were dried (MgSOu).

Evaporaticn to dryness afforded 46 mg of a dark oil which
deposited an insoiuble brown sclid on standing. The nmr
spectrum of the c¢il revealed a complicated mixture of compo=

nents and attempts at further purification were abandoned.

4v,5,6,6a,9,10,10a,10bx«,11,i2=-Decahydro-7=-Hydroxy-2-Methoxy-

Nb@,6aq,lOaﬁ-Trimethylchrysene Tetramethylphcsphorediamidate

o — o —

(1-1).

A dry 50C ml fiask was flushed with argon and charged
with 150 ml of dry ether and 13 ml of a 2,84 M soiution of
n=butyl lithium in hexane (alpha inorganics). Next 8.0 ml
{57 mmoles) of diisopropylamine which had been freshly dis-
tilled from calcium hydride was added over 5 min and after
another 5 min, a solution of 2.27 g (6.98 mmoles) of the
ketone E:? in 20 ml of dry tetrahydrofuran and 8.0 ml of
NyN,N',N'~tetramethylethylene diamine which had been freshly
distilled from calicium hydride was added over 10 min. The
reaction mixture was cooled in an ice bath and 15 ml (81
mmoles) of tetramethyldiamidophosphorochloridate {99) was
added dropwilse., The resulting yellow solution was allowed

to warm to room temperature and after 1,5 hours was poured
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onto 400 ml of 10% agueous hydrochloric azid znd ice. The
aqueous solution was extracted with ether (4x350 ml) and the
combined organic layers were washed with water (2x350 ml) and
brine (1x350 ml) and were dried (MgSOu).

After concentration the crude product was chrcmatographed
on 200 g of silica gel. Elution with 800 ml of ethyl acetate
gave 156 mg of a mixture of several volatile components;
further eiution with 600 ml of 5% acetone-ethyl acetate gave
530 mg of a thin yellow o0ll whose nmr spectrum corresponded
to that of the starting phosphorochloridate. Finally 1800
ml of 5 - 10% acetone-ethyl acetate eluted Z2.81 g (88%)
of a white crystalline solid, mp 108-111° (vacuum). Three
récrystallizations of the product from ether<heptane gave

the analytical sample, mp 108-111°: 41r (CHC1l,) 1670 (vinyl),

3
1605, 1500 (Ph), 1305 (P-N), 980 (P-0-C); nmr (CDC1;) 1.02}

(s, 3, C-ha CH3), 1.228 (s, 6, C-12a, C=-10b CH3), 2.70§ {4,
12, j=10Hz, N-CHj), 3.75§ (s, 3, OCH3), 5.20% (m, 1, vinyl).

Anal. Caled for CpgHy,03N,P: C, 67.80; H, 8.97; N, 6.08;
P, 6.73. Found: C, 67.96; H, 8.86; N, 6.16; P, 6,64,

.Qb,5,6,6a,9,10,1Oa,10b«,11,12—DecahydrOmE-Hydroxyu&bp,Sa&,lsba-
o 7 s e Nt P T NN e P i, e i T g

S S I g P N Tt N ™

Trimethylchrysens (T=2).

N T N PN g T I ™t N S

In a dry 25 ml flask was placed 135 mg (5.8 mmoles) of
30% 1lithium dispersion (Lithecoa). The atmosphere was replaced
with argon and the hydride was washed by decantation with

threce 2 mi portions of hexane and the last traces of hexane
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were removed under reduced pressure, The lithium was sus-
pended in 2 ml of dry tetrahydrofuran and 100 mg (0.65 mmoies)
of biphenyl was added., After 30 min at room temperature a
soluticn of 43 mg (0.094 mmole) of the phosphorodiamidate T-1
in 3 ml of dry tetrahydrofuran was added cver the course of
15 min., The dark green solution was kept at room tempera-
ture for 1 hour and was cooled in an 1ce bath. The remain-
ing reagent was quenched by addition of excess methanol and
the reacticn mixture was poured onto 40 ml of water. The
aqueous sclution was made acidic to pH paper with 10%
agqueous hydrochioric acid and was extfacted with ether (3x
50 ml), The combined organic layers were dried (MgSOy) and
evaporated, Ptlec (75% ether-petroleum ether) gave 17 mg
(62%) of a white crystaliine solid mp 137=-143°, Ptlc (75%
ether-petroleum ether) and three crystallizations from ether-
heptane gave an analytically pure sample mp 160.5-163°:; ir
(CHC13) 3600, 3400 (OH), 1660 w (C=C), 1605, 1500 (Ph); nmr
(CDCl3) 0.93§ (s, 3, C-ka CHB), 1.008 (s, 3, C=l2a CHB),
1.18§ (s, 3, C~10D 013 y 5.508% (m, 2, vinyl), 6,53-7.23%
(my 3, Phle

Anal. Caled for C,,H_.0: C, 85.,08; H, 9.62., Found:

21728
C, 85. Ql; H, 9.61.,

3,4%,6,5,6 GA,J,lO 1Ca 10bmyx¢¢~2 =Dodecahydro=-2(1H)=0xo=4b ,

v\/w.‘w P a8 s TRt

Cax,10a8~ ~Trimethylchrysene (T=3),
P T NN o

D

To a solution of 148 mg (21 mmoles) of l1ithium wire in
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50 ml of NH, which had been distilled from sodium was added

3
a solution of 104 mg (0.226 mmole) of the tetramethylphos-~
phorodiamidate g:l in 12 ml of dry tetrahydrofuran over 10
min, After 30 min, 10 ml of tert-butyl alcohol were added
and after an addlitional 45 min, the remaining lithium was
destroyed with 5 ml of methanol., The ammonia was evaporated
in a stream of argon and the grey residue was partitioned
between 150 ml of ether and 30 ml of water. The ether layer
was washed with water (1x30 ml) and brine (1x3C ml) and was
dried (MgSOu).

The solution was concentrated and the residue was dis-
solved in 12 ml of methanol and 1 ml of water and was treated
with 150 ml of oxalic acid., After 2 hours at room tempera-
ture the mixture was neutralized with saturated aqueous
sodium carbonate and diluted to 150 ml with ether. The
ethereal solution was washed wifh water (2x50 ml) and brine
(2x50 ml) and was dried (MgSO). |

Evaporation and ptlc (60% ether-petroleum ether) gave a
band r.f. 0.7 containing 28 mg (L2%) of a clear oil that
crystallized on standing mp 94-100° (vacuum). This product
was combined with that from a similar experiment and the
material was erystallized from aquecus ethanol and sublimed
(130°/0.05 mm) to give the analytical sample mp 109-112°
(vacuum)s 1ir (cx—xc13) 1715 C=0; nmr (CDClB) B.855 (s, 3,
C-4b CHy), 1.03§ (s, 3, C-6a CHy), 1.07§ (s, 3, C-10a CH3)

5.52§ {8, 2, vinyl).
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Anal, Calcd for 021H3OO: C, 84.54; H, 10.13. PFound:

c, 84,51; H, 10,22,

3,4,42,5,6,62,9,10,10a,10bg,11,12-Dodecahydro-2(1H)=Cxc~-1,1,
abe,6aq,10ap«Pen§EEEEEziiE£ziiﬁe (r-4). T

Following the approach described by Wendler et al.
(96), a solution of lithium triphenylmethide was prepared
by treating a solution of 730 mg (3.0 mmoles) of triphenyl
methane in 24 ml of dry tetrahydrofuran with 1.0 mi of a 2.5
M solution of n-butyl lithium 1n hexane (Alpha Inorganics).
This solution was added dropwise to a solution of 31.5 mg
(0.106.mmole) of the ketone T=-3 prepared above in 1 ml of
dry tetrahydrofuran under an argon atmosphere until a red
color persisted (2.5 ml required). Then 0.2 ml (3.2 mmoles)
of iodomethane which had been distilled from phosphorous
pentoxlide was added and after 1 hour at 0° the solutiog was
diluted to 100 ml with ether and was washed with water (2x
20 ml) and brine (1x20 ml) and was dried (Mgsou).

The solution was concentrated and the residue was
dissolved in 9 ml of methanol and 4 ml of 10% aqueous hydro-
-chloric acid and was heated tc reflux under argon for 30
min. On cooling, the reacticn mixture was diluted to 150
ml with ether and was washed with water (2x30 ml), and
saturated agueous sodium bicarbenate (1x30 ml) and was dried

(Mgs0,) .
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Evaporation and ptlc (25% methylene-chloride-petrcleum
ether) gave a band r.f. 0.3 containing 23 mg (61%) of the
dlalkylated product which was combined with the product from
a similar experiment, Ptlc (30% ether-petroleum ether) and
flash distillation at 0.005 mm gave the analytical sample:
ir (CHC13) 1710 (C=0); nmr (CDC1,) 0.853 (s, 3, C-10a CH3),
1.033, 1.07f (s, 3 each, C-1 CH3), 1.15§ (s, 3, C-6a CHj),
1.188 (s, 3, C-Ub CH3), 5.50% (s, 2, vinyl).

Anal, Caled for Cy3Hg,0: C, 84,6063 H, 10.50, Found:

c, 84.63; H, 10.43.

4b,5,6,6a,9,10,10a,10b4 ,11,12=-Decahydro-2-Methoxy-4bR ,6aq ,10ap -
e e e e e et M7 e I e e o PNt S e P s s g i ™ e P e e e O e e " s Pt e T

e e ™ s

Trimethylchrysene (S=3).
NS S S A

A solutien of 37 mg (5.4 mmoles) of lithium wire in 50 ml
of ammonia which had been distilled from sodium and 10 ml of
dry tetrahydrofuran under an argon atmosphere was stirred for
30 min and a solution of 209.8 mg (0.45 mmole) of the phosw
phorodiamidate E:i in 6 ml of dry tetrahydrofuran was added
rapidly with a syringe., After 1.5 hours the blue color faded
and 37 mg of lithium was added. After a total of 5 hours the
excess lithium was quenched by addition of 400 mg of sodium
tenzoate followed by 200 mg of solid ammonium chloride. The
ammonia was evaporated in a stream of argon and the residue
was dissolved in 50 ml of water. The acgueous solution was
extracted with ether (3x50 ml) and the combined organic layers

were washed with 10% aquecus scdium hydroxide (2x50 ml), water
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(1x50 ml), and brine (1x50 ml) and were dried (Mgsou).
Evaporation afforded 149 mg of a slightly yellow
0il; ptle (30% ether=-petroleum ether) gave a single band
r.t. 0.7 containing 115 mg (82%) of a colorless oil., Ptle
(30% ether=-petroleum ether) and flash distillation (C.1 mm)
gave the analytical sample: ir (CHCl3) 1605, 1500 (Ph), nmr
(cpC1ly) 0.82§ (s, 3, C-10a CH3); 5.52% (s, 2, vinyl).
Anal. Calcd for CppHzg0: C, 85.11; H, 9.T4. Found:

C,84,96; H, 9.64,

4, hax , Ut ,5,6,62,9,10,102,10bk,11,12-Do ecahydro~2(3H)=0xo=
L L P )
Upp ,68x ,10ap ~Trimethylchrysene (U-1).

e S i ~—

A, From the Tetramethylphosophorodlamidate (T=1).

A solution of 370 mg (53 mmoles) of 1lithium wire in

550 ml of ammonia which had been distilled from sodium and 140
ml of dry tetrahydrofuran was stirred for 30 min and a soluticn

of 1.53 g (3.32 mmoles) of the tetramethyiphosphorodiamidate
2:& in 30 ml of dry tetrahydrofuran was injected wilth a
syringe. After 5 hnours 960 mg (139 mmoles) of 1lithium wire
was added followed by 85 ml of dry fert-butyl alcohol, When
the reaction had proceeded an additional 2 hcurs, the excess
1ithium was decomposed with 20 ml of methanol and the ammonia
was allowed to evaporate overnight. The grey residue was
partitioned between 500 ml of water and 1000 ml of ether. The
aqueous layer was extracted with ether (1x300 ml) and the come

bined organic layers wers washed with water (1x302 ml) and
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brine (1x300 ml) and were dried (MgSOu).

The solution was concentrated and the residue was
taken up in 220 ml of ethanol and 130 ml of 5 N aqueous hydro-
chleric acid and mixture was heated to 65-70° for 40 min under
an argon atmosphere. The ccoled mixture was poured onto 500
ml of water and the aquecus phase was extracted with ether
(4x500 ml)., The combined ether layers were washed with
water (1x500 ml), saturated agueous sodium bicarbonate (1x
500 ml), and brine (1x500 ml) and were dried (MgSOu).

Concentration affcorded a dark yellow oil which was
chromatographed on 100 g of silica gel; 300 ml of 50% ether-
petroleum ether eluted 204 mg of a complicated mixture.
Fﬁrther elution with 300 ml of the same solvent gave 782 mg
(79%) of white crystals mp 88-«92° whose ir spectrum was
identical with that of the analytical sample which was ob-
tained from an earlier experiment starting with 100 mg of
the phosphorodiamidate.

This experiment was carried out as above excepf that
tert-butyl alcohol was present from the start of the reduction.
The c¢rude product following acld hydrolysis was purified by
ptle (50% ether-petroleum ether). The less polar band r.f.
0.4 contained 26 mg (40%) of the anticipated olefin U-~1l mp
87-89°, Recrystallization frem ethanolewater and sublimation
(120°/0.01 mm) gave the analytical sample mp 94-97°: 1ir

(CHC13) 1665 (C=0), 1620 (C=C); nmr (CDCL_} 0.87§ (s, 6,
o}
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C-10a, C-kb CH3), 1.07% (s, 3, C-6a CHj), 5.475 (s, 2, vinyl),
5.92§ (m, 1, vinyl).
Anal, Calecd for CpqH3y0: C, 84,543 H, 10.13. Found:

c, 84.51; H, 10.22.

The less polar band contained 24 mg (35%) of 2(3H),
7(8H)~-Dioxo-4,4as ,4b,5,6,62,9,10,10a,10be,11,12-Dodecahydro-
4hg ,6a«,1088 ~Trimethylchrysene (50) mp 152-154° (vacuum).
The product was crystalllzed from ethyl acetate-heptane and
was f'lash sublimed at 0.01 mm to gilve the analytical sample
mp 161-163° (vacuum): ir (CHCl3) 1700 (C=0), 1665 (C=0),
1620 (C=C); nmr (CDCl3) 0.87§ (s, 6, C-10a, C-4b CH3), 1.28§
(s, 3, C~ba CH3), 5.908 (m, 1, vinyl).

Anal. Caled for C,iHg40p: C, 80,213 H, 9.62., Found:

G, 80,253 By 9.61,

B. From the olefin S-3,.

A solution of 182 mg (0.58 mmole) of the olefin S-3
in 60 ml of ammonia which had been distilled from sodium, 20
ml of dry tetrahydrofuran, and 10 ml of dry tert-butyl alcohol
under an argon atmosphere was treated with 111 mg (16 mmoles)
of lithium wire., After 2 hours the excess lithium was decom-
posed with 3 ml of methanol and the ammonia was removed in a
stream of argon, The grey r&sidge was partitioned between
150 ml of water and 200 ml of ether and the aqueous layer was

extracted with ether (1x50 ml). Thez combined organic layers
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were washed with water (1x100 ml) and brine (1x100 ml) and
were dried (Mgsog).

The solution was concentrated and the residue was
taken up in 30 ml of ethanol and 20 ml of 5 N aqueous hydro=-
chloric acid and was warmed to 65-70° for 40 min under an
argon atmosphere; On cocling, the reaction mixture was poured
onto 100 ml of water and the aqueous solution was extracted
with ether (3x100 ml). The combined organic layers were
washed with saturated aqueous sodium bicarbonate (2x100 nl)
and brine (1x100 ml) and were dried (MgSOy).

The solution was concentrated and the crude product
was cﬁromatographed on 22 g of silica gel. Elutlion with
55 ml of 50% ether-petroleum ether gave 26 mg of non=-volatile
material; continued elution with 120 ml of the same solvent

afforded 153 mg (78%) of a white crystalline solid mp 91-949,

4v,5,6,82«,9,10~llexanydro-2-Methoxy-7(8H)-0x0-4bB,8,8-Trimethyl~
WW‘AW’MM T

M S

phenanthrene (V=2).
e i N

A solution of 582 mg (84.5 mmoles) of lithium wire in
500 ml of ammonia which had teen distilled from sodium and 100
ml of tetrahydrofuran which had been doubly distilled from

lithium z2luminum hydride was stirred 15 min. A solution of

9.40 g (36.7 mmoles) of Ub3,8-~dimethyl-2-methoxy~7(6H)=-0x0~

D

4 ,5,9,10=-tetranydrophenanthrene  (V-1) mp 92.5-93.5° [prepared
o™t
according to the procedure of Evans (108)] in 100 ml of dry

tetrahydrofuran and $.66 nml (36.7 mmoles) of water was added
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over the course of 20 min., After 25 min, the remaining
lithium was gquenched by addition of a solution of 25 ml of
iodomethane, which had been doubly distilled from phosphorous
pentoxide, in 20 ml of tetrahydrcfuran.

After U5 min the ammonia was evaporated, the grey
residue was dissolved in 500 ml of 10% ammonium chloride, and
the aqueous solution was extracted with benzene (U4x500 ml),
The combined organic layers were washed with water (2x500 ml)
and brine (2x400 ml) and were dried (MgSOu).

Concentraticn gave 10.52 g of a heavy yeliow 0oil which
was recrystallized from methanol to give 7.99 g of a white
crystalline solid mp 64-67° (vacuum). Three further crystal-
lizations from methanol gave 4.73 g (47.3%) mp 71-72°
(vacuum) which was greater than 99% free of unalkylated
material (glpec). Stork has prepared this compound and reports

mp 56-58° (125). However, the spectral data (vide infra)

were consistent with the assigned structure and in the next
reaction it was converted to a known compound y:g which had
the anticipated properties, Ir (CHClS) 1700 (C=0), 1610,

1500 (Ph); nmr (CDC1_) 1.13f, 1.17§ (s, 3 each, C~8 CH3),

(%Y}

1.27§ (s, 3, C=lin CHB), 2. 7T (8, 3» O-CH3).

The combined mother liguors were chromatographed on
700 g of silica gel. Elution with 600 ml of 107 ether-petro-
leum ether afforded 0.45 g of a mixture of at least 3 volatile

compounds which was discarded, Further elution wlth 200 ml of
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the same solvent provided 4.36 g of a mixture which contained
73% of the desired product together with twoc other components
by glpc. Recrystsllization from methanol gave 2.82 g (28%)
mp 6L-65°,

2-Methoxy-U4b,5,6,7,8,8a«,9,10=-0ctahydro-4b8 ,8,8-Trimethyl=~
WMVWW‘ .

N e

phenanthrene EX:}).

In a modification of the Nagata procedure (109), a 1
1. three neck flask was fitted with a football shaped mag-
netic stir bar, a Claisen adaptor containing an argon inlet
and a thermometer, a ground glass stopper and a 24/U0 short
path distilling head leading to a 100 ml flask. The vacuum
adaptor on the still was closed off leaving the system under
argon and the flask was charged with a solution of 8.48 g
(31.0 mmoles) of the ketone V=2 mp 71-72° and 15.5 g (148
mmoles) of hydrazine dihydrochloride in 470 ml of diethylene
glycol and 53 ml (900 mmoles) of 85% hydrazine hydrate. The
reaction mixture was heated to 120-130° (internal temperature)
and after 17 hours was cooled to 110° while 102 g (1.82 moles)
of potassium hydroxide pellets were added over 15 min with a
vigoerous stream of argon passing through the system, The
internal temperature was raised to 160-~165° and after 1 hour
the vacuum adaptor was again closed off and heating was con-
tinued 4.5 hours,

On cooling, the white paste was dissolved in 1000 ml

of water and the agqueous suspension was extracted with ether
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(4x1000 ml). The combined organic layers were washed with
water (6x1000 ml) and brine (1x1000 ml) and were dried (MgSOy).
Concentration gave 7.95 g of a white solid which was
recrystallized from ethanol to give 6.51 g (81.5%) mp 85-
86.5° {vacuum) in two crops [1lit 83-85° (107) and 85-86° ( 89 )7,
The combined mother liguors were chromatographed on 100 g of
silica gel. Elution with 300 ml cf 10% ether-petroleum ether
afforded 0.68 g which was crystallized from ethanol to gilve
0.45 g (6%) of V-3 mp 78=-81°, Continued elution with 500 ml
of 25-100% ether gave 0.58 g (7.2%) of 2-Hydroxy-4b,5,6,7,3,
8a«,9910-00tahydro-ub@,8,8-Trimethy1phénanthrene mp 160~161°
(vacuum). The phenol was crystallized from ether-~hexane
and “triturated with ether to provide an analytically pure
sample mp 162.5-~163,5° (vacuum): ir (CHClS) 3600 (OH), 1610,
1500 (Fh); nmr (CDCl3) 0.95§ (s, 6, C-8 CH3s), 1.17§ (s, 3,
C-Ub CH3), 6.50-7.30§ (m, 3, Ph),

Anal, Calecd for C H2MO: c, 83.55; H, 9.90. Found:

17
C, 83,523 H; 9.96.

b, haa ,bb,5,56,7,8,8a4 ,9,10=Decahydro=-2(3H)=~0x0=41p 8,8~Trimethyl-
\n-nM

WMW‘W R i e S P

phenanthrene (V-4).
[N L\ —~

The Birch reduction was carried out using the procedure
described by Church et 3i. (107). From 5.70 g (22.2 mmoles)
of the anisole V-3 mp 84--86° (vacuun) there was obtained 4.2

g (78%) of V-U mp 89-50.5° [1it (107) 92.5-93.5°].
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b, bae ,4b,5,6,7,8,8as9,10=-Decahydro-2(3H)-0Oxo0-1,4b8 ,8,8~Tetra~
N T et e e P e e, st N e —— o~

Iy (™ " o~ P e

methylphenanthrens (V=6),
et ——

Employing a modification of the general procedure of
Kirk and Petroy (97) a 5 ml pear shaped flask was fitted with
a Clailsen adaptor holding a reflux condensor and a serum cap
and was charged with a solution of 199 mg (0.81 mmole) of the
enone Y:ﬂ_from above in 3 ml of abs ethanol and 0,20 ml.of
thiophenocl., The atmosphere was replaced with argon by evac-
uating and filling four times and 0,20 ml of triethylamine
and 0.26 ml of 37% aqueous formaldehyde were added via
syringe. The serum cap was quickly replaced with a ground
glass‘stopper under a vigorous stream of argon and the
reaction mixture was heated to reflux (bath temperature 95°)
for 32 hours.

On cooling, the mixture was poured onto 50 ml of water
and the aqueous soclution was extracted with ether (4x50 mi).
The combined organic layers were washed with 10% aqueous
scdium hydroxide (2x50 ml), water (2x50 ml) and brine (1x50
ml) and were dried (MgSOy).

Concentration afforded 330 mg of an oil which was
chromatographed on 50 g of silica gel. Elution with 150 ml
of 30% ether-petroleum ether yielded 22 mg of an unidentified
cil., Yurther elution with 100 ml of the same solvent gave
169 mg (57%) of 4,ba«,4b,5,6,7,8,8a«,9,10-Decahydro=~2(3H)~

oxo-l-phenylthiomethyi-itp ,8,8«Trimethylphenanthrene (V-5)
W
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as a colorless oil which was used directly in the next step:
ir (CHCl3) 1660 (C=0), 1600, 1580 (Ph); mmr (cpe1y) 0.724 (s,
3, C-4b CH3), 0.83§, 0.90§ (s, 3 each, C-8 CHBS), 3.938 (s,
2, CHyS), 7.08«7.57§ (m, 5, Ph).

‘ A suspension of 1 ml of W-2 Raney-nickel was added to
an ice cold solution of 169 mg of the thioether from above in
5 ml of abs ethancl under an argon atmosphere., After 30 min
the reaction mixture was filtered through a pad of celite
washing with ethanol (4x20 ml). Concentration afforded 107
ng of yellowish crystals mp 72-80° which were dissolved in
ether and centrifuged to remove a flocculent yellow impurity
giving after concentration 89 mg (42% from V-4) of a white
crystalline solid mp 78-81°, Recrystallization of the crude
product from 95% ethanol and sublimation (0.50 mm, 80=85°)
gave the analytical sample mp 80-81,5° (vacuum): ir (CH0131
1660 (C=0), 1610 (C=C); uv (EtOH) 251 mpm, € =13, 400; nmr
(CDCl3) 0.774, 0.87§ (s, 3 each C-8 CH3), 0.93§ (s, 3, C=bb
CH3), 1.88§ (s, 1, C=1 CH3).

Anal. Calcd for C,gH,g0: C, 83.02; H, 10.84, Found:

c, 83.11; H, 10.87.

2,3,4, 43« ,40,5,6,7,8,8a«,9,10--Dodecanydro-2p~-Hydroxy-1 ,LcB,
L e

N P o S T e B N N S o 7 et Pt e T s VS T F T P

8,8~Tetramethylphenanthrene (V«8), and 2,3,4,%a~x,45,5,6,7;8,
A e et g et e NNt e e i s B R S b i R e T s T N

8awa ,9,1C=Dodecanydro«-lu~Hydroxy=1 ,4bp,8,8=Tetramethylphenan-

A N e ™ e 50 R £ e s A Ky e P 59 SR, 11 S e s o S
threne (V-7).
N Namas Sy L WES S S

A. By recucticn of V«6 with lithium Perhydro-gu-Boraphenalyl-

e marret i —

hydride

LJ
e s O e e .
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To an ice cold solution of 132 mg (C.508 mmoles) of
the enone E;é in 3.5 ml of dry tetrahydrofuran under an argon
atmosphere was added 2.0 ml of a 0.6 M soluticn of the boro-
hydride N-1 (87) in tetrahydrofuran. After 30 min at 0° the
excess borane was destroyed by the sequential addition cf
6.4 ml of 3 N sodium hydroxide and 0,4 ml of 30% hydrogen
peroxide., The resuliting mixture was poured cnto 50 ml of
10% aqueous potassium carbonate and the basic solution was
extracted with ether (4x30 mi). The combined organic layers
were washed with water (2x30 ml) and brine (1x30 ml) and
were dried (MgSOy).

After concentration, the crude product was chromato-
gfaphed on 15 g of Florisil; 100 ml of 5% ether-petroleum
ether gave 9 mg of a volatile oil., Continued elution with 80
ml of 10% ether-petroleum ether afforded 50 mg of an oil

which consisted of mainly the axial alcohecl V-8 {(vide infra)

contaminated with the eguatorial alcohol z;z by tle (10%
ether-chloroform) analysis. Further elution with 150 ml of
the same scolvent afforded 49 mg of material consisting mainly
of the equatorial alcohol X:Z by tle. Crystallization from
hexare gave 34 mg (26%) of V-7 mp 119-121°, Recrystalliza-
tion from hexane and sublimation (0,05 mm, 120°) gave the
analytical sample mp 121-123° {(vacuum): ir (CHCl3) 3600,
3450 (OH); nmr (CDCl.,) 0.68§, o.ézg (s, 3 each, C-8 CHgJ,

3

0.87§ (s, 3, C=U6 CH3), 1.75§ (s, 3, C~1 CHS); 3.80=-4,13)
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(m, 1, CH-~OH, width 18 Hz),

Aral, Caled for C,gH c, 82.38; H, 11.52, Found:

300"
c, 82.25; H, 11,43,

The mother liquors from above and the materizl in the
fractions contailning mainly the alcohol Y;§~were comblned and
purified by ptlc (10% ether-chlorcform, spectro grade). The
less mobile band r.f, 0.4 contalned 51 mg (34%) of material
which was identical to the equatorial alcohol by nmr. The
second band r.f, 0.5 contained 26 mg (20%) of the axial
alcohol X:ﬁ mp 125-129° (vacuum). Recprystallization from
nexane gave the analytical sample as fine needles mp 136.5-
137.5° (vacuum): 1r (CHCl3) 3600, 3450 (OH), 1660 (C=C);
nmr (CDCl3) 0.73§, 0.83§ (s; 3 each, C-8 CH3), 0.90§ (s,

3, C-4b CHj), 3.78-3.95§ (m, 1, CHOH, width 10Hz).
Anal. Caled for 018H3OO: C, 82.55; H, 11.52, Found;

c, 82.,54; H, 11,4,

B, By Lithium Aluminum Hydride reduction of V-5,

To a solution of 82 mg (2.2 mmoles) of lithium aluminum
hydride in 7 ml of dry ether under an argon atmosphere was
added a soluticn of #19 mg (1,61 mmoles) of the enone V-6 in
b ml of dry ether, After two hours at room temperature, the
excess hydride was quenched by the seguential addition of 0,08
ml of watery 0.086 ml of 10% sodium hydroxide and 0.24 ml
of water. The resulting white suspension was stirred 1C min

and was filtersd. The ether sclution was washed with water
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(1x25 ml) and brine (1x25 ml) and was dried (Mgsou).
Concentration and crystallization from hexane gave 245
ng (58%) of the equztorial alcohol X:Z mp 119<120° (vacuum).
Ptle (10% ether-chlorcform, spectro grade) of the mother
liguors gave two bands: r.f. 0.4, 110 mg (256%) of the equa-
torial alcohol mp 118-120° (vacuum) and r.f. 0.5, 37 mg (9%)

of the axizl alcohol V-8 mp 128=132° (vacuum),

Recxidation of the aicohol V=7 to the ketone V=6,

A solution of chromium trioxide dipyridine complex (74)
was prepared in situ (126) by addition of 168 mg (1.68 mmoles)
of chromium trioxide to a solution of C.27 ml {3.34 mmoles) of
dry pyfidine in 10 ml of dry methylene chloride under an argon
atmosphere, After 15 min at room temperature, the character-
istic red color had developed and a solution of 110 mg (0.42
mmole) of the alcohol z:z in 3 ml of dry methylene chloride
was added all at once, After an additional 15 min, the re¢ac-
tion mixture was filtered wiﬁh suction through a pad of gd III
alumina, which was washed with 150 ml of ether,

Concentration afforded 106 mg {(97%) of the ketone V-6

rp T4-77° (vacuum).

Nt et s P e P e I e M E P I NKT I e v s 595 o A e 7> P i,

2e~Hydroxy=le ,10a~Methano=-3,2,3,4,%a ,40,5,6,7,8,83«,2,10,102~
s P N I T TV S

Tetradecahydro-1p,4bg ,8,8~-Tetramethylphenanthrene (¥-1}.
N,

v\r"\‘WMv”MM IR s e i e e T AT o e 1P

To a solution of the Simmons=Smith (53) reagent formed

]
D

in the usual manner from 1,60 g (23 mmoles) of zinc-copper

couple (52) and 1.9 ml (23 mmoles) of diiodomethane in 23 ml



of dry ether under argon was added a solution of 349 mg (1.33
mmoles) of the equatorial alcohol KZZ in 6 ml of dry ether.
After 2 hours at reflux, the reaction mixture was cooled in
an ice bath and the excess reagent was destroyed by addition
of 1 ml of 40% ammonium sulfate. The black suspension was
poured onto 100 ml of ice and saturated agueous potassium
carbonate and the aqueous layer was extracted with ether (Ux
90 ml). The combined ether layers were washed with saturated
aqueous potassium carbonate (1x100 ml), 10% aqueous sodium
thiosulfate (1x100 ml), and brine (1x100 ml) and were dried
(MgSOu).

After 5 min of drying, the solution was concentrated
and the oil was chromatographed on 100 g of gd III alumina,.
Elution with 20C ml of pzstroleum ether removed the unreacted
dliodomethane, 200 ml of 25%-100% ether afforded 23 mg of a
colorless oil which was not investigated, and 100 ml of ether
eluted 334 mg (91%) of the desired cyclopropane mp 134=-137°.

Two recrystallizations of the column product from
ether-hexane gave analytically pure needles mp 140.5-141.57:
ir (CHCl3) 3600, 3450 (OH}, 3020 (ecyclopropane); nmr (CDCl3)
6.735, 0.80§ (s, 1 each, cyclopropane), 0;985 (s, 3, C=Ulb
CH3), 1.02y (s, 6, C=8 CH3S), 1:235 (s, 3, C=1 CH3), 3.774 (¢,
1, j=THz, CH-OE).

Anal, Calcd for CygH3;0: C, 82.55; H, 11.67. Found:

C, 82.70; H, 11.47.



181

1 b,bay,4,5,6,7,8,8a«,9,10,10a-Dodecahydro-1g ,102-Methano-

WMMWW

2(3H)~Oxo-1p ,4b¢ ,8,8-Tetramethylphenanthrene (W-2),
N S A e S s A e ———

To an 1ce cold solution of 86 mg (0.30 mmole) of the
equatorial alcohol ﬂ:} in 8 ml of acetone was added 0,15 ml
of 8 N chromic acid solution (62). After 5 min the reaction
mixture was poured ontc 30 ml of water and the agqueous solu-
tion was extracted with ether (4x40 ml). The combined ether
layers were washed with saturated aqueous sodium bicarbonate
(1x40 m1), water (1x4C ml) and brine (1x40 ml) and were dried
(MgSOQ).

Evaporation gave 79 mg (93%) mp 122~127° (vacuum) and
two reérystallizations afforded the analytical sample mp 136-
138° (vacuum): ir (CHCls) 1670 (C=0); nmr (CDCl3) 0.75§,
0.83§ (s, 3 eacn, C=8 CH3s), 0.87§ (s, 3, C=4p CH3), 12338
(sy 3, C~1 CH3).

Anal. Caled for 019H3OO: c, 83.15; H, 11.02, Found:
G, 83.283 Hy 11,00,

1,4,%4,4,5,6,7,8,8a«,9,10,10a=-Dodecahydro~-2(3H)~-0x0=1,4b¢,
i T e e W U I P NP N
8,8,1024~Pentamethylphenanthrene (W=3),
R et T S N At

To a solution of 41 mg (0.15 mmole) of the cyclopropyl
ketone W-2 in 25 ml of ammonia (distilled from sodium) and
10 nl of dry tetrahydrofuran was added 11 mg (1.6 mmoles) of
lithium wire. After 1 hour, the excess lithium was quenched

by the sequential addlition of 112 mg dry sodium benzcate and

120 mg of ammonium chloride, The ammonia was evaporated 1n
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a stream of nitrogen. The grey residue was dissolved in 50
ml of water and the agueous solution was extracted with ether
(4x50 ml). The combined ether layers were washed with 10%
aqueous potassium hydroxide (2x50 ml) and brine (1x50 ml)

and were dried (Mgso“). Concentration afforded L1 mg of an
01l which was about 70% starting material by infra-red
spectroscopy.

The crude material was treated with 18 mg (2.6 mmoles)
of lithium wire for 3 hours under exactly the same conditions
as before, Following a similar work-up, the crude oil was
dissolved in 7 ml of acetone ﬁhich had been distilled from
potassium permanganate. The resulting solution was cooled
in an ice batvh and treated with 0.1 ml of 8 N Jones reagent
(62). After 5 min, the reaction mixture was poured onto 4G
ml of water and was extracted with ether (uiuo ml). The
combined ether layers were washed with saturated aqueous
sodium bicarbonate (1x40 ml) and brine (1x40 ml) and were
dried (Mg30y).

Evaporation to dryness afforded 37 mg of a colorless
oil which was purified by ptlec (5x20 cm plate, 30% ether-
-petroleum ether), The btand r.f. 0.5 contalned 15 mg (37%)
of the ketone @:é which gave waxy crystals on sftanding. The
product was further purified by tlc 30% ether-petroleum ether),
recrystallized from hexane-ether and sublimed (85~90°; 90,05
\

mm) to give the analytical sample mp £85-87°: ir (CHC2

& 2

0 K )

Sy

1700 (C=0); 1390, 1370 (gem dimethyl); nmr (CDClg} 7

£
N
i
-
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3, C-102 methyl), 0.83 -1.00§ (m, 9 C-1 and C-8 methyls),
1.15§ (s, 3, C-Ub methyl); 2.87§ (q, 1, j=6, C-1H),
Anal. Cailcd for C19H320: c, 82.55; H, 11.67. Found:

c, 82,71; H, 11.62,

A second band, r.f. C.4 contained 8 mg (18%) of a
mixture which contained a seccnd saturated ketone by ir which

resisted all .efforts at further purification.

Attempted equilibration of the ketone W=3,

A solution of 58 mg (0.21 mmole) of the ketone W-3
(mp 64-68°) and 271 mg of potassium hydroxide in 25 ml of
abs. ethanol was heated to reflux for 11 hours under an argon
afmosphere. The cooled solution was diluted to 175 ml wilth
ether and was washed with water (2x30 ml) and brine (1x50
ml) and was dried (MgSOu). Evaporation to dryness and ptilc
(10x20 cm plate, 30% ether-petroleum ether) afforded one
band, r.f, 0.5, 48 mg (83%) of recovered starting material
mp 65-70°.

2prydroxy-lelig?-Methagg:},2,3,M,M%i}Ub,5,6,7,8,8a¢,9,10,10&—
Tetradecahydro-l« 4bg,8,8-Tetramethylphenanthrene Qﬂ:ﬂ).
To a solution of the Simmons-Smith reagent (53) formed
in the usual manner from 500 mg (9mmoles) of zinc-copper couple
(52) and 0,70 ml (2 mmoles) of diiodomethane in 10 ml of dry

ether contalned in a 25 ml flask under an argon atmosphere
g

was added a solution of 31.8 mg (0.121 mmoles) of the alcohol
g
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X:ﬁ in 2.5 ml of dry ether, After 4 hours at reflux, the mix-
ture was cooled in an ice bath and the excess reagent was
quenched by addition of 1.0 ml of 40% ammonium sulfate. The
black suspenslon was poured onto 40 ml of saturated aqueéus
potassium carbonate and the resulting solution was extracted
with ether (3x50 ml). The combined ether layers were washed
with saturated aqueous potassium carbonate (1x50 ml), 10%
aqueous sodium thiosulfate (1x50 ml), and brine (1x50 ml)
and were dried (MgSOy).

After 5 min of drying, the solution was concentrated
and the resulting oil was chrematographed on 40 g of gd III
alumina: 100 ml of petroleum ether removed unreacted dilodo-
methane; further elution with 100 ml of 50% ether-petroleum
ether gave 6 mg of an oil which was discarded. Finally, 1GC
ml of ether afforded 21 mg (61%) of the alcohol W-4 mp 144~
148° (vacuum), Two recrystallizations from ether-hexane
gave the analytical sample mp 151-153°: ir (CHCl3) 3605
(OH); nmr 0.88% (s, 9, C-4b, C-8 CH3s), 1.17 (s, 3, C-1 CH3),
3.80-~3.97§ (m, 1, CHOH). '
. inal, Caled for CygH;,0: C, 82.55; H, 11,67. Found:
e, 82,465 H, 11,47,
1,0, 4as yU0,5,6,7,8,0ax ,9,10,10a~Dodecahydro-10 ,10-Methano=2

P e, £ T T AT e N e VR g N ARSI i e Y T g P TN N B s T

(3H)~Oxo-1x ,ling ,8,8-Tetramethylphenanthrene (W-5).

At N TNy e B TN 0 S S 5 O SN . PN e AT N N g

To an ice cold solution of 62 mg (0.22 mmole) of the

axial alcohol Wi in 9 ml of acetone which had been freshly

Cestiten’t,
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distilled from potassium permanganate was added 0.15 ml of 8
N chromic acid solution (62). After 5 min, the reaction mix-
ture was poured ontc 40 ml of water and the aqueous soluticn
was extracted with ether (3x50 ml)., The combined ether layers
were washed with saturated aqueous sodium bicarbonate (1x50
ml) and brine (1x50 ml) and were dried (MgSOu);

. Concentration afforded 60 mg of waxy crystals which
were purified by ptlec (10x20 cm plate, 30% ether-petroleum
ether)., The pand r.f. 0.3 contained 54 mg (89%) of the
ketone mp 97-1(G3°, Crystallization from hexane gave anzly-
tically pure cubes mp 110-111.5° (vacuum): ir (CHCl3) 1665
{C=0); nmr (CDCl3) 0.55§, 0.63§ (s, 1 each, cyclopropyl),
0.80§ (s, 6, C=8 CH3S), 0.85§ (s, 3, C=lb CH3), 1,138 (8, 3
C-1 CHj).

Anal. Caled for CygH €, 83.15; H, 11.,02. Foung:

300"
C, 82.99; H, 11.03.

2,34U4,bax,U0,5,6,7,8,8ax,9,10-Dodecahydro-2f~Hydroxy-4og ,8,8~
i e e i e P I i e e i et e S e N

Trimethylphenanthrene (X-2) and 2,3,4,4a«,4pb,5,6,7,8,8ap,9,"
SN e I N

PTINI  pn —etP™

10~Dodecahydrow2x-Hydroxy-ﬂbp58,8-Trimethylphenanthrgsf Ez:}}.
To an ice cold solution of 2,04 g (8.30 mmoles) of the

enone X:ﬂ in 30 ml of dry tetrahydrofurén under an argon

atmosphere was added 20 ml (18 mmoles) of a 0.9 M solutiocn

of the borohydride N=-1 (87)., After 30 min at 0° the reagent

was decomposed by the sequential addition of 4 ml of 3 N

sodium hydroxide and 8 ml of 30% hydrogen peroxide. The
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reaction mixture was immediately poured ontoc 250 ml of ice
cold 20% aquecus potassium carbonate and the solution was
extracted with ether (4x250 ml). The combined ether layers
were washed with water (2x250 ml) and brine (1x250 ml) and
were dried (MgSOu). |

The solution was concentrated and the procduct was
chromatographed on 200 g of silica gel eluting with 10%
ether-chloroform (spectro grade)., The first 600 ml gave 106
mg of a non-polar oil., The next 200 ml eluted 6%0 mg (34%)
of the axial alcohol 5:3 mp 107-109° (vacuum) [1it (107)
109~110°] and the following 200 ml gave 916 mg of a mixture
of X-1 and.g:g which was recrystallized from ether-hexane to
give 538 ﬁg (26%) of the equatorial alcohol X=1 mp 122-124¢°
(vacuum) [1it (107) 127.5-128°], Ptle (10% ether-chloroform)
of the mother liquors gave two bands: r.f. C.U4, 73 mg (&%)
of the equatorial alcohol X-1 mp 116-120° (vacuum) and r.f.
0.5, 147 mg (7%) of the axlal alcohol X-2 mp 109-111° (vacuunm).
Finally elution of column with an additional 400 ml of 10%

ether-chloroform gave 492 mg (24%) of X-1 mp 120-122° (vacuum).

Reoxldation gf-the equatorial alcohol X=1 to théwg;éég V-4,

| Chromium trioxide dipyridine complex (74) was prepared
by the in situ method (126). To a solution of 1.62 ml (20
mmoles) of dry p7ridine in 50 ml of dry methylene chlcride
under an argon atmosphere was added 1,0 g (10 mmoles) of

chromium trioxide., After 15 min at rcom temperature a scoluticn
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of 504 mg (2.03 mmoles) of the equatorizl alcchol X-1 mp 118~
122° in 6 ml of dry methylene chloride was added all at once.
After an additional 10 min at room temperature, the dark red
reaction mixture was filtered thrcugh a pad of gd III alumina
with suction., The solutlion was concentrated to give 480 mg
(96%) of the ketone V-4 mp 85-88° (vacuum) which was used

directly.

1z ;2,3,4,424 ,40,5,6,7,8,824,9,10,10a=-Tetradecahycdro=2p~Hydroxy-
1p,10a~Methano=-4bp ,8,8=-Trimethylphenanthrene Sﬁ:i).

To a solution of the Simmons-Smith reagent (52) pre=-
pared in the usual manner 5.0 g (71 mmoles) of zinc-copper
couple (53) and 5.5 ml (69 mmoles) of diiodomethéne in 60 ml
of dry ether under argon was added a solution of 903 mg (2.64
mmoles) of the axial alcohol z;g from above in 15 ml of dry
ether. The mixture was heated to reflux for 4 hours and was
cooled in an 1ce bath. The excess reagent was decomposed by
addition of 2 ml of U40% aqueous ammonium sulfate and the
reaction mixturé was poured onto 200 ml of saturated aqueous
sodlum carbcnate. The agueous phase was extracted with
ether (4x250 ml) and the combined ether layers were washed
with saturated aqueous sodium carbonate (1x250 ml), 10%
aquecus sodium thiosulfate (1x250 ml) and brine (1x250 mil)
and were dried (MgSOu).

After 5 min of drying, the sclution was concentrated
anéd the crude product was chromatographed on 300 g of gd IIIX

alumina: 500 ml of 0~50% ether-petroleun sther gave 3,7 g of
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recovered diiodomethane., Further elution with 600 ml of
ether gave 786 mg (83%) of the alcohol X~-3 mp 118.5-120,5°,
The product from a similar experiment was recrystallized
twice from hexane to give the analytical sample mp 116-117°:
ir (CHC13) 3610 (OH); nmr (CDCl3) 0.17-0.,42§ (m, 3, cyclo-
propanz), 0.85§ (s, 6, C=8 CH3s), 0.90§ (s, 3, C-Ub CH3),
4,13-4,435 (m, 1, CHOH, width 22 Hz).

Anal, Calecd for C,gH3p0: C, 82.38; H, 11.52. TFound:
C, 82,255 H, 11,47,

1,4, 480 ,40,5,6,7,8,8a4,9,10,10a-Dodecahydro-~18 ,10a=Methanoc=
8 A Al Mk St N el Nt ol Yot D obasoieihsces el 1. bbbt
2(3H)=-0x0=4b8,8,8=Trimethylphenanthrene g&:ﬁ).

To an ice cold solution of 783 mg (3.1C mmoles) of the
alcohol E:; from above in 100 ml of acetone (freshly dis-
tilled from potassium permanganate) was added 1.5 ml (6
meqv) of 8 N chromic acid soluticn (62) by drops. After 5
min the mixture was poured onto 200 ml of water and the
agueous solution was extracted with ether (4x200 ml)., The
combined ether layers were washed with saturated aqueous
sodium bicarbonate (1x200 ml), water (1x200 ml), and brine
. (1x200 ml) and were dried (Mgsou).

Concentration afforded 778 mg of a solld which was
recrystallized from ether hexane to give 659 mg {(85%) mp
133,5-134,5° (vacuum). The product was recrystalliized twice
from ether~hexane to give the analytical sample mp 133.5-

134.5°: ir (CHClg) 1670 (C=0); nmr (CDCl3) 0.88§ (s, 6, C~8
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CH3s), 0.97§ (s,3, C=lb CH3)

Anal. Calecd for C,gH,g0: C, 83.02; H, 10.84., Found:
c, 82.,94; H, 10.71.
éjﬂiffu,Mb,S,6,7,8,8a«,9,10,lOa-Dodecahydro—E-Hydroxy-%iEEg,
8,383,102 ~Pentamethylphenanthrene Acetate QE:E)

A solution of 7 mg (1 mmole) of lithium wire in 10 ml
of tetrahydrofuran (doubly distilled from lithium aluminum
hydride) and 25 ml of ammonia (distilled from sodium) was
stirred under argon for 15 min and a sclution of 60 mg (0.23
mmole) of the ketone EZﬂ in 6 ml of dry tetrahydrofuran was
added., After 2 hours the blue color faded and one of the
ground glass stoppers on the reaction flask was replacgd with
a dry reflux condenser topped with a drying tube with a hose
leading to, the atmosphere through a mercury bubbler., The
ammonia was evaporated in a stream of argon passing through
the system and out the bubbler, and when most of the ammonila
was gone, the tetrahydrofuran was heated to reflux for 30 min
under a gentle stream of argon. The solution of the enclate
was then couled in an ice bath and 2 ml (21 mmoles) of acetilc
anhydride (purified by double fractional distillation) was
added, After 30 min, the mixture was poured onte 50 ml of
water and was extracted with ether (4x50ml). The combined
ether layers were washed with sat. agqueous scdium bticarbonate
{(1x59ml) and brine {1x50ml) and were dried(MgSOQ).

Evaporation afforded 72 mg of yellow waxy crystals

@]

which were purified by ptle (40% ether-petroleum =ther). The



190

band r.f. 0.7 contained 30 mg (43%) of the enol acetate -5
as waxy crystals. tic (40% ether-petroleum ether) and
recrystallization from hexane gave the analytical sample mp
67-69° (vacuum): ir (CCly) 1750 {C=0), 1690 (C=C); nmr (CC1y)
0.83§ (s, 6, C=8 CHgs), 1.02§ (s, 3, C=4b CHg), 2.00§ (s, 3,
acetate CH3), 4.98§ (m, 1, vinyl),

Anal, Caled for CpgH30: C, 78.90; H, 10.59. Found:
c, 78.78; H, 10.69,

A second band r.f. 0.5 contained 32 mg (53%) of 3,4,4ax,
v ,5,6,7,8,82¢,5,10,10a-Dodecahydro=2(1H)-0x0-4bB3 ,8,8,10ap -
Tetramethylphenanthrene Qiz) which was purified by ptle (40%
ether-petroleum ether) and recrystallized from ether-hexane
to give the analytical sample mp 155~156;: ir (CHC13) 1700
(C=0); nmr (CCly) 0.85-0.90§ (m, 12, angular CH3S), 1,00~

2,438 (m, 18, ~CH

-3
2 ’°
Anal. Calcd for C,gH3y0: C, 82,383 H; 11,52. Found:

In a later experiment starting with 200 mg of E:ﬁ the
acetylationwas allowed to proceed 7 hours., After ptlc there
was cbtained r.f, 0.3, 25 mg (12.5%) of recovered starting
material mp 125-~127° (vacuum); r.f. 0.5, 16 mg (8%) of the
ketone 59 mp 148158 (vacuum), gnd r.f. 0.7, 169 mg (72%)

of the enol acetate whoze nmr agreed precisely with that of

the analytical sample.
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Preparation of the saturated ketone 59 from X-14,

A solution of 37 mg (5.4 mmoles) of lithium wire in
30 ml of tetrahydrofuran (doubly distilled from lithium
aluminum hydride under argon) and 75 ml of ammonia which had
been distilled from sodium was stirred under argoen for 25
min and a solution of 284.7 mg (1.10 mmoles) of the ketone
z:ﬂ, mp 133-134°, in 10 ml of dry tetrahydrofuran was added
all at once. After 2 hours, the excess lithium was decomposed
by the segquential addition of 400 mg of sodium benzoate and
300 mg of ammonium chloride. The ammonia was evaporated in
a stream of argon, and the grey residﬁe was dissolved in 100
ml cf water. The aqueous layer was extracted with ether (3x
100 ml). The combined ethereal layers were washed with 10%
aqueous potassium hydroxide (2x75 ml), water (1x75 ml), and
brine (1x75 ml) and were dried (MgSOy).

Evaporation afforded 286 mg (quant) of glistening
white crystals of é?, mp 136-146°. Recrystallization from
ether~hexane gave 216 mg (76%) mp 142-150°, Ptlc (30%
ether-petroleum ether) of the mother liguors gave 18 mg (6%)

mp 140-150°,

1,2,3, 4, hae ;40 ,5,6,7,8,8a« ,9,10,10a~Tetradecahydro-2p ~Hydroxy=-

\-f‘\-—"W \M. WW‘\.—F—WW-’\N et T ™ s 5l

l«,2-Methano-4bp,8,8,10ap~-Tetramethyivhenanthrene (X-6).

N ™ e N I s £ SV g I W P i N e N N e S e NI BTt

&; From the enol acetate X=5,

The enolate was formed using the method described Ly

House (11l) and the cyclopropylation was carried out by a
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variation of the method of Whitlock and Overman (11i5). A
soluticn of the Simmons-Smith reagent (53) in 10 ml of dry
ether was prepared in the usual manner from 70C mg (10 mmoles)
of zinc copper couple (52) and 0.8 ml (10 mmoles} of diicdo-
methane. At the same time, a solution of 51 mg (0.17 mmcles)
of the enol acetszate 5:2 in 4 ml of dry dimethoxyethane was
treated with 0,25 ml (0.4 mmoles) of a 1.6 M solution of
methyl lithium in ether (Alpha Inorganics). After 30 min,
the Simmons-Smith reagent was cooled in an ice bath and was
transferred via syringe to the flask containing the enolate.
The cyclopropylation was allowed to proceed 2 hours at room
tempefature and the reaction mixture was cooled in an ice
bath and was quenched by addition of 0.4 ml of 40% aquecus
ammonium sulfate. The resulting grey mixture was poured ontc
40 ml of saturated aqueous sodium carbonate and the agueous
suspension was extracted with ether (3x25 ml). The combined
ethereal layers vere washed wlth saturated aqueous scdium
carbonate (1x25 mi), 10% aqueous sodium thiosulfate (1x25 ml),
and brine (1x2% ml) and were dried (MgSOu).

After drying for 5 min the solution was concentrated
and chromatographed on 50 g of gd III alumina. Washing with

ther removazd unreacted diiodomethane.

D)

i

150 ml of petroleum c
Eiution wilth 1C0 nl cf 25-50% ether-petroleum ether gave 15
mg of an unidentified prcduct and further elution with 100

ml of ether afforded 34 mg {73%) of the cyclopropyl alecchol
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5:§ mp 152-157° {(vacuum). The product was recrystallized

twice from ether-hexane to give the analytical sample as

fine needles mp 171-174° (vacuum): ir (CHC13) 3600, 3450

(OH); nmr (CDCl3) 0.8c§, 0.83§ (s, 6 each, angular CH3s).
Anal, Calcd for CigH300: €, 82.553 H, 11.67. Found:

C, 82.55; H, 11.71.

B. From the ketone X=-U4,

A solution of 11 mg (1.6 mmoles) of lithium wire in
10 ml of dry dimethoxyethane and 60 ml of ammonia (distilled
from sodium) was stirred under an argon atmosphere for 5C min
and a solution of 93.5 mg (0.359 mmoles) of the ketone E:E
mp 133.5=134,5° (vacuum) in 5 ml of dry dimethoxyethane was
introduced all at once. After 4 hours, one of the ground
giass stoppers was removed from the reaction flask and was
replaced with a dry reflux condenser topped with a drying
tube with a hose leading to the atmosphere through a mercury
bubbler, The ammonia was removed from the still blue solution
in a stream of argon and the residue was heated to reflux for
30 min under a slow stream of argon and then was coolied in
an ice bath,

At the same time a solutlion of the Simmons-Smith
reagent (53) was prepared in the usual manner from 1,20 g
(17 mmoles) of zinc-copper couple (52) and 1.40 ml (17.4
mmcles) of diiodeomethane in 17 ml of dry ether., The reagent

was cooled in an ice bath and was transferred with a syringe
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to the solution of the enolate anion.

The resulting grey suspension was stirred at room
temperature for 2 hours and was pcured onto 50 ml of saturated
aqueous sodium carbonate, The carbonate soluticn was extracted
with ether (Ux50 mi) and the combined organic layers were
washed with saturated aqueous sodium carbonate (1x50 ml), 10%
aqueous sodium thiosulfate (1x50 ml), and brine (1x50 ml) and
were dried (MgSOy).

After drying for 5 min the solution was concentrated
and was chromatcgraphed on 80 g of gd IIT alumina: 200 ml
of petroleum ether removed unreacted diiocdomethane and 200
ml of 25-50% ether-pvetroleum ether affordsd 20 mz of a3 nmix-
ture of the starting ketonse z;ﬂ and the unalkylated ketone
Eg. Further elution with 200 ml of ether gave 75 mg (76%)
of the alcohol E:E mp 137-152° (vacuum) which was contaminated
with a little starting material. Crystallization from ether-

hexane gave 56 mg (57%) in two crops mp 161.5-164,5° (vacuum).

l« 4,422, 40,5,6,7,8,8ax,9,10,10a-Dodecahydro=2(3H)-0x0~-1f,4bs,
N o e et et el ™ St e st i e S g s s T Nt et s T et P e et e 8

e

8,8,10as~Pentamethylphenanthrene (W=6).

w,_... e et T N ATt v N g e St ey e S s

A, From the ketones W<E,

To a solution of 43.5 mg (0.159 mmole) of the ketone
W=5 in 6 ml of tet rofuran (doubly distilled from lithium
aluminum hydride) and 25 ml of ammonia (distilled from sodium)

under an argon atmosphere was added 19 mg (2,7 mmoles) of

[

lithium wire, After 2 hours, the excess lithium was quenched
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by the sequential addition of 0.3 g of sodium benzcate and
0.3 g of ammonium chloride., The ammoniz was allowed to
evaporate in a stream of argon and the residue was dissolved
in 40 ml of water. The aquecus solution was extracted with
ether (3x50 ml) and the combined ether layers were washed
with 10% agueous sodium hydroxide (2x50 ml), and brine (2x50
ml) and were dried (MgSOy).

Evaporation and ptlic (10x20 cm plate, 30% ether-petro-
leum ether) gave r.f. 0.5, 33.7 mg (78%) of the ketone W=6
mp 78=82° (vacuum). Recrystallization from hexane gave the
analytical sample mp 83-86° (vacuum): ir (CHCl3) 1700 (C=0);
nmr (CDCl3) 0.78§ (s, 3, C=10a CH3), 0.,82-0.92§ (m, 12, angular
CH3S).

Anal. Calcd for 019H320: 6, 82,55 H, 11.,67. Found:

¢, 82.61; H, 11,52,

B. From the cyclopropanol X-6,

To a solution of 32 mg (0.12 mmole) of the cyclopro-
panol §:§ from above in 10 ml of abs ethanol contzained in a
25 ml flask under an argon atmosphere was added 1 ml of con-
~centrated hydrochloric acid and the resulting mixture was
heated to 70° for 2.5 hours, The solution was cooled in an
ice bath and was poured onto 30 mi of water., The agueous
phase was extracted with ether (3x25 ml) and the combined
ether layers were washed wlth saturated aqueous sodium bi=-

carbonate (2x25 ml) and brine (1x25 ml) and were dried (MzSOy).
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Concentration and ptle (10x20 cm plate, 30% ether-
petroleum ether) gave r.f. 0.5, 28 mg (86%) of the ketone
§:§ mp 80-83° (vacuum) which was spectrally identical to that

obtained atove (ir, nmr).

C. From the Alcohol X-6 with Iodine,

A sclution of 12.9 mg (0.0467 mmole) of the alcohol
E:E and 11 mg (0.087 mmole) of iodine 1n 10 ml of ether was
stirred at room temperature for 24 hours. The solution was
diluted with 60 ml of ether and was washed with 10% aqueous
sodium thiosulfate (2x10 ml) and brine (1x10 ml) and was
dried (MgS0y).

Evaporation to dryness gave 14 mg of a yellow oil
which exhibited a carbonyl absorbtion at 1700 em=l and no
hydroxyl absorbtlon in the ir. The crude ketone wag dis~
solved in 10 ml abs ethanol containing 87 mg of potassium
hydroxide and the mixture was stirred 10.5 hours under an
argon atmosphere. The reaction mixture was diluted wilth 50
ml of 1l:1 ether=benzene and was washed with water (2x10 ml)
and brine {(1x10 ml).

Drying (MgSQq) and evaporaticn to dryness gave an oil
which was purified by ptlec (305 ether-petroleum cther) to give
7.C mg (55%) of the ketcne W~5 mp 70=73° whilch was spsctrally

o

ldentical (ir, nmr) to the material prepared above.

D, Attemptecd preparation by slkvistion of the enol acetate X-5.

o3 s o aaes
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The general procedure described by House was employed
(11k), To a sclution of 55 mg (0.18 mmole) of the enol ace-
tate 5:2 in 4 ml of dry dimethcxyethane under an argon atmo-
sphere was added 0.28 ml of a 1.6 M solution of methyl lithium
in ether (Alpha Inorganics). After 1.3 hours at room temper-
ature, 2.0 ml (32 mmoles) of lodomethane was added all at
once to the slightly yellow, cloudy solution. After an
additional 5 min the reaction mixture was poured onto 25 ml
of brine and ice and the aqueous suspension was extracted with
ether (3x25 ml). The combined ether layers were washed wilth
water (1x25 ml) and brine (1x25 ml) and were dried (MgSOu).

' Concentration afforded 54 mg of a yellow oll which was
separated by ptle (10x20 cm plate, 10% acetone-petroleum
thér).. A broad band r.f. 0.4 contained 35 mg which did not
contain any of the desired product by nmr. The material was
equilibrated using a variation of the procedure of Ramirez
(127)¢ The product was dissolved in 15 ml of abs ethanol
containing 150 mg of potassium hydroxide and the resulting
mixture was heated to reflux for 6 hours under an argon
atmosphere. The reaction mixture was then poured onto 50 ml
of dilute agueous sodium chloride and the aquecus solution
was extracted with ether (3x25 ml). The combined ether layers
were washed with water (2x2% ml) and brine (1x25 ml) and were
dried (MgSOy). |

Concentration and ptle (407 ether~petroleum cther)
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gave three bands which were identified by nmr: r,f. 0.5,

5 mg (10%) of the unalkylated product 59; r.f. 0.6, 10 mg
(20%) of the desircd ketone W-6; and r.f. 0.7, 19 mg (40%)

of material which by nmr integration of the angular methyl

region appeared to be a mixture of poliyalkylated products.

" E. Attempted Reductive Alkylation of the Ketone X-4,

A solution of 7 mg (1 mmole) of 1lithium wire in 25 ml
of ammonia (distilled from sodium) and 5 ml of tetrahydrofuran
(doubly distilled from lithium aluminum hydrlde) was stirred
30 min under an argon atmosphere. A soluticn of €2 mg (0.25
mmole) of the cyclopropyl ketone 3:3 in 6 ml of dry tetra=-
hydrofuran was added over the course of 6 min and the reac=-
tion mixture was stirred for 2 hcurs before it was quenched
by the rapid addition of 2.5 ml (5.7 g, 40 mmole) of methyl
icdide (doubly distilled from phosphorous pentoxide).

After an additional 10 min, 300 mg of solid ammcnium
chloride was added and most of the ammonia was removed in a
stream of nitrogen. The resulting grey suspension was
dissolved in 50 ml of water and was extracted with ether (3x
50 ml). The combined ethereal layers were washed with water
(1x50 ml) and brine (1x50 ml) and were dried (MgSOy). Eva-
poration to dryness and ptlc (40% ether-petroleum ether,
double elution) gave two bands; r.f. 0.2, 10 mg (10%) .recovered

starting material, and r.f. 0.5, 46 mg (74%) of the ketone 59.
N
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2a~Hydroxy-28,3,4,42«,4,5,6,62,9,10,10a,100«,11,12-Tetra-
e et e ™ st e

e e s e e ™ it 7 a7 e

decahydro-4bg ,6am,10aB-Trimethylchrysene (Y-1) and 2g-Hydroxy=-
et e e e ™ e e ™ et e s s At ™ e ™ e . P P ™ N A s e P P ™ ™0

2443,4,424 ,40,5,6,62,92,10,102,10b«,11,12-Tetradecahydro=-Ubg,
D S NI i P B T e e e S

fax ,10ap-Trimethylchrysene (¥=2).
N e et e S e s ™ s

T N

Following the general procedure of Brown and Dickason
(87), an ice cold solution of 781 mg (2.62 mmoles) of the
enone H:} in 15 ml of dry tetrahydrofuran contained in a 50
ml flask under an argon atmosphere was treated with 6.0 ml

(5.1 mmoles) of a 0.85 M solution of the trialkylborohydride

P

N-1 in tetrahydrofuran. After 30 min the excesz borchydride

was decomposed by the sequential addition of 1.0 mi of 3 N
aquecus sodium hydroxide and 2.0 ml of 30% hydrogen peroxide,
The reaction mixture was immediately poured ontc 50 mli of
saturated aqueous sodium carbonate and the aqueous solution
was extracted with U4:1 ether-benzene (4x50 ml). The combined
organic layers were washed with saturated agueous sodium
carbonate (1x50 ml), water (1x50 ml) and brine (1x50 ml)

and were dried (MgSOy).

After 30 min of drylng, the solution was concentrated
and the crude product was chromatographed on 100 g of flerisil
eluting with 50% ether-petroleum ether. The first 300 ml
eluted 75 mg of a mixture of non-polar products that was
discarded. The nex:t 200 ml afforded 183 ml (23%) of the
axial alcohol Y~2. Further elution with 400 ml of the same

solvent gave 315 mg of a mixture of the two alcohols which
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was separated by ptle [3-20x20 cm plates, 10% ether-chloro-
Form (spectro grade)] to give: r.f. 0.4, 188 mg (24%) of the
equltorial alecohol ¥-1 and r.f., 0.5, 114 mg {(15%) of the
axial aicchol 3:2, Finally washing the column with 500 ml
of ether gave 206 mg (26%) of the equatorial alcohol mp
119-120° (vacuum).

The nmr of the combined axial alcohol, 296 mg (38%),
was 1dentical to that of the analytical sample mp 131-134°
(vacuum) which was prepared from a similar experiment and
purified by ptlc followed by recrystallization from ethyl
acetate-heptane and ethanol-water: ir (CHCl3) 3600, 3450
(0=-H), 1650 (C=C); nmr (cDC15) 0.85§ (s, 6); 1.05§ (8, 3
C-4b, 6a, 10a CH3s), 4.00-4,20§ (m, 1 CH-OH), 5.48§ (s, 2
vinyl), 5.50-5,77§ (m, 1 vinyl).

Anal, Caled for C,,H,,0: C, 83.94; H, 10.73., Found:

21732
¢, 83.87; H, 10.78.

The nmr of the combined equatorial alcohol, 394 mg
(50%), was identical to that of the analytical sample mp
114-115° (vacuum) which was prepared from the same experiment
as the sample of the axial alcohol and was purified by ptle
and recrystallization from ethyl acetate-heptane and ethanol-

013)

2

water: ir (CHClB) 3605, 3450 (OH), 1655 (C=C); nmr (C
0.77§, 0.82§, 1.05§ (s, 3 each C=-Ub, 6a, 10a CH3S), 3.95=-
4,30y (m, 1 CHOH), 5.37-5.53% (m; 3 vinyl).

Anal. ~Caled for 0.:B.-0% €, 83.94s H, 10.73. Found:
et lioea 2 bl | s b ]

173

rn
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c, 83.93; H, 10.87.

Oxidation of the aicohcl Y=1 to the enone U=1,

The chromium tricxzide dipyridine complex was prepared
by the 1n situ procedure of Ratcliffe and Rodehorst (126).
A dry 1000 ml flask fitted with a mechanical stirrer was
flushed with argon and charged wlth a solution of 12.8 g
(101 mmoles) of dry pyridine in 252 ml of dry methylene
chloride and 5.0 g (50 mmoles) of anhydrous chromium trioxide.
The réd solution was stirred for 15 min and a solution of
2.54% g (8.45 mmoles) of the allylic alcohol I-1 in 30 ml of
dry methylene chloride was added all at once. After 10 min,
the dark reaction mixture was filtered through a pad of grade
III alumina contained in a 350 ml Buchner funnel washing with
500 ml of ether.

Concentration afforded 2.287 g (91%) of white crystals
of U~1 mp 98-~101° (vacuum) whose ir spectrum was identical to

that of the analytical sample.

le U Naw ,4b,5,6,562,9,10,10a,10b4,11,12,12a=-Tetradecahydro=-
\NWNWNNWM

1¢,12a~Methano=-2(3H)=-0xo~4bp ,6a«,10ag=-Trimethylchrysene (Y-%4)

e G = B i i et e g o psecin,
A solution of the Simmons-~Smith reagent (53) was

prepared in the usual manner from 4.0 g (57 mmoles) of zince

copper couple (52) and 4,6 ml (57 mmoles) of diiodomethane

in 60 ml of dry ether. A 17 ml portion of the reagent was

removed for z different reaction and a solution of 638 mg

(2.21 mmoles) of the axial alcohol Y~2 in 10 ml of dry ether
N oes®
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was added all at once. The resulting solution was heated
at reflux for 4 heours before it was cooled and poured onto
100 ml of saturated aqueous sodium carbonate. The aqueous
suspension was extracted with 4:1 ether-benzene (4x100 ml)
and the combined organic layers were washed with saturated
agueous sodium carbonate (1x190 ml), 16% aqueous sodium
thiosulfate (1x100 ml), and brine (1x100 ml) and were dried
(MgSOu) for 5 min,

The solution was concentrated and chromatographed on
250 g of gd III alumina. Elution with 500 ml of petroleum
ether removed unreacted dliodomethane and 300 ml of 3%
methanol-ether eluted 512 mg (80%) of 1,2« ,3,4,4ax,4p,5,6,
62,9,10,10a,10b«,11,12,12a-Hexadecahydro-2§ ~Hydroxy-18,12a=-
Methano-U4bp ,6ax,10ap ~Trimethylchrysene (zzé), mp 135-139°
(vacuum): 1ir (CHC1g) 3600, 3450 (OH); nmr (cDC1,) 0.858,
0.95§, 1.05§ (s, 3 each, C-lb, 6a, 1l0a CH3s) 4,07=-4.43§ (m,
1, CHOH), 5.47§ (s, 2, vinyl).

The crude alcohol was oxidized with chromium trioxide
dipyridine complex using the in situ procedure of Ratcliffe
and Rodehorst(126). A dry 100 ml flask fitted with a
mechanical stirrer was flushed with argon and charged with
a solution of 1.62 ml (10 mmoles) of dry pyridine in 50 ml
of dry methylene chloride followed by 1.00 g (10 mmoles)
cf’ anhydrous chromium trioxide., The red solution was stirred
15 min and a soluticn of 512 mg (1.69 mmoles) of the alcohol

4

§~3 from above In ¢ wl of dry methylene chloride was added
]
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all at once. After 10 min, the dark mixture was filtered
through a pad of grade III alumina which was washed with 200
ml of ether,

Concentration afforded 490 mg (76.5% from the alcohol)
of off-white crystals of the ketone mp 149-152° (vacuum).
The analytical sample mp 150-153° (vacuum) was prepared by
ptle (50% ether-petrcleum ether) and recrystallization from
ether<hexane: ir (CHC13) 1670 (C=0); nmr (CDCl3) 0.90§ ,
1.02), 1.073 (s, 3 each C-Ub, 6a, 10a CHjs), 5.47§ (s, 2,
vinyl). .

Anal. Calcd for 022H32O: €, BA.,565 H, 10,32, Found:

C, 84,49; H, 10,39,

g:gydroxy-3,h,Ua&,Mb,5,6,6a59,10,10a,10bq,ll,lZ,lEa—Tetradeca-
i I

e, 2

hydro-4bB ,6a«,10ap,12ap ~-Tetramethylchrysene Acetate (Y¥-5).
gt S e = - S - Rt g

N g S P e e T o g P N T

A dry 200 ml flask fitted with a glass coated stir

bar, a dry ice condenser connected to an argon source, an
inlet tube and a serum cap was charged with a solution of 18
mg (2.6 mmoles) of lithium in 60 ml of ammonia (freshly dis-
tilled from sodium) and 20 ml of tetrahydrofuran (doubly
distilled from lithium aluminum hydride under argon). After

1 hour, a soclution of 202.5 mg (0.6L47 mmole) of the cyclopro-
pyvl ketcone X:ﬁ in 5 ml of dry tetrahydrofuran was added all

at once. The bliue color faded at the end of 1.5 hours, and 18
mg of lithlum wire were added. After a total cf 4 hecurs, the

inlet tube was replaced with a dry reflux condenser connected
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through a drying tube to a mercury bubbler and most of the
ammonia was removed In a stream of argon. The residue was
heated to reflux for 30 min in a gentle stream of argon as
the last traces of ammonia evapcrated.

The resulting grey suspension was cooled to roem tem-
perature, and 5 ml (53 mmoles) of acetic anhydride (doubly
fractionally distilled, bp 139°) were added. After 6 hours,
the reactlon mixture was poured onto 70 ml of 10% aqueous
potassium hydroxide and ice and the aqueous solution was
extracted with 1:1 ether-benzene (4x50 ml). The combined
organlé¢ layers were washed with 10% aqueous potassium hydrox-
ide (1x50 ml), water (1x50 ml), and brine (1x50 ml) and were
dried (Mgsou). Evaporation to dryness affordsd 285 mg of a
yellow oil which was chromatographed on 30g of silica gel.
Elution with 20% ether-petroleum ether gave successively,

17 mg of a non=~volatile oil which was discarded, and 14f mg
(64%) of the enol acetate I-3 mp 119-121° (vacuum). Ptlc

(20% ether-petroleum ether) of a portion and recrystallization
from ether-hexane gave the analytical sample mp 121-123°
(vacuum): ir (CHClg) 1755 {(C=0), 1690 (C=C), 1220 (C~0); nmr
(CClu) 0.78§, O.Séé (s, 3 each), and 1,02§ (s, 5, C=lb, C-fa,

C-i0a, C-12a CH.s), 2,008 (s, 3, acetate CH3), .97 L8y L,

(V)

-1 H), 5.40§ (s, 2, C-7,8 vinyl).
Anal, Calcd for C,Hsg0: C, 80,853 H, 10.18., PFound:

; 81,083 H, 10,23
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Further elution of the column with 25 ml of the same
solvent gave 37 mg (10%) of a mixture of approximately equal
amounts the enol acetate Y-5 and a second enol acetate 2-
hydroxy-1p ,12a-methano=-1,4, baa ,4v,5,6,62,9,10,10a,10b«x,11,
12,12a~tetradecahydro-4bp,6ax,10ap ~trimethylchrysene acetate
(é]), as determined by estimation of the acetate methyl pesaks
in the nmr (2.00 and 2.03§). A second experiment, in which
a shorter reaction time was employed starting with 468 mg
(1.50 mmoles) of the ketone Y-l gave from the column 407 mg
(77%2) of a T7:3 mixture of the two enol acetates which was
purified further by ptle (3 plates, 20% ether«petroleum
ether); The band r.f. 0.5 contained 246 mg (U46%Z) of the
desired enol acetate Y-5 and the band r.f. 0.4 contained
129 mg (24%) of the enol acetate EZ mp 101-106° (vacuum),
Recrystallization from hexane gave a sample mp 110-112°:
ir (CClu) 1755 (C=0), 1685 (C=C), 1220 (C=0); nmr (CClq)
0.85%, 0.985, 1.03y (s, 3 each, angular CH3S), 2,035 (a8, 34
acetate), 4,80-5,05§ (m, 1, vinyl), 5.40§ (s, 2, vinyl).

Anal, Caled for C,yH340,: C, 81.31; H, 9.67. Found:
c, 81.46; H, 9.75.

Finally elution with a further 100 ml of the same
solvent afforded 10 mg (5%) of 2(3H)-oxo-1,4,laq,4b,5,6,64,9,
10,10a,10b«,11,12,12a«Tztvadecahydro~ibp ,6a«,10ap ;12ap~Tetra-
rnebnylehrysene (gé) which was identical by nmr to the product

from a similar experiment mp 140-153° (vacuum) which was
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purified further by ptlec {(40% ether-petroleum ether), recry-

+

sublimaticn

(SN

0

n

&

stallization from hexane-methylene chloride,

€

(C.025 mm, 160-170°) to give the analytical sample mp 172-178°
(vacuum): ir (CHCIB) 1705 (C=0); nmr (CDC13) 0.82§ (s, 3),
0.9¢§ (s, 6), 1.06§ (s, 3) (C~¥b, C-6a, C-10a, C-12a CH3s),
S.MBSW(S, 2, vinyl).

Anal, Caled for CppH340: C, 84,02; H, 10.90. Found:
€, 83.90: H, 10,99,

Cleavage of the Enol Acetate 67 to the Xetone Y-U,

A solution of 90 mg (0.25 mmole) of the enol acetate
é] and. 180 mg (2.7 mmoles) of potassium hydroxide in 15 ml
of abg ethanol were stirred at room temperature for 14 hours
under an argon atmosphere. The reaction mixture was layered
between 50 ml of water and 50 ml of benzene, and the agueous
layer was extracted with 1l:1 ether-benzene (3x50 ml). The
combined organic layers were washed with water (2x50 ml) and
brine (1x50 ml) and were dried (lMgSOy).

The crude product was purified by ptle (60% ether-
petroleum ether) to give U6 mg (61%) of the ketone Z:E mp
123~126° (vacuum) which was spectrally identical to the

material prepared above,

1@,2,3,M,Haq,Nb95;6,6a,9,10,10a910b«,11,12,12a~§exadecahydro-
i i

WW\MAWMM
2p~Hydroxy=1l« ;2~Methano=4bg ,6ae,10ap,12ap~Tetramethylchry=
~— ‘WW’W’M’W\WMNV’- o
sene (Y-=6)

e

L e )

A, From the Enol Acetate Y5,
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A dry 25 ml flask was flushed with argon and charged
with 0.7 ml (1.2 mmoles) of a 1.68 M solution of methyl
lithium in ether (Alpha Incrganics). The ether was evaporated
under reduced pressure and a solution of 153 mg (0.430 mmole)

f the enol acetate E:E in 5 ml of dry dimethoxyethane was
added., The resulting yellow cloudy solutiorn was stirred at
room temperature for 30 min while a solution of the Simmons-
Smith reagent (53) was prepared in the usual manner from 1,20
g (17 mmoles) of zinc-copper couple (52) and 1.40 ml (17
mmoles) of diiodomethane in 17 ml of dry ether.

The solutlon of the Simmens-Smith reagent was cooled
in an ice bath, and the supernatant was withdrawn with a
syfinge and injected into the flask containing the enolate.
The c¢yclopropylation was allowed to proceed ) hour and the
reaction mixture was cooled in an ice bath and poured onto 50
ml of saturated aqueous scdium carbonate. The agueous layer
was extracted with 1:1 ether-benzene (4x50 ml) and the ccm=-
bined organic layers were washed with saturated aqueous
sodium carbonate soclution (1x50 ml), 10% aqueous sodium
thiosulfate solution (1x50 ml), and brine (1x50 ml) and were
éried (Mgsou) for 5 min.

The solution was concentrated and the product was
applied to 70 g of grade IIT alumina. Washing with petroleum
ether removed the unreactzd diiodémethane, and elution with
200 ml of ether gave 100 mg (71%) of the cyclopropyl alcohol

¥~6 np 161~165° (vacuum). Recrystallization frcm methylene
N v



¢hloride-hexane gave the analytical sample mp 1€6-168°: ir
(CHC13) 3600, 3450 {(OH), 1180 (C=C); nmr (CDC13) 0.80},
0.87§, 1.02§, 1.15§ (s, 3 each, C-lb, C-ba, C-1l0a, C-12a
CH3s), 5.428 (8; 2, vinyll.

Anal, Calcd for C,3H360: C, 84,09; H, 11,04, Found:

c, 83.85; H, 11,13,

B. From the cyclopropyl Ketone YU,

A dry 300 ml flask fitted with a glass cocated magnetic
stir bar, a dry ice condenser connected to an argon scurce,
and a reflux condenser topped with a drying tube with a
stopcock leading to the atmosphere through a mercury bubbler
was charged with a solution of 54 mg (7.8 mmoles) of lithium
wire in 100 ml of ammonia (freshly distilled f{rom sodium)
and 25 ml of dry dimethoxyethane. After 40 min, 2 solution
of 250.9 mg (0,805 mmoles) of the ketone E:ﬁ in 7 ml1 of dry
dimethoxyethane was 1ntroduced dropwise.

After 3 hours, the stopcock at the top of the reflux
condenser was opened, and most of the ammonia was removed
in a stream of argon. The residue was heated to reflux for
30 min in a gentle stream of argon to remove the last traces
of ammonia,

The grey soclution was cooled to room temperature, and
a solution of the Simmons-Smith reagent (53) which was pre-
pared in the normal manner from 2.5 g {36 mmoles) of zinc-

copper cougle (52) and 2,80 ml (35 mmoles) of dliodcmethane
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in 35 ml of dry ether while the ammonia was distilling

was introduced all at cnce., After 1 hour, the reaction mix-
ture was poured conto 50 ml of saturated aqueous sodium car-
bonate, the flask was riﬁsed with 40 ml of 40% aqueous
ammonium sulfate, and the agueous solutlon was extracted
with 1:1 ether-benzene (U4x1C0 ml). The combined organic
layers were washed with saturated aqueous sodium carbonate
(1x100 ml), 10% aqueous sodium thiosulfate (1x100 ml), and
brine (1x100 ml).

After 5 min of drying (MgSOu), the solution was con=
centrated and the residue was chromatographed on 160 g '
grade iII alumina: 400 ml of petroleum ether removed unreacted
diiodomethane; U400 ml of 25=50% ether=petroleum ether afiofded
65 mg of a mixture which was purified by ptlc (60% ether-
petroleum ether) to give r.f. 0.5, 22 mg (9%) of the starting
ketone mp 137-142° (vacuum) and r.f. 0.7, 26 mg (10%) of the
ketone éé‘ Further elution of the column with 200 ml of 50%
ether-petroleum ether gave an additional 38 mg (15%) of
recovered starting material, Finally, elution with 400 ml of
ether gave 138 mg (69% based on consumed starting material)
of the alcohol X:é mp 123-125°d whose nhr agreed with that
of the crude product from part A, However, there were
several extraneous peaks and cleavage of the cyclopropane
ring gave only 72% of the ketone Y-T instead of 98% obtained

s

by cleavage of the material from part A (vide infra).
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2{3H)~0x0-1@ , 408 ,6ax,10ap ,12af-Pentamethyl-1x, 4, bax,ib,5,6,6a,
N MN%WJM’WW%

9,10,102,10bx,11,12,12a=-Tetradecahydrochrysene (Y=T7).
MWVW

A soluticn of 161 mg (0.49 mmoles) of the aleohol Y-6
12 iml of abs ethanol and 1 ml of concentrated hydrochloric
acid was heated to reflux for 1 hour under an argon atmos-
phere. The cooled solution was poured onto 50 ml of water,
and the aqueous solution was extracted with benzere (3x50 ml),.
The comblned organic layers were washed with saturated
aqueous sodium bicarbonate solution (1x50 ml) and brine
(1x50 ml), and were dried (Mgsou).

Evaporation to dryness afforded 157 mg (98%) of the
ketone X:Z mp 169-176° (vacuum) which was sultable for use
iﬁ the next step. Ptlc (40% ether-petroleum ether) and
sublimation (150-155°, 0.7 mm) afforded the analytical sam-~
ple mp 178-184° (vacuum): ir (CHCl3) 1705 (C=0); nmr (CDCI3)
8,734 (3, 3), 0.83% (8, H4.5)y 0.95§ (&, 4.5}, L.08§ (3, 3,
C-l, 4b, 62, 10a, 1l2a CHBS), 5.475 (s, 2 +vinyl).

Anal, Caled for C,3H350: C, 84,095 H, 11.04, Found:

c, 84,163 H, 11.16.

2,2~Ethylenedioxo=-1,2,3,4,% «,4,5,6,62,9,10,10a2,10bx,13,12,

\NM/WWMM——/W

12a-Hexadecahydro-1,4bp ,6a«,10ap,12ag-Pentamethylchrysene (Y=-8).
it st

A dry 100 ml flask was fitted with a Dean-Stark water

separator and was charged with a solution of 157.3 mg (0.480
mmole) of the ketone Y-7 and 49 mg of p-tolulenesulfonic acild

in 30 ml of dry benzene and 3 ml of ethylene glycocl (bp 100°,
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27 mm). The mixture was heated to reflux for 5 hours with
separation of the water formed. On cooling, the reaction
mixture was washed cnto 50 ml of water with 50 ml of benzene.
The layers were separated, and the aqueous layer was extracted
with 1:1 ether~benzene (3x50 ml). The combined organic
layers were washed with water (1x50 ml), saturated aquecus
sodium bicarbconate (1x50 ml) and brine (1x50 ml) and were
dried (MgSO,).

Evapcration to dryness afforded 191 mg of a yellow
solid which was chromatographed cn 30 g of silica gel.
Elution with 125 ml of 30% ether~petroieum ether afforded
179 mg (quantitative) of the ketal Y-8 mp 150~155°% which
was represented by greater than 90% one volatile component
by glpe: ir (CHCl3) 1650 (C=C), 1070(C~0); nmr (c5013)
0.72§ (m, 6), 0.90§ (s, 6), 1.025 (s, 3, C~-1, C=lb, C-6a,
C-10a, C-1l2a CH3S), 3.75-3.97§ (m, b4, ketal), 5.45§ (s, 2,
vinyil). Recrystallization from methylenechlcride-hexane
gave the analytical sample mp 173.5=175.5° (vacuumn).

Anal, Caled for C,gHy,0,: C, 80.59; H, 10.82. Found:

¢, 80.58; H, 10.88,

Attempted hydroboration of Y-8 with dislamylborane,

A dry 10 ml pear shaped flask was flushed with argon
and charged with 1.0 ml of a 0.9 M solution of dibcrane in
rm

tetranydrofuran (325; and 2 ml of dry tetrahydrofuran., The

flask was cooled In an ice bath and 0.43 ml (280 mg, 4.0
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mmoles) of 2-methyl~2-butane was added dropwise. The mixture
was allowed to warm to rcom temperature over two hours and a

solution of 17.2 mg (0.046 mmole) of the ketal §:§ in 1 ml cf
dry tetrahydrofuran was added.

After an additional 20 hcurs at room temperature the
eXcess borane was decomposed with 2 drops of water and the
reaction products were oxidized by the sequential additio
of 0.4 ml of 3 N sodium hydroxide solution and 0.6 ml of 30%
hydrogen peroxide solution. Following the addition, the
bath temperature was ralsed to 60° for one hour and on ccol=-
ing the reaction mixture was poured onto 25 ml of saturated
aqueoué sodium carbonate solution, and the aqueous solution
was extracted with benzene (3x25 ml). The combined organic
layers were washed with saturated sodium carbonate solution
(1x25 ml), water {1x25 ml) and brine (1x25 ml) and were dried
(Mgsou). Evaporation to dryness afforded 19.2 mg of a white
crystalline solid which exhibited no O-H stretch in the ir,
Ptle (10x20 cm plate, 25% ether-benzene) gave 11.5 mg (57%)
of recovered starting material mp 164-168° (vacuunm).

y U 5
‘Wm».-u,t-.mu—w—-\._’w

¢s2-Ethylenedioxo-1«,2,3,4, lax, 4b,5,5,62,7,10,102,10b«,11,12-
12a—§andecahydro-8(9H)~Oxo—1p,Ub$,6aa, (ap,l22p-Fentamethyl-

chryzene (Y-9),

N S e b

\—-W—\W"‘*--f"‘\ T e e e St T T

Te a solution of 117 mg (0.460 mmole) of the olefin

in 10 mi of dry tetrahycérofuran under an arzon atmoschere

(s

jod)
=
b
b))

cooled in an ice bath was added 3.0 ml of a 0.9 M soluticn

of dlvorane 1n tetrahydrofuran {122). After 5 hours the
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excess borane was decomposed by the careful, sequential addi-
tion of 0,1 ml water, 1.5 ml of 3 N aqueous sodium hydroxide,
land 2.0 ml of 30% hydrogen peroxide scluticn., The resulting
mixture was heated to 50-60° for 1 hour and was poured into

50 ml of saturated agueous sodlum carbonate. The zaqgu

W

ocus
solution was extracted with 1l:1 ether-methylene chloride
(4x50 ml) and the combined organic layers were washed with
saturated aqueous sodium carbonate (1x50 ml), water (1x50 ml)
and brine (1x50 ml) and were dried (Mgsou).

Eﬁaporation afforded 180 mg of a white solid which
was dissclved in 6 ml of dry methylene chloride in a 25 ml
flask under an argon atmosphere and was treated with 3 ml of
a 0.24 M solution of chromium trioxide dlpyridine complex
(74) in methylene chloride., After 10 min, the reaction
mixture was filtered through 10 g of grade III alumina and
the column was washed with ether-methylene chloride.
Evaporation gave a white so0lid which was chromatographed on
30 g of silica gel., Elution with 200 ml of 0-10% ether=-
methylene chloride gave U mg of a mixture of components
and further elution with 250 ml of 20% ether-methvlene
‘chloride afforded 165 mg (93%) of a solid which indicated
a weak O-H band in the ir. Repetition of the oxidation gave
149 mg (84%) of the ketone ¥-9 mp 245-252% (vacuum) which
was represented bty 90% of a single volatile component by

‘

gloc: ir (CHCl,) 1700 (C=0), 1075 (C-0), nmr (CDClz) 0.78

4

Yy 0.95§ (s, 9), 1.07f {s, 3) (angular
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CH3S), 3.73-3.97f (m, 4, ketal). |
A sample was purified by ptlec (25% ether-methylene
chloride) and recrystallization from methylene chloride-
hexane to give the'analytical sample mp 271-273° {(vacuum).
Anal, Caled for C25HN003: C, T7.27; H, 10,38. Pound:
C, T7.24; H; 10,22,
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Proposition 1

It 1s proposed that the abilify of allylic amines and
thioalcohols to direct the Simmons-Smith cyclopropylation

reaction be investigated.

The Simmons-~Smith reagent, iodomethylzinc 1odide or bis-
(icdomethyl)zinc zine iodide (1), has been developed into a
versatile reagent for the stereospecific introduction of
methylene into olefins since its discovery 13 years sgo.

A recent modification has extended the reacticn to the
synthesis of methyl and phenyl substituted cyclopropanes (2).

The discoverers and other groups have investigated the
reaction of the Simmons-Smlith reagent with unactivated
aliphatic and alicyciic olefins (3,4,5) and have found that
the reagent is electrophilic and subject to steric hinderance.
This data fits the generally accepted mechanism shown in
eq. 1 rather than the alternatively proposed addition-

elimination mechanism (6).

T
+ ICHEZHI Y ‘:.~CH2 e, an ——— + ZI’II‘2

Quite early during the development of this reagent,
Winstein and Sonnenberg (7) discovered that the alcohol 1,
X=CH recacted at least an order of magnitude faster than the

corresponding hydrccarbon &! X=H and moreover, that the only

€Q.
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product obtained was the cyclopropyl aleohol 2 X=0H, resulti:

from cis attack of the Simmons-Smith reagent. The mechanism

XO | . be

" 2
- ey
and generality of the directing and rate enhancing abllities

of allylic and homoallylic alcohcels have been investigated
further by Dauben (8) and Rickborn (9) and the use of
alcchols to control the reaction has now scen agplication
in numerous synthetic schemes. There are aoparently no

exceptions to the rule that allylic and homoallylic zalcohel

Le7]

direct the cyclopropylation to the side of the double bond
closest to the cxygen (10).

It is not clear whether zlcoholysis cccurs prior to the
cyclopropylation or not; Dauben (8) has presented evidence
that it does not in the case of l-hydoxycyclohex-2=ene,
but Ginsig and Cross (11) found it to be a necessary step
in the cyclopropylation of estr-5(10)-ene=3, 17-diol,
chever, the latter case may be anomalous since the reaction
was extremely slow. Thus 1t appears that ionizetion of the
alcohol is not an essentlal part of the reaction mechanism.

During %the ensuing years, the effect of neighboring

esters, ethers, and acetate on the stereochemical course of

©®

the reachion have been studled., Winstein (12) and Sims (13)
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have demonstrated that@ ,{ ~unsaturated esters direct the
reagent, presumably through ccordination of the zinc with the
ester carbonyl. The ester_;\is a typical example (13b), giving
the cycloproryl ester\ﬁ,on treatment with the Simmons=Smith

reagent, which was carried on to the angularly methylated

CO,CH, 0CH

3 o 2
olefin;é via decarboxylation of the corresponding acid.

Sawada et éi; (14) nhave analyzed the hydrolyzed products
ottained from the reaction with bothe ,p~ and B,;d-unsaturated
(~)=menthyl esters for optical activity. In the former series
optical yields of 2.5-9.0% were achieved while an g,y-unsatu-
rated ester gave a 1.4% yield. These results offer further
evidence that association with the ester occurs in the
tfansiticn state.,

Allylic ethers appear to direct the reagent also (8,9),
although the only wéll documented case 1s that of l-methoxy-
cyclohex~2«-ene, 1In view of the recently demonstrated utility
of methyl ethers as blocking groups for alcohels (15), further
study of this pcint scems warranted.

The eflect of allylic acetate seems to be variable, Cope

and cowerkers {(16) report that in the case of l-hydroxycyclohept-
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2-ene acetate, the Simmons-~Smith reagent apprcaches from the
least hindered side trans to the acetate. This result has
been confirmed by Dauben (8) who also obtained the product of
cis addition from reaction with the corresponding alcohol.

On the other hand Sawada et al. (14) report that l-hydroxy-
cyclohex-2-ene acetate reacts to give cis cyclepropylation
and Winstein (7) indicates a similar result for 1, X=OAc. It
is possible that acetate is not favorably oriented to ccordinate
with the reagent in seven membered rings leading to the
anomalous result; Winstein's results lend some credence to
this hypothesis,

From the above results, it seems clear that the Simmons-
Smith reagent is directed by functionality possessing & non-
bonded palr of electrons which can coordinate with the zinc
atom. It thus appears reasonable that amino and sulfhydryl
groups, appropriately located with respect to the double
bond, would also direct and enhance the rate of the Simmons-
Smith reaction. Such results are particularly pertinent in
view of the numerous natural products which contain nitrogen
or sulfur atoms and of the increasing use of these heteroatoms,
especlally nitrogen, as masking groups in synthesis (17).

Experiments %o determine the affects of allylic sulfur
and nitrogen on the course of the reaction can most conveniently
be carried out on stersidal substrates since the starting

materials have 21l teen prepared and characterized., Also the
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products of the Simmons-Smith reaction on the corresponding
steroidal alcchols are well known.,

Chart A outlines the propcsed reactions the allylic
amines, Sultable substrates are readily avaolable from 3-oxo-
&hcholestenone, Qﬁ:}), through lithium aluminum hydride
reduction of the derived oxime A-2 (18). Tre=atment of the
separated equatorial and axial amines, A-5 and é:§ respectively,
with the Simmons-Smith reagent should then result in formation
of the cyclopropyl derivatives A-7 and é:§. If indeed
cyclopropylated products are obtained,_it should be possible
to convert them to the ketones é:? and é:}p respectively
using the method recently developed by Corey and Achiwa (17).
The reaction condtions, 3,5-di-t-butyl-l,2-benzoquinone in
methanol at rcom temperature followed by acidification to pH
2-4 for a few hours, are sufficiently mild that no reactions
of the cyclopropane ring are anticipated during the trans-
formation. The ketones é:? and é:ip have been prepared pre-
viously by Dauben and co-workers (19) so that the stereo-
chemistry of the addition can be readily determined.

Tne preparation of the necessary thioalcohols is shown
in chart B. Bourdon (20) has synthesized the 33 -~thicalcohol

B-2 by lithium aluminum hydride reduction of the corresponding

<t

thioketone B-=1 which in turn was obtained by treatment of the

3

ketone A-1 with hydrogen sulfide in acidic ethanol-benzene

o

at 5°. The sterevcrhemlstry of the proposed cyclopropylation

fte
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of\E:? should be indicated by raney nickel desulfurization to
g:ﬂ and comparison with the product of Wolff-Kishner reducticn
of the cyclcoropyl ketone é:l‘

Bourdon has also achleved a synthesls of the 3«=thioalcohol
§:] (21)., Treatment of the tosyl alcohol B=5 with thiourea
gives a thiouronium salt via an s 2 substitution which on
base hydrolysis and acetylation gives the alcchecl g:é. Dehydra-
tion with thilonyl chloride and deacetylation then leads to the
desired g:], From this point one can proceed in a manner
exactly parallel to the 3@-case, comparing the desulfurized
Simmens-Smith product B=9 with the Wolff-Kishner product of é:@.

Should these preliminary investigations prove successful,
numerous further experiments suggest themselves. It would
obviously be desirable to extend the results to an appropriate
series of homoallylic compounds. It would also be of Interest
to look at the effect of N and S alkyl substituents on the
rate of the reaction., This can conveniently be done thicugh
the use of competition experiments (9). Finally, it would
be instructive to determine the relative rates of the
Simmons-Smith reaction on a series of 3—substituted~A”m
cheolestenes including the hydroxy, methoxy (22), carbomethoxy
(23), and acetate as well as the amino and sulfhydryl
derivatives. Such a comparison cf several directing groups
has never been carried cut before on a single substrate

making comparisons of reactivities difficult.
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Froposition 2

Feeding experiments designed to establish the bilo=-

synthetic pathway leading to absclisic acid 1l are proposed.

In 1965 Addicott and his coworkers correctly dzduced
the structure of abscisic acid (ABA) 1 (1), a plant growth
regulating hormone that had defled isolation and characteri-
zation for a number of years. The structural assignment
was verified and expefimental guantities were made available
by Cornforth's synthesis of 1 within the year (2). Since
then ABA has been found to be widely distributed among the
higher plants and to be a potent growth inhibitor, occuring
mainly 1n senescent c¢r aborting organs (3). ABA is effective
at low concentrations and is nontoxic to the plant; moreover
its effects are antagonized by various growth promoting
hormones such as the gibberellins and cytokinins (4).
Recent results obtained by Pearson and Wareing have indicated
that ABA acts in conjunction with another cytoplasmic factor
to inhibit RNA synthesizs (5}, although its exact mode of
action is far from well understood, The obviously important
fole of ABA in regulating plant growth cycles and the
pessibilities of commercial applications in facllitating
crop harvests by controliing abscission have combined to sustailn

a high level of interest in the chemistry of this compound.



Considerable speculation about the bilosynthesis of ABA
has arisen because of its unusual sesquiterpenoid structure.
Its terpenoid origin was confirmed by the work of Noddle and
Robinson who demonstrated that luC-labeled mevalonic acid was
incorporated into ABA when fed to whole tomatces, strawberries
and avocados (6}, In another set of experiments Robinson and
Ryback (7) fed doubly labeled [(4=R)=~4=3H] and [(4=-S)=U4=3H]
~2-1%¢ mevalcnate and measured the H/14C ratio of the
isolated ABA, From the 4R precursor they found, after base
treatment to equilibrate the labile ring protons, a ratio.
of 1/3 while from the 4-S precursor the ratior was 0/3. Since
it has been shown in a wide variety of systems that the
enzymatic coupling of a dimethylallylpyrophosphate 2 with
isopropenylpyrophosphate é\results in the loss of the

4~R-3H if the newly formed double bond is cis and the

H~Sw3H if the bond 1s trans, it would appear that the A?

R—

T\

. ooty
-5

OP;P3 n\_/\> Q\Hw _ |
y — 0P, P; —-—’\_ o

Py P
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double bond of ABA 1is 1nitially formed in the trans configu-
ration and later undergoes lsomeslzation to the active cis
form, In cne further experiment, Milborrow and Noddle (8)
were able to show that the epoxide\i labeled on either oxygen
or carbon was incorporated into ABA by whole tomatoes and
wheat shoots implicating\i 2s a natural precursocr of ABA.
Furthermore the 1',2'~diol\§ obtained by hydrolysis of the

epcxide was not active. The selection of the epoxide 5 for

testing was based on the results of Tamura and Nagao (9) who
screened a number of related compounds and found that‘é Was
almest as active as ABA itself. With the above results in
hand detalled biozynthetic schemes can be proposed and tested.
There are no known sesquiterpenes which have structures

related to that of ABA, but there are a number of degraded

i
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carotenes such as vitamin A Qz) which do have similar structures.
This leads one to suspect that ABA may alsc be derived from

2 carotene, Chart A outlines possible blosynthetic routes to

ABA starting from either farnesylpyrophosphate &é:l) or

3 ~carotene (ﬁ:z)o Prectonation of farnesylpyrophosphate Eﬁ:&)
and cyclization through the carbonium ions A-2 and é:é tc give
the diene\ﬁ:ﬂ is similar to the scheme proposed for the formation
of the cyeclic carotenes (10)., Enzymatic oxidations such as that
required to converté:ﬂ into the conjugated olefin A=5 are well
known in carotene chemistry (11) and seleétive epoxidations such

as that indicated in the conversion of A=5 into the epoxide 5

\J

re also known (12)., It seems probable that the égmtrans-- cis

isomerization wouvld occur at the triene stage since this
conjugated system can most readily absorb energy. The type of
epoxide cleavage reguired for conversion of 5 into the allylic

-~

5 has recently been carried out in the laboratory (13)

A=t
N

alcohol
and it certainly would seem feasible that an enzyme system

could carry out the same reaction. Allylic oxidation would then
afford ABA. This proposed scheme differs slightly Irom that.
proposed by Milborrow and Noddle {(8) who favor hydroxylization
of\i at C-4' followed by oxidation to the corresponding ketone
and base catalyzed cleavage of the epoxide, However, their

scheme does not account for the high ABA activity of the allylic

alcohol A-6 in the screening test employved by Tamura and Nagao (14).
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-Alternatively, the conjugated triene acid A-5 could be
formed by oxidative cleavage of p-carotene.&zz in an
unspecified series of steps. Numerous other possibilities
exist, of course, such as partial completion of the ring
transformations at the carotenoid stageprior to degradation,
However, it seems appropriate to explore the most probable
pdssibilities first, and if the experiments prove negative,
té search for more obscure routes.

It would appear most logical to initiate the feeding
experiments with compounds close to ABA and to work toward
the starting materials., In this way one should be able to
minimize the effort expended on incorrect pathways. Further-
more, it should be possible to carry out feeding experiments
in a manner similar to that employed by Milborrow and Noddle
(8), who injected whole fruits with a solution of the
substance to be tested and, following an incubatiocn pericd,
macerated and extracted the plants. The extracts then were
separated by chromotography for counting, The first compound
which should be investigated in this way 1s the allylic
alcohol g:§. Labeled derivatives of this substrate shguld
be avallable using a variation o¢f the synthesis employed by
Tamura and Nagao starting from R-~ionone (14). The label could

be converdently introduced at the last step which involves

ot

a Wittig reactlon using carbomethoxymethylenetriphenyl-~

phosphorane. Efficient incorporation of this compound would
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imply that the final two steps of the proposed scheme are
correct, Secondly, the fate of the c¢cis and trans isomers of
the triene acid A=5 should be determined tc see 1f these
compounds are converted through the epoxide\g to ABA and

1f so, whether the 52

=trans-cis isomerizavion occurs at this
stage. These compounds are easily obtalned by treatment of
® ~ionone with carbomethoxymethylenetriphenylphoschorane (9).
If the results of these experiments are positive; one
could then attempt to determine the source of the triene
A-5, while if not, it would be necessary to devise new
experiments to determine the actual precursor of ABA.
There are a number of experiments one could perform to
ascertain the socurce of the triene é:? or the other precursor.
One approach would be to feed various labeled carotenes,
particularly @ -carotene and lycopene and possible sesquiter-
penold precursors such as the acld é:ﬁ, and to determine the
fate of the label, Unfortunately, large hydrocarbon compounds
such as the carotenes cannot be administered using the
techniques described above due to solubility problems,
However, in recent years methods have been developed for
feeding these compounds employing cell free extracts and
surfacants to keep everything in solution (15). In order
to apply this technique here, it would first be necessary to
demenstrate de novo ABA synthesis in a cell free extract.

This should not present a major obstacle since ABA synthesis
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occurs in the isolated fruits and leaves of a number of plants.
Wheat leaves might be a good choice because ABA synthesis can
be induced to occur very rapidly (16). It is anticipated

that a wheat leaf homogenate, purified from debris by centri-
fugation, would support ABA syntheslis. This could be verified
by administering labeled mavalonic acid to the extract and
lookinrng for incorporation of the label in ABA. Then, by
measuring.the amount of label incorporated (17), one could
determine the optimum conditions for ABA syntheslis.

Should the ABA fall to aquire label from any of the
carotenes, it would appear likely that the compound originates
from fafnesylpyrophosphate. This could be further tested by
attempting to demonstrate ABA synthesis in a system where
carotene biosynthesis is blocked. This could be achieved using
either mutants or by taking advantage of the temperature
sensitivity of carotene biosynthesis (18). If labeled
mevalonic acid is incorporated using such a system, it would
provide firm evidence that ABA is not derived by degradation
of the carotenes.

The experiments propocsed ahove should provide insight
into the ABA biosynthetic pathway. Clearly, additional feeding
experiments could be designed based on the initial results.
Finally, when these experiments indicate a particular pathway,

one could attempt to obtain proof of its importance in vivo
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by isolation of the proposed intermediates synthesized

by the plant from labeled mevalonic acid.
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Proposition 3

A synthesis of ll=desoxyprostaglandin Fy, via
a new, generally useful, conjugate addition of alkynes

tog L ~unsaturated ketones 1s proposed,.

The intense physiological activity of the prosta-
glandins such as\i and the difficulty attendant with
their isolation from natural sources (1) has evoked a
catholic interest in the development of synthetic routes
to these elusive molecules, Although a number of suc-
cessful schemes have been reported (2), only the most
recent approach employed by Corey et al. (3) gives

preparatively useful amounts of the prcstaglandins.

X

]
¥ /“\\//\\\//\\V/CO2H
PGELug X=«=0H
ey /\‘/\/\/ = =
ol 2 PGFl X 0

OH
%

Most of the syntheses suffer from léw ylelds at one or
more steps and a lack of stereospecificity, particularly
during the generation of the C=15 alcohol (4)., In view
of the potential utility of derivatives of this class of

compounds, new synthetic methods for their construction

el

are required. One possible approach, aimed at the
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efficient introduction of the C-12 side chain is proposed
below.

The diethylalkynyl alane 2 (5) is isoelectronic with
the well known diethylaluminum éyanide which has been used
by Nagata et al. in the stereospecific cleavage of epoxides

(6) and in the stereoselective conjugate addition of HCN

to a large number of «,B-unsaturated ketones (7). It thus

H

(CH CH2)2A1C C?HCS 11

3 X-= H, OBz, OTHP
' X

2

)

seems possible that the alane 3 might undergo some of the
same reactions as the later reagent and provide a useful
method for the insertion of substituted acetylenes into
organic compounds. In support of this theory, Fried and
his coworkers (8) have shown that 2 closely resembles
diethylaluminum c¢yanide in its behavior toward epoxides.
This epoxlde cleavage reaction has been used by Fried in
his synthesis of T7-oxaprostaglandin derivatives (8b).
It therefore appears reasonable that the alane\g might also
perallel the reactivity of diethylaluminum cyanide toward
« R=-unsaturated ketones and transfer acetylene derivatives
fo the B ~carbon of this system.

Since this reaction, if successful, would be valuable
as a general synthetic %ool, the reactions of the alane\i,

X=H with a number of readily available unsaturated ketones.
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such as\i:ﬁ should be attempted to obtain a measure of the
scope of the reaction. Of particular interest would be the
sterecchemistry of the addition to the bicyclic enone\ﬁ.
This could most easily be determined by reduction of the
triple bond and ketone of the addition product\l with
lithium in ammonia (9) and cleavage of the acetate
derivative of the resulting olefinic alcohol to the
aldehyde‘§ with osmium tetraoxide and periodic acid (10).
Finally, Wolff-Kishner reduction (11) of the aldehyde and

oxidation of the C-3 alcohol, which would be liberated from

R
Il'
R = H i

= (CH2)6COZMe

; i

§n
fon

its acetate under the Wolff-Kishner conditions, should give
the octalone”g. The ¢is isomer of 9 has been prepared by
Marshall et al. (12) and, if necessary, the trans isomer
could be obtained by the stereospecific Simmons-Smith
cyclopropylation=Birch cleavage method employed in this
thesis (13). Comparison of the octalones prepared by the
various routes should reveal the sterecchemistry of the
addédition,

Upon successful completion of the first phase of this

work, the results should be extended to the known (8a}
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z AcO 0
C CHO
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§~3

tetrahydropyranyl ether or benzyloxy-substituted alanes
2, X=0THP or OBz. Treatment of the cyclopentenone 3,
R=carbomethoxyheptyl (14) with this reagent might then
lead to the cyclopentenone &9. Deesterification and
protection of the ketone as the ketal derivative followed
by treatment with lithium in ammonia should lead, on
deketalization, to the physiologically active (14, 15)
cyclopentanone 11. If allylic cleavage of the OH group
of 10 competes with reduction of the triple bond, the
protecting group could be removed and the alcohol ionizé&
prior to the reduction (16). The side chains can isomerize
about C-8 to form the more stable trans isomer regardless
of the stereochemistry of the initial addition,

There are a number of possible modifications to the
proposed synthesis which might make it more efficient,
For instance, one may be able to trap the intermediate encl
aluminate formed in the 1,4 addition to 3, R=H and then

regenerate the enolate anion to introduce the C-8 side
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chain via alkylation. Also the opportunity exists to
utilize an optically pure alkyne in the formation of
the alane 2 so that the side chain could be introduced
in its natural configuration.

Should the proposed reaction prove facile, the above
work would provide an indication of its utility. Clearly
further investigation would be warranted, especially on
the stereochemistry of the addition and on the steric and

electronic requirements cof the reaction.
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Proposition 4

Experiments directed toward the interconversion of

tri;erpene systems via backbone rearrangements are proposed.

It is now well established that the basic steroid
and triterpene ring systems arise biosynthetically from
a suitable cationic cyclization of squalene oxide followed
by a series of Wagner-Meerwein shifts and loss of a
proton, (1) One result of their common biosynthetic
ancestry is that many of the major triterpene ring systems
are simply interrelatedlby the appropriate number of
1l,2-methyl and hydrogen shifts. In view of the complexity
of these systems and the difficulties involved with the
total synthesis of even one, laboratory methods for their
interconversion would be highly desirable. Two experiments
directed toward achieving such interconversions are
proposed below,

One experiment involves conversion of the tetracylic

epoxide\l, possessing the cis-anti«trans backbone

characteristic of the curcurbitacins 2 (2), to the enone 3
which has the substitution pattern of lanosterol\i. A
similar rearrangement of the epoxide 5 could lead to the

« @ ~unsaturated ketone éf This represents a conversion of a

potential key intermediate in the synthesis of shionone\l
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or alnusenone in the pentacyclic series to a potential

intermedisate in the synthesis of the the dammarenedioils

8 (2) and the related pentacyclic triterpenes.

OAc

rrery

$w
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J 8

Rearrangements of steroidal epoxides have been
widely studied, particularly by D. N. Kirk and his
co-workers (3), Whereas some backbcne rearranged
product was obtained from most of the acid catalyzed
reactions, in cases where steric or electronic effects
limited the competing reactions the yields were quite

good. The rearrangement of\z offers an example of a

S
~
~
0

9
tetrasubstituted epoxide where accumulation of positive

charge on C-4 is restricted by the inductive effect of

the neighbering acetate., Treatment of 9 with borcentri-

~
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flueride etherate in benzene afforded a single backbone
rearranged product in 90% yield. (4) ApSimon and Rosenfeld
(5) and Whitlock and Olson {6) have studied rearrangements
in related systems. Whitlock found evidence that there
1s a rapid equilibrium between all the possible tertiary
carbonium ions during backbone rearrangements and that
product formation occurs through the most stable ions.

In light of these results, 1t is anticipated that
acld catalyzed cleavage of 1 will lead to the carbonium
ion é:}. Cleavage toward C=10 should be favored by both
;nductive and stereoelectronic effects, and to the extent
that methyl migration i1s concerted, by the relief of the
steric strain associated with the B/C cis ring fusicn.
The pessible fates of é:} ére fourfold: The angular methyl
group could shift back to C=9, although this could provide
no special stabilization, More 1likely, a proton could
be lost from either C=8 or C-11 to give, after quenching,
the mlxture of olefins A-2. However, this elimination must
involve accumulation of considerable positive charge on
C-9 since there are no protons which are ftrans-diaxial
to the migrating methyl. This opehs the fourth possibility
that a 1,2-shift of the C-8 hydrogen could occur inltiating
further rearrangements which, if they proceeded into the
D ring, would give a molecule with the elusive fusidic

acid skelton., (7) Unfortunately, such a rearrangement
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CHART A
Ac
_ H X
Q | ~
Q,o OH
A-1
A

OAc

1rr4y

&

seems unlikely due to the strain assoclated with the
syn=backbone of fusidic acid.

The anticipated products, the mixture of clefins A-2
should yileld the unsaturated ketone‘g via deketalization,
which should proceed with concomitant dehydration, and
aéid catallized equilibrium of the olefin mixture into
the more stable A8~isomer. This equilibrium is similar
to that employed by Woodward and Barton in their partial
synthesis of lanostercl. (8) Rearrangement of the
double bond into the 8(14) position should not compete
so effectively here since there is a six rather than a
five membered D ring. The ketone 2 has the lanosterol

skelton and the appropriate functionality in the A and
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D rings to serve as a key intermediate in a total synthesis.
Similar considerations lead one to expect that the

epoxide é would give the ketone B-1l,

CHART B

In this case all the migrating groups are trans-diaxial
and the reaction should proceced to the oxygen stabilized
C-18 carbonium ion and give the ketcne B-1 on quenching

with water. Such extensive rearrangements in vitro are

well precedented, most dramatically by the rearrangement

of freidelene lU into a mixture of Al2 and A13(18)~

oleanenes &}. (9) Reduction of the C=18 ketone of B-1
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and deketalization should then give the enone B=2

which again is well suited for further synthetic

elaboration,

The almost parallel preparations of the substrates
& and‘i are outlined in chart C. The starting ketones
C-2 and C-3 were obtained in 15 and 80% ylelds respectively
from the trifluorcacetic acid catalyzed cyclization of
the tricyclic C-1. (10) Birch reduction of the aromatic
rings should result in the simultaneous reduction of the
C-18 ketones to the more stable equatorial alecochols. (11)
Mild acid hydrolysis of the intermedlate dihydroanisols
should proceed without migration of the double bond to
provide the § N-unsaturated ketones C-4 and C-5. (12)
Ketalizatien of (=5 and the 18-acetate of (=4 should lead
to the ketals S:] and g:§ respectively. Jeger and coworkers
have successfully ketalized estr=5(10)-ene-3,17-~dione

without affecting the double tond (13) demecnstrating the
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Chart C
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feasibility of the proposed step. Molecular models indicate
that the ketals and the g:g angular methyls of both E:§ and
g:] shield the B =face of the A rings so peracid epoxidation
is expeéted to take place from the less hinderedd -side to
give the desired epoxides‘} and\i.

Successful completion of these rearrangement
experiments would extend the utility of the existing
synthesis of the tetracyclic ketone C=3 and could stimulate
efforts toward a direct synthesis of the cls fused tetra-

cyclic C=-2.
A
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2.

3.

10.
11,
12,
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Proposition 5

A total synthesis cf cyclopiazonic acid,\%, is proposed.

Cyclopiazonic acid 1 has recently been isolated from
the mold Penicillium Cyclopium Westling which occurs widely
on stored grains and cereal products. (1) It is the prin-
cipal toxlec metabolite of the mold, showing acute toxicity
toward rats and ducklings. A structure for\i has been
proposed cn the basis of chemical degradation of the E

ring and on NMR and mass spectral data., More recently, the

&

related compound\g has been isolated from the same scurce
(2) linking cyclopiazonic acid biogenetically to the
medicinally important ergot alkaloids. (3} An unambiguous
synthesis of & would be of value both to confirm the
structural assignment and to make derivatives available

which may be bilologically active.
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Previous synthetic efforts toward the ergot alkaloids
have suffered from the high reactivity of the indole ring.
(4) Thus it seems wise to delay intrcduction of this
functionality as long as possible, Furthermore, while
most synthetic routes to indoles involve cyclization of
aniline derivatives (5), the use of such derivatives in
the synthesis of 1 would require either relatively inacces=
sible starting materials containing a suitably placed and
masked nitrogen atom or an electrophillic nitraticn step
on some intermediate which would lead to mixtures of nitro
isomers. Consequently, it is proposed that the A, C, D
ring system be constructed initially, followed by generation
of the indole functionality via an intramolecular attack
of the aromatic A ring onto an electron deficient nitrogen
species, The E ring is left to last since the tricarbonyl
system 1s prone to cleavage.

The first key intermediate in the proposed synthesis
is the amino ketone A-3 containing the A and C rings. A
fairly direct synthesis of A=-3 1s possible starting with
the keto-ester A-1l, (6) Protection of the ketone as the
corresponding ethylene or dimethyl ketal and treatment with
methyl lithium should glve the tertiary aldohol‘ézg: A
Ritter reaction in sulfuric acid containing acetonitrile
should prcecceed with concomitant deketalization leading
directly to the protected amine A-3, R=Ac. (7) Although

this 1s a potentially efficient route to A-3, the ylelds



265

in the Ritter reaction are variable and the effect of the
neighboring ketone may be detrimental so that it seems
prudent to have a reasonable backup route available.

An alternative starting material is the dilacid A=4 (8)
which can be cyclized quantitatively in sulfuric acid and
esterified to give the keto ester A-5. (9) Once again the
ketone must be protected as the ketal, Although it is
difficult to avold claisen condensation during the alkala-
tion of esters, a recent report by Rathke and Lindert (10)
indicates that it can be carried out even in simple cases
by forming the enolate at low temperatures using a very
strong base. 'Thus it should be possible to obtain the
dialkylated ester A=6, X=CEt. via dialkylation with
methyliocdide. The amine é:i should then be avallable
through a Curtius rearrangement (11) of the acyl azide
é:é, X=N3 which in turn should result from the action of
sodium azide on the acid chloride or by reaction of the
ester itself with hydrazine followed by nitrous acid.
Deketalizatlon would probably occur during the hydrolysis
of the rearrangement product, but could be carried out as
‘a separate step before the rearrangement if necessary.

Formylaticn ¢f the free amine é:}, R=H with ethyl
formate and sodium ethoxide (12) should lead to the intro-
duction of ano =formyl group which, it is anticipated, will
condense with the amine either under the reaction conditions

or upon sultable workup to give thecx,gmunsaturated ketone
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Chart A
CO _Et
2
‘ O
A-1
CO Et
CO_Et e
2u
H 0
CO_Et
2 R e
A=5
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é:j. (13) Condensation of the amine with the ketone is not
expected to compete since generation of an SP3 center
adjacent to the aromatic ring would result in loss of
resonance energy and dehydration of this intermediate
.would put a double bond at the bridgehead of a (3.2.1)
system which would be unfavorable, (14) In view of the
propensity for 5 membered rings tc contain an SP2 center,
it is possible that the imine form of é:] will predominate,
but this will make no difference in the next step.
Treatment of either é:] isomer with cyanide should
lead via a micheal addition or a 1,2-addition at the
carbon bearing nitrogen to the cyanide A=8 in a variation
of the well known Strecker «-amino acid synthesis. (15)
Inspection of molecular models indicates that the flexible
cis C/D ring fusion is favored over the trans fusion
which requires a 1l,3-methyl hydrogen diaxial interaction.
Thus under equilibrating conditions, the desired cis
form of\é;ﬁ is anticipated to predominate although it
should still be availlable from an unfavorable mixture by
separation and requilibration of the trans fused compound.
Alternatively, it should be possible to formylate the
N-acetyl derivative 5:2, R=Ac and isolate the «=-fcocrmyl
ketone prior tc the éondensation step, It seems reasonable
that the cyano function will be stable through the next few
steps, but it could be hydrolyzed to the corresponding acld

or ester at this point if necessary.
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The next transformaticn involves construction of
the indole ring via attack of the benzene ring on an
electron deficient nitrogen specles followed by loss of
a proton or rearrangement. There are a number of reports
in the literature of indole syntheses through pyrolysis
of 2-phenylethyl oximes (16) or g-styryl azides (17)
and by treatment of B -nitrostyrenes with triethyl
phosphite. (18) All of these are thought to involve
similar but undefined mechanisms and in all cases the
yields are fair to good (50-~85%) under reasonably mild
conditions,

Pyrolysis of the oxime B=3 1s the most attractive
method for the present synthesis since it should be
readily available from the aldehyde B=2. There are two
convenient approaches to the conversion of é:ﬁ to the
homologous aldehyde g:g, both involving the use of ylide
reagents. Prior protection of the amine as the acetyl
derivative should avoid complications caused by this
functionality. E. J. Corey has determined that dimethyl-
oxosulfonium methylide Will react with ketones selectlvely
'in the presence of esters or amides (19) to give the
corresponding oxiranes. (19b) Rearrangement of the
oxirane in the presence of mild lewis acids should then
proceed in the direction of the more stable benzyl carbonium
ion to give the desired aldehyde g:g. (20) More conveniently,

reazction with methoxymethylenetriphenylphosphorane should
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Chart B

NAc

CN

4

les]

i
n
(i
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also proceed by selective attack of the ketone to give a
methyl vinyl ether which would give the desired aldehyde
on hydrolysis. (21) The ylelds using the latter method
are inconsistent but good in favorable cases and the former
may prove the more efficient. Formation of the oxime
should present no problem and the pyrolysis then can be
carried out. A possible side reaction during the oxime
pyrolysis is dehydration to form a cyanide similar to that
observed during the attempted Beckmann rearrangement of
aldoximes. (22) However, it is also noteworthy that normal
Beckmann rearranged precducts can be obtained from aldoximes
when the reaction 1s carried out under non-acidic conditions,
| Alternatively it should be possible to form the indole

by pyrolysis of the appropriate styryl azide which should
be available from the action of sodium azide on the epoxide
B-1 followed by dehydration according tb the procedure of
Smolinsky and Pryde. (17b)

With the tetracyclic indole B-4 in hand, it should be
a simple matter to hydrolyze the cyanide under basic conditions
to the corresponding acid. The reaction conditions should
" also cause cleavage of the Neacetyl group to give, after
esterification, the amino ester B-5.

A reaction similar to that required to convert B=5 to
cycloplazonic acid has been deséribed by R. L. Lacey (23)
who treated a serles of o =amino esters 3 with ketene dimer,

e

and then cyclized the resulting acetoacetamides with sodium
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ethoxide 1in benzene-ethanol to give derivatives of g -acetyl

tetramic acid 4 in 70-85% yields,

gﬂ R~ﬁ;:::1\\(// R=H, @
: =
L
O‘ - /
R!CH-CO, Bt I

$
oOH O 3

v

3 | 4
A suitable modification of this procedure appears promising
for the synthesis of cyclopiazonic acid also. Selective
acylation of the amine nitrogen of B-5 seems feasible in
view of the low nucleophilieity of indole nitrogen. (24)
For example, Johns and Crosby report no difficulty in-the
selective acylation of several 5~aminoindoles with benzoyl
chloride (25) and cyclopiazonic acid itself reacts with
acetié anhydride in pyridine only once to give an enol
acetate. (1) Cyclization of the acetoacetamide using

Lacey's conditions should then give cycloplazonic d as

desired.
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